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FEHE(LT-1.LT-2.XS-1 Al XS-2) 5403 (TC-1 AN
TC-2) £ T 3 E W #ar <fge IX, 4E 7 35 oK &
1.300~1 450 mm,4E - Hm 15.5~16. 9 °C , i
¥ 75~158 m, 5403 (HN-1 il HN-2) i T3 E

PO SME X AW A 1 815 mm, 4E YRR
23.5°C, 4 A 143~167 mm, SD-1,SD-2,XS-1
MLT-2 HHEM R EBA R RAE, R IR T
TAERK .

x1 REESTRER
Table 1 Distribution and situation of samples
o o - o o . . Munsell ES 3=
ETRE R &y B /m JZEW P LN B/ m g 4 Hb A Parent
Samples Classification Depth Horizon  Location Coordinate Altitude = Land use o
Color materials
N 0~19 A . 7.5YR4/4
SD1 R AR N: 36°5' 163 _ Hr api¥=)
; Brown soil 19~58 B Shandong E. 117°24' 7.5YR 5/6 Cultivated land  Gneiss
58~ C 7.5YR 5/6
- 0~14 A 7.5YR4/4
. Bt wk Ny YRV A
) Brown soil 14~42 B Shandong E. 117°15' SYR 2/4 Garden plot Gneiss
42~ C 5YR4/6
. 0~18 A - 5YR 2/4 N
. kb it N: 30°35' 5 Cor L3l R
Yellow brown soil 18~77 B Hubei E. 115°22' 5YR 5/8 Cultivated land ~ Gneiss
77~ C 5YR 2/4
N 0~21 A . R 5YR 4/2 ] e,
. ke it N: 30°33' - ’ e LR
Yellow brown soil 2i~114 B Hubei E: 115°25' 7.5YR5/6 Cultivated land  Granite
114~ C 7.5YR 6/8
o 0~28 A N o 7.5YR 5/6 .
L ok e Wit N: 30°38' 1o 0 ) Mty e
) Yellow brown soil 2880 B Hubei E: 115°26' 7 7.5YR 5/6 Woodland Granite
80~ C 7.5YR 5/6
- 0~28 A § B 7.5YR 3/4 .
T2 ELER: r CEl N: 30°47' 60 _ B FRRSE
’ Yellow brown soil 2854 B Hubei E. 115°24' 7.5YR 4/4 Cultivated land ~ Gneiss
54~ C 7.5YR 5/6
- 0~47 A R 2.5YR5/8 .
T A Rl N: 29°13' " / i A b4
! Red soil 47~118 B Hubei E. 113°46’ 10R4/8 Woodland Granite
118~ C 2.5YR7/6
N 0~28 A . . 10YR5/10 s
. o1 ¢ ) it N: 29719’ o S M B
’ Red soil 2885 B Hubei E. 113°47' 5YR 5/8 Woodland Granite
85~ C 2.5Y6/3
o 0~28 A X . 7.5YR5/6 o
. TR i3 N: 19°31" . 0 Pt (AsES
Laterite 2819 B Hainan E: 109°29’ S5YR4/6 Woodland Granite
79~ C 2.5YR7/6
5 0~26 A . . 5YR 5/8 -
il £ 4 g T N: 19°27' YRS/ f 4t T
HN-2 . 26~81 B . . 143 5YR 5/8 . .
Laterite Hainan E: 109°17 Garden plot Granite
81~ C 2.5YR7/6
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A LT A R A A ATk . R 4 Y S A BEAE
PER L 2,

2K W DY L T R AT S R B T
2 poiRE AR A B B ORRLRE i 42 MgClL-H i
A KCL M 200 T3k BT X S 4Ai
S50 1 (XRD) (£ [ 45 & 56 /2 7] D8 ADVANCE) .,

KCI A A1 A, 43 S #4 %) 110,300 A1 550 °C Ji& F-IK
#E47 XRD 4387, MK A4 R Cu-Ka 48 9, 8 e 40
kV, 8 40 mA, F 4 5 X8 L3 AL HE N
10°/min, 2 £ 0. 01°, K =0 ¥ % & 8 o A
MgCL - H A8 R F 77 S i 1o R A O SR

2 #RE5HM

21 TEHERER
FE I 21 45 s 2T 3 )+ A O X Ak
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(D AEEER pH FE 5. 3~7. 0 Z Al 5 R v Fn
Mk BRI pH RERSMTE 4. 7~6. 2 Z [0, 2 55
FRVE s 2T E AL 203 1) pH AE 4. 6~5.2 Z ], &
Bk . AT L 7 R RN R T A M X R AR
RERES. MTREETR, K SBERE SRR
38~54 g/kg; EAAHE P K &K LT-2 @it 80
g/kghb, AR M HRTE 30 g/kg ZiAq s M LLHE K & &
b 54~84 g/kg; K & it £ ik 210 3 P B AR IR T 21
g/kg. FREEPEG(Ca) &t RERIFTE 7.0 g/kg 247 s
BRI 11,5 g/kgs BARIERY Ca & KK T
6 g/kg. TR 11,4 g/kg; LT Ca & 456
KT 6 g/kg, Mfik L Ca F AT 0.5 g/kg.
4 Mg 9735 & BN BRI (9. 1 g/ke) > A1

(5.0 g/kg) > 413 (3. 2 g/kg) > fik 41 3% (1. 3
g/kg) . ANEIZEH L HEh Fe (973 & by 5 ff 1
(39.4 g/kg) >k 21 58 (24. 9 g/kg) > 4213 (17. 5
g/kg) >HEHE(16. 8 g/kg) . X JLFP 3 b i A HLIT
TR T 13.0 g/kg, JFWEE + 58U BE (4 18 I ifi B
ik, MU0 Fg , B | o FR | 20 RN 2133 1 P B
T2 i (CEO R I /D, BBV 43 5] Ry 8. 2~
16.0.6. 9~26.7,6.7~19.3 F1 3. 6~12.7
cmol/kg, A2 e BHE F (K™ . Na® . Ca*" il Mg"")
o A7 A R B ok 32 0 R S B A 4 R R R A
Rof T S 0, A VR AR 5, S B IR B B =
REk. mdbBIm . 43 PRk & . AR A
PRI R RTRL & B AE 150 g/kg 247, HIE B 25k

F2 Wi TBEEAREBEHER
Table 2 The basic physical and chemical properties of the tested soils
&4 B B T/ (emol/kg) oy A
Gi % J2 K OM/ K/  Ca/ Mg/ Fe/ . : FEL
. Exchangeable cation (g/kg)
Samples Horizon (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) - : . Texture
© Na® Ca’t Mg?" CEC Clay
A 5.6 42.3 6.5 3.7 13.9 0.2 0.5 3.1 0.9 9.4 157 SL
SD-1 B 6.5 4.3 38.4 7.7 3.0 10. 2 0.1 0.1 3.0 1.2 8.2 113 SL
C 6.8 0 42.7 4.5 3.4 12.7 0.1 0.2 3.2 1.3 8.5 101 SL
A 5.3 7.1 54.6 2. 8.2 26.4 0.5 2.4 4.9 1.5 16.0 122 L
SD-2 B 6.3 7.0 52.9 7.7 7.1 19.8 0.1 0.3 4 1.2 14.5 176 CL
C 7.0 1.5 42. 8 11.5 4.4 17.7 0.1 0. 3.5 1.5 8.0 63 LS
A 1.9 18.5 30.3 5. 7.6 34.0 0.2 0.4 5.1 1.7 15.0 192 SCL
XS-1 B 5.3 13.0 26.9 6.4 8.7 34.4 0.1 0.2 6.1 2.4 18.0 247 SCL
C 5.6 7.4 24.9 1.6 10. 6 37.2 0.0 0.1 6.7 3.5 20.7 180 SCL
A 5.0 20.7 53.1 1.5 12.3 37.8 0.2 0.4 6.7 1.7 17.3 137 SL
XS-2 B 5. 6.7 28.2 6 10.9 40. 3 0.1 0.1 9.7 4.8 25.7 123 SL
C 5.7 7.3 23.0 4.6 12.8 44,1 0.1 0.1 11.5 4.7 26.7 133 SL
A 5.2 16. 4 34.7 11.4 3.3 17.3 0.1 0.3 2.5 0.6 7.0 150 SCL
LT-1 B 5. 15.1 35.2 7.1 3.0 17.7 0.1 0.2 4.5 0.6 8.0 151 SCL
C 5.2 10.1 34.3 6.6 3.8 30.2 0.1 0.5 2.6 0.9 6 118 SL
A 5.6 18.9 80.0 0.5 11.7 52.4 0.2 0.4 5.7 1.2 12.4 212 SCL
LT-2 B 6.2 9.8 88.2 0.4 9.7 54.2 0.2 0.5 7. 1.9 14.6 261 SCL
C 6.7 5.0 121.5 0.1 14. 6 73.1 0.9 3.9 6.3 1.8 14.1 182 SL
A 4.9 5.4 58.1 0.8 2.4 19.2 0.2 0.1 0.8 0.4 16.2 384 LC
TC-1 B 4.8 4.5 59.3 0.7 2 20.3 0.1 0.1 0.4 0.1 19.3 363 LC
C 4. 1.5 56. 4 .0 2.8 20.4 0.1 0.1 0.3 0.1 10. 8 344 LC
A 4.8 3.5 83.4 5.9 3.5 13.1 0.1 0.1 3.1 0.4 6.7 145 SL
TC-2 B 4.7 2.4 54.7 4.0 3.7 16. 3 0.1 0.1 0.5 0.6 9 205 SCL
C 4.9 1.7 63.5 3.9 4.7 15.7 0.2 0.4 1.9 0.4 7.4 129 1
A 5.1 17.0 6.8 0.4 1.0 17.2 0.0 0.0 5.7 3.3 12.7 283 SCL
HN-1 B 4.6 13.7 20.5 0.2 1.4 25.9 0.0 0.0 0.0 0 5.2 429 LC
C 5.4 9.0 18.0 0.2 2.1 42.7 0.0 0.0 0.1 0.1 10. 6 468 HC
A 5.1 15.4 7.1 0.2 0.9 15.3 0.0 0.0 0.2 0.1 3.6 250 SCL
HN-2 B 5.0 10.8 9.2 0.2 1.1 20. 3 0.0 0.0 0.2 0.1 4.7 343 SC
C 5.2 9.9 11.3 0.4 1.5 27.7 0.0 0.0 0.7 0.4 9.6 452 SC

DOM: AL Organic matter; CEC: [HE F 225 Cation exchange capacity; J5t i & [F Br il 4 38 5t i 43 28 B M International classi-
fication of texture;SL:#3% + Sandy loam; L:3#+ Loam; CL:#43 + Clay loam; SCL:# 43 1+ Sandy clay loam; LC: %45+

Light clay; HC: EAH; + Heavy clay; SC:#0 ki + Sandy clay.
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WO L ARG S 4 5 ZEERN GG 2L P oRORL S BT (8 D B RE b & MgCl-H il #1 KCL A 0 4k 2

T 200 g/kg, 13T Hh £ DKL A+ SRS 1, J& » XRD E % ¥4 1. 00,0, 50 F1 0. 33 nm 5 5}
22 it iFhE W, HE KCL A A 28 i A B S AN 31 2% L 3 26 W 77

AR ZE ALY M A — LR RZ R R 0 R A . Br A R i 4 MeCL-H il ab 8 5 ¥ &
) XRD 17 5% B 3% b 8RR, B DLk B 2 1 4 0,71 F10. 36 nm fF 50, JF B K AL £ 110 i
AJE(<2 pm) B T B9 XRD 7 8 B3 547 001 300 “Con i Ab B . 3 86 45 4F 06 3 A8 T 2%, T n i

1.42 SD-1 071 036 1A
1.80 1]00 0]7] 0.33 '

0.47

,0.45 032
0.50! 10 43 i Mg- 1

— T —
10 15 20 25 30 35

0.36 TC-1 0.71 TC-3-A

T T L L L T T T LA PR S L | T T
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Cu-Ka 26/°) Cu-Ka 26/(°)

HN-1

0.48 ' 0.33
e e}
0.50 ,
5 L.J]'. M-l
1T
[ !
i K-25 C

T
I K-110 C
II T ALLITT|
il
I o k-300 ©
shl | .
1 ' K-550 C
—T T T T T T T T T
5 10 15 20 25 30 35

Cu-Ka 20/(°)

Mg-H i : MgCl, - H i1 41 F1 4b B MgCl, -glycerin saturated processing; K-25 °C : KCL 41 fl 4b ¥ Saturated KCI processing; K-110°C : KCl
0 A4 B AN %) 110 °C Saturated KCI treatment after heating to 110 °C 5 K-300 °C . KCI 41 1 &b B J5 Hi # %1] 300 °C Saturated KCI
treatment after heating to 300 °C ; K-550 “C . KCI #fu Fl4b 3 )5 i ] 550 °C Saturated KCI treatment after heating to 550 °C.

B 1 BB RAE XRD §iT &t Bk
Fig.1 XRD patterns of typical samples
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ol
ol

550 °C J& A7 5 03 %, AW A7 AE = 08 A1

FEHE SD-1 M B AE 4 LT-1 B A EHE W&
MgCL-H i fAL B S H P 1. 80 A1 1. 42 nm B AT
S, 28 KCL A AALFR S . 1. 80 1 1. 42 nm 17 4 1§
FR iR B U808 I A d (B DR A%, fE 4% 1. 00 nm I
55 JBE AR OE B 58 L IR B 550 “C B 1. 42 nm A7 5 0
X UL B A SO RS A 2K ). 0. 43 nm AbTY
ST S AT AR A S, R AR RN B AR g
K 8 W) R s A7 PR AT e A A RN S AT L B A

ZIIER R 28 MgCL-Him b # 5 ) 1. 42 nm
AT 506 L 22 KCI AR A0 kb B S 3 A7 W 4 o 1T K A i
H 300°CH5 1. 42 nm W[m] 1. 00 nm W45 3 . I
T8 1 A4S FE W 5 IR 500 “C UG 1. 42 nm W4 300 45
JEAXSFRAY 1. 00 nm W, YL FE TC-1 205 (9 Kl +
WY PAEERE 1.4 nm T Y, H i A%k,
TC-2 #ih 28 MgCL-H il F1 K 180 Fn b 213 A i 30
1.42 nm fir 50, SAWIR S G we 1, PRtk 2r g &

BRI R S i g AR RE AT 1.4
nm L PET Y.

fE LA E (K 1, HN-1) & MgClL,-H il i A1 4b 2 f5
HEL1.00,0.71,0. 50,0, 48.,0. 36 F1 0. 33 nm fj &
W, 38 S R AR | 08 A B =K AR A BRI AT
P, R UE A dCO0 ) AT B e B IR Bt L O HL 22 A5 X
PR Ud B3 1 M v 0 A A 4 BE A = KR A
(0. 48 nm) fIT 5 W A 13 3R, 0 WD RS ey Hh B R AR AR AR
EOE:E 3

AL, B G 30 R, BE 2 R R T A, it
AR+ Yk 2 1 B 1 1 Bl Ho
BT R BRE L0 Y A 25 s A A R
AE > R IR AR B 1. 4 nm T A A
A e S ARG ) R e A AR A, T B
KA.
23 thtwYMEE

Tl 4 R R R o PR R A (RS,

x3 TEHITYEBREEANESEY

Table 3 Types and relative content of clay minerals in soils
i Rk ol mERe e Wt PRI pibe 1 =K
Samples Horizon . . : . Vermiculite Illite Kaolinite Gibbsite
illonite minerals
A + / ++ ++++ ++ /
SD-1 B + / ++ +++ ++ /
C + / ++ +++ ++ /
A + / ++ +++ +++ /
SD-2 B + / +++ +++ ++ /
C + / +++ + +++ /
A + / ++ +++ +++ /
XS-1 B + / ++ ++ ++++ /
C + / ++ ++ ++++ /
A + / +++ ++ ++ /
XS-2 B + / +++ + +++ /
C + / +++ + +++ /
A + / ++ ++ ++++ /
LT-1 B ++ / + ++ ++++ /
C ++ / + + ++++ /
A ++ / ++ +++ +++ /
LT-2 B ++ / ++ +++ +++ /
C ++ / +++ +++ +++ /
A / ++ / ++ ++++ /
TC-1 B / ++ / +++ ++++ /
C / + / ++ ++++ /
A / / / ++ ++++ /
TC-2 B / / / ++ ++++ /
C / / / ++ + 44+ /
A / / / +++ ++++ +
HN-1 B / / / +++ ++++ +
C / / / +++ ++++ +
A / / / +++ ++++ +
HN-2 B / / / +++ ++++ +
C / / / ++ ++++ +

1 +:<< 100 g/kg; ++:100~250 g/kg; +++:250~500 g/kg; ++++:500~750 g/kg; /: KK F| . Not detected.
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o5 34 %

H5 8 AE 250~500 g/kg Z 0], 1 SD-1A J= H# i
500 g/kgs HUk by 08 4 Fl i 0 A, FL T AR 100 ~
250 g/kg Z I, K R7E S5 R-H PR IR EE T L ik A
B R R 2208, TR O, B R 0 A )
b, R R L R B FE R AB R A
WEZMSE WA (100 g/kg 2240  FE B UZE R4
kb e A R A B,

B AR T ORG-S R S Y AR TR L E R
PR RS - e A, AR 500 ~
750 g/kg Z[A] . EBAr R AE 250~500 g/kg Z[H] ;
AT R A7 1) &5 BEAE 250 g/kg 247, PR bR HE TP 52
AR SRR I 100 g/kg, A1 U RR A P 4R 1 .
X R R A ) J2 R, BE 2 rf R R A R A
R R, S AR, 5 ) M XA B R B Y
BRI L, Qo BE R H M B A LB R A o
FLUR Ry sy R 0

e A KB B EARIE PR A 0 & =T AR
HRER,HEEPRAA R ERAN 250~500 g/kg,
Ja #HART 250 g/kg. A LA AR AL 2T 18 (4 RS
TSR e A AR A e e S AT R
1.4 nm 3 ET Y (100~250 g/kg), I HHFIA &

KT 250 g/kg. M4 4 K/ Mt 500 g/kg. H
ARE CRE, LM R A & BT, &I A 05
=N,

it 138 POl 07 W) b 2 B R — , i B =K AR
A1, Hm K T 100 g/kg, HoAR 400 o B A 41 F s
e NI D=3/ TR T SRR 7/ Rl iR (Ve < A
24k,
24 SBEEUGTNEETESHITYNERXYE

M % 4 AL AR SRR T AR Y IR E S £
— 4 8 0 F DL ORS00 W 2 18] AF 7R AR G A A O
M AR B AR S BRI R S KL Ca FISS#ME K
FEAE 3 AR 6 M (P<T0. 05) , 5 R kL 2 & FLA AL
JEAETE B3 IEAH G EZR (P<<0. 05) , e Ah  4E S [ T
W ZHE C FAER DR E MR
(P<C0. 01) AT UL, 7K - 3 7 A 2% 4 14 25 Ak g
SN e — 20 8 T R M BH B T A
Wi 5 ok T R L R A 3G, K Ca F3C 6 1
K™ Ca’" W& IR (R 2) . AR Y RFIAF 5 B 7 &t
5 A o B 5 B IR R 6, A R R B B A
0. 42H1 0. 69(P<C0. 01) ; 55 18 A7 % 1t A b 2 11 AH ¢
(P<<0.01), 55 WA 52 18 3 fM 56 (P<<0. 05)

R4 EHBRWENENEBESEETERMLITWHERXE(n=30)"

Table 4 The correlation of average annual precipitation and annual average temperature with metal elements and clay minerals (n=30)

SUH Ttem i3 I T S A Lapa PRI A o 0 A

N € .. . . . . . . ..
Temperature Precipitation Montmorillonite Vermiculite Tllite Kaolinite

K —0.53"" —0.31" 0.39° 0.19 —0.13 —0.19

Ca —0.57"" —0.62"" 0.16 0.32" —0.19 —0.18

Mg —0. 30 —0. 30 0.35" 0.63"" —0.45" " —0.347""

Fe 0.16 0. 14 0.37" 0. 30 —0.32" —0.15=*

CEC —0.22 —0.15 —0.04 0.56"" —0.447 " —0.16

A KT

KBt —0.36" —0.32" 0.40" 0. 24 —0.05 —0.30

Exchangeable K™

2k Na ™

)}{M @ —0.25 —0.29 0.36 * 0.19 —0.01 —0.27

Exchangeable Na™

2R M Ca 2+

SEAE Ca » —0.26 —0.33" 0.34" 0.67 —0.41" —0.39"

Exchangeable Ca®’

W pE Me?t

fitk Me , —0.11 —0.20 0.10 0.57" " —0.39" —0.25

Exchangeable Mg?™

A Kaolinite 0.42" " 0.69" " —0.51" —0.66"" —0.37"

BRI Tlite 0.14 —0.07 —0.01 —0.40" "

1% £ Vermiculite —0.50"" —0.60" " 0.24

St i —0.31" —0.41"

Montmorillonite

DR E R 4E 7R The annual average temperature; [ & 45 4E Y [ & The annual average rainfall; * . W& MMk ) W F M P<
0. 05 Significant difference among samples was detected at the P<C0. 05 level ; * » ; W& [A] #H 56 Pk 34 0 & P P<<0.01 A ex-

tremely significant difference among samples was detected at the P<C0. 01 level.

e G R TR FIAC e IH B 7 SR 0
Yo & B ARTE A G E . K Mg &8tk K sg

Ca”" 552 Wi A1 (B 77 7F 5 32 16 A S Mk, A1 2 R 500 1)
>4 0.39.0.35.0.40 F1 0. 34(P<<0.05), Ca.3Z#u
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Ca’" Mt Mg™" 5 08 A7 7 75 10 35 1F AH & 2 L A
KRF MM 0.32,0. 67 A1 0.57(P<0.05),
Pk Ca®" FIsc et Mg™™ 55 5] A0 [A) 47 7E B 3 670AH C
PE(P<<0.05), &tk Ca*" Sk £ ok B 38 fk 56
P (—0.39)(P<C0.05), 7] LLFE H K -9 1 i 25 1
MER|SSBEU R R PSR TR RS T
FEHEMAEVN LR,

3 i i

A FE R A B R L B R R B R A3
i E0 Wk 2 1 B 1 2 1 BUGEAS , R R
WA 7 R = 7K B A R R R SR A R
[ R4 203 25 B0 1. 4 nm 22 JEF 9 (3% 3).
R 10 B8 B A 32 S BRI R AR 2
PR R4l AR PR LR H T KA A
RS IR S A i A48 ST of , H: 32 B AR T 2
TR ] L A4 7 E KA 2 B 25 5 ) b T R 3k
P 1w B e ol 5 D2 i U S AN o 7% S
A A - st ] S 5 e ELRS 5 4 B B R A i 3 B N
F oMU Y 3 DR R R R R A R
Ree T 2t B 6% 52 i)+ HEUR VA 1 R s 55 . R LT
I AR P S 25 T B R I R A 8 T 9 58 L A T
A e ) — Se il 4 8 e 4 JE T R Wk N Ok
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Characteristics of clay minerals in the zonal soil from two kinds of parent rock

ZHANG Zhi-yi  HUANG Li LU Sheng FU Qing-ling

Key Laboratory of Arable Land Conservation ,Ministry of Agriculture ,
Huazhong Agricultural University sWuhan 430070,China
Abstract An investigation was made from north to south in china to study the soils’ chemical and
clay mineral composition characteristics of < 2 pum clay. Four different types of soils (including brown
earths,yellow-brown earths,red earths and humid-thermo ferralitic) developed from granite and gneiss
were collected to find some clues to prove that climate conditions affect the composition of soil clay min-
erals in some degrees. The results showed that in brown earths, the clay minerals were mainly 2 : 1
type. Illite was a ubiquitous mineral,followed by vermiculite and kaolinite. A small amount of montmo-
rillonite did exist. In yellow-brown earths,kaolinite and vermiculite occupied the main part,followed by
illite and montmorillonite. In red earths, vermiculite and montmorillonite disappeared and was substitu-
ted by kaolinite,illite and 1. 4 nm intergrade minerals. 1. 4 nm intergrade minerals and vermiculite did
not exist in the humid-thermo ferralitic. The content of kaolinite was up to 90% ,followed by illite and a
small amount of gibbsite. Annual average temperature and average rainfall were significantly positively
correlated with kaolinite, and significantly negatively correlated with vermiculite and montmorillonite
(P<<0.05).
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