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Latitudinal Zonal Variation of Surface Properties of Soil Particles with Different

Particle Diameters

YU Lingiao, HE Aizhou, LI Hang®
(Chongging Key Laboratory of Interface Process and Soil Health, College of Resources and Environment, Southwest University,
Chongging 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 1The
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 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
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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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Table 1 Collected information on latitudinal zonal soils

el o PR GK - 245 ¥ Longitude &
LA Soil type Chinese soil taxonomy He% Location latitude ’

¥+ Black soil B T 7wl A [ e e S AT AL RTE 44°30'N, 123°70'E

&% 5:4% Dark brown soil DT B 7 o ol | e A ey F B HARTT 40°15'N, 128°18'E

FE k1% Yellow-brown soil TR PRI - 3 AN S g 2 LA R T 31°17'N, 118°40'E

1% Yellow soil T R L T A B g HR LTS X 29°80'N, 106°40'E

1 3% Red soil TR LT 3 -2 VLG4 R T 27°44'N, 116°48'E

FR41IE Latosolic red soil TRTEL R el A PN YA nE JOARABT M 22°50'N, 113°20'E

FE4T 35 Laterite Pk e el A2 A e we AT 20°06'N, 110°33'E

1.2 FEINAE T IEBRA AR FIBHR S 2R E S A

39 BV 1A 1) 4% SRR K T R A IR, SR AREGE 0.25 mm 57 £ KT 38R i 100 g T 500
mL Bdrdr, FAA 0.5 mol-L™ ) KOH ¥ 10 mL, B MA—E B R4k, #73% 5 min J5H
PREF R A i bR S (MitsUiEC UX-300, #E7* (i) sEiG g M A BR AR ) 43HL 15 min; B E 5
L Betf It Ak e 5 2 %05, B A 2 LIRS LR HEE 10 K5, fEEE g8 . i Stokes
ViR A, ATBLEFELH 0~500. 500~1 000, 1 000~2 000 LAJz KT 2 000 nm Fkiiii 4 10 cm B
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TR ZE HERLAR N B 1 A R 78 A R I, 8 SRATHE SORLAR Y BBl 1 LR, FE VR AR
BB SRR R R . BT PR BRI BRI B N, AT, Rk
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2~3 N, IE g R TP . BART % BREL 0.300 g AS[FPRLAR 3R KA R T RAE T
TR, N2 T AR LA W BEZZ A2 NN 10.0 mL (1) K,Cr07-H,SO, VR &, 12
51y FERE IR IR ER DR, W DS N S, KT BRI R
A 185 ~190 ‘CHJAsA, Eh 5 min FHUHIRE, A KA POHLRTEEEE (A8
Tk 2~3 O B EE N 150~250 mL 1) =M, ERARDN 60~70 mL, PAFEHIE R+ H,S0,
WREN 1.0~15mol-L™; [a = AN 3 AR B kT~ 7, FlbniE FeSO, i e v i, %
AR A B — S — Ik 25— L0AF L, (RN 8 2 il i e R .

¥ FRA SRR EIRARNR (2) WHRBIAFKAE LR ANTE (SOM) F & :

SOM/(g-kg™)=C(Vo-V)x0.003%x1.1x1 000x1.724/M @)

A, Vo 9% 2 T FeSO, AR, mL; V JRE S & T FH ) FeSO, IEART, mL;
C N FeSO, WK, mol-L™s M oAMT L&, g5 L1 NENRKIE; 1.724 NEE i fiil
AN % 0.003 J9 1 mmol-(1/6) L™ K,CrO; AR 24 w7 %5
1.3 TIEPR IR E B o RANE 75 3%

IR 2 1T VR R SR Li SR ) 2 SR AT e . AR AR Y R 1
PERRSSIEAT 3~5 APATIE . Bk (L fl&AFERAAE LR E AR FRE 1.00 g
HIEFRC A T 100 mL B0, A1 0.1 mol-L™ i HCI %7K 10 mL, %% 5 h 5250 (4 000
rrmin, 5 min), % BiER, EREEE 45K (2) KEEEMARE: 5 AEKE R 1:10 A
47Kz 5 h F B (4000 r-min, 5min), FE LB (3) BFCHRM: HEOE FIIA
40 mL 0.05 mol-L™ ff) Ca(OH), f1 NaOH JR &, TR 24 h Jo il e i pH (42 pH £ 8
I ERI A 58 455 (4) “PHIi Na fl Ca®* (R3G FEEM A2 1 E3h i 0.1 mol-L™ i) HCI & 7
TRRM) pH N 7.0, &% 24 h J5 450045 pH 15 7.0 UIRIE B 85 758 # S MLk~ 46, LW =k ok
A7B5 0 (10 000 r-min™, 5 min), F Na*fil Ca* B i M sl & b 3% Wi Na' Al Ca* (R 1% 5
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K, asi Al aseni 73 72~ Fa e RLAR YO Bl ) R385k (i) (4945 0~500. 500~1 000+ 1 000~2 000+
KT 2000 nm FIORLD R - 458 L R TR SR 1T L T S DT RR A, BT Y 0~100%: 1 AiZRiAR
R R R B S R SCNG 43 ) 3 MR RE A% R A L 2 TR (P g RN 2R T R A R
(cmoly-kg™).

1.4 HIEALIE

T 7t 45 A Excel 2020 443047 Bdm 7L S THERTEEEE, F Origin 2023 #4432t 47 11 B,

KH SPSS 20.0 #HATIRIGHAR Gt b, s/ B Z= Rk (LSD) #T 2 EE . AR/NEE
R IR A — R A [F] S A ) 25 S B EME (P<0.05), A[EKE 78K 75 A —Fh 33 b ARl kAR
il 2 R 3 (P<0.05).

245 H

2.1 AEIRR T IEFRL B B 7 R HFE

AR 45 FE s 1 3 F 0~500. 500~1 000 1 000~2 000 A1 0~2 000 nm ki /K 5 /72 ELAE
1R H AT, G 5 by 1 38 o AN [ R A2 0K 1) S Bk A2 Y 1 5 Bk AR Bl B AR
—H, RO R 2T A U

a) ]
100 100
—=— 0~500 nm
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A 40 e Y A Y
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Aii

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 A B AT 1 ERORE R R AR A AT LN AR 2 P B3R 2 W, BEE 4 LIRS, KT
2 000 nm FHLAURE & /e g/ JE 35 n,  0~500 nm 40K 2 fE KB PG k& #4, 500~1 000 nm
11 000~2 000 nm UKL & B AR A Jo W AU o 40 52 s 4 1338 vh T 2 000 nm 38R Rk & &
5 47%~70%, T HAbKAR, BEIH AT 2 000 nm Rk 2 I R R S A AL 4y . T
X 4 R BRI, EERED /N 2 000 nm Bk 30%~47%, 500~1 000 nm -k 2
/T2 000 nm R A SRS . IRLRFEHLIX 0% (BRI, 4048, JRZLEE. AR hUNT
2 000 nm KL & & 42%~53%, 0~500 nm A&/F 2 000 nm R ) 3= B2 &8 47 o

R 2 GEMTEETIRTERERANRE
Table 2 Mass of different diameters particles in latitudinal Zonal soil/g
$iI12 Diameter/nm

. ™~ - v
0
500 1000 1500 2000 2500 O

1R Soil type

0~500 500~1 000 1000~2 000 >2 000
2+ Black soil 9.80+0.3Cf 11.3+0.3Be 9.10+0.2Dg 69.8+0.1Aa
=112 Dark brown soil 8.80+0.2Dg 13.1+0.2Bd 11.2+0.4Cf 66.9+0.3Ab
HEIRE Yellow-brown soil 11.3+0.3De 17.8+0.3Ca 18.2+0.1Ba 52.74+0.1Ae
ZH1ZE VYellow soil 26.9+0.4Ba 6.00+£0.1Dg 17.5+0.1Cb 49.6+0.2Af
£T1% Red soil 23.1+0.4Bb 14.3+0.3Db 15.5+0.2Cc 47.1+0.3Ag
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FR£TE Latosolic red soil 16.7+0.2Bd 13.6+0.3Cc 12.6+0.3De 57.1+0.2Ad
FELTHE Laterite 20.9+0.4Bc 6.60+0.1Df 14.5+0.2Cd 58.0£0.1Ac

F: FATARKES ZR RN F—M LR FRRAR SR B AR EER (P<0.05) ; FFIAFR/NG FRERR
| — ki A2 AN [F] - 3% (] 4745 2. 3% 22 57 (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).

2.2 NERIE IR PR SR E M B4 B AL AFE

F2 B2 A M 338 RO (R AR UKL 1 L R TR AR 2 THD HL Ay B o 3R THD P i 2% 5 3R T HL A
PER IR 3 Fiam. 43HTaR 3 il

(1) 0~500. 500~1000. 1000~2000. KT 2000 nm A% Jii -0k i Ll i A . 3R T Fe e
B R LA 2 R B o 4 FE PR AIOR B R Bk N i B, Jr, 1.000~2 000 nm —Ef R THT HLAif 5
HIE LR . (2) BRSO AR SA X (B BRI, SARE0) IR X
I3, 2088, R0, W20 TIRPRCRINIMER M Z S T e, AR, LIk
EEREAURB Z I N3 M X 3 (B B, BRI LR R AN R 11 i
BIEE TR X 3 (GEHE. Z08E, JRaE. R4, (3) BEESERK, XA KT 2000
nm RLAT 0~500 nm A 1R THI L faf 25 B R B Ik N 35, i FLAdoR AR i e — 8 AR AL R
KT 2000 nm ) EL AT 9 B T/ 2 000 nm 0RE, P TROAE 25 B 4 R R TN . TR
Wb, R UR 2 T J5R F 44 FE AR A RUAR S AR IILAE b 2R T FL A B AT LGSR T AR L

R 3 GEME M IR ERE B A R E B AR
Table 3 Surface charge properties of different diameters particles in latitudinal zonal soils

T R EEZRER REREGEE RIEFBRTE
ESill] Diameter Specific surface area Surface charge density Surface charge
Soil type /nm I(m?-g ™) I(C-m?) /(cmoley-kg™)

m4 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

JE+ Original soil 140+4.0Da 0.2530.004Ba 36.7+0.6Da

= 0~500 333+2.0Ab 0.150+0.003Ch 51.6+0.4Ab

Dark brown 500~1 000 245+5.6Bb 0.136+0.003De 34.5+0.3Bb

soil 1000~2 000 133+3.0Ch 0.130+0.004Ef 17.9+0.4Cc

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

J&+ Original soil 103+0.4Dc 0.165+0.003Bb 17.6+0.5Dc

i 0~500 317+3.0Ab 0.137+0.003Dc 43.9+0.3Ab

Yellow-brown 500~1 000 229+4.0Bc 0.115+0.001Eg 27.4+0.2Bc

soil 1000~2 000 138+2.5Ch 0.142+0.003Ce 20.3+0.3Ch

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

JR+ Original soil 125+2.0Db 0.154+0.002Bc 19.9+0.3Db

=iE 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

1000~2 000 72.6+3.0Dc 0.172+0.003Bc 12.9+0.3Cd

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

J&= Original soil 78.3x0.6Cd 0.150+0.001Dc 12.2+0.5Dd

4715 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

1000~2 000 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

J&+ Original soil 48.9+4.0Ce 0.162+0.003Db 8.22+0.5De

FreTiE 0~500 117+4.0Ae 0.104+0.002Ee 12.6+0.1Ae

Latosolic red 500~1 000 52.3+5.1Bf 0.182+0.002Ba 9.88+0.3Be

soil 1000~2 000 31.2+4.0De 0.218+0.003Aa 7.06+0.3Cf

>2 000 14.6+4.0Ede 0.147+0.002Df 2.22+0.3Ef

J&+ Original soil 37.9+3.0Cf 0.151+0.003Cc 5.94+0.5Df

FELTiE 0~500 133+0.4Ad 0.095+0.003Df 13.1+0.3Ae

Laterite 500~1 000 75.7+£3.0Be 0.119+0.001Cf 9.34+0.2Bf

1000~2 000 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

42.7+3.0Cf 0.119+0.003Cd 5.26+0.3Df

J&+ Original soil
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e F A8 T, RSN E KRS 7 8RR [F) — Fh A DR AR UL (0] A7 AR 2 & 22 5% (P<0.05) ; [FFIAH
INE F BRI — R AR E LA B 2% 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).

23 FERE TN BNRE 2RSS E TIHFE

kA2 T3 A AN [RPARE AR - 398 0K 2 1 A 5 28 B AR AR AL, AR SCRIF S 1 40 My s 28 - 33 AN [R] A
RRLI AN A AIE DL, SRR 4 Fiox. HERH, (LD BEESERFK LEAIRSESR
IRPRAR TS, DARLE S X 0 38 (B4, MRS, B8 AN S B RE S TIRGE
MK 35 RPN S e, REAERA U S R RS, PR A 2T 15 £, (2)
TR B A I, RRCE N & =B RSN R, KT 2 000 nm BRCE AL &
LT R LAV A&, 0~500 nm kAN & E A K LK) 2 £5~3 5, UiH] 0~500 nm 45K
KL SR R AMLR

®4 GEMTETEIENETRNNEIRSE
Table 4 Organic matter content of different diameters particles in latitudinal zonal soils/(g-kg™)

\)A-/Z -
1SR Soil type A{ Diameter/nm &+ Original soil

0-500 500~1 000 1000~2 000 >2 000
=+ Black soil 13720.4Aa 1080.4Ba 68.920.3Ca 28.920.2Ea 56.90.3Da
RsA=132 Dark brown soil 56.2+0.3Ab 44.3+0.3Bb 31.2+0.2Ch 14.1+0.2Eb 28.0+0.2Db
#1215 Yellow-brown soil 52.0£0.4Ac 32.3+0.2Bc 18.0£0.2Cc 11.2+0.1Ec 16.3£0.1Dc
1% Yellow soil 26.8+0.2Ad 17.9+0.2Bd 9.07+0.1Cd 3.0620.2Ee 7.71+0.1Dd
4THE Red soil 22.0£0.2Ae 12.3+0.1Be 6.31+0.2De 4.05:0.1Ed 6.54+0.2Ce
FR4THE Latosolic red soil 19.5+0.2Ag 10.320.1Bf 6.01+0.1Ce 2.010.1Ef 5.84+0.3Df
FELTHE Laterite 21.1+0.3Af 10.7+0.2Bf 4.77+0.2Cf 1.66+0.1Ef 4.42+0.1Dg

e FATAF RS 7 RER R A — M A [F R AR RO () A7 7 2 25 72 57+ (P<0.05) ; [FIFIA /NG FRERIR
[f] — R A A [ 2 A) 77 75 5555 7% 7 (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).

2.4 FEIRIR SR HLE AR B 45 B AL AFAE

FRAE A AT S AN (L), HRT % R [FPR AR 0k 0 4 gt 47 52 B (X 49
HERWNES Fon. HRATAL: (D SMERS X B BRI, SR R AT YN
F, RAFERERES; B AR R P AR A RS A R, SRR R IR A P DL e
A BRAL EBA R SR AIREERIE, SRR R B AR R R AR AR,
A LB RS R e ) AL FE S I 2 58 T 3 R o (20 A eI P M X f g | 40 38 G4 398
TRELIER YR AN R, RAFE IR, CARAES o 3, AR PR s A S s AT
O, 2% AR LLIR. JRZLEETPRIA SR SRR, IF BRI B = KR T AT R A%
IR B B AR AL, BT RACRR B B R TR (3) PR AR, A R M g
(R A P& S 3B A, TR W) & B3 s KT 2 000 nm Bpi b J5 AR & & TRk
1 000~2 000 nm %75 5+ P4 zL, 0~500 nm R FAET & Eim K TR+, 3
B 1 000~2 000 nm i (I P2 A REAE — e FEE b S B O W2 s R AR /N ks, S
N R EE B AR AR, )RR e
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Table 5 Mineral composition and relative content of different particles in latitudinal zonal soils/%

*5 GEMTH LRI EIFNT MERMENSE

i =K
= AL = RE i [= Ry =) @ ® ® HBHO = =]
e} . SiiAe BEAE® FARGe  KHREe  HETe FREo 1EA BA
- Diameter/nm 4
Soil type )
m4 0~500 27.1#0.3Eb  255#0.3Aa  5.10+0.2Bg  30.1+0.3Ab 9.70£0.2Aa  2.50+0.3Aa
Black 500~1 000 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 1000~2 000  46.4+0.2Cc  19.5x0.4Ca  4.60+0.2Cg  20.8+0.2Ch 6.90£0.2Ca  1.80+0.2Ca
>2 000 75.8t0.5Ac  10.0+0.2Ea  1.00+0.1Eg  9.40+0.4Dc 2.70£0.3Eb  1.10+0.1Eb
Bt 65.2£0.6Bb  17.0£0.3Da  3.40£0.2Df  7.40%0.3Ee 5.40+0.3Da  1.60+0.2Da
risigE 0~500 40.8t0.4Ea  19.9+0.3Ab  5.90+0.2Af  22.3+0.4Cc 9.60+0.3Ab  1.50+0.1Ac
Dark 500~1 000 45.3+04Da  16.1+0.3Bb  4.40x0.2Cf  25.9+0.2Aa 7.00£0.2Bb  1.30+0.2Cb
brown 1000~2 000 55.7¢0.5Ca  9.7020.2Cc ~ 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
Rto 73.3£0.3Ba  7.00£0.1Dc  2.80+0.1Dg  10.7+0.2Dd 4.70£0.4Db  1.500.1Ab
#iztE 0-500 22.8+0.2Ec  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- 500~1 000 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 1000~2 000 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 0.7020.1Dc  7.20+0.3Dc
Rte 48.8+0.6Cd  10.0£0.2Db  18.3#0.2Ce  11.4+0.2Cb  3.50£0.2Ce  7.00+0.3Cd 1.000.1Cc
i 0~500 18.8+0.3Ed 28.4+0.4Bd  30.2£0.5Aa  13.9+0.2Ac  8.70+0.2Ad
Yellow 500~1 000 27.5+0.3Dd 32.620.6Ad  25.0+0.2Bc  9.10x0.3Bd  5.80+0.3Be
soil 1000~2 000  42.5+0.7Cd 27.8+0.3Cd  20.6+0.3Cc  5.55+0.1Dd  3.55+0.1Ce
>2 000 79.9+0.8Ab 450+0.2Ee  11.0£0.2Ea  3.30+0.1Ed  1.30+0.1Ee
Rte 51.4+0.5Bc 19.5#0.4Dd  19.1#0.3Da  6.90£0.3Cd  3.10+0.3De
PARES 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 500~1 000 11.9+0.2De 39.4+04Bc  12.4#0.3Be  17.520.4Cb  10.2+0.3Ba 8.60+0.2Bd
1000~2 000  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 25.8+0.4Ae 32.7¢0.4Ec  9.50+0.2Eb  18.5+0.3Ba  7.80%0.4Ec 5.7020.3Ed
Rto 18.8+0.3Be 38.1#0.3Cc  11.1#0.3Dc  15.7#0.3Ea  8.60+0.3Dc 7.70£0.4Cc
FréTiE 0~500 2.80+0.1Eg 61.1£0.7Aa 17.5£0.6Ab  5.300.3Ee 13.30.4Ac
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 1000~2 000  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 13.2+0.4Ec  11.5+0.2Ab 11.9+0.2Cb
Rto 9.00+£0.2Bf 54.4+0.2Db 14.8+0.4Dc  10.0+0.4Ca 11.8+0.3Db
meiriE 0-500 3.10+0.2Ef 58.1+0.7Ab 12.3+0.4Ed  9.40+0.2Dc 17.1£0.5Ab
Laterite 500~1 000 3.20£0.1Dg 56.8+0.6Bb 18.0+0.3Aa  7.60+0.5Ec 14.4+0.1Ba
1000~2 000  3.80+0.1Cg 54.8+0.6Db 15.7+0.3Cc  14.0¢0.2Aa 11.7+0.4Ea
>2 000 7.00£0.2Ag 50.620.4Ea 16.7+0.5Bb  12.8+0.3Ba 12.9+0.3Ca
BHto 6.70+0.3Bg 55.5+0.4Ca 15.6+0.5Db  9.50+0.2Ch 12.740.3Da

A FARKREER 0. F—bs ~, FFIAFEKE 75205 F —Fh LA A BUR R A 7R B2 72 e (P<0.05); [F)%1]
NE/NG FRER IR A — AR A [F) I () R 7R B % 2 5 (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). MWPrimary mineral, @Montmorillonite, @Kaolinite, @lllite, ©®Hematite, ©Goethite, @DChlorite,
®Vermiculite, ©Gibbsite, (Original soil.
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k6 NEIRL1Z RIS 135 b 2R T AR AN AR FR fer E A STk

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

T LEE EUZREFASIRR REEETE M
e} Diameter Specific surface area Surface charge
Soil type /nm contribution contribution
1% 1%

m4 0~500 24.3+0.4Bg 17.9+0.2Bg
. 500~1 000 24.1+0.4Cc 16.7+0.2Ce
Black sail 1.000~2 000 14.8+0.3Dd 10.0+0.3Dg
>2 000 36.8+0.3Aa 55.4+0.2Aa
= 0~500 30.6+0.4Be 26.5+0.4Ce
Dark brown 500~1 000 33.8+0.3Aa 26.6+0.3Ba
soil 1000~2 000 15.6+0.3Dc 11.8+0.4Df
>2 000 20.0+0.2Cc 35.1+0.3Ab
Elpaes 0~500 29.3+0.4Bf 24.0+0.3Bf
Vellow-brown 500~1 000 33.3£0.3Ab 23.6x0.2Cc
soil 1000~2 000 20.6+0.4Ca 17.9+0.3Dc
>2 000 16.8+0.3Dd 34.5+0.4Ac
e 0~500 59.0+0.4Ab 51.5+0.3Aa
Yellow soil 500~1 000 8.60+0.2Dg 8.87+0.2Dg
1000~2 000 16.3+0.2Bb 18.6+0.3Ca
>2000 16.1+0.2Ce 21.1+0.3Bf
4Ti% 0~500 55.8+0.4Ac 48.9+0.5Ab
Red soil 500~1 000 15.4+0.1Ce 17.1+0.2Cd
1000~2 000 12.8+0.1De 16.3+0.4Dd
>2 000 16.0+0.3Bf 17.7+0.4Bg
FreTis 0~500 50.3+0.3Ad 37.5+0.1Ad
Latosolic red 500~1 000 18.3+0.4Cd 24.0+0.3Bb
soil 1 000~2 000 10.0+0.2Df 15.9+0.3De
>2 000 21.4+0.4Bb 22.6+0.3Cd
FEaTiE 0~500 60.8+0.3Aa 48.8+0.3Ac
Laterite 500~1 000 11.0+0.2Df 11.1+0.2Df
1000~2 000 12.8+0.2Ce 18.0+0.3Cbh
>2 000 15.4+0.2Bg 22.1+0.2Be

W bR T, RSN S TR R [ —Fh AN R0 o) £ 4 5 % 7% 5 (P<0.05) ; [IFIARRA
NG FRF R[] R AN E] L I A 35 25 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).

% 6 Al A: LA A TN T 2 000 nm kX 35 b 2 AR 1 STk R 63% DA
[, BeE ATk 84%; /T 2 000 nm Bk X -4 L R AR 1 DRI = T KT 2 000 nm R, 7
/T2 000 nm F0KE 1, 0~500 nm % 438 L 2 AR 1) 5Tk J L3475 T+ 500~1 000 nm A1 1 000~2 000
nm it H3E LRI TR, B2/ T 2 000 nm TR H R TR R ETTERE s BEE S RE, K
T 2000 nm -7 b R AR TT AR OK BRI/ # . 0~500 nm LR AR TT R OK B2 UG K
#, 1000~2 000 nm. 500~1 000 nm ki % L 2R [ AR DTk JE — 52 IO AR b A

Fe g R S I RN T 2 000 nm BTk 358 2 T LA K TR m Ik 45% UL b, ]
1% 82%; KT 2 000 nm 5/ 2 000 nm K T FLfif S DTHRE 2 Z AL EI R 08 11%. 30%.
31%- 58%. 65%-. 55%-. 56%, 15 BHAHMURL -5 KH UKL 2 TH] HA fur 5 DT Ak 1) 22 S B o 400 A R T
Ko BEARLARIR/DN, 06T 2 T FL A7 I DUk 2 A 2 S 0/ 5 1 K a4, 1 .000~2 000 nm - Fi
%o} 2 TH] FEL 22 () DUk A2 BRI, BN 10%. 77T 2 000 nm 4k, 0~500 nm i +- 3 i
FiL 7 & (1) BT Rk 3 4 KT 500~1 000 nm AT 1 000~2 000 nm e -+ 398 22 1 L7722 1 T ik

AHIF 50 2% W AE AR 25 755 i [X - 398 7 1) 0~500 nim 450K Xof -+ 498 b 2% T A5 R 26 T A A 8 P BT iR e
R (K 6), X5ZATIRT LR —8, R T RS X L3R T 2 000 nm HLB
Ltk 1 49 b 2 T ARUR 2 T R AT R A TR IR T 0~500 nm ZHEORL, 1M 2 BT FIIF 2 2% 7 KT 2 000
nm FLORE A SE R k. 5 RS MRORT S T ORIk A LR R R A, (B e BT
(I o AT 7E i8I 8 AT BIS5 10 74 B X L3k, o b3 LG SR T AR AN R T A B DT
Bk R A2 KT 2 000 nm AR SBURE, 7EAR 26 52 1 X 33 v A1 /2 0~500 nm 4180k, i B [R]— 4% it
LT 1 38 3 THT R i 4 SO HR o TR ) ) €0 52 2 P () S I A K5 R, F SR 3R, 4889 KT 2 000 nm
RELRTURE St 1 398 38 ThY R fif 52 () ST AR K T -3 LU SR T AR A9 5Tk, 0~500 nm 4H0RE X - 338 LU R THI X
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(1 T RO T % - g T F A B ) DTk (R 6D

Tang 2456 g0 4 R B9 9 o+ 3R 1O W 2L RN 26 TRk SR R AR EAT T X 4, LA
FHRIARTERE A /T 200, 200~500. 500~1 000, 1 000~10 000, K-F 10000 nm, & ILEEA 1
1811k 80% [ b K AR AN 859% 1R 1] Hi A &% H ELAR/NT- 1 000 nm L3RR, JLT 1/2 [tk
FE AN T HL T 25K [ ELAR /N T 200 nm BBURL. 17 A 06 2 LA B b Ve 8, A
— /N T 2 000 nm BBERURLBEATAE 7, AL LA /T 1 000 nm 3ERORL TR
48%~T2%LL R THI M 35%~66% % [ HLfif &, JFARmiik 80%MITTRA%:; 0~500 nm /NRURLS + 15
bl 2 [ ARUR 3 T PR 7 22 1) 5T MR Pl 5 26 P PRI R B0 2 A K e %%, {EL2 0~500 nm ) 85 K BT R
9 60.8%, 0~200 nm 5T ERZ IR S 50%; KT~ 1 000 nm IR 358 b e IR 0 2 [H] F far &
MITTRRATI AR IR, KT 1000 nm X 383 1 1k i AT B B (K 6).

3.2 AR 4 T IEAIH HLE B AN B ML R R E M R A S

DA Y RE HUR St 3 rp 46 K30 L R AR T e 2, A R, il
A AR rh Tk b T AR 2 T P A R R ™ . o B R AR R (14 2 T FRL A SR
(£ 3. AIFRESE B 4. TYHKR (5 K, RN R 24 s A HLUR A2
AR R AR LR 2R TR M R AR A A s (1) =8 B2 P b s M - U AR P A A MU
2 4 A AR /N T 3G 0, DT b bt 2R T AR RN 2 1T F A B B A RLARIR/IN I B K o (2) 32 B FE My
PE+IEF 1 000~2 000 nm R YRS R - A R b i din, RHE SR A . PRI, &
A &R, JFH 1000~2 000 nm LRAEHLR &2 S E LAV S 2T, KT 2000 nm +
R AR YR S B LR S BT K T/ T 2000 nm ARz, HOKT 2 000 nm A= A S A A
PRI B B T/ T 2 000 nm e PRk 32 B4 R s 14 338 1 000~2 000 nm i g EE 3R
T AR RN 2 T P B 5 DR R REHE , TR T 2 000 nmy = 14 L 2 I ARURT 26 T H gy B AR T/ T
2 000 nm i .

RIS R (R 3~% 5) R, BEELAERC, LIEAVUR S, ORI I =
By, RS s, I R R YRR B RO, lan, Bl 2 RE AR S A AR
R ZHR D HE T K, w0 A% N IR B B R . %45 R Jiang 0 Ed
DRI FE O R R T AL T AT AL U — 38, Jiang SEMOMR Y, S LR B R RSN,
sy 2:1 BRE R, TS SRR AR R N, (R 3R E A AT N, B
Do — ORI Tk PR B — I LT A S R R AR S, B AL A R v
i B o ASCH LA b A M LI R TN R, AL A e [R] R IR AR O
PEM TR — DR IT,  DAUESEA ML 7 B2 e o A 5 1 B 2[R 3K

AWFFAB R T IR0 )AL R T R B 4 AR B (R 3~ 5), Lkt
Xf = Ah A M R A A R 8 A, AR ISR B X 8 (B RIL A,
RS0 I EA R IR A NI 2] (R 5), R SRIA TR 58 AR 1 &5
B3, A5 B AR SR 5. eAh, AT 7B R b X R — 28 2 - S AT
i, KU zeta HALLENE S BURAK OO T70E. SeL YLVE. IR SR, fRHIS S
BT IE FLART R RE AN IR], b A SR R 2 i) o ger, AR RS L R A 2 IR WA, AN IE 4
A DX (1 7] — 2R B - e M)A RS ], DR T 22 S K o A DR AN RV A 10 2 G D B o 1) - 43 3 Tl
V5 e R ERL (R F OV B, iR 20 (0 KA Atk s i T IR IR A, BE R X A R AT
TR E RN, 2:1 BTSRRI, S amesREew S N, IXTFARS
155 AN FIEAT B IR FOR I, AV ARk 35 S ) 2H R R A 3R A O, 1K
AR 7N IR T A 2 O R 4 P A AR A T R

Xof A s B 1 398 TR AN R REAR RIURE A LT B RN R A I (R i BRI
TR IR TAR . R A & 1O RIEAT 04, B DR T R4 L G WL
JR AL R AR S 3 LR TR AR . R AT . 7 NS R SRR LR . A B
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AT Rl AT S R S RN . R A B MEE R R BR 7 WAL (D X T aghE
X A, HIERMIA R BSOS EEI R, RIEANRESE, RNz
RGOS RIS BARIE AL 2 0 39 L R TR (1 52 M 35 0K T 5% - 3 3% 10 W A 2 R 5 o
(2) X TARA Xt 0, BORAZOR LR AR SR AT R R AR A& R
Wiy, FREFARELLHE LR AN R AT B E B AN s S BRI AR A Y
Xof A 358 LU R TR (14 5 M0 S0 X - SR T L RS

R7INEBHR. RiA. FRA. SKRARESHSHERER, RABTENEMELEXR
Table 7 The linear relationship between the contents of organic matter, montmorillonite, illite, and kaolinite and
the specific surface area and surface charge

tiERE FEME  BYUREE Organic BT Sy FRGEE EREEE
Soil type Surface matter content Montmorillonite Ilite content Kaolinite content
property content
22+ Black soil HrRmERR® y=3.15x-10.9 , y=18.5x-132 , y=10.7x+16.7 ,
R?=0.981 R?=0.947 R?=0.916
REFBMATE®  y=2.268x+6.28 , y=2.55x-3.74 , y=1.34x+19.9 ,
R?=0.998 R?=0.918 R?=0.815
BEH51E Dark brown soil LEERMEFRO y=5.37x-24.0 , y=26.5x-144 , y=11.5x-36.7 ,
R?=0.994 R?=0.997 R?=0.620
FREBFE®  y=0.501x+3.98 , y=2.35x-5.73 , y=1.42x+0.945 ,
R?=0.975 R?=0.875 R?=0.470
EEIRIE Yellow-brown soil LY REFR® y=4.48x+14.3 , y=19.4x-48.4 , y=25.3x-136 , y=22.4x-332 ,
R?=0.936 R?=0.994 R?=0.937 R?=0.743
REFBMAE®  y=0.585x+6.02 , y=2.85x-6.84 , y=2.69x-7.45 , y=2.71x-28.4 ,
R?=0.915 R?=0.933 R?=0.883 R’=0.704
A1 VYellow soil LUERMEFRO y=7.16x-0.783 , y=7.41x-64.7 , y=3.66x+9.62 ,
R?=0.821 R?=0.958 R’=0.571
FHBMTE®  y=1.37x+3.82, y=0.945x-570 ,  y=0.512x+2.79 ,
R?=0.851 R?=0.994 R?=0.710
£T1% Red soll HrRmERR® y=5.26x-0.913 , y=17.1x-146 , y=-3.24x+179 ,
R?=0.941 R?=0.985 R?=0.069
REBMEE®  y=1.26x+1.02, y=2.12x-16.1,  y=-0.130x+14.4
R?=0.830 R?=0.983 R?=0.007
FRETIE Latosolic red soil LEERmEFRO y=6.16x-0.648 , y=8.88x-433 ,
R?=0.942 R’=0.801
XEEFE®  y=0.502x+1.23 , y=0.962x-46.2 ,
R?=0.905 R?=0.991
FELTIE Laterite LU RO y=6.59x-0.708 , y=14.3x-729 ,
R?=0.934 R?=0.768
KEERE®  y=0.615x+147, y=1.35x-67.2 ,
R?=0.744 R?=0.850

: FEFEREGERD IS LERTIAR . R A 2 AR ST LA . Note: Blank indicates that there
is no linear fitting between the mineral with very little content and the specific surface area and surface charge.
(DSpecific surface area, @Surface charge.

4 %5 i
AR =T (1) KR BES0R 72 33 HOR F 0 # £5, 1000-2000 nm
FRIE TR AR R AL TEHLLR L A R NT 2 000 nm TR L A

BUSLS ORAED™W LR TR 2 T Fer B ) D2 2 2, e/ 500 nm kLA LI LER
AR T L R R e K DTk o (2) BB R FZFFAIR, 0~500 nm 4HBURL & B AR LD W) & i
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b, YRS R, R, RmEaERD. (3) B, MR, EAURRIL R, R
TR S M S B R K, FUGEAYURAAG S8, SORMAIRR A R e
FEZHIT FRA S BRI, AR IE LRI, R E FEZ AR, Sk
A BRI ATHUBAIAT 0 5t 1 98 bR T R 90 S e 0 o - R Tl FL T B SN . AR SO
IEXSAN[F) 25 BE g SR AT ST BRI T SRR I B KRR S AR R AL DA€ BV AN R RLAR ok
IR B R AR AR s #8717 A R AR R T o 10 e 1k 0 AR RF AL, 7T B ki 3P
R E B R N TIRIA S R R IR S
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