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BRBL: (1) /NF 2000 nm POkt HHEAHUT . AT . R BURIZ A B A A ST 2R, /N T 500 nm
ORI 3 L B AR T LT B B K DTIR 5 (2) HIEWORLAORIAR /A . AL S0 & it Rt R
BB A RAE, BEE S EREAK, 0~500 nm M AN0RL & BRI AE D W) & i, WA AL & R . LA . I Ha iy
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Latitudinal Zonal Variation of Surface Properties of Soil Particles with Different
Particle Diameters

YU Lingiao, HE Aizhou, LI Hang'

(Chongqing Key Laboratory of Interface Process and Soil Health, College of Resources and Environment, Southwest University, Chongqing
400715, China)

Abstract: [ Objective] The spatial distribution of soil is consistent with the changes in bioclimatic conditions, with the soil
mineral and organic composition also showing certain zonal changes. Consequently, the evolution of soil minerals accompanies
the changes in soil surface properties. However, it remains unclear how these changes will vary among soil particles of different
sizes. The goal of this study was to research the surface properties of soil particles with different diameters of 0-500, 500—1 000,
1 000-2 000, and > 2 000 nm in the latitudinal zonal soils and reveal the zonal changes of soil particle surface properties in
different particle diameter ranges. [ Method ] The surface electrochemical properties(specific surface area, surface charge

amount, charge density) of soil particles were determined by the combined determination method, the organic matter of soil
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particles was determined by the potassium dichromate method, the mineral composition of soil particles was determined by X-ray
diffractometer. [ Result] It was found that: (1) <2 000 nm soil particles played a major role in the contribution of soil organic
matter, secondary minerals, specific surface area, and surface charge while < 500 nm soil particles were the largest contributors to
the soil specific surface area and surface charge. (2) With the decrease of latitude, the content of 0-500 nm particles gradually
increased, the content of secondary minerals increased, the content of organic matter decreased, and the soil surface charge and
specific surface area showed decreasing trends. (3) The soil-specific surface area and surface charge in the high latitude area
increased linearly with the increase of the content of organic matter and montmorillonite, and the influence of montmorillonite
content was greater than that of organic matter content. There was no obvious linear relationship between the specific surface area
and surface charge with the increase of illite content. Also, the soil-specific surface area and surface charge increased linearly
with the increase of organic matter content in the low latitude area while there was no obvious linear relationship between the
specific surface area and surface charge with the increase of illite or kaolinite content. [ Conclusion ] The soil specific surface
area and surface charge at high latitudes were mainly affected by the contents of montmorillonite and organic matter, while the
soil specific surface area and surface charge at low latitudes were mainly affected by the content of illite and organic matter.

Key words: Mineral composition; Organic composition; Surface properties; Latitude distribution; Particle diameter distribution
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AN TRIREAR FIURLAT 1 /A5 HILAE BRI 26 ThT L g P o, D048
/R-E EE ARLAR V FEURURL AR S i A
PR, TP T LSO e iR L e USRI AR | 3R
LT DTS OO A, O 1A [RDREAR ORL 7 L 3 v
A BV S PG SERR s LA, ASGEKHE R Y/
APLALRG  2 ATH P o e A AR, R —
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1 BRIk

1.1 et IEA R

IR E I 2Ry 7 B S A M R
(F 1), BEFEXT . B 0.25 mm i, 77
. R HEI 0~20 cm VR Y+ BE/E 52586
R

F1 SEHTEHETIENRERER
Table 1 Collected information on latitudinal zonal soils

s =S E RS Hb £ty
Soil type Chinese soil taxonomy Location Longitude & latitude
.1 Black soil R P+ TR+ 42 WAL KSR 44°30'N, 123°70'E
545248 Dark brown soil MR IR I R R 2 AR AR 40°15'N, 128°18'E
HAHE Yellow-brown soil TR IR T R 12 TLIRAE i LTl 31°17'N, 118°40'E
FIE Yellow soil MR+ W4 B+ HRATILAT X 29°80'N, 106°40'E
£1 3 Red soil TR AR 1 W R AT 1 42 VLV J8 T 27°44'N, 116°48'E
413 Latosolic red soil TR AR 1 W 2 R 8 2 JARAT M 22°50'N, 113°20'E
& 213 Laterite TR AR 1 0 At 2148 1 2% AR O 20°06'N, 110°33'E

1.2 ARENEZELTERNT WARMEIRSEN
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SR T 11 ) R K TR ik U8 Sk
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HNO; JEA T 4 4 Tk 45 8 e 4tk s B2 Ve e
W2 HY, R pH A% 5.5 247, 0.1 mol-L™
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A S B ABOCHUY ( BI-200SM, Brookhaven
ovEl, ) WE AN [ AR A ORI AL HAR .
AR g E i LR ST YA
i, HARARIEE T Y00 & SAT R 2 —
MR R . BURI A Ui B B ATV R T4,
RV ARME M B H X AT (XD-3, Jbnt
e b AR A IRSTE AR, dbat) W 3ok
HIW AL o X AT B TAE S5 45 L R 36 kV,
HLE 20 mA, 4D Kok, H136 M EETa 20~
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O AL T B R AR B A S i 2~ 3
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B AR BB R, A T N 2, X
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W, W S min JFEGHIRE, B KiRE T
PITHAIR S 2 ( KB TR 2~3 1) 2EE R
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PAFE I HoSO, ¥ BE N 1.0~1.5 mol- L5 [1] =
FOB A 3 W 4RIES kiG], FARIE FeSOL %
TR E W, TR B A A B — S — R — 21
0, PRI 2 S0 s R

W LR AL I BARAC A (2) v A5 B R kL
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V OREERE TR FeSO4 WAWRIAR, mL; C K
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il Ca> By, mol-L ',

TE FaRBEA b, b n ARG 25 RS ok Y BT B A
SR (8). 3 (9) 1R EIRRIRAR kLX) 4 48
SR b TR R T PR AT A ) DT R

.S

g =<2 x100% (8)
Z’?Si
SCN,

Asens = — i x100% (9)
> rSCN,;

K, as T asens 23 1 37 1 8 B4R T [T A9 4 198
ki (i) (f235 0~500., 500~1 000, 1000~2000, K
T2 000 nm A ) XoJ 38 b 2 T RRUR % T HA ey i 1Y) DT
B, BUEIEEY 0~100%; r, JiZkide tokin i
534 S AT SCN, 43l Ze7s AR ARLAR Y Lh 2 1 AR
(m*g") FFEm M (cmol ) kg™ ),

1.4 HiELIE

W4 A Excel 2020 #AFHEAT BRI |
AR, ] Origin 2023 #FEFTHIKE, K SPSS
20.0 FHATIRIEAE G0, FE N 25 55 LSD )
AT 2 H AL AN NG FRER R R — R AN R] 4 ]
M2 B EN (P<0.05), NEKEFHFRE—F+
HEOR[RPRLAR ORI Y 22 5 i 4 (P<0.05 ).

2 4 R

2.1 AERFE BN AL E S T

AN [R) 243 3 iy ¢ 38 b 0~500, 500~1 000,
1 000~2 000 F1 0~2 000 nm kK 5h J)2% HAT 0
B 1 AR HERTAL, - Rh 2k B s v 4 4 rp R[]
LA URL 1Y) S B Rz AR 3 L5 E Aok A2 3 R B AR —
0, FEAREUY +HEEORAT A U

a) b)
100 100 100 © 0~500 nm

80 80 80 —— 500~1 000 nm
£ 60 60 60 —— 0~2 000 nm
= 1 000~2 000 nm
B 40 40 40
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T 0 0 0
2 0 500 1000150020002500 0 500 1000150020002500 0 500 100015002 000 2500
2
£ 100 d) 100 g 100 ) 100} )
i 80 80 80 80t
o
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& 40 40 40 40}
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0 500 10001 50020002500 0

0
500 10001 50020002500 0
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500 10001500200025000 500 1000150020002 500

7K ) 112 E14% Hydrodynamic diameter/nm

Bl 43 (a. Bt b, BEAEEE; o Bk, d W4, e Z03E; f JRZME,; g RRLLME) PURIMIKBh I HAR A

Fig. 1 The hydrodynamic diameter distribution of the soil particles ( a. Black soil; b. Dark brown soil; c. Yellow-brown soil; d. Yellow soil;

e. Red soil; f. Latosolic red soil; g. Laterite )

2 T2 B M M - B URE Y R 4 A 1 O
2 iR, MER 2 A, BEESIEMEMI, KT
2 000 nm HLURL & 5 J8 0N 5 500, 0~500 nm 2
SR R R B I ¥, 500~1 000 nm FI
1 000~2 000 nm kr % 5 A5 Ak T I o AL AL . 4
M PE + P KT 2 000 nm - R 0K & S
47%~70%, it & T HARR A, UL RKF 2 000 nm
FLURE 2+ 39 b I = AL G A o T A i X
THE (R MEEREE . WEAEEE) hU/NT 2 000 nm
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2 000 nm R0 EBLL R Ao AR B M X A 1
(BHE, 2088, s #keriE ) /T 2 000 nm
Wk & A 42%~53%, 0~500 nm &/ F 2 000 nm
SR Y 3 AL A -
2.2 ARERFE T IEFR R ISR E TG
T ) 25 M P b v R [RDRLAR URL Y F 3R
[T A= T N T R e 3 T R R e A it
mk 3 fron. AHrEk 3 afs:
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*2 SEMEFETRARREENNRE

Table 2 Mass of different diameters particles in latitudinal zonal soil/g

. #i4% Diameter/nm
17 Soil type

0~500 500~1 000 1 000~2 000 >2 000
22 1 Black soil 9.80+0.3Cf 11.3+0.3Be 9.10+£0.2Dg 69.8+0.1Aa
%5 #53% Dark brown soil 8.80+0.2Dg 13.1£0.2Bd 11.2+0.4Cf 66.9+0.3Ab
HiHRHE Yellow-brown soil 11.3+0.3De 17.8+0.3Ca 18.2+0.1Ba 52.7+0.1Ae
B Yellow soil 26.9+0.4Ba 6.00+£0.1Dg 17.5£0.1Cb 49.6+0.2AfF
414 Red soil 23.1£0.4Bb 14.3£0.3Db 15.5£0.2Cc 47.140.3Ag
FRETHE Latosolic red soil 16.7£0.2Bd 13.6£0.3Cc 12.6£0.3De 57.1£0.2Ad
fik 2T HE Laterite 20.9+0.4Bc 6.60+0.1Df 14.5£0.2Cd 58.0+0.1Ac

TE: AT R RS RE 37 (] — b L A ) Ao A2 UKL [H) 77 75 835 22 5% ( P<0.05 )5 [RIFIR [R] /NG - RE 3R 7R ] — AL AR AN ] L e 1]
17 2 % 22 5+ ( P<0.05 ). Note: Different capital letters in the same line indicate significant differences among different particle diameters of
the same soil ( P<0.05) . Different lowercase letters in the same column indicate significant differences among different soils of the same
particle diameter ( P<0.05) .

R3SEMEME TR AR ALY R AT R

Table 3 Surface charge properties of different diameters particles in latitudinal zonal soils

e p R PN 1 H i 5 FE 1 L o
Diameter/ Specific surface area/ Surface charge density/ Surface charge/
Soil type
nm (m>g!) (Cm?) (cmol () kg")

o4 0~500 345+2.0Aa 0.184+0.003Ca 65.9+0.2Aa
Black soil 500~1 000 298+6.0Ba 0.174+0.002Db 53.6+0.2Ba
1000~2 000 225+5.0Ca 0.170+0.003Ec 39.6+0.3Ca

>2 000 73.3+2.1Ea 0.378+0.005Aa 28.7+0.2Ea

Ji £ Original soil 140+4.0Da 0.253+0.004Ba 36.7+0.6Da

i i 3 0~500 333+£2.0Ab 0.150+0.003Cb 51.6+0.4Ab
Dark brown soil 500~1 000 245+5.6Bb 0.136+0.003De 34.5+0.3Bb
1 000~2 000 133+3.0Cb 0.130+0.004Ef 17.9+0.4Cc

>2 000 28.4+2.0Ec 0.304+0.004Ac 8.96+0.3Ec

Ji £ Original soil 103+0.4Dc 0.165+0.003Bb 17.6+0.5Dc

Wik 0~500 317£3.0Ab 0.137+0.003Dc 43.9+0.3Ab
Yellow-brown soil 500~1 000 229+4.0Bc 0.115+0.001Eg 27.4+0.2Bc
1 000~2 000 138+2.5Cb 0.142+0.003Ce 20.3+0.3Cb

>2 000 38.8+2.5Eb 0.336+0.002Ab 13.5+0.4Eb

Jii £ Original soil 125+2.0Db 0.154+0.002Bc 19.9+0.3Db

Wil 0~500 171+3.0Ac 0.131+0.001Ed 23.2+0.3Ac
Yellow soil 500~1 000 114+2.0Bd 0.154+0.003Cd 18.2+0.2Bd
1 000~2 000 72.6+3.0Dc 0.17240.003Bc 12.9+0.3Cd

>2 000 25.3+3.0Ec 0.197+0.002Ad 5.16+0.3Ed

Ji 4 Original soil 78.3+0.6Cd 0.1504+0.001Dc¢ 12.240.5Dd
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Hif e i A T LA 2 EIL: N

A

Diameter/ Specific surface area/ Surface charge density/ Surface charge/
Soil type
nm (m>g™") (C'm?) (cmol ) -kg™")

214 0~500 132+6.0Ad 0.130+0.004Ed 17.9+0.5Ad
Red soil 500~1 000 58.4+4.1Bf 0.167+0.002Bc 10.1+0.2Ce
1 000~2 000 45.2+3.0Dd 0.191+0.003Ab 8.94+0.4Be
>2 000 18.6+3.1Ed 0.164+0.004Ce 3.16+0.4Ee
Jii £ Original soil 48.9+4.0Ce 0.162+0.003Db 8.22+0.5De
IR 0~500 117+4.0Ae 0.104+0.002Ee 12.6+0.1Ae
Latosolic red soil 500~1 000 52.3+£5.1Bf 0.182+0.002Ba 9.88+0.3Be
1 000~2 000 31.2+4.0De 0.218+0.003Aa 7.06+0.3Cf
>2 000 14.6+4.0Ede 0.147+0.002Df 2.224+0.3Ef
Ji 4 Original soil 37.9+£3.0Cf 0.15140.003Cc 5.94+0.5Df
LEaR: 0~500 133+0.4Ad 0.095+0.003Df 13.140.3Ae
Laterite 500~1 000 75.7£3.0Be 0.119+0.001Cf 9.34+0.2Bf
1 000~2 000 40.0+3.0Dd 0.167+0.001Bd 6.93+0.3Cf
>2 000 12.1+0.4Ee 0.170+0.004Ab 2.13+£0.2Ef
Jii £ Original soil 42.7+3.0Cf 0.119+0.003Cd 5.26+0.3Df

E: W=, FIURREKRS 51 R R R —Fh R DR AR UL F] 7 76 B 25 25 5% (P<0.05 )5 [l FAN[R] /NS SRR ) — i
BEARR LR AF7E 225 5 (P<0.05). Note: Under the same index, different capital letters in the same column indicate significant

differences among different particle diameters of the same soil ( P<0.05 ) . Different lowercase letters in the same column indicate significant

differences among different soils of the same particle diameter ( P<0.05) .

(1) 0~500, 500~1000, 1000~2000, KT
2 000 nm LA R Ji 4= J00kr 9 b e 1 B L 3R T HL AT A
3 T P AT B B B A 2 R R IR OR B 2 I 1
e H, 1000~2 000 nm k7Y 2% 0 HL A RS
B PRI . (2) LABEEES AT X Ry B A e 4 B
M XM WA AR AR ) FUIRG X (B
HE . LTHE . RLLHE . RELUHE ) ORI
225 oWl BEE 2 BEREAR, 130 Lh R
TR R B2 Bl /N R A e 2 B b X A3 (R
d. EERREE . EEREE ) LbR v BURI R H A R
o TARER M X R (B 204 JRZIEE . %
ZI3 ). (3) BEE SRR, (VA KT 2000 nm +
BLFT 0~500 nm =7 114 2 1T FR fr 285 R 2 A B Ok
JNREE i AR A R E— E AR A s K
T2 000 nm A9 HLfaf 25 B2 5 T/ T 2 000 nm iR,
PR35 1) A 25 it B A 26 R R AR 08/ . R, R4
AR 2% THT PR ST A 40 B R Ak R AR AE Rk
AT FE A7 1 R B SR T AR L

23 AEHRIHNEIRESENSGETURFE
hg 1 — AT A [RRE A2 S R 2 1 1 SR 26
ASAEREAE , AR SCRIFSE T 46 B2 M 1 - AN R R AR A
LA PR ARG, S5 5R3E 4 Pros. Rl A,
(1) MEELRREERRAL, HIEA MU 2 RN
P DATERSSG WX R (B R, i
FREE) AP W TR B Dy 3 R
AP &R, i LLER A LR S R,
PIFR A 22T 15 %5, (2) X T J2 B2 B i ik £
e, HoRA ML A RS RSN TR, KT
2000 nm TR AL & Al TR A VLR S,
0~500 nm kA HLET & i oA JE 8 2 £ ~3 £, Ul
B 0~500 nm 40550k 25 5 FURA LT .
2.4 ARERFE TR WERKRRSEETHEFE
MG Py s S AR AL (1), sharxt
R R R AR R T P A T E ' X ), High
Range 5 Ui, RRATA: (1) SR’
FR A BERRIE . AR LR AT Yo, Rk
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Table 4 Organic matter content of different diameters particles in latitudinal zonal soils/ (gkg™)

+ e Soil type

4% Diameter/nm

Jii -+ Original soil

0~500 500~1 000 1 000~2 000 >2 000
1 Black soil 137+0.4Aa 108+0.4Ba 68.9+0.3Ca 28.9+0.2Ea 56.9+0.3Da
5 #7#HE Dark brown soil 56.2+0.3Ab 44.3+0.3Bb 31.2+0.2Cb 14.1+0.2Eb 28.0+0.2Db
H R Yellow-brown soil 52.0+0.4Ac 32.3+0.2Bc 18.0+0.2Cc 11.2+0.1Ec 16.3+0.1Dc
HHE Yellow soil 26.8+0.2Ad 17.9+0.2Bd 9.07+0.1Cd 3.06+0.2Ee 7.71x0.1Dd
Z13 Red soil 22.0+0.2Ae 12.3+0.1Be 6.31+0.2De 4.05+0.1Ed 6.54+0.2Ce
IRLHE Latosolic red soil 19.5+0.2Ag 10.3+0.1Bf 6.01+0.1Ce 2.01+0.1Ef 5.84+0.3Df
fik £1.4% Laterite 21.1+0.3Af 10.7+0.2Bf 4.77£0.2Cf 1.66+0.1Ef 4.42+0.1Dg

T AT AR FERE 5335 [ — Fh L A [RDR AR BU0RE [ A7 7 1 25 22 57 (P<0.05 )3 [SIAS [l /NG B 3 7R ] — R AR AN [] - e [R] 77 78 1 2%

# 5 (P<0.05), Note: Different capital letters in the same line indicate significant differences among different particle diameters of the same

soil ( P<0.05); Different lowercase letters in the same column indicate significant differences among different soils of the same particle
diameter ( P<0.05) .

RS5 GEHFELERERTNT MARRENEE

Table 5 Mineral composition and relative content of different particles in latitudinal zonal soils/%

+3 \ ST \ N ,
AR EJilra ey U8 A FFRIA IR ek e L5y KA
E311] Primary
Diameter/nm Montmorillonite Kaolinite Illite Hematite Goethite Chlorite  Vermiculite Gibbsite
Soil type mineral
LS 0~500  27.1+0.3Eb  25.5+0.3Aa 5.10+0.2Bg 30.1+0.3Ab 9.70+0.2Aa 2.50+0.3Aa
Black 500~1000 37.4+0.4Db 22.0+0.3Ba  5.20+0.4Af 25.8+0.4Bb 7.60+0.3Ba 2.00+0.2Ba
soil  1000~2000 46.4+0.2Cc  19.5+0.4Ca 4.60+0.2Cg 20.8+0.2Cb 6.90+0.2Ca 1.80+0.2Ca
>2 000 75.840.5Ac  10.0+0.2Ea  1.00+0.1Eg 9.40+0.4Dc 2.70+0.3Eb 1.10+0.1Eb
R
65.2+0.6Bb  17.0£0.3Da  3.40+0.2Df 7.40+0.3Ee 5.40+0.3Da 1.60+0.2Da
Original soil
i s e 0~500  40.840.4Ea 19.9+0.3Ab  5.90+£0.2Af 22.3+0.4Cc 9.60+0.3Ab 1.50+0.1Ac
Dark 500~1000 45.3+0.4Da 16.1+£0.3Bb  4.40+£0.2Cf 25.9+0.2Aa 7.00+0.2Bb 1.304+0.2Cb
brown 1000~2000 55.7+0.5Ca  9.70£0.2Cc  4.90+0.3Bf 22.7+0.3Ba 5.60+0.2Cb 1.40+0.2Bb
Soil >2 000 82.0+0.8Aa 4.40+0.2Ec  1.60+0.1Ef 7.30+0.1Ee 3.40+0.3Ea 1.30+0.2Ca
Ji
73.3£0.3Ba  7.00+0.1Dc  2.80+0.1Dg 10.7+0.2Dd 4.70+£0.4Db 1.50+0.1Ab
Original soil
iy e 0~500 22.840.2Ec  17.6£0.3Ac  25.3+0.5Ae 17.5+0.5Ad 5.50+0.1Ae 9.70+0.3Ab 1.60+0.1Ab 17.6+£0.6Aa
Yellow- 500~1000 35.0£0.5Dc 13.9+0.4Bc 22.1+0.4Be 14.8+0.2Bd 4.50+0.2Be 8.50+0.3Bb 1.20+0.2Bc 13.9+0.4Bb
brown 1 000~2000 51.0£0.4Bb  10.5+0.1Cb  18.2+0.3De 9.20+0.2De 3.40+0.1De 6.70+0.2Dd 1.00+0.2Cc 10.5+0.3Cc
soil >2 000 63.0+£0.7Ad  7.20+0.1Eb  14.5+0.4Ed 7.50+0.3Ed 2.70+0.2Ee 4.40+0.2Ed 0.70+0.1Dc 7.20+0.3Dc
B+
48.8+0.6Cd  10.0£0.2Db  18.3+0.2Ce 11.4+0.2Cb 3.50+£0.2Ce 7.00+0.3Cd 1.00+0.1Cc

Original soil
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5 1 MR T A5 s AN [DRLARS A T B 1) 246 B brts PR A2 Ak 1335
ik
+4 WERY N ‘
) iz AT e A7 FRA UIRZIN ey aelef Love] =KEA
KA Primary
Diameter/nm Montmorillonite Kaolinite Tllite Hematite Goethite Chlorite Vermiculite Gibbsite
Soil type mineral
B 0~500 18.8+0.3Ed 28.4+0.4Bd 30.2+0.5Aa 13.9+0.2Ac 8.70+£0.2Ad

Yellow 500~1000 27.5+0.3Dd

soil  1000~2 000 42.5+0.7Cd

32.6+0.6Ad 25.0+0.2Bc 9.10+0.3Bd 5.80+0.3Be

27.840.3Cd 20.6+0.3Cc 5.55+0.1Dd 3.55+0.1Ce

>2 000  79.9+0.8Ab 4.50+0.2Ee 11.0+0.2Ea 3.30+0.1Ed 1.30+0.1Ee
Jiit
51.4+0.5Bc¢ 19.54£0.4Dd 19.1£0.3Da 6.90+0.3Cd 3.10+0.3De
Original soil
fan: 0~500  8.20+0.2Ee 33.1£0.3Dc 16.2+0.2Ae 19.5+0.5Aa 11.0+0.3Aa 12.0+0.2Ad
Red soil 500~1000 11.9+0.2De 39.4+0.4Bc 12.4+0.3Be 17.5+0.4Cb 10.2+0.3Ba 8.60+0.2Bd
1 000~2 000 16.5+0.3Ce 39.7+0.5Ac 11.5+0.2Cd 15.8+0.3Db 9.60+0.4Cc 6.90+0.3Dd
>2 000  25.840.4Ae 32.7+0.4Ec 9.50+0.2Eb 18.5+0.3Ba 7.80+0.4Ec 5.70+0.3Ed
Bt
18.8+0.3Be 38.1£0.3Cc 11.1£0.3Dc 15.7+0.3Ea 8.60+0.3Dc 7.70+0.4Cc
Original soil
pivAR: 0~500 2.80+0.1Eg 61.1£0.7Aa 17.5+0.6Ab 5.30+0.3Ee 13.3+0.4Ac
Latosolic 500~1 000 5.00+0.2Df 57.8+0.6Ba 16.8+0.5Bc 7.20+0.3Dd 13.2+0.4Bc
red soil 1000~2000 6.50+0.1Cf 55.9+0.5Ca 15.9+0.3Ca 11.1+0.3Bb 10.6+£0.3Eb
>2 000 13.3+0.3Af 50.1+0.4Eb 13.240.4Ec 11.5+0.2Ab 11.9+0.2Cb
Bt
9.00+0.2Bf 54.4+0.2Db 14.840.4Dc 10.0+0.4Ca 11.8+0.3Db
Original soil
iFan:d 0~500  3.10+0.2Ef 58.1+0.7Ab 12.3+0.4Ed 9.40+0.2Dc 17.1£0.5Ab
Laterite 500~1000 3.20+0.1Dg 56.8+0.6Bb 18.0+0.3Aa 7.60+0.5Ec 14.4+0.1Ba
1 000~2 000 3.80+0.1Cg 54.8+0.6Db 15.740.3Cc 14.0£0.2Aa 11.7+0.4Ea
>2000  7.00+0.2Ag 50.6+0.4Ea 16.7+0.5Bb 12.8+0.3Ba 12.9+0.3Ca
J 4
6.70+0.3Bg 55.5+0.4Ca 15.6+0.5Db 9.50+0.2Cb 12.7+0.3Da

Original soil

e AR EER 0 38R, [RIFIRIE KRS b 38R 7] —Fh R R R AR OB ) 7772 .35 22 5 (P<0.05); [FZIA R/
R RN R — R AR LA 7R % 225 (P<0.05). Note: Blank space indicates a content of 0. Under the same index, different

capital letters in the same column indicate significant differences among different particle diameters of the same soil ( P<0.05) . Different

lowercase letters in the same column indicate significant differences among different soils of the same particle diameter ( P<0.05) .

PEEER S 5 R A MIRE R o AR 3™ LAD A A0 T 52
Wi o, SEERETR AT LRI A A
SR A X PR R R, R PG 3
SRGAT TR PR U, AT LS A RT Fr
W) AR L A 8 55 T B . (2) A A AR 2
WX AR, 213, fRLLHE . SRR R A
A RARRREEINGE, AR Y8 £, e Y
P AT SRR ML TR, LM R4 AR
ZLHE P DR SR, I ELAGIN B =K B A

R ULLTHE | RRLTIE . JR4THER R SEE, BIR
TRFEEE W BoR T (3) BEE RN, T84
JE T I S (8 SR AR S A, TR AT
W& T s KT 2000 nm 4Kz H AR )
BT A, 1000~2 000 nm K7 5 5 4 (05 W 4 %
B, 0~500 nm R Y& B T R
Ui 1 000~2 000 nm KL 5P 41 A% BE7FE — 22
B bR R - R AL R RN R, TR AR
T YRR 5 AR e ), 0 KA R i
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31 SEMTHEIEPFARAENE A ERER
MEREBHENTEE

HRPER 2 I 3 THHA5 2 Myt 38 v 25 R0 2
7 X 4 A - 49 L T BRI T R R Y Tk, 4
RNk 6 i,

H 5 6 P LS B iy 1 -3 /T 2 000 nm
R 1 LR AR A DT Bk 63% LA b, SR AT
ik 84%; /NT 2 000 nm UKL X A 1 L2 AR Y DTk
I8 7 F KT 2 000 nm KLBURL, 76/ T 2 000 nm ik
H, 0~500 nm X 3 L 3 m A sk LY
500~1 000 nm 1 1 000~2 000 nm X 4% It 3¢ i FR
TR, B4R/ T 2 000 nm R H 2 AR Y 3 T
Bk BEE SRR, KT 2 000 nm d47 H 3 TR
DUHR R B BN Ea Y, 0~500 nm R A 5T
BRR B B KA %, 1 000~2 000 nm, 500~
1 000 nm k7 Xt b 326 i AL DT HkJC — e i 28 Ab AR AR

F2 L B b P - N T 2 000 nm BURLXT
398 3% TAT FEL o £ P DURK R 3k 45% A I B AT Ik 82%
KF 2 000 nm 5/hF 2 000 nm 2 i HL frf 1 ST RkR 2
ZHILEIRE B 1%, 30%. 31%. 58%. 65%.
55% . 56%, 156 W 40 kL 55 A FURE 2K T L AT £ DTAR 1Y
22 5 BB 26 JERRARTT I R o B RARI /N, AoRix)
2 18] FEL A 114 BT R 6 A 0l 2 S el )N i A R R g
1 000~2 000 nm -4 X 2% A FL £ 2t 9 DTRRSE e AR
BAKAUHN 10%., 7E/NT 2 000 nm AR+, 0~500 nm
Xof - HE SR 1T L ey £ Y BT R FE AR KT 500~1 000 nm Fll
1 000~2 000 nm X - 43 [fif F fay 58t 19 5T K o

AHSE R ATEAREE FE M X 3 ) 0~500 nm
20 R XoF A 19 F 3 e ARURN 3 T P A7 i ) BT R AR o 4
(£ 6), X525, xR T
I 25 B2 b X 43 v KT 2 000 nm HH U0kE X 4338 e 5%
T AR T H Ay i Y ST R T 0~500 nm 41§
R, T2 HT BRI Z 8 T KT 2 000 nm #H UKL Y E

Gk RIS T ORI b
P AL, ARG Z E ST AR . ARFGE
EONAF LS TR e, Xk
TR 1T PR o f DT ik B K2 KT 2 000 nm AR
Ki, TEARE X 3P A2 0~500 nm 40500KL, 15
I [v] s A2 M A - 498 T P Aoy 1 BT PP 470 1Y) ) €852

R 6 AREPRIRFUAX L 1% bk R TR AN SR B 1 2 Y STk

Table 6 Contribution of particles of different diameters to
soil-specific surface area and surface charge

PR AR TTAR A T FL 7 DT

ki
T4 Specific surface  Surface charge
Diameter
Soil type area contribution/  contribution/
/nm
% %

Bt 0~500 24.3+0.4Bg 17.9+0.2Bg
Black soil 500~1 000 24.1+0.4Cc 16.7+0.2Ce
1 000~2 000 14.84+0.3Dd 10.0£0.3Dg
>2 000 36.8+0.3Aa 55.4+0.2Aa
W B e 0~500 30.6+0.4Be 26.5+0.4Ce
Dark brown ~ 500~1 000 33.8+0.3Aa 26.6+0.3Ba
soil 1 000~2 000 15.6+0.3Dc 11.8+£0.4Df
>2 000 20.0+0.2Cc 35.140.3Ab
e 0~500 29.3+0.4Bf 24.0+0.3Bf
Yellow-brown  500~1 000 33.3+0.3Ab 23.6+0.2Cc
soil 1000~2000  20.6+0.4Ca 17.9+0.3Dc
>2 000 16.8+0.3Dd 34.5+0.4Ac
B 0~500 59.0£0.4Ab 51.5£0.3Aa
Yellow soil 500~1 000 8.60+0.2Dg 8.87+0.2Dg
1 000~2 000 16.3+0.2Bb 18.6+0.3Ca
>2000 16.1£0.2Ce 21.1+0.3Bf
RS 0~500 55.8+0.4Ac 48.9+0.5Ab
Red soil 500~1 000 15.4+0.1Ce 17.1+0.2Cd
1.000~2 000 12.8+0.1De 16.3+£0.4Dd
>2 000 16.0+0.3Bf 17.7+0.4Bg
TRELE 0~~500 50.3£0.3Ad 37.5+0.1Ad
Latosolicred  500~1 000 18.3+0.4Cd 24.0+0.3Bb
soil 1 000~2 000 10.0+0.2Df 15.94+0.3De
>2 000 21.4+0.4Bb 22.6+0.3Cd
4L 0~500 60.8+0.3Aa 48.8+0.3Ac
Laterite 500~1 000 11.0£0.2Df 11.1£0.2Df
1 000~2 000 12.8+0.2Ce 18.0+£0.3Cb
>2 000 15.4+0.2Bg 22.1+0.2Be

e W38T, WP KRS F 8RR R —Ff A [H]
AR BURL R A7 5 25 5 (P<0.05); B IR /NG S48 [
— AR AN [E] 3 (R A7 7E i 3 22 5( P<0.05 ), Note : Under the same
index , different capital letters in the same column indicate
significant differences among different particle diameters of the
same soil ( P<0.05 ). Different lowercase letters in the same column
indicate significant differences among different soils of the same
particle diameter ( P<0.05) .
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SIF R WA, PR EN, P RT
2 000 nm FHRURE X - 383 T Fi, i B 09 DTRR S T X 123
Fe AR BBk, 0~500 nm 40550k %) 458 b Fe R
A DR T 3SR 1t F far A DTk (3R 6)o

Tang %55 45 €0, 4 15 398 9 F 1 398 J0R Hh (1
W 20 R 3 Tk SRR AR AT T X 43, ST
RARJEHE K. /NF 200, 200~500, 500~1 000,
1 000~10 000, KT 10 000 nm, & I#EEA + 1555k
80%M b AR TR 85% Y KR Th HLff f 0K H HLAR/N T
1 000 nm iy H3EFRL, JLF- 1/2 1Y e 3R a0 BUR 2R 1
HL TRk [ B /INT 200 nm By 0RE T ASBF ST AL &
LA P 3, FX R — P 38 /NT 2 000 nm
ORI T A 4y, AT AR LA & B /T 1000 nm
+ R TR 48%~72% L T LU 35%~66%%
T HLff i, FER I 80% A Tk ; 0~500 nm /)
SR T 18 B 2 TR R 1T F A o 1) 5T R B A A
FEAR KB R A%, B2 0~500 nm WK
BT K 60.8%, 0~200 nm FY SRR BIRA K
50%; KT 1000 nm B0k7 X+ 18 L 2 T AR A 2% 1
fap s (0 BTRRA SR 46K, KT 1000 nm X+ He e 1w v
A EEEW (£ 6),
32 AREMEHETENT MARMEIRTRE

4 SRR 220

UAERL 8 W R BLBT AR AL 39 2 RS 5
FKBAMFRIAA R, A, PRA . mIEARR
A v TR L T RURI S 1 H Ay e ) SRR
Xof BN AR A R (4 22 18T A Ar PR (3R 3 ). AL
B (F4), TR (£5) KB, RN LR
WP 20 SR LIS 14 A2 AR BB A o A 2 T e o 1Y)
AR, (1) T A E LR R A
S Npieers e Sk S e WA N 1B:) | B e N s 3 ]
FRRNZR A L frr B RLAR B/ NG R, (2) FEL
A PE T3 1 .000~2 000 nm RE 2 5 5+
WA B, JCHORSE WA . YR e
()&, 3 H 1000~2 000 nm ki A HLUF & 55+
AHUR S EEHEIT; KT 2000 nm kAR AT P8
SRAE P E RS T/ T 2000 nm 47, HART
2 000 nm k7 H S B AR R4 S IR N T
2000 nm v, PR ZEA R bR 4 1 000~
2 000 nm b7 Y b2 T FRURIZR 1T FR far i 5 D A A A
U, MR 2 000 nm 47 114 3 T RRUR 2 1] R Aoy e

& T/NT 2 000 nm ki,

RO Z8 SR (3 3~ 5 ) KW, B 46 %K,
FHEA P AL LR RRURI 2 1 e e R
WA Y SRR, JEH R R YR
MO, AN, B 2 R AR SR A AR R A 8 e
EEWR, SIS ABERCY B3 iR R R AED
Y. 4R Jiang U R B BT A I 1 HE
e A2 A AL L — 2, Jiang ZEUO4E W, B
FHWOEBBRENSN, HEPR 2 1 LT Y
WD, A SE R AR N, (R 4 R T E
FLAF 3T, fR R far b . — SRR Y SR PR I
— AL S e i R A e, R AL
FrEYUE T R AR SRR R R
WFERT G, B —Fh BRI . AT L R
BIFEAE A M T i — 2P 58, DAIESEA ML 7 i
SR MR EL faf i Y R

ARWFFEAR 7 T - HEn 1y 28 WA 3% 1 R i 2 26
JEARAA WE M (R 3~F5), HAmENx=
b bty P BRI I 25 SR — B A, ABESE KR
R B i X - 48 (AN G 2035 ), PR A 550 )
TEAN [FPRLAR OB (1 AT B 42 (R 5), X 5
RSN OE R f A i N |11 S o S S N g B
JEE RNV S SR A BB . BeAh, AR PIER
[7i) 4 [X [7] — 280 + HEHEATRIFGY, R I zeta LAV 465 5%
R E BRI R V8 SR VIR L I S
T4, $R YA G SR A R IE R R RE AR TR
SRR R 2 o d fer, S B iR i 2
TEHLAAT , AN A] A DX ) — 28 78 - S Wy A A [
PEPE R 22 K . A A RAEIR LA IR
g v v R RS R AR R T, s 2B XUAE D
W I T e L A, BEE X RA AR
MR TR, 2 - 1+ ) &R AR,
o U A 4 T AR A B s o R AR R A
AEAEAF S TR L B, R Al B iy AR
fLRa S50 YA B AR RS HAH G, 33X R e 7 4
e AL 27 1 1) 45 B AR AL LR AL T L B

Xof L A 28 3 b b R A R AR FSURE 9 5 1L
B EMELTY (FZha. @A, PRa) &
AT A L TR L T e o 1 06 R AT 4y
Br, HE— BRI R 26 5 4 A AL R 4 S5 2 g
wf g R R A, R R, R 7 NEE
M R P AL . A BPRLA L Ee
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Table 7 The linear relationship between the contents of organic matter, montmorillonite, illite, and kaolinite and the specific surface area and
surface charge

F 3T MM LB SWA TR PR A R
Soil type Surface property Organic matter content ~ Montmorillonite content Illite content Kaolinite content
B4 e TR y=3.15x-10.9, y=18.5x-132, y=10.7x+16.7,
Black soil Specific surface area R*=0.981 R*=0.947 R>=0.916
% 18 FL iy y=2.268x+6.28, y=2.55x-3.74, y=1.34x+19.9,
Surface charge R*=0.998 R*=0.918 R=0.815
A b ZRTH R y=5.37x-24.0, y=26.5x—144, y=11.5x-36.7,
Dark brown soil Specific surface area R*=0.994 R*=0.997 R*=0.620
1M1 L A 1 y=0.501x+3.98, y=2.35x-5.73, y=1.42x+0.945,
Surface charge R>=0.975 R’=0.875 R*=0.470
TR bR TR y=4.48x+14.3, y=19.4x-48 .4, y=25.3x-136, y=22.4x-332,
Yellow-brown soil Specific surface area R’=0.936 R’=0.994 R’=0.937 R’=0.743
% 18 FL o dt y=0.585x+6.02, y=2.85x—6.84, y=2.69x-7.45, y=2.71x-28.4,
Surface charge R>=0.915 R*=0.933 R’=0.883 R*=0.704
Ciged b A y=7.16x-0.783, y=7.41x-64.7, =3.66x+9.62,
Yellow soil Specific surface area R*=0.821 R*=0.958 R>=0.571
2% 1A H ] y=1.37x+3.82, y=0.945x-5.70, y=0.512x+2.79,
Surface charge R’=0.851 R’=0.994 R’=0.710
21 1% LR H R y=5.26x-0.913, y=17.1x-146, y=-3.24x+179,
Red soil Specific surface area R*=0.941 R*=0.985 R*=0.069
2% 1A i y=1.26x+1.02, y=2.12x-16.1, y=-0.130x+14.4,
Surface charge R*=0.830 R*=0.983 R*=0.007
IR LR THI AR y=6.16x-0.648,, y=8.88x—433,
Latosolic red soil Specific surface area R*=0.942 R*=0.801

[GFAR:

Laterite

AT LT A
Surface charge
R TR
Specific surface area
R LA A

Surface charge

=0.502x+1.23,
R*=0.905

¥=6.59x-0.708,
R*=0.934

y=0.615x+1.47,

R*=0.744

y=0.962x-46.2,
R*=0.991
y=14.3x-729,
R*=0.768
y=1.35x-67.2,

R*=0.850

I BAFRRE RN Y S LR R A2 R HFITLMERLE . Note: Blank indicates that there is no linear fitting
between the mineral with very little content and the specific surface area and surface charge.

A LR AR | S A A AR AU A R
Fo mFR T A (1) X TEs X g, i

R AN LRG0 R R

ARz iR,

YOS i, RS2 R £ S B s 52
JE AT AT AL ) e 4 LR v B R I 4 T

g T AT S (2) XTI B M X g
PN LR I B 3R i L Ao i S AT L
PR S AR, RZLERIL LD LR 3R
AT HL A R B S HLR L R S A . AL
BRI 1y JoORS - S 3 1o B ) 2 ) 2 6 T X R
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TTHEL AT 0S50
4 4 ik

AWFRASRN A EELEE . (1) SR8 B
RLTE b PN [E A A 2, 1000~2000 nm %
E—E R e MR AL JOHLA R A
B2 /NTF 2 000 nm R0 HEE LR,
W . L3R RN 2R T AR A Y SRR AR
Horp/NF 500 nm o0k 2 A 48 3% i FRURD 2% 17 HA far
IR KT . (2) BE LRI, 0~500 nm
YR B R AE WO S RSN, AL
PemiAl . Rmd g, (3) B4 B,
BRRHENY LL R A . R A AT A2 SO S R
M R, YRR HLE AR A & i S
Feemi Al e mid i R AR . PR AR
FISZNE) IR ZT MR ik 21 18 b e T AL, 3 T f fr ot
BZANLT . M AR AR ALY
Xof 18 b 3% 0 AR 5 ) B 5 X - 39 3 1T Ha g 1Y)
SN o 7 SCH I AN ) 45 B i M - 49 R B SR IR
T MR R A RLAR A A REAE O PR AN [
RLAR AR P ARG S EE AR AR s R T AR RDRLAR
bz 2% T T b P O A RRAE L RT B b A E
HHOE R R R, S R RIS AR SR
it S %,
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