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(90° 24" 77" E, 42° 85’ 52" N) ., JHIU4ruk:
BEMLRAEO ~ 40 ey XD+, FeBRZet, it atih
HARRT, TR LR; FAEE 100 cm’ 3R
JIREUSAR A, 3ikE S, A TE R 1 %) b
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MK IR FEHM AT . BIRAVUICARAF . Kt
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Table 1 Properties of the tested soil and soil amendments

AL

e A

L , _ EE mE PR
pH Organic matter Total nitrogen  Bulk density )
Test sample . y 5 Clay/% Silt/% Sand/%
/ (g-kg™) / (g-kg™) / (g-em™)
AP 1 Aeolian soil 8.6 1.3 0.03 1.53 0 0.18 99.82
R SLLT 2 240 03
Carboxymethylcellulose sodium '
Wi £1 8 Phosphogypsum 3.7 0.005 0.007 — — — —
"4y 7 Biochar 9.2 586.5 1.33 — — — —

e AR AL RCR F SE FE 4 HE b 20 JSARfE Note: Soil mechanical composition is based on the American standard for soil

texture classification

Rt

20174E5 H 210 H 768 58 & & K 55 i #4752
5. SEASE PR KT R, ERERK
W, BRIRZEKR, FHRWE.2 €, H¥E&ER
26 C, HARHE-14 C.

RIS B KREAAE (F£2) « Bk
(EKE20% ) , (RKLE (FKELI0%) 5 =4
TR RIPRGLEREM (0.5, 2.0, 3.5
g-kg™) , BRAE (5,15, 25 gkg') , BB
(15,30, 45 g'kg™') 5 JFE 141 T0 M K A3 N
xR, 20N b B, ARG B3N EA

FARLAE 35 ecm, F 430 cm, T 4828
em, FAEETH17.5 kg, FIREMLA, FARL
I R A S5 R iR A, AT, 2017
ESH e HEEMARAL, BAREMIOW, P2 = H
Mg, BAERE, FE RS KR,

1.2

10 A RSB i, HRih A AR R (S BR AR
AR Z XV Uy s m ) |, KRR+
RAWS, MILBUE XL, KT E L R2
mmffi, T ETL
1.3 MEFE

HBTIRYG . HEDI- 18 8 v 50 %5 1 48 B 874%
(PR R HEAER T A7) AT BT, AR
£ ) 45 1T B 0 P AR 2 T TR B0 7 ke 0
(GB/T 50123-1999 ) #17. MAE5YYIEFTI 25T
B P 0300 2 1) T 48 B 4 SR 5 Ak BN AR LY -
FERTfE . 45100 b B4 15 5 209% 1 10% P 4> 5 7K 1
AKF, MRAERT &AL Brh i EoK A+
BEER TR AR Bk i, K R R T A
Yoy iy gy =X, WA ST Rk S i E 24 hEAER
WEH A . SRIEHE R A BT U &, T T
B HIRE, 229K 100 kPa, 200 kPa. 300 kPa
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Table 2 Treatment of the experiment

kK (10%)

Low soil moisture content

w7k (20%)

High soil moisture content

R A N m &
Soil amendment Application rate/ (g-kg™)
) , 0.5
R YERM (CMC) Yo
Carboxymethylcellulose Sodium ’
3.5
= 5
BEEH (PG s
Phosphogypsum
25
15
LWk (BC)H 0
Biochar
45
XFHECK 0

ADI1 AG1
AD2 AG2
AD3 AG3
BDI BGl1
BD2 BG2
BD3 BG3
CD1 CGl1
CD2 CG2
CD3 CG3
CKD CKG

H1400 kPa Pt fp e 1 Sy AT BTV, BIU)IH A40.8
mm-min~', EFKFEBTYIREIR . W E3 ~ 5 min
WNZE RN, TE SRR, BT (r ) MRS
(1) 5.

=C x R x 10/4, (1)
X, COBM it 55E R4 (0.01 mm) , R
TERIEME AL (0.01 mm ) , A h BT )6k K i X
(em?) , 104 458 AL

DI H R JJo (kPa) AR, BN St
(kPa) AR, 2l 1sEpToT i Lk, WK
A (2) AR

=C+0 x (tang) (2)
X, € (kPa) NWNET, HHHT o AL r AL
B, R A N EEE e (0 ) o
1.4 BRI

B BRI Ad FHExcel, FHSPSS statistics
1904741143 #7, RHOrigin Pro 201617
AV G LAER, BRI 200 (one-way
ANOVA ) HIDuncan?k 2 5 H ARG 460 52 560 b L 2
] 22 5+ & (P >0.05) , JilPearsonikiff745
AR A] R OG0 H . 22 DR 3R 07 25 00 B 5 3R AE 4 4
SR FRIRRE SN RN K R S A EAE X R
- SR N R AR SR

2 4t R
2.1 FAELEBHMPEREBHT K

A [5) Ak BRXD A 08 9 3R T 7 A e 22 S v A
GURULIET . TR ST, AR X L8

B AU T 12.15 kPa ~ 24.47 kPaZ ], 1Ew K &AM
T, /+F10.43 kPa ~21.93 kPaZ [i],

TCIe & KRR, =Rhek B b BT £ i
RN BERTI, HKENRPEFHEZAKR
FHEATERTAEY R, BRIP4 R RRUR
b, AR NI v iK%)24.47 kPa, K
RAAH R 28R AR E (P>0.05) .

DA 3R 7 it - el RS I B R o, {H =
AR 2Z (8] B 2 AN R AR R EAROK SRR,
SXTHAE L, R H A A R AL R T N R T
HEN156.15% ~ 246.18%, =/ F#EH{LAD25AD3
ZRANRFE (P >0.05) . BAaBFOHEMENE K
A E AL, WAIEK81.06% ~ 229.26%; EY R AL
TR N R S MR/, YR 1T71.91% ~ 145.87%
FERIK AT, S5XFREA L, 5P LR 4 R Ak
PRRPIER R 17 126.3% ~231.77%, 1BALE .
TN Ah B 2% SOk B KO (P <0.05) 5 WA
S PR N B TN T 75.52% ~ 209.94% , L&
i A0h T S R I A ) Ak B 3R B B R
57.79% ~ 124.82% , 45 Vs i Ab 3 ] 25 5 34 A Gk 3]
EKFE (P>0.05) .

FER — B 00T, ARK AL B 23R T3
KF KA, HEREEEKFE (P>0.05) .
5K ab BEAH B, BE WS 0 G i, R P LA 2
R A AL F RV W PR 721.02% .
24.69% . 11.57%, WA BKLEHX> EWET)
Ay AN T 10.3% . 19.05% . 13.59%, 4=¥5A%
IRAEBERD + N R 47 I IN T 16.49% . 9.48% .
16.93%.
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[ # kAL 7 High water treatment ¢ B
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- : - b b c
C

Sk = sk b § 15 be
B B b b
= ® = b

0F 4 a 0Fa 4 0k,

a
| -[. | :|] | :|i.
0 - . 0 0
CK Al A2 A3 CK Bl B2 B3 CK Cl C2 C3

CMCALHE Carboxymethyleellulose sodium treatment

WA F 4b 3 Phosphogypsum treatment

AEWHAEER Biochar treatment

W ARVNG FRACRMR S K EAE T, HIESREFS RN 2 022 5335 8]5% 8 % KF, FIR Note: Different lowercase letters

represent significant difference ( <5% ) between treatments at the same soil water content. The same below

A1
Fig. 1
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AN TR AR BER RUTD A P EE A A 04 AR Ak e 2 R A
a5 R K2 ARAK ST, 25 i R R Ak B iy Py A
MR N17.22 © ~31.02 ° , EKFEMET
AL H19.79 © ~25.86° .
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TN EEE A R B S A TEMOKRAE T, BER
HREF e R A W) e N s S R, R + g JEE
BN E B, S XA L, AD3AbBRI4%
A Wy e A B 25 S5 R B OKSE (P >0.05) 5 Bt
AWK, WEE M ER/N, B4
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CK

WA E AT Phosphogypsum treatment

AN AL BT X N 5 A2 Al

Change in soil cohesion of the aeolian soil as affected by treatment

PSRRI 22 R W (P<0.05) o TEEKALRE
T, BERR PR AR AIABEAF SR, Kb
+ P EEE AR AR AL AR K AR B, (H 50 B AR L 22 R
BE (P >0.05) ; AW)ncib 340 /) P EE4E A A Ak
M SRR AR, H SR 2E 28R A
EKF (P>0.05)

T[] — 250 R 500 S i B, R K A B P JEE 4
fER ER T KR, BARRIE RN, K24
ToK AR ZE R AR E (P >0.05) , {LAD2Y5
AG2. BDI15BGIAHZ A2 5 W% . ofkms -
A R ) B K T PN R A T R I /N

—_ —_ =3 2 %) (9%
=) W =3 n S vy
T T T | L L |
&

=

M BE ¥ i1 Internall friction angle /°

w
— T T

o
[

Bl

B2 B3 CK Cl C2 C3

AR EE Biochar treatment

ANTR AR B XD N EE 4 A AR Ak

Fig. 2 Change in internal friction angle under in the acolian soil as affected by treatment
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2.3 AEACIRE S B E R IR G 4 IE

TR RSV R N AR
KA B A A4 R K3 . WR IS =+
S W R AR BN R B A R R 3 A TR G R R
(P<0.01) , SRS [ R B2 S i 25 A0 £ P 2R
1, BMIRKARAZ EGKELE, R
IKEEAET, BEFE e RS s, e
RNYIREZ 8, G ROR B o A5 7K

5o R AL N B A A — PR R, AR
ARG, R AR 34 5 4 0 R0 T i 5 97 A
KRR, (OB F &0 5N RIBE
W EKE (P<0.05) 5 TEm/KSMETS, WEEMY
R WP BLLF A R AN R AR B RS I O EAH G OC R,
N R A S BB U I W 2 ARG OC &R, (HINEE
PEAA S =R A ek R RS 0 fE 0 R DG PR OR B 3
(P>0.05) .

®3 IRURFAFESKDLEIARN. AEZEANMEXSTEEAD T

Table 3 Correlation and regression analyses of amendment application rate with soil cohesion ( C) and soil internal friction angle

(@) in the aeolian soil

B3 Efak B 4=y i MR FHL A R 2
Variable/(g-kg™) Index  Water content/%  Correlation coefficient Correlationship
10 0.838 0.01 y=4.1327x+11.593 0.703
; C
s LT Y22k
PRI AT U B 20 0.8328 0.01 »=3.682x+9.668 0.694
Carboxymethylcellulose R
- =3. - 12.22x + 27. .
sodium ( CMC) ) 10 0.208 0.516 y=3.29x"-12.22x +27.794 0.812
20 0.38 0.223 ¥ =0.808x" - 2.09x + 22.48 0.286
10 0.944 <0.001 y=0.6124x+8.25 0.8906
I C
Lk 20 0.911 <0.001 y=0.514x+7.546 0.8308
Phosphogypsum
10 -0.838 0.01 y=-0.014x" + 0.0612x + 29.53 0.777
(PG) v
20 -0.111 0.731 y=-0.0127x" + 0.297x + 23.086  0.1725
10 0.88 <0.001 y=0.222x+7.7847 0.775
e C
£ 20 0.902 <0.001 y=0.184x+7.1545 0.8134
Biochar
10 -0.136 0.672  y=0.0035x"- 0.1708x + 28.591  0.1894
(BC) P
20 0.262 0.41 »=-0.0018x" + 0.1059x + 23.915  0.1293

HE: yANEIIBONEEM,

amendment

T HEE KR A R R R 2R i A
2& H AR IR KD A P95 T R0 P R 4 A 5 e Y T 22
SIATEE R LA, R R FIRRZE . B A K
EY RN R FE Y RS (P <0.01), A
LR D S e O RSN (Y RS PON A e b v
BEFm (P >0.05), + 3k R 5 el [ 5] F
VAN N £ (1) 28 A R P B 488 A W B 3 5 )
(P <0.01), /K. &K a AR R R 2E0E s
HAER L E K G R R i ) 22 BAE A
= DA ZE [R] 19 38 A B 6 N EE 8 R R
(P <0.05), Mies B 550 o da X P 28 482 1 5% T 1 K
(P >0.05),

xS AN Note: y: cohesion or internal friction angle, x: application rate of soil

3 1 ®
31 HBATHUNEERE

P T7 H R IR R I M EAE N R AL, TR R
R J7 248 K o 5 ) LR ] i i 5 | 00 B
KRS, BN R T2 HIER LS PR L
A RSB R IE T . T, B
ST TS LB IARAN 2 (A NE)
{EAR S i AU E 4 M RoE e B, FLAE I &
K, R B kA, HIEEABRNNER
71 ({K&7/K7.07 kPa, =7K6.61 kPa) .

NI ERAISE SN AE SN L SR S
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Table 4 Variance analysis of soil cohesion and internal friction angle as affected by treatments and their interaction in the aeolian soil

b 3 W J1 Cohesion (C) W EEPES Internal friction angle (¢)
Test treatment F P F P
A 14.282 0.001 * * 4.164 0.049 *
B 27.576 <0.001 * * 21.634 <0.001 * *
C 39.152 <0.001 * * 0.814 0.451
AxB 0.457 0.637 4.686 0.016 *
AxC 0.122 0.885 3.998 0.027 *
BxC 1.692 0.173 8.837 <0.001 * *
AxBxC 0.202 0.936 3.263 0.022 *

W A RIS KE; B: FIERRAMIE; C: HEURMBEME Note: A:Soil moisture content; B:Type of soil

amendments;C:Application rate of soil amendment. * : P<<0. 05; * *: P<0. 01

Sh>BE R >R . AT RE SR I R P AT 4k K
HA A E, 7T R $ T MOR: i e 45 e 1, O
I 8 JWORE A A 3B, v LB B A Btk CeMC
G, R EEURE R A, e T v R AR
W1, MTTHET 8 U RS T A BE S e, A
a2 b N AT 4 B S S B T AR B 4
o BT B RO R A R g
B 465 200 kL 0 o 280 R L, R e T A K O
B 16 - SR I PP R R AR, 8 S T P B
TR, T L - SR (4 28, AR Ao R AR
HEEA . ML, AR LN R 7 i
BE 1S, T RE AL DN O A 5 OB A0/, T f SR A
bR BT, N T B B R g R ] 4 %
BEEANE BRI, LA 9 5 o0k e S 70 L 2 b, (il
VoS, (H SR AT R s A AR
T W BRF RSP, A 0 % A R /IR B 5 XL - P
W1 ARG S TP 58 g W ke B 00 4% o e o v
0, TR SR PR TE R N AR, e B
RSN TR R R AR R, R EE B NE
Sy, RSN b Y 3 S M AR R VR T B
R AR AR, o R FE T Y B0
WIEg, IS S E v PR R, M T 4
SEORL ] A IR S5 VE T, B3E T K A BRI 45 H
o P9 3R 7 EL B 2 I L ) 0 R e — 4 3
K, WENRGHEM KA, BFE— S,
K ST RS R T, AT RE R R b
S K S, — 5 TR 3 A ke B AR v A

i ORI A R ESAE I, 50— T T R R
7K ArF BB B, B A0S 7K R ARl i) ) 2
JIBWE N, AR E KT, R IERIT
AR s (H 2K E gk el it , i @ A K 4 2 T
XFEHEP R R A A TR RER, SRR
BPWRERAL, ¥V EUZARE, 0k ] ) # |
JIHIES, AR T RHEROR R RS AR 1 s mK b FE
e m v LA TR, b LS s, W
U, 7 SRS I S, 2 e i 3K )
il XG> L HCHTA ST I RE IREAR, X 51 2 W45 R
éﬁ [26-28 ] .
32 HNEEATUHNEE

DA 48 £y 2 e 3R AIURE 1) A A A B L TR Bl
T 772 24 1 B 4 L g R = R SORT 1R 2 B e 5 oA
TR B 2 A P AR e O e, R
S gkt i, mLE . RERREREE. W
R AR B &k R 3 0

e R KD A 1 N BB s A N, T
A R o R RN I g HER I AN, H
BT Vb AR i BRI R OV = N TE
P R R 2 T S AR AT, R AR RO 0 A
B A0 SR IO Y e A TR HES A 2y, R X
Kb PR A, X SR DY &
M D R g g R — B

K SN N EEBE M AR, nIREZ it &
1) 37K A3 7 - 50k ] 25 BRULT- #3000, 27
b - TR B 9 7K - BRAR TR, 384 T Vb R
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e bR T, JH: R e [ 5 0 R (AR AR AR [
B RS

TSR, AP IE [ USRS
R AR R R R S AW VRS S, FER
LIS VDAY Z i, 7R VD Pl AT B Sk R
BN SED £ e e A B B, M B 2R
KIREE, Y MR AL, nl 4 v 3ok
[ Fof 14 A 2 — R M i 1 S B AL PR o
fek L R E Y B S LGS
P, @k R, K 4 22 vk s LA
b, MPIERAL, WEMERE., RYEIEH, G
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PREOR N o (7] of 3 2o 5 00 S Bl R R0 AR AR AR )
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PR TAEY, AR B I VD=l A B
K, HOMP X NRZFRA

4 45 ©

AR A SRS, Ko A T R A K
KT, A EIESRRN (RP SRS, B A
BFRAEY R ) M= mERE T, WP HER
TN EEEF AR AR R . EEESIB W . SR
MU RE e m v LN R D), B RBORHET N
BRI Y R >wE A > e, BB I
e, NERN B K, K AD3A RN R T
K, H24.47 KPa, HBCKDIIEEA246.2%, {H+
B R P BRSNS o A K R
eIy B EESE FAE A T R, B A K

ART P XD LTI e R . AN [ b e R R
S =L SRS BUR PN PIES T et UL A
PUBY 50 B 1 B2 g AT/ KUl R IR B il e v - M RS
ey o 38 S WS A BN N ke R R A S T YD - R
Ve A b, A 5 DX el R L o 5 o 4 8 R
A il 5 oK R AR E D e b Al o v B I A K
5o ARWFFEAE RS V0 AL b R A By —
4 B EOR R S EARBFSEAUOTT T X L4
AR, S YPBEA R AT D L BT 8T P e
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Effects of Three Kinds of Soil Amendments on Shear Strength of Aeolian Soil

Abstract

XI Yinqiao"?> ZHAO Ying'' LI Shengyu'
(1 Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgqi 830011, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

[ Objective ] Application of soil amendments to assist desert governance has recently been
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considered as a promising strategy to improve sand fixing efficiency. However, researches in the past were
focused mainly on effects of soil amendments on physicochemical and biological properties of the soil,
while this study aimed to reveal those on shear strength of aecolian soils varying in soil water content, in
an attempt to provide certain theoretical references for fixing aeolian sands, preventing wind erosion and
restoring ecosystems in desert areas. [ Method ] In order to explore factors affecting soil mechanics of
aeolian soil, soil samples were collected at the edge of the Kumtag Desert for a pot experiment, designed
to investigate changes in soil cohesion and internal friction angle via direct shear test. Three kinds of
soil amendments were applied, separately into the pots, at set rates, that is, 0.5, 2.0 and 3.5 g-kg™' for
carboxymethylcellulose sodium (CMC); 5, 15 and 25 g-kg™' for phosphogypsum (PG); and 15, 30 and 45
g-kg™' for biochar (BC). For each group of treatments, two subgroups different in water content, i.e; 10%
and 20%, were also designed. Cotton was planted in each pot and managed in line with the common practice
for the crop in the field . At the end of the growth season, soil samples were collected from each pot and
dried for analysis of cohesion and internal friction angle. Fast shear tests were carried out with a EDJ-1 type
direct shear-meter. Four vertical pressures,100, 200, 300 and 400 kPa were applied in the shearing tests,
separately. [ Result ] Results showed: (1) being the same in soil moisture content, the soil cohesions in
the three amended groups were greater than those in the CK group in coherence. Compared with that in CK,
cohesion increased by 156.15% ~ 246.18% in Treatments CMC, by 81.06% ~ 229.3% in Treatments PG, and
by 71.91% ~ 145.87% in Treatments BC in the subgroup of low water content, and by 126.3% ~ 231.8%,
75.52% ~ 209.9% and 57.79% ~ 124.8%, respectively, in the subgroup of high water content. However,
application of soil amendment did not have much effect on soil internal friction angle in aeolian soil. (2)

with increasing rising application rate of soil amendments, soil cohesion significantly increased, showing
a positive relationship and good regression between cohesion and soil amendment application rate. (3)

being the same in amendment application rate, the soils low in soil water content were higher than their
corresponding ones high in soil water content in both cohesion and internal friction angle, but the difference
was not significant (P >0.05), and the former was 21.02%, 24.69% and 11.57% higher in Treatments
CMC, 10.3%, 19.05% and 13.59% higher in Treatments PG and 16.49%, 9.48% and 16.93% higher in
Treatments BC. [ Conclusion ] In summary, application of soil amendments can significantly improve
soil cohesion, but does not have much effect on soil internal friction angle. In terms of soil coherence
enhancing efficiency, the three kinds of soil amendments exhibit an order of carboxymethylcellulose
sodium> phosphogypsum> biochar. All the findings in this study demonstrate that low soil water content is
more conducive to improvement of shear strength of aeolian soil, by enhancing soil cohesion, together with
application of soil amendments, thus stabilizing aeolian soil and improving ecological environment of the
desert area. Among the three kinds of soil amendments, CMC is the most effective one.

Key words Aecolian soil; Soil amendment; Soil mechanics; Shear strength
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