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Research Progress on Clay Dispersion Characteristics of Saline-sodic Soil

LUO Xuejiao"?, WANG Zhichun', YANG Fan'"

(1 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China; 2 University
of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: This paper systematically summarized characterization methods for clay dispersion and outlines the main indicators
used to measure the degree of dispersion. It also described the effects of clay dispersion on soil physical properties and discussed
the factors that influence clay dispersion, including soil acidity, ion concentration, soil organic matter, agricultural management
practices, and the application of exogenous substances. Finally, this paper proposed control methods for clay dispersion. Analysis
showed that commonly used indicators for characterizing clay dispersion are ion exchangeability, charge sparsity, net dispersion
amount, cation ratios, and cation exchange capacity, based on the different dispersion and agglomeration capabilities of Na*, K",
Ca®" and Mg?". Meanwhile, the electrical potential and turbidity are closely related to clay dispersion and warrant further
investigation in the study of clay dispersion in saline-sodic soil. Clay dispersion destroys soil structure, reducing soil hydraulic
conductivity soil and severely hindering its normal function. The mechanism of clay dispersion is influenced by the differences in
the valence states of cations and different concentrations of soil solution, which affect the thickness of the positive layer on clay
surfaces and the Van der Waals attraction and electrostatic repulsion between clay particles. Further understanding the mechanism
of clay dispersion can help to identify the main factors affecting it, suppress clay dispersion in saline-sodic soil, improve soil
structure, and provide theoretical and technical guidance for the remediation of saline-sodic land.

Key words: Clay dispersion; Characterization indicators; Saline-sodic soil; The amelioration of saline-sodic soil; Soil structure
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Fig. 1 Schematic diagram of clay dispersion
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Table 1 Characterization methods of soil clay dispersion
characteristics

KAEFETR R

B 55 BT R R R zeta FEAE S0 2 AH DG

P 7 A 1 A B T R A oA T A 3 U

o M Na*. K'. Ca? 1 Mg® ARl 43 B A28 i
REHHAE, fpk AR SCHR G, frTis S

TSR E S EE R, 454 Nat, KT 2 HkEE

P BH B F L JIFN Ca®t. Mg LEEHCR

P T actfont X TR 6T, AR IR FH 28 7 as e st 374l
R HLE D

2 FARIS O IR

2.1 &g

BBy 1™ T ) I R T, F2 RN
it B AREERY Akt - 3EK T R T AN R
M) o 8L P9 2 K N 2 IO 2R S B PR AN AE SR T 5 1R
T ER AR 3K R Ak ) S B R L R K
SR RORLE 43 L W] SRR AN S A3 ORI L fi
Jovie B A A s U R A 1 SR A AN
Fl R EZAREE R, HATEGROKRE ), FRIT K
BERKAN 25 b AR 5 T %, 3 25 fifi M SR AR T Y
BB AR Ko HOrE Bk 7E 18 2 2 Pk
Bh SRk, 51 e R AR i, 775
KB EJG, HHER SRS AR KRR S i
SRR B S EAHOC , 20 A R 43 ORI e
RN bR 5 A A Bk o L SR SE R W], %

A

15 7K TR ) - 39 AE T R a2 AN TUBT 42 b o A v )
5 ML S R S A PR OCRY, R IR R B
K7 1 X ARG R () R R R B A A — i 25 5

BRSO M) AR5 4 B R E o I g BB
KRS S B o AR 3 O bR 25 8 1) R AR 2
Ko EORREE RO, RPN AR TR K A L
PEFRL 5 | K R PR O sh AR B DK+
HE R AR, BRGSO, AR
KAFIH.
22 TIEBEMBKE

BRL A3 O - 39y BRI TR A S R T R PR 2
WLRY T ARZERE | i — 2 3R K It P fg
(AL . 83 RS BRI K | SO
FEXT I N AR (K)BIRE Z BE, B UE T A
(AT R FE AR —E XTI K AR, R B b
Y K B B A, LR R LR A R T
BB R BRI AT i R A R K A
Na' [9if'F T B/KARIE, I B3R H B R E X b
FEE 2558 B (R RAAG , AT (45 - IR AR A A0 Rk -
SRR B i R AR T 9 P SRR A A i, FRL
1B i A e G w3 R ) SR

T 50 2 BH R 0% B2 B RN 20 B3 R A A5 - 49 v ok
FLERRA>, S K MITFARET B PG TR . 24 H i ot
Vo S 0 b v Al N =L YA ) R D 2 s A
FLERIE S G ARG Y R R 2 MRk
53 BGH I3 BRI A 1 3R 45 78 1) S K Fok B T K 1
BH T3P0, PR 2 - B p AR & s B 2 S BUK %
AL, KB R AP, P75 4 1 A
AB R

B0 FBORT - 398 60 701 5 7K 3R (18 5 W 0 475 B[] A
ZE (AN T . B R BRI NIF AR K ik
TR, A I K WS RSO 2SRRI RN
TR T BRI, 15 R IR BB G R
fo H B 250 A0 D D) = R Bk 4018 IRk AT
ot PR i 28 HIESLPR, 3 LR W AR,
FLAR )N, M ZRIK B ZBH, DA R B A A e
IKRTR B S RS

3 FRSHTmMEER

3.1 TIEERE

pH A HT WA OO, R R K
AE-S 0 R A A P A I B A e, TR B2 A
BRIERE R, A 34l T e i R e o R SOk
W L SRR R 0 2 L SRR O AL, T pH

http://soils.issas.ac.cn



258 +

e 56 %

FILEBHEE 7 T 3R R HE MR

FRLSr Bz B — s A N R AR R, pH.
AU | T b B B R e R R 3K
PRI T AR 1) pH 3 R
BRI R T RS BAR R, BEE pH AT,
FhRLEE T orH, I SR B R AR B0 K, Gupta
S N POV AF 7 2 BH B0 1 38 o 25 38 n - e R R 1Y)
SYHIRE o RS HIORE B 2 S EE (3 i 1 o, L3
TR BE PN - A S, S AR AN, RRL A
R MR T A 58, BRREE + st M Y
BB R, BN R RE A B AR, BRI ER 1 4
BRI BOR B AR R B TR BY,

- MR M R IR A B 2 R R
B, pH FLEGHREE 5 Bk o B (] A7 7 582 EAH GG
Z, BRI REE pH MTHE TN, BEE A
JEERE TN o AR K 22 o4 - HEFRL A0 BT A 22—
pH SRR (52, pH FIES TR . LA A+ 4
R Z2 TR S0t - R o 0 I 2 A R, R
VLR ZE A e B e A AR i, FE— B TR AR
TIE - HERER BN,

32 BFRE

BT X IR TR 0 - SRR A U R A
A RAE A B A A PR BE (R, IR ] R R 2
TFACE YU B BB N - 3 S et A B 1 1
FU A 14 fin 25 (A5 BRL 0 23 B F3m , 3P SR Ak
R E ME# TR Gupta 258 A PYRYBITSE & 30N
B L P 388 00 2 38 AR 14 43 R o 39V TR A T K
RS e B S B R 25 R A A U T, L B T
B FP ISR Bk L BERE IR, RPN AP
Ca™"™>Mg” " >K">Na ", RPN 3 & i) Ca™
Y T £ 0% ol 15 AR I (A AT 97 R 167 A HILBA ) =2 T
MIE WG], BEARAE S T VR T & A LI iida e
AR SR AP S K T DARBAR R0 H0 8 I i 1o - A
RIRMFENE, S5 TSR BB & L
LRSI T A o DR I I B 3R R S e P B 7 L T
VR R VAN A X - 398 285 ) s M S i 10 EE B2 A Y
T 2 0 FH R K R ) I K AR R
B zeta AL . FLEREEFIFLPR I @ PE, 45K 15
PR KT S5l T IEES R o EL, (HOE R AR
JEH Na™ /NP KT Kbk Aeds Na© ok, H A HExt
K" MZEREERR Na* 5, (145 Lo bl K& ik
FERYBE AN, BRI RO R X 4 AP
T I T R B A A R R i b
LR FE S5 E , AN RGBT G B T ik &9

JERI M S AW - 2 I B A S SR A T TR B 11
B, FRE Ty E, AR AR N i R R
KRR, H NaOH X} 345 F9 1 1 i sZ i # KOH
SRC7 KRN Na® A9 et AR B, BN L 3
S - AR 5 RSB/, Z0 0 AL 1] 4K
FLBER , A5 HHEFLAR oA i P LR AL AR, B
B 25 () - HELE RS eAl, e Ak A
X+ HEFRLY A3 ORI RS AE e I ) B R 400
YA H AR DG 5E R B, BRIV = B2 vk BE R 6%
3 B e 8 T P A 1) B (DR A 0 S B L A
Fe'* Fl Ca™ {RIH 2R ma gk 25 i) =2 R,

BBy BAFTE T 2R e rh | o RT3
B RRL O, ST O (A R o B B EE
Y T R R 7 R 1) B A e X R o O
Wi B RIFSE R BRSSPl Na® & i SRR s 2 9
BEIEMIER, Mgttt Ca® fFE SR EUE
BB EAHALLR, MRIARWAZHME Na™ &
A HEA ROK X R 20 I TR A G X e
AR FR AR R AR E M A ST L R BH A ¥ Na™ H 4>
s e M i R R, e/l TR+
HUFE £ B 22 et Na™ 7 43 HBE 2300 5% F10%,
e 2 I 1 £ 1T 2 R B i ] R

S L HERRL A T R TR Na®, Ca¥t il
K", —SCBRE ALY e T SRR, 22 B
FEFRM, Na” 85 K" %IRRT s i R B TR,
AT RATAE Na*. K" WEEAHFRIAE LT, & Na' iy
RIS BOR T
3.3 TEFHE

A WURE SR E R & R AE M, 2 A
IS, HFRREIL, et g A, f
AR M TR, B ek
A i A 5T R T 5 X S AR A0 O A R AR R
AR Z, S5 R R A LB 3L b A
TR, A HUTT 54T B - HERR AR 43 5
KA I LA TR BN AT HE A A1 . 3P A HLTE
A AN EIR AT Na® 100 F0 B - S FB™ ) Bk BT 35
S S ECVEF , 5 2 RIS o BV I o B B A7 7 —
SR I 5T R 2 B 3 MILITO BB A 43 1
YEFH SRR 780 h Na™ il Ca®* BUMREEA 6, 4iX
WA B R B AR, 3 P REA s fe b = 2l
YA S D BRI S0 B I TR R R R RN
A BLBTRE R R BT S 31000 52 ), oA Bl
Jo 5 e 1) - A LT AN A - A A vk
JETRHAEE R, HYE Cca® M, Na* fE/H TR

http://soils.issas.ac.cn



5 2 39

BB TRIT R SRR HURHIE A S o e 259

Xif 8 W A B AR R R 2R /NIRRT B
e IR | AN e e e o R o o ol 3
Na' 945 e [ iy 33k 38k, 75 3 R
PRRa e PRI o X RS 20707 = AR N RS H A AR DGR o 36
BH, J65 BRI B A% 30 A 12 v 0 2 T PR 767 1) R (R (i
FRL A HGE AR, X H R XL A FE R
A LR AR O A W R A E, 7
AR TE LT, Bk B B A ML Y
Vol T TN 5 FEASS ARV 0 55 K v T B R B
L, 280 43 e B 2 - 9 LA 75 2 A i
B,

A HLJTOT - AL S B i B AR I B TR
BERE, (AR Rl 2R FE 22— AR
R A A3 B R , (E LA R P A2 B8 7 R B R i
K5 IR RENS AL DR Rk 0 SO 2 AR s IR MLAR
FE—EFEE R R 0 o N TR ER 7T A ML X
AT ER B - SRR A A M B, BT XA AL 440k
AT R 5 53 BT o
34 KRB

A Sz Al A B AN AT D A B T 2
— o AR BRI 25 i IR A R,
B N, VERIRRE TR o AR S K
TEAVE R AU TE BT, B bl ML B AR
PRI I RE 05 24 S K I T 9 M R EE B, 3R AL
PR IR AR, PR A, 24 4R 5 AN IR A B
RGN 22 GoXt IR LR A3 ORI 5 M), 45 21
T - e R AT B AR B 7 B R S B R SR
Wi AN SZ VEY) R G R, ELG e sh R R AR i)
T HE RS —— AR IS 5 R R W Bk R
B, b - e A2 A A RIS, XS
AR S RS A THEE S R R R AL
ARBEWEI , 55 550 & UHHVERB US4 25 7K 23 U R L
BN BICRIT S AR LA b A0V W 45 b 5
A BT AV A A e rp B Bk HORE E LA KOS
FRE AR BERO 5 A AR A L, Rl H Y
RS HIORE RSB N, X SR A
RGERENEHE I I A U NFLBRAR R, B Y
RALBRARFICY S ok Tl A5 3h K A (4 55
T EL, SUERRHEL, dE— 5 iR
Py ERE R AR AR

2RO 9% S s SR BUAR M A B it G S B A
FE L R HEWERE i . PR AE S e AR S
BCIROL , bl ) 3R/ ORI TAED
F G0 LT AR SRR o B U o Al A5 B it

A 3 5 0] - Sy B X - S AR 40 FOTR I i B
M), FELEHEREFR | R FENE . AL A b S R P LA
GFIX IR TS A, T IR B o R AAREEE, SRR
SEARO B BRI, B AR R R
3.5 SMNEYIREHEH

AN HUIE AR ()it FH 25 5 e - S B Ak 1 o 1)
Ak, 2%t R R A HOE A R, il 12 A4
A s & B0, i A K5, BRI /e b
38 pH RS A ARG TGN 5 A P K 4L Bk Y
W AN A AR M T A A P )2 A -
JEJZ NN , 7 A 563 2t A 1 B T R AR B R
BORLAY AT N, T R i K A A R DY
FERIIR I 2 AL TAS N7, A vt 3 ks
SY LR AR R T e g Y

TR 56 2552 R AP A LR T RE & & T
B, (6P A e A B2 3R Y pH L Mg™ I
K" &, ARty i st i, AR
- HER LB R T R E R O 5 i A A
H 3 00 N . 6% 5 | S AT 43 ECR R i R A R Y
P Fsh A&, RIMHEIK T 33 m*/hm® F9543%
JEARA , 3R] RL & R < 0.25 mm 4 A R 44
SR, A ZE 15 d i R R B R
it I 288 A it 8 28 - 49 F- Ay £ 4y i FsF [ ) A8 £ BT
RIS A5 R T 0k - R M AT B i A R R

SLAMNEY) RS IR , A KA E # Y T 05
FIERAE A B3R B o I 5T 25 5 R A IR 35 ) - 3 8%
Koy BORERE , HLAE 136 )2 HeAE 1 rp 2 R0 2 it
A JRAM G R 2 BRSO T et 5 7 A 2% A [ i 2
T, AEXF AR 0 o R AR A KA
A HILIE X 25k o 98 %) B3 SRS — | YRR 194 it o o
T B B AL ST TG 3 R 5 R FE A it T
AR AT o R R B i TR SR & % R4 T AL
AR B OLT , 4T SRR B e T
I, ORI T ER AR 3R BRI, F2 54T R A
- b Ak R AT A b
3.6 HMEZE

EAF R, RAA . RIEEMEN . A
- HEZE R R 2 o 3 A R A, FEAS etk Na®
FRRT 15% B, RS b kLo i T
AR R HER AN G RO SR R
BRI S HIVE 2, L v I 8 3R 1 70 1 52
B TR TR R K B A Y
B, AT e (1B P 3R H B R R I, R
P B VR VR P SRR 1 348 o 2 i A R A 22 ] 1 ke

http://soils.issas.ac.cn



260 +

e 56 %

FERUEE BT R BRI, L 3EAE kP AT By
1] _b A AR B 2 R BRI A 8, 1A
L5 5 BRIREL 5 i Z EAFE AR OGO R 1. LR
Qb 45 A 1) PR BE A8 0 o SRR R A L s
0 B 1 BE R B v LR K BE T, (R HERERLAY 2>
L, DA R AL E S 2 H i A 12

B T S0 L SRR B R B ER A0 SR
P BT ATPLB . AR I L ARG
LA RIE MR | A R L A A e —
E BIHLIAE T L SRR o AEREA T I3 TER B - S Rk
YRR IERTSEE, T dUE EENER, RTE X L ek
KL BT , A0 BN A 2% B R 3R L T 1 3
R LI BRI EAT A

4 FroBEEE

ARACPUERTRAT $h 0 - LAB P | AL o L K
PEIEON R, BB, RS , it
G b MR P A — SR BRI 108 BRI O L ERY
MR E MR R, O T AR SR A A s A AR
AR, N R B T A R

PA Na® J =09 438 i T Rk 23 BRI AL Bt 0 28 5
BT AR, 78 LS P £ 7 REAS 22 X Fl
ARBL o AR S I A B F R EA P25, 75% B
A1 AE 3 IR L AR AN S KR E L BRI Y
AR TS, &2 Na™ SEma K HAS R H L, X
KL BRGNS R T o3 L, fEAR R B
DRI L R B K I Y 32U 2 — , TR Y I i
PEIA A AT LA Lk 7K 7K R R A Bk A4 R
B Gupta 55 \CORBIFGE A SRR 5 Fil g v fige o ok
JETR O AR T IR RRL BT 0 A8 X TR vk
R A e, SR B LA T 5 EL P A ik JEE A1
T 0.3 S/m N, SR ATRFEEREBEAY 7 ST SRR
E G SRR X DL AN R R e 4
IIFTE I, 5295 K HE BRI H AR T U £ = AT
(R b A P A D7 12 5 R R S R UIAR G, LA
40% HIFRRLE ROV AL, R T IS BE S0 H
Pt LSRRI HIC g T U 4 ) AR
i) T2 LA By 11 A SR A i 20 B R BE, XE TR
iR R YA BN B A TN IR TR RE R
RS AN R, TR R A
PATATEER Y N I RSN N [ b s e VS B LTI NE e it o
IOt L IRESHI IR R

D I 8 e o= VR DT 3 (i U FlEA S P i
IR . AR IR TER IR L, D) I R T e

PEER AT PRI R L, LA T3 A b P
SR TAT YRR A RS o S A LR R RS 4R
o LRSS AR E M, B R B A O T AR
BLIIRE T o ML AR O T80 ol THLA xS L4 09
BT AR BB G B AT — 5 BRI - v
MRZ S L AR S PSP i e o S BB 0, PR bl ot
28 K 0 0 R o S T ) R R MR L B
/D R 3 IR B R L P e A1 R e 5 5 4k
Ak,

SCEGIEN] , Ehi B RAFAELZ RT3 O
MR, RSB AT . B R A
Prise . REFFEAHLICHLRES! . @85Gl 52 %
i, AR RN REAERR | ARRETFRETO SRR RS
QFPEMERBRIEY), ANFH | BT | B3E | 2B A5,
@ZFJ7 A BIEE &, FERE I KR A ) I Al 4
B, OMUBHE A, Ry sk AR
AA R R IR DL, A SRR

5 HAiLSRE

THEER AL S F EOR, WYy 2 S B AR
45, LIESLBIEE )N, AR ik
PRBRAEL Y Th iy, HL AR AT S Mgl L AR 4Ry, R
R PCRE N W o 2R — 7 R R A AR i R
SRR e e 94 e i R K DX S PR W, 55—
T S P AR A 7 A ] P 22 5 R R A S Y )i 7
BT L i S R B 16 52 A B TS RO T
SUNE @ 0] P a0 R 7 L M SN T
e H E TP AARA S AP 53T SR L
SRR BRSO A T Eh i IR A, fe it £
R, A B TR LA ), R E O
AR 22 4 o R SO o B 2% b B R ORI R AR DT
5 RORLITBION T e R SR R T WY R RE
P ] B SRR P RO — LR o Gl RS R R |
BTWREE AU A A B . AL A5
Wi Rt 3 B DR 2R, R ol E ok 0 i) 2207
V5 o FURIA T [ N JR 3T SR 0 SRR BURR I A 15T
MAFEZS H o BRI, ZHR HUW BAA L AT 5 3
B TP AE R AL AE AR T, ARl -3 P BB Y
FTEIRAFAE RIS, X T AT SR AE 75 4T Eh il £ 52k
KL BUORREE | AT AT S84 DR AT Rl - SRR 23 B
FARARZ R BEX LR RS, RAFT ALY
T T AT 5T

1) SO ERERL T BIALFI T . H AT Bk
ABIF ST T B TR IRBE A~ I PR ST, 2202 M Bk

http://soils.issas.ac.cn



552 BEGRAE . IRITER I L SRR BURS AR AT 261

241/ NIRRT i T AR, pe bR R A [
LG G o B W S | P N 1l w1y TR S 18
IS R AFAE R 2225 (o BRI AT B R B 15 1 4
ghfk 2, BRI A, M B AR - i 4
AR REIRTE. A Na™, K. Ca™ Al Mg™ RIRIAY
IYEUAEREERE Ty, BT HIRL, 45 ALk Zetasizer
FRIULERIMEFRL zeta LA, 15 BRI HOFI 2L BE
Z[a] I AN, DT 38 21 DATRSOUR £ B o o e R 401
BLTE H

2) SRATERTR IR AR . IR TR
R EGRSL, Wil 25 AR — RS AARNTIE, +
MR O o s e IR zeta HLAZ
AR TR AP, 256 Fok & i DL - e kg
i, A BEALER AR BT 145 2 45 A8 BR X Bz 20 1L
4 S BEEHE Y , TR 45 0 7 RS R A R o L S
FERRIAI Y AT, M AT 1 WA 97 SR 3T ER
il - R A BURRAE o H AT SC T RRi 4 BURRAE (1 R AE
TR MR G — I , i1 F A [R) vk 2 [l B4
9, A SEPRSCR AT B AT A S8 H ik R
IRV Ol RPN AN 1 WAk (B BUR N DN RS i
REIE, S5 AR bRE, Bl s % |
R | R (0 R A B Bl 2 vk o 13X 94 T4k
i - AL S BIORFF 9 M B S — A EE K 5T

3) SRATERTR IR . AR IR S
S R TR AT R AL Th A A X 22—, R A A
I A R o O R IR T SRt TR AR R R
FRE 5, DR RS . H A i B 43 1L
B 5k BRI AR A . TR . BRIk R
R, AR 2R B . BRI A B B35 5
FTER T IEPE R, A B TRMERAE, $ERiEInseE,
RV AES AR o 38 3 AR AR A 1 0 H T k0 - R R Z0
BT FEE, 54 R IR IR ) i IR A
0T I 2 2R e A R R, IR YD SR T AR R S
B, B ER T R IR Ak R AR R, 0B S R T A
FH Bk A4 35 0 4R LT A 1R

S 3k

[1] Dixon J B, AKKE. HHETRRIMIEN]. TR,
1992, 20(3): 33-35.

[2] Sumner M E. Sodic soils-New perspectives[J]. Soil
Research, 1993, 31(6): 683.

[3] Nelson P N, Baldock J A, Oades J] M. Changes in
dispersible clay content, organic carbon content, and
electrolyte composition following incubation of sodic
soil[J]. Soil Research, 1998, 36(6): 883.

(4]

(3]
(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

R, FWE, EER, . RRCE TR S
AHEFHITEE]. RAIAALITSE, 2002, 23(5): 361-364.
TRk, PEET M) dbat: BREB AL, 1993.
Mai N T, Nguyen A M, Pham N T T, et al. Colloidal
interactions of micro-sized biochar and a kaolinitic soil
clay[J]. Science of the Total Environment, 2020, 738:
139844.

Nelson P N, Baldock A, Oades J M, et al. Dispersed clay
and organic matter in soil: Their nature and associations[J].
Soil Research, 1999, 37(2): 289.

LiCQ,ZhuNY, Yang S S, et al. A review of clay based
photocatalysts: Role of phyllosilicate mineral in interfacial
assembly, microstructure control and performance
regulation[J]. Chemosphere, 2021, 273: 129723.

Agmo Hernandez V. An overview of surface forces and the
DLVO theory[J]. ChemTexts, 2023, 9(4): 10.

Nguetnkam J P, Dultz S. Clay dispersion in typical soils of
North Cameroon as a function of pH and electrolyte
concentration[J]. Land Degradation & Development, 2014,
25(2): 153-162.

Marchuk A, Rengasamy P. Clay behaviour in suspension is
related to the ionicity of clay—cation bonds[J]. Applied
Clay Science, 2011, 53(4): 754-759.

de Melo T R, Machado W, Tavares Filho J. Charge sparsity:
An index to quantify cation effects on clay dispersion in
soils[J]. Scientia Agricola, 2020, 77(1): 1-6.

Rengasamy P, Tavakkoli E, McDonald G K. Exchangeable
cations and clay dispersion: Net dispersive charge, a new
concept for dispersive soil[J]. European Journal of Soil
Science, 2016, 67(5): 659-665.

Rengasamy P, Marchuk A. Cation ratio of soil structural
stability (CROSS)[J]. Soil Research, 2011, 49(3): 280.
Marwan M M, Rowell D L. Cation exchange, hydrolysis
and clay movement during the displacement of saline
solutions from soils by water[J]. Irrigation Science, 1995,
16(2): 81-87.

Goldberg S, Kapoor B S, Rhoades J D. Effect of aluminum
and iron oxides and organic matter on flocculation and
dispersion of arid zone soils[J]. Soil Science, 1990, 150(3):
588-593.

Skene T M, Oades J M. The effects of sodium adsorption
ratio and electrolyte concentration on water quality[J]. Soil
Science, 1995, 159(1): 65-73.

Yair A, Goldshleger N, Kasanin-Grubin M. Clay dispersion:
An important factor in channel runoff generation in a
semi-arid, loess-covered area with very low rain
intensities[J]. Geomorphology, 2018, 320: 179-186.

Igwe C A, Zarei M, Stahr K. Clay dispersion of hardsetting
inceptisols in southeastern Nigeria as influenced by soil
components[J]. Communications in Soil Science and Plant
Analysis, 2006, 37(5/6): 751-766.

Mamedov A I, Levy G J. Clay dispersivity and aggregate
formation and erosion in
2001, 166(9):

stability effects on seal
effluent-irrigated soils[J]. Soil Science,

631-639.

http://soils.issas.ac.cn



262

+

i

%56 4

[21]

[22]

[23]

(24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

(34]

(35]

Awedat A M, Zhu Y C, Bennett J M, et al. The impact of
clay dispersion and migration on soil hydraulic
conductivity and pore networks[J]. Geoderma, 2021, 404:
115297.

W HLE AR S O K B B K kg A it
EHFFE[D]. K& HAAE, 2021,

Adeyemo T, Kramer I, Levy G J, et al. Salinity and sodicity
can cause hysteresis in soil hydraulic conductivity[J].
Geoderma, 2022, 413: 115765.

Zhang X C, Norton L D. Effect of exchangeable Mg on
saturated hydraulic conductivity, disaggregation and clay
dispersion of disturbed soils[J]. Journal of Hydrology, 2002,
260(1/2/3/4): 194-205.

M.Ben—Hur, ® i, SKETA. 20, Kok wo b
BEXT K ABRYREIR[T]. LeF g, 1990, 18(6): 30—
33.

Miller W P, Baharuddin M K. Relationship of soil
dispersibility to infiltration and erosion of southeastern
soils[J]. Soil Science, 1986, 142(4): 235-240.

Almajmaie A, Hardie M, Doyle R, et al. Influence of soil
properties on the aggregate stability of cultivated sandy
clay loams[J]. Journal of Soils and Sediments, 2017, 17(3):
800-809.

Chairunnisya R A, Suryaningtyas D T, Iskandar. Clay
flocculation level with multivalent cations on some paddy
soils in Bogor District, West Java, Indonesia[J]. 1OP
Conference Series: Earth and Environmental Science, 2021,
824(1): 012004.
WA, B, (8. - SRERBE oL Y o B —— R R
TR BRI EZR )] i 3E R g2 R ROV R = M),
2006, 24(5): 407-413.

Gupta R K, Bhumbla D K, Abrol I P. Effect of sodicity, ph,
organic matter, and-calcium carbonate on the dispersion
behavior of soils[J]. Soil Science, 1984, 137(4): 245-251.
Springer G, Wienhold B J, Richardson J L, et al. Salinity
and sodicity induced changes in dispersible clay and
soils[J].
Communications in Soil Science and Plant Analysis, 1999,
30(15/16): 2211-2220.

NN, AT, B, F. HRALHUA PUR X 152
Fa AR T B BT AR AP A AR BR B S A [9]. 488 4= 4, 2002,
39(4): 550-559.

Getahun G T, Etana A, Munkholm L J, et al. Liming with
CaCO; or CaO affects aggregate stability and dissolved

saturated hydraulic conductivity in sulfatic

reactive phosphorus in a heavy clay subsoil[J]. Soil and
Tillage Research, 2021, 214: 105162.
Farahani E, Emami H, Keller T,
monovalent cations on soil structure. Part I. Results of an

et al. Impact of
Iranian soil[J]. International Agrophysics, 2018, 32(1):
57-67.

Marchuk S, Marchuk A. Effect of applied potassium
concentration on clay dispersion, hydraulic conductivity,
pore structure and mineralogy of two contrasting Australian
soils[J]. Soil and Tillage Research, 2018, 182: 35-44.

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Farahani E, Emami H, Fotovat A, et al. Effect of different
K: Na ratios in soil on dispersive charge, cation exchange
and zeta potential[J]. European Journal of Soil Science,
2019, 70(2): 311-320.

Nyamangara J, Munotengwa S, Nyamugafata P, et al. The
effect of hydroxide solutions on the structural stability and
saturated hydraulic conductivity of four tropical soils[J].
South African Journal of Plant and Soil, 2007, 24(1): 1-7.
Threshold
concentration and dispersive potential in relation to CROSS
in dispersive soils[J]. Soil Research, 2012, 50(6): 473.
Igwe C A. Erodibility in relation to water-dispersible clay

Marchuk A, Rengasamy P. electrolyte

for some soils of eastern Nigeria[J]. Land Degradation &
Development, 2005, 16(1): 87-96.

Nguyen M N, Dultz S, Kasbohm J, et al. Clay dispersion
and its relation to surface charge in a paddy soil of the Red
River Delta, Vietnam[J]. Journal of Plant Nutrition and Soil
Science, 2009, 172(4): 477-486.

Rajan K, Natarajan A, Thilagam V K, et al. Clay dispersion
induced by changes in some soil properties in undulating
salt-affected landscapes of southern Karnataka, India[J].
Current Science, 2016, 110(5): 874-883.

Hodgkinson R A, Thorburn A A. Factors influencing the
stability of salt affected soils in the UK—Criteria for
identifying appropriate management options[J]. Agricultural
Water Management, 1996, 29(3): 327-338.

Goldberg S, Suarez D L, Glaubig R A. Factors affecting
clay dispersion and aggregate stability of arid-zone soils[J].
Soil Science, 1988, 146(5): 317-325.

2R, WIS, BESKHE. WIRURRXT LRI YRR
W], £HESHR, 1998, 35(2): 195-201.

ZE, W, BESHE. ST B RS T R AR X
T BREETHOOERID]. BRI R 224, 1997, 20(1):
100-104.

Igwe C A. Clay dispersion of selected aeolian soils of
northern Nigeria in relation to sodicity and organic carbon
content[J]. Arid Land Research and Management, 2001,
15(2): 147-155.

Watts C W, Dexter A R. The influence of organic matter in
reducing the destabilization of soil by simulated tillage[J].
Soil and Tillage Research, 1997, 42(4): 253-275.
Figueiredo A, de Londrina U E, de Melo T R, et al. The
no-tillage, with crop rotation or succession, can increase
the degree of clay dispersion in the superficial layer of
highly weathered soils after 24 years[J]. Semina: Ciéncias
Agrarias, 2021, 42(1): 57-70.

Igwe C A, Agbatah C. Clay and silt dispersion in relation to
some physicochemical properties of derived savanna soils
under two tillage management practices in southeastern
Nigeria[J]]. Acta Agriculturae Scandinavica, Section B -
Plant Soil Science, 2008, 58(1): 17-26.

Basga S D, Tsozue D, Temga J P, et al. Land use impact on
clay dispersion/flocculation in irrigated and flooded
vertisols from Northern Cameroon[J]. International Soil
and Water Conservation Research, 2018, 6(3): 237-244.

http://soils.issas.ac.cn



552 BEGRAE . IRITER I L SRR BURS AR AT

263

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

da Silva A J N, Cabeda M S V, Lima J F W F. Efeito de
sistemas de uso e manejo nas propriedades fisico-hidricas
de um argissolo amarelo de tabuleiro costeiro[J]. Revista
Brasileira De Ciéncia Do Solo, 2005, 29(6): 833—842.

Fink J, Sanchez-Rodriguez A R, Frosi G, et al. Industrial
saline wastewater in a corn-soybean rotation to enhance
health
subtropical soil[J]. Journal of Environmental Management,
2021, 296: 113341.

Machado W, de Melo T R, Tavares Filho J. Clay dispersion
and loss in Oxisol treated with different concentrations of
limestone[J]. Semina: Ciéncias Agrarias, 2017, 38(6): 3907.
Auler A C, Pires L F, Caires E F. Surface and incorporated liming

crop yield without compromising soil in a

effects on clay dispersion, water availability, and aeration capacity
of a Dystrudept soil[J]. Bragantia, 2017, 76(3): 433-446.

Roth C H, Pavan M A. Effects of lime and gypsum on clay
dispersion and infiltration in samples of a Brazilian
Oxisol[J]. Geoderma, 1991, 48(3/4): 351-361.

de Melo T R, Santos Telles T, Machado W S, et al. Factors
affecting clay dispersion in oxisols treated with vinasse[J].
Semina: Ciéncias Agrarias, 2016, 37(6): 3997.

de Cesare Barbosa G M, de Oliveira J F, Miyazawa M, et al.

Aggregation and clay dispersion of an oxisol treated with
swine and poultry manures[J]. Soil and Tillage Research,
2015, 146: 279-285.

Raub L, Amrhein C, Matsumoto M. The effects of ozonated
irrigation water on soil physical and chemical properties[J].
Ozone: Science & Engineering, 2001, 23(1): 65-76.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

VPHR IR RS, TS PR 0 SRR 2L eSO
M[J]. FREERLAIESE, 2003, 16(3): 62-64.

Curtin D, Steppuhn H, Selles F. Determination of clay
dispersion and flocculation in sodic soil as influenced by
soil: Solution ratio[J]. Communications in Soil Science and
Plant Analysis, 1995, 26(1/2): 209-221.

Lipiec J, Czyz E A, Dexter A R, et al. Effects of soil
deformation on clay dispersion in loess soil[J]. Soil and
Tillage Research, 2018, 184: 203-206.

Cocco S, Brecciaroli G, Agnelli A, et al. Soil genesis and
evolution on calanchi (badland-like landform) of central
Italy[J]. Geomorphology, 2015, 248: 33-46.

Regea M, Yano T, Shainberg I. The response of low and
high swelling smectites to sodic conditions[J]. Soil Science,
1997, 162(4): 299-307.

Farahani E, Emami H, Fotovat A, et al. Soil available water
and plant growth in relation to K: Na ratio[J]. Geoderma,
2020, 363: 114173.

PRAEAR, T2y, Doeis, . AHLTTHLY R B b5+
BT R[], 3R, 2020, 51(5): 1255-1260.

Wk, EEAE, BKH, & SRITRS ST A E R
RRFTERB A [0]. A4, 2012, 31(5): 1179-1185.
i, &K, DL, . RILIRITER O AR A
KR AR K5 EMARTL]. EBFIR, 2016, 36(22):
7054-7058.

TKI, B WOKTES TR IR B AR AR ——5
TR 8 R R IR (0], RS VEYD, 2018, 7(4):
365-373.

http://soils.issas.ac.cn



