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Abstract:  Objective It is well known that some fine particles of the soil carry charges, which are basically concentrated on

soil colloids. The charges on the soil surface account for a series of physical, chemical and physiochemical properties of the
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soil. Surface potential, surface charge density, surface electric field intensity, specific surface area and surface charge number
are important property parameters of soil colloidal particles. The researches on charge properties and interactions of charged
surface with ions, electrons and protons are the foci of the study on soil electro-chemistry. Differences in surface charge
properties directly affect surface chemical and physicochemical mechanisms of the soil. Therefore, it is of important
significance to have accurate understanding of soil surface electrochemical properties to rational utilization of soil resources.
However, it is still unclear how soil surface charge properties evolve with vegetation restoration in the Ziwuling area.

Method For this study the method of combined analysis of surface properties was applied to measure surface potential and
surface charge density of the soils varying in vegetation in the Ziwuling area. This method can be used to get surface potential
and surface charge density without the need for the data of specific surface area, thus making easier to measure surface charge
properties. Correlation analysis and redundancy analysis were adopted to explore effects of basic physical and chemical
properties of the soil on its surface charge properties. Results Results show that with the vegetation evolving in the Ziwuling
area, physical and chemical properties of the soil gradually improved; soil bulk density and calcium carbonate content
decreased, varying in the range of 1.04~1.27 g-cm and 80.09~149.95 g-kg' and being 1.16 g-em > and 113.52 g'kg ' on
average, respectively; contents of organic carbon, total nitrogen and clay increased, varying in the range of 7.12~17.84 g-kg™',
0.94~1.16 g'kg 'and 18.26~22.10%, and being 12.19 gkg™', 1.24 g-kg ' and 20.52% on average, respectively; and surface
charge properties of the soil particles in the soil altered too, with surface charge number, specific surface area, and surface
charge density increasing, varying in the range of 10.88~19.85 cmol-kg™, 40.67~61.71 m>g ™' and 0.22~0.31 ¢'m™>, being
16.18 cmol-kg™", 54.88 m*g™" and 0.28 c:'m™, on average, respectively and surface electric field intensity reaching as high as
10® V-m ™' in order of magnitude. Soil clay and organic carbon content are the main factors affecting surface charge properties,
explaining 62.5% and 27.9% of the changes, respectively. In terms of impact on surface charge properties, soil properties
displayed an order of clay > organic carbon > sand > total nitrogen > C/N > silt > calcium carbonate > pH. Conclusion The
findings of this study have deepened our understanding of the surface charge properties of the soil in the Loess Plateau, and
provided a theoretical basis for better explaining the microscopic processes and macroscopic phenomena occurring in the soil
with vegetation restoration.

Key words: Surface charge properties; Soil colloid; Vegetation restoration; Loess Plateau

b M A S - 4 b I R EL SR AN R AT
g L P IR LA, R R G R A
(P B AR M AUR AR/, HA BRI L
R, AT B2 T A — RS
B AP RARAS R L R R )
fi )2 BAF DR, BENS 25 - e A AL [R]
MR EAE A, G BA AN ) T Al AR o DAL A
RO SE T O . R ARG | R K
FL AT 25 B SR T L 37 R R LA SR W o 2 S
OURE A B E AP, T R AP ) 22 e B R
Wi - S AT 2 1T B ] [ i A ) A2 Ry B4 it
i, HEMSE S AR RIE | 50T . K+
T2 DA B AR T 75 S A e J T PRI, A AR
g AL A M B S BRI T - R R AL
B

RO T - S8 3 vl w1 o A BORHC R G T

P HLAL | T HLAT B BORHE L=, Horh
A R R e TR I T P g
E T T AN BEMERR I A LT AR, SR AT LA
% T P 3 B M1 T P 379 1 25 2 00 58 AN T A
S5 54 B JLELSE S B I R - T
JORC A1 D 1 = A W B R e 8 R, (HX
PRI R E A BRI R, — 5 S RAR
BB, 55— 07 W E A RN MR . AR B TR
I HL ST S TR P i, L AU B T v T K
oAk, AT E AT A SR T LA ST F A
B, BB MG RIER LA 2 %07
e R WP i Pu R /R IR 7y e we £ T SR VAN
AL AT R AL AR | LR T AR R T
RO I, fREEER, TARR/N, BRAERA.

T 1l DR B e S R HE — PR AT SE R R R
RO, BB LK, Z XA ) T k-

http://pedologica.issas.ac.cn



394 + b1

=

57 %

PRI — MR B4 A AR A A 1P U XA K S s
TR A TR, APLBCE R BEE YRR
BARHEINUY 4 ek AL BUR B A B i
b S PR R AR E PRI R DR A B e U, st
P 5T A AR A SR 2 5 | M O 2 T HL AR A P BT
HEAEA, SR TR o AR A S s B - M A R
RERENE . KB WRFIK I AL 5 — R 1 R 1
FRSC2 BRI, A e A PE AT, SR
TWRANI IR LI 5 A% 2 (o0 oo 7 22 0L 2
G F, AE L P T ST S 4 (] 9 £ A
TER 2 o DA IAR SCHUR P90 Joi 26 1 1P o 2 23 A
5N A [ R S BT 4 S5 OR % 1 A b 2 1 o
FrE , 0025 BRI R B S 5 8 e 8 e P B A
AL, — 7 TR R R 5 10 5 SR T
FL P o 22 1] 5 2R TN IR, o5 — D T i) LR g A1)
Xf b 8 TR B R A B — FR A W B o R IR TR IR
B, ReA G BRGSO A P
HE%

1 PRSIk

1.1 #HREIKR

WFFE XA T 38+ J5 A I L H O & A K
AEREZMAY, BTHRL &R CRITERIX, B
1200~1600 m, by TR F XA ZXAEFER
W 7.4°C, AEHERN AL 587.6 mm, ARSI AH R
63%~68%, THEFE 0.97, T8N FA SR A L,
JEJE— B 50~100 mo 08 JLFRAE B2 AE 1866
AR N FAMTE S, 7S M 0 B B A Sk 1Y
RARKAEM, BLAT 588 WA B 0 7 9, TR AR bk
FEAIMM (P. tabulaeformis ). iLH Ak ( Quercus
liaotungensis ). W%y ( Populus davidiana ). HHE
( Betula platyphylla ) %5 ; W £ ZH A fl 1£
( Sophoraviciifolia ). Vi ( Hippophae reamnoides ).
BT ( Ostryopsis davidiana ) % ; WA EEA HE
¥ ( Bothriochloais-chemum ) . % & ( Artemisia
giraldii ), B-¥T5 (Artemisia gmelinii ), A KE
( Stipabungeana ) "'"4%
1.2 HmRXESHH

2017 4F 11 AEHME G KEEREZKY, 28
FHAE B S 8 42 1) 25 1] e HARR B T e 370 £ 7 12

MRPEAE VR AE R . 2549 . BEVR A1, 1RO Bk i
B H B S AR b, FE PR i R SRAIE ST
AR — 80P o AR R AR R SR
W, FeARIL . FHERTIR T AL AR, FLALH
AR AR AR (2 1), FEHLERAIE LR 1, R
FHMAIRE T, BT AR 3 1 10 mx10 m AYFF
T TEARBE3A 5 mxS mAgAE Ty, B 3 1 mx1 m
FETT o FFREHLRAE 0~20 cm 22 IR, I3
FETT A4S BETR (0 P 28 B RVBCEE , R T A 8 A 45
R N =TIl N =N o (S 1 s - T DD OB 7 NI
FORWA T | mE AR R T S A%
PR, B AR A B B (R ). K
PerE A HERAISE (R 1),

FIERE R EEN ARG, S BRAE 5% AR
Aa e, HMBEMEED 0.25 mm Al 2 mm
it o ML AP S5 AT 2 SR R A4 O
TIHEA PR KoCrO7 A HEINE , 2R K
FHBILR & A4 (KDY-9830, KETUO ); 1%
pH A E R A M, K 10 2.5; FER
FHER T 52 5 e R 45 & 2 R FH A B TR
+ 5 KL 4y A R FH B 5 R SC A B AR R
MS2000 KL BE AN R , IF4  Br i A o 53 A b
B (2~0.02 mm ), ¥k: (0.02~0.002 mm ) FI%k
$i (<0.002 mm) 3 MBI,

1.3 TIEREBEHERANE

08 LR L s, FE R A
FIRE BT 6 = HERE S E AT A5 b 38, 43 50 B B
0.25 mm i FL 7S B [FAE B 28 R KT 1245 200 g
F 6 4~ 2L Behr, ZZ1EMMA 0.5 mol-L™' HCl W
1L, MBS S), #%% Sh, B.OoRE IS
kLM HCLB W, EE LR #E 3R, HELH
It CO, L™ 4 .

FRAE Li SV A b R A vk,
S R R SR AL . WA IR, K
B 5 B SRR SR RS AL S LKA, A 0.1 mol-L™!
HCIEW 2 L, #iEFE S h, B3k LiFR. 4682m
A HCLE W, HE FIREAE 3 IR G —IRE LG,
INARIFEARF LB oK, EE LIRAIRG FE O
SRR, A EIRE S RIS AIRE . B RETE 60°C
WL R HET, TS 0.25 mm i, $E48
#H.

http://pedologica.issas.ac.cn



2 EOAT RIS B v SRR K A Ao A v 3980 T P Ak 2 P TR A R AE 395
z1 HHERER
Table 1 Basic information of the sampling plots
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@ Farmland, @ Herbage, @ Shrub, @ Arbor, ® Bothriochloais-chemum, ©® Hippophae reamnoides, @) Populus davidiana,

® Betula platyphylla, @ Quercus liaotungensis.
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Table 2 Basic properties of the soilstested
o RE BURLZH BY, Particle composition/%
ikl CaCO;  AWMLEK SOC 2% TN
pH  Bulk density C/N ki Sand WKL Silt Fihi Clay
Type of vegetation /(gkg') /(gkg') /(gkg")
/ (grem™) 2~0.02mm 0.02~0.002 mm <0.002 mm
A Y 8.34 1.27 80.72 7.20 0.96 7.49 53.20 28.43 18.37
EE 8.46 1.26 141.04 9.14 1.15 7.96 51.43 28.51 20.06
i 8.38 1.17 126.52 12.73 1.20 10.51 50.66 28.03 20.31
ihitg" 8.41 1.13 118.48 12.96 1.24 10.46 49.87 29.93 20.90
e 8.57 1.09 112.84 14.18 1.32 10.74 49.59 29.94 21.47
TR 8.39 1.04 101.54 16.93 1.56 10.89 47.69 30.33 21.98
(DFarmland, @ Bothriochloais-chemum , ) Hippophae reamnoides, @& Populus davidiana, & Betula platyphylla, © Quercus

liaotungensis. The same below.
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Table 3 Calculation results of ion exchange equilibrium of soils in different vegetation types
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FHAL MR . R . RETB AT R
T FEL 373 S35 A % 4 T r v S 9 A AR o o i
BT, HIERT 80%LL A R ARES /. IR
Lt A R AR O T R OGN R, RE T
SR B R BB, T g, A far KL
R, A U4 Ml X [R] A 2 AR - 48 3 v R A
o AR fb 9 Bl 10.88 ~ 19.85 cmol-kg ™', F
16.18 cmol-kg ", 3% 16 L faf 4 ek bt 1 4 1K 42 41 PR F1 348
TR (% 4). MFE 3§ Na'fil Ca™ B F By M Bt
S AT LAE Y, BEAE R R 0 I T, BT
SN o AR5 A A 2 1T H far R 5 At A 3 R

FHAL G A 4125 I 2 1) 2 1D H fer O 45 SR AH L, 0T
zhang PPV FE 0 8 4 w8 JEAS ) A ORI R +
SR AT R (Fv . L RUHD SRR T ey Rl
Iy 40.60. 37.36. 36.70 cmol-kg '), {HE T
A SIS 1 8 4 e g XOAS [ = b A 2820 R +
R A A (Fr . VE . Rb A 1R I R A A
3k 167, 8.2, 8.1 cmolkg ™' ).

SR A A 1 LK P R TR AT B
A T2 B EE I, B R A R
YEY) i 5 W 3R 00 FUK 23 BE 13 DIAHOG o A5
+ 4 e R AL VEE 40.67~61.71 m*g !, 1y

http://pedologica.issas.ac.cn



398 + HE

e 57 %

3

£d4 FREAEHEET HEHEE RS MR

Table 4 Soil surface electrochemical properties in different vegetation types

(R ey F M L AT ER SCN LRI S KT 0y KBTI Eo FIH AL 9o
Type of vegetation / (cmol-kg!) /(m*gh) / (em?) /(108 V-m™) /mV
4 H 10.90 43.92 0.24 3.40 -112.25
SRS 15.54 53.01 0.28 3.99 —99.13
i 16.60 55.30 0.29 4.09 -101.10
it 16.91 56.51 0.29 4.11 -101.56
1 HE 17.87 59.17 0.29 4.12 -103.18
LR BR 19.52 61.39 0.31 433 -106.77
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Table 5 Correlation analysis between soil physical and chemical properties and surface electrochemical properties

TR ERES EER IR £ ki Brkr B A
pH C/N
CaCOs SOC N Sand Silt Clay
F LT E 0 0.037 0.423 0.789%* 0.757%* 0.667** —0.811** 0.303 0.848%*
LL R S 0.235 0.354 0.884** 0.854%* 0.825%%* —0.835%* 0.559* 0.920%*
211 FL A7 45t SCN 0.157 0.397 0.936%* 0.871%* 0.840%* —0.827%* 0.514* 0.984**
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specific surface area and surface charge number respectively.
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Fig. 2 Redundancy analysis ( RDA ) ordering charts of soil
physio-chemical properties and surface electrochemical properties
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Table 6 Interactions between soil properties and surface electrochemical properties

i il T % WiH il T %
F P F P
Index Interpretation rate / % Index Interpretation rate / %
FhKL Clay 62.5 60.7 0.001 C/N 0.5 1.1 0.321
£ HLER SOC 27.9 21.4 0.001 BB Silt 0.3 0.6 0.544
kL Sand 3.2 4.9 0.011 RIERES CaCO; 0.1 0.3 0.696
2% TN 1.1 1.7 0.199 pH 0.1 0.2 0.78
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