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Table 1 The basic properties of tested soils

b 12353 LIRS AR AHHLET i PR S T 28 4 1
e
Depth pH Electrical conductivity Fe, 0, Content of OM CEC
Soil
(cem) (nSem™h) (gkg™") (gkg™) (emol kg™")
K FE L 0~10 5.01 140. 7 15. 81 26.0 19.1
Paddy soil

1) pH 5 SR BEROKL = 2.5: 1) M EE, M &5 )¥ & 25°C pH and electrical conductivity of the suspension in water:soil = 2.5:1,

measured at 25°C
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Fig. 1 Negative and positive charge densities of the clay fractions

(<2 pm) of tested soils as a function of pH
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Fig. 2 Field strength-dependent electrical conductivities of the suspensions (10 ¢ L™") of monovalent (A) ,

and multivalent (B) cations saturated paddy soils, and soils removed OM
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TS5 5 ARG K, Ca® " IS5 45 BE I Ik (B 22k

0.57 kJ mol ") 1] Cd** fY &5 A fE B I fe /N (>
0.03 kJ mol '), BARJFE L Ca’" 5 Cd*" L5 A BE
R, B FRAHE 4+, &R 2E R R R
(o F5— B, B b Cd* A 254 it B R T R
dob Ca’ T SE A BE, (RN S5 R A M. X T BE 2
F T AL A2 0 D5 4 v W B Cd® ™ R i, DT R ARG
BB R CA*" R TET BAR FER
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Table 2 pH, threshold electrical conductivity (EC; ),

") B pH WIEAE S E (EC,) .MIE pH T F L% E (CEC),
(N BEFHEESH((L) SFHEGBEBHE

E(AG,)"

cation exchange capacity (CEC) at a given pH, equivalent conductivity (),

active fraction (f;) and mean free binding energy (AG, ) of cations in tested suspensions

Na* K* NH, * Ca®* cd** La’*

pH a 6.25 6.00 5.96 5.25 4.97 4.90

b 6.55 6.17 6.13 5.44 5.06 5.08

FH & F 35 4 & CEC a 0.391 0. 381 0.379 0. 344 0.333 0.329

(mol kg™") b 0.252 0.244 0.241 0.227 0.218 0.219
B 50. 11 73.52 73.55 59. 50 54. 00 69.75

A(mS em ™ 'mol "' L)

oGRS S OO a 50. 6 49. 4 53.2 20. 8 19.2 16.0
(wSem™") b 32.5 39.6 34.5 17.2 12.7 12.6

FH B 7 17 1 53 5L a 12.92 8. 82 9.54 5.08 5.34 3.49
f, x1072 b 12.85 11. 04 9.73 6.38 5.39 4.14
B H AR a 5.07 6. 02 5.82 7.39 7.27 8.32
G, (kJmol™") b 5.09 5.46 5.78 6. 82 7.24 7.90

1) a5 bR EREE5EKAEPLFH L a and b denote the original and the OM-removed soils, respectively
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25 5E %58 (70 100 F1 140 kV em ™) FAS[R] FH B 711
EHIWH A R AES TR 3, TLUER, L MES
BLJBE + X Na ™ 090 B 68 13 #2302 s K F0 NH, ™ 43 5]
7E 50 F170 kV em ™' L B A HL £ B W B fE
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[ —— Na Jj{ +:Original soil
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Fig. 3

suspensions of paddy soils and the OM-removed soil (10 g L™
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Mean free adsorption energies of monovalent( A) and multivalent( B) cations adsorbed on surfaces of the clay particles in the

) as a function of field strength
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H T BH S 5 1 A E A X b 2 Ak 5 R T R B
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4 i R T L 5w LR B 9 b, R B ik, el
THHE T SAPURIE B 455 WA S5 e, R 7
LA IR NGRS SRR o SR o e R ] L DA
B BB T AL R BH B T, B LABR
Na ™ &g HAth BH B 5~ 7e 5 B B9 B RE X/ T R A
BUE + 3 . 244 Ca® " FI Cd” " Y WL B RE 1 2k (71 3B)
T — LA, AT AR B, A LB X Cd™ " W2 B RE 1 B AT

TR FA Ca® " F, X455 F %D 78
M 5T & B 58 4 — B . X T BB i TR £
A UL BT & A EC A 5L, B S Cd® T JE BB AE A FROIR
WA —HAY R Cd® 5 2 T ROk
XUHL JZ2 1) Stern J22 Hp i xE LA, 5 B0 R T H
W Cd* " B > i Ca® " 545 ML A FiE 7 g
VA AT g 0 R R PR /N A IR 2 A 4 W Ca " 3R
Sy RS, T fef . R 3% v L PE I RE Cd A B
AT Ca’t

®3 FrREANRIFHNRALAFDEBSFELTEH R THFHRME BEE(AC, , k) mol ™)

Table 3 Mean free adsorption energies (AG,,, kJ mol™") of different cations adsorbed on surfaces of the clay particles in the

original soils and the OM-removed soil at given field strengths

J&+  Original soil EENF L+ OM-removed soil
70 100 140 70 100 140
kV em ! kV em ™! kV cm ™! kV em ! kV em ! kV em ™!

Na* 0.14 0.26 0.47 0.12 0.24 0.45
K* 0. 06 0.25 0.08 0.20 0.44
NH, * 0.01 0. 06 0.16 0.02 0.23 0. 69
Ca®"* 0 0.18 0.65 0.26 0.78 1.55
(ot 0.11 0. 46 0.24 0.97 1.91
La®* 0.12 0.17 0.85

2.4 AEMITEFNROKRMABSFREEN
=)

M 2 FrRiy E ~ CE M4k, # X (3) 8450 i
RS A AL BT A R 3K T A R B R B (Ts)
T4, ATLATSA, Bk Na™ Ab, HoAx BH B 1 i 3 5
JEERANR LW E R T, &N EME
(AIs) 7EARF BHE FREM )P K™ < NH, " <
La'* < Ca’" < Cd**, X% F K" F1 NH, ", Als i #
/N(0.015 ~0.040 wS kV '), Hk & La’* f1 Ca®*
(0.051 ~0.058 wS kV '), i Cd** & Kk (0.092
pS kV ) o JF MR Na® Ay s fH KT EA PR+
LA REH T Na ™ Bk A48 K, B0l it - W Na ™
TE LY L A 5 B AT RS o Ok S S S A

x4

ANKETE AL BH B R R R Y 2 TR T
HHLTREYE R W R RS P M A T AEH
{5 5 1 6 br 2% T B S T B ORI OK, T 80OT 3 4
el BT R N S E I a5 A
{3 Aoy > F2 B K BH B 7 5, X% KT M
NH, “ %/ % F La’ il Ca®" & B W5 X F
Cd™ | J5 - &% M W B Cd®t g ik B fig B F g
R WL A Bk R G €Y TR
Yy AR A He Ca " HE A A, ol R D el I
Cd* > e W 2, B 1s B A8 /v, Als 2
PR . AT UL A HL ST XTI B BH RS T
eI IR ol g e N U A PR i ]
B TR LR A

THEFHREAAERMBEBFOIEE Is (pSkV )"

Table 4  Stripping intensity (pS kV '), Is, of different cations adsorbed on the surfaces of soil clay particles

Na* K* NH, * Ca** cd** La*
1 0.0764 0.0476 0. 0643 0. 0742 0. 0558 0. 0301
il 0. 0536 0. 0621 0. 0864 0.132 0. 148 0.0815
Als -0.0228 0.0145 0. 0401 0. 0582 0.0918 0.0514

1) TAN I 43 ) 78 J5 + A2 A HLR + 1 and 11 denote the original and the OM-removed soils, respectively, Als = I - 1
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2.5 AR T ERAEE RN

J R A BB A R RE 0 3 H 2 T R
5o ATRLA X A B 70 Na ™ Rl K A9 4 1
BB, AT HLIE 2 66 20 it 3 7 IEF% 40 mV 72 A7 5 X
F NH, (Ca’" Cd”" Rl La’" BHES 71l & , A LR
WA ¢ AR 17 % 36 mV, A LLRAR, R T
Na " Fl K" 23 fff J5 + Z k0 2% 110 00 A AL B8 T 0 IR
b, AL 2= 3% AL AT HLB 2 1 B M SR AL A
BLST o3 138 5 AN B 5 07 W) bR AH 25 5 9855 B
- e TR RN G ANES TR U ST
ZALI N0 S | B D o o A T o I OSSN AP % e
BeA, BT NH, "R 2 6 BH R T o I Bk R
T A A7 BB T 38 I AL, BE e Al 2 9 I Al /Y a0 i
e, 4528 25 0 36 ORE 3% T B H o R 9 F 3 R D
S HE TR AT R P2 T EA
PLE 5 05 JBORL B9 ¢ F 7 BB, 2 A BIL S
FBR A, FhORL3  SH R R 3 RO e L 3
[0 RN DR R A S S VAT S 2

FARBHE 0 ¢ AE(RS) IWEEA T,
AP - FORL ¢ 7 Rl BE B R R A
H:Na"=~ K" < NH," < La’" < Ca’" = Cd*",
B La’* Ah, X 5 & 1 00 45 4 BE T 2 — 80 .
CHM AT BN RS TR S, W B
WIRH 33 EC, M oTik i @ K, i T EC R, 45 &
RERL A /N, RZ IR XTI EF R cmMS
FH B 5~ 18] A B AT 19 56 &, X Al BE 2 i T A [A] [
BT S5A N Z B A E N F 8 AE LR R R
ARBT ., PIRR R IR RR A Bl FL A7 2 25 (AL) 7EAS [R] BH 5
FRE A R FHETF:Na® < K* < Cd*" < NH, ™ <
La’* < Ca’" . 3X— ¥ R e T A [R) BH S 7 54 ML
(i) % A B AR FH R - 58 6Ok 20 e Pk BT 0 52 . A R
(R, Cd*" g AL H Na™ 55 K™ Bk, i/ F NH,
La** Al Ca’" fy, X 2630 fy I & 45 S f — k£ 1,
Cd™* 547 HL 5 ] () 41 B AR FH B0 A A R T 5 A BH 2
TR ERE T BT S La’ T iR Bk B R
N RE A R — DT

x5 AEMBFEMTEFENYHEBRSL (V)"

Table 5 Electrokinetic potentials (mV) of tested clay particles of soils saturated with different cations

Na * K* Ca®* Ccd** La®*
I -56. 1 -70.0 -110.8 -76.6 -54.2 -87.5
il -98.9 -106. 8 -81.9 -40.5 -37.0 -55.8
AL -42.8 -36.8 28.9 36. 1 17.2 31.7

1) LA 0 50 2R i+ M2 A LR £ 1 and 11 denote the original and the OM-removed soils, respectively, A{ = 11 - I

3 4 it

1) &5 B e 1 5 B w0 46 S R
EHHLFTEEH K 0.01 ~0.02 mS em ™5 R & Na™ &
WA AE 14 ~ 100 kV em ™' 38 [ P B+ B R 10 L G 5R
WA R K, XFZMmHEET, 7L BR WG
HL R A K F 2 A L+ B (0.003 ~ 0.006
mS em ") s M5 T 50 kV oem T H, KA HLE +
AR VR F, S SRR SR G A, T D A R Y F S R A
100 kV em ™' DL A A Tk b

2) AHLBTX Na™ (455 REJL-T- T2 M, % F
il BH B, ¥4 il 45 & Al 3 K, Ca’ " B 45 & Al 0
K (B8R 0.57 k) mol ™) [ Cd ™ (45 45 RE 18 il I
/N (HEEER 0.03 k) mol ™) o RIAIBHES F Y45 A fig
3 K Na® < K* = NH,” < Ca’' = Cd*" <
La®* | 5510 FfF BH B (4 4k & 0 4 — 3

3) J& A0 2 A ML b Xk Na il g B RE AH T
K™l NH, ™ 43 5 46 3758 50 1 70 kV em ™' LI B
XF 2 A LT L A 0 B RE R T B, BE A 3 0 Y
AW, Xt F 2 MM B, Ca’t R CdY g
50 kV em "D ,La’ 70 kV em 'L FEH ML
JBT 1 B T BEE BB R T D HE 25 (BB A b 9 1
oA,

4) BR Na™ &b, HABH & 08 B2 LA LB+
B R T Ao A AL B B B 1 RS R Y 5 e Y
TH P REHG s 0 W) & ks 5 PR B 8] (9 AH B AR H
e L P R R B 5 el 2>, (L 5 o g 20 AR B2 A BH S T
M5, % F K* 1 NH, * 8/ X F La** 1 Ca’" #%
K ¥ TF Cd* Rk,

5) X T ATBHES 7 Na ™ F K™ Ry - 38 Rk
AL ¢ AL IERS 40 mV 247 % T NH, ™|
Ca®" (Cd™ I La’* BHES 700 & , A AL 0 i ¢ A Aoz
1% 17 ~36 mV,,
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EFFECTS OF ORGANIC MATTER ON INTERACTIONS BETWEEN CATIONS
AND CLAY PARTICLES IN PADDY SOIL OF YELLOW-BROWN
SOIL BASED ON WIEN EFFECT

Wang Lingxiang'®  Wang Yujun’® Zhou Dongmei’  Si Youbin'® Li Chengbao®"
(1 College of Resources and Environment, Anhui Agricultural University, Hefei 230036, China)

(2 Key Laboratory of Soil Environment and Pollution Remediation , Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract Paddy soil derived from yellow-brown soil, rich in organic matter, was used to extract clay particles <

+
4

2 pm, half of which was deprived of organic matter, and then prepared into samples saturated with Na®, K", NH
Ca®", Cd>" and La’* cations, separately. Effects of organic matter (OM) on interactions between cations and soil clay
particles were investigated with the aid of the suspension Wien effect. It was found that threshold electrical conductivity
was higher in the suspensions of original soil than in the suspensions of OM-removed soils. In all the suspensions, except
for Na ' -saturated one, the rate increasing electrical conductivity of the OM-removed soil suspensions with field strength in
the range >50 ~ 100 kV ¢m ™' was apparently higher than that of the original soil suspensions. OM increased the mean free
binding energies of all the cations other than Na®, with the effect being the most significant on Ca’*, about 0. 57
kJ mol ™', and being the least on Cd*", around 0.03 kJ mol ~'. In all the soil suspensions, binding energies of various
cations followed the sequence of Na* < K" =~ NH, ' < Ca’" = Cd*" < La’*. OM reduced the mean free adsorption ener-
gies of all the cations except Na'. The effect was significant for NH, * at field strengths >70 kV ¢m ™', for K™, Ca’" and
Cd*" at field strengths >50 kV cm ' and for La’" at field strengths >70 kV e¢m ', and the difference got more obvious
with increasing field strength. OM made it more difficult for cations adsorbed on clay particles to get released into the solu-
tion. Stripping intensities of the cations except Na® were distinctly higher in the suspension of OM-removed soil than in
the suspension of original soil, with the difference Als following the order of K* < NH," < La’' < Ca’' < Cd*", which
indicated that OM made Cd*" adsorbed on clay particles most difficultly strip off. In Na* and K" saturated soil clay parti-
cles, OM made zeta potential move towards positivity by 40 mV, but in clay particles saturated with NH, ", Ca’", Cd*",
and La’", towards negativity by 17 ~36 mV.

Key words Wien effect; Cation; Organic matter; Free energy; lon stripping intensity



