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the accurate estimation of soil acidification rate is difficult due to the buffer effect of soils. The soil consumes exogenous H' and
releases base cations through mineral weathering (compensating for base cations loss and inhibiting soil acidification) and the
cation exchange process (increasing exchangeable H" and inducing soil acidification). Nevertheless, it is difficult to distinguish
these processes, which leads to large errors in estimating soil acidification rate. Since silicon (Si) only comes from mineral
weathering reaction and has nothing to do with cation exchange, the stoichiometry of base cations (BC: K*, Na*, Ca**, Mg®") and
silicon release (BC: Si) during soil mineral weathering can quantify the H" consumed through mineral weathering, which is
helpful to determine accurate soil acidification rate. The purpose of this research is to explore the BC: Si difference and its causes
in Udic Cambosols derived from three parent materials of Mica schist, Gneiss and Andesite. [ Method ] First of all, the physical,
chemical and mineralogical properties of test soils were measured. To avoid the influence of the base cations adsorbed by soil
colloid on stoichiometry of the mineral weathering process, soil exchangeable base cations were washed by elution experiment.
Then, the release of base cations and silicon of soils derived from three parent materials were obtained by leaching of simulated
acid rain. [ Result ] The results showed that content and distribution in the profile of clay, pH, organic matters, exchangeable base
cations (K*, Na*, Ca**, Mg?"), cation exchange capacity (CEC) and mineral compositions were significantly different for different
parent materials. During simulated acid rain leaching, BC: Si values of base-uneluted soils were three times more than that of
base-eluted soils. Only when the exchangeable base cations adsorbed by soil colloid were eluted can obtain accurate BC: Si
values. The smallest BC: Si value was in the humus surface horizon (Ah) in the same soil profile with different soil genetic
horizons and the largest BC: Si value was in the parent materials horizon (C). BC: Si value of Udic Cambosols derived from
different parent materials soils followed: Gneiss > Mica schist > Andesite. The mineral proportions of plagioclase, illite, chlorite,
and vermiculite in soils controlled the BC: Si values. [ Conclusion ] Therefore, only on the basis of corresponding BC: Si, the
response degree of Cambosols with different parent materials to the acidification process can be accurately evaluated. The results
can provide data support for soil acidification rate evaluation regionally.

Key words: Stoichiometry; Minerals weathering; Parent materials; Soil acidification; Soil genesis; Soil geochemistry
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VSR ARIBOR R BE ok & R3ER) BC = Si, #E—2045
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HEHR AR .

1Bk
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AW = AR R EE R B R LRI,
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R IICA |+ iR 2R R R bR . =B R (MS)
K W R A T IL 74 w5 M A s ] K
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C: 60~90 cm, 3EIST 330 @ F IR AT £ .
FRA (GN) & & I 3R AL 710748 Rt +
FHBKBILTEIL (40°117"N, 124°5'26"E, ik
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MR PRI AEIE - 21 (AN) R E AEIE -5
N FALT A PR R X EHKIE AL (40°14'15"N,
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AEIE A 3 ASEITESS T B A AR 2 KUK
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1.2 LIgit

THAENARRATEHRE R | ATRFELY,
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YRAL AT e FR, PR 203 2o 6 R v it 52
BB 2 I bR W B A e AR I DATH BR
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1) 22 4 1 R i 5 7 Uk AR R SRR [34] Y O v
1o VRS SR, RZ2 T ERE 3 EHE, B0 E

SERRECE 4 200 g B T 500 mL 5.0 IR S S
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REEVBRE:, HE Y R R 50 0 8 3k 1k
(K H R NH, 0.025 mg- L"),
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SHRRE SRR L0 W AT SRR, S8 2k
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2018 FI Microsoft Excel 2019 HI{E

2 Z5R518

21 TEEAXRMR

R RIRA R I 3 R A LA
TOALSARL, AT Y3 EE A SORAH AT IR
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Table 1 Mineral proportion of soils derived from different parent materials and their pedogenic rocks /%

By R AR W =mhy Ak BHAT PHRA wikA AT A = riaea
Parent materials Horizon Depth/em  Mica  Quartz  Plagioclase Illite Chlorite  Vermiculite  Kaolinite ~ Kaolinite/Illite

R Ah 0~20 39 19 19 10 6 7 0.4
Mica Schist Bw 20~60 34 20 21 11 8 6 0.3
C 60~90 33 22 22 10 9 4 0.2

+:4 Rock 35 26 33 6
A Ah 0~30 43 34 2 5 4 12 6.0
Gneiss Bw 30~75 38 36 3 7 5 11 3.7
C 75~120 37 38 4 6 6 9 23

BR Rock 14 31 53 2
Zis Ah 0~40 42 24 4 11 10 9 23
Andesite Bw 40~70 40 25 8 9 11 7 0.9
C 70~100 43 27 12 10 2 6 0.5

B Rock 23 32 37 8

MR AR R, ZINERE LIRS
WA RN 25.9%~34.2%, HEE TR AEF L
B 12.5%~20.6%F KA & E HHER 21.4%~
27.4% (K 1), T3 pH hy 4.8~6.9, Jyk:~ ik
P, RREBERZ BN pH N ZCE>SB R am>R
WA (R 2), 3FEEURE 1480 pH L AR JZZE C
R EBEIEE (F 2), AR ERERAEANF LR A
B TEZEDFCR RS, B g H R

JZ i R AR (R 2), 13 CEC
8.9~21.2 cmol'kg ™', HHAMAES; LHerEERILE
F (K", Na', Ca*'fil Mg™") B I KM 7
Fil (2.73~22.8 cmol'kg '), “H¥W KL ILE>=TE
RE>HRAERE 14 (3 2), DLk - HepepEsR
WY, ARWt5ih 3 fbEBUL B T BRI AIE 1, AL
TRV DI, I BB R LR AL, (BAE
W 2E R T EAAE ] 22 5
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=
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22 TEZHMEREEMR

ANV BE T 4 3 7 R B 1 it 7 rh AT — 3 R
fiE: BBk A K. Na™, Ca™ Fl Mg® 8%, b5
AWrEEAL (B 2), HEEBE AR FEA S 1 000~
1 600 mL, I FAWkR A SR, B+
WL 1 1 ENT, 24 8 EREEIS ,
A R S e SR B A . X 5 E A
FEHAE AT R B s AL R IR — B Eh A
Ve AL AR

AR R T 0 3SR R SR B AR AR
25t WA EE NIV R s, B
W ERILES T 257.8 mmolkg !, ZEEA AR E LI

Fig. 1

B R B T30k 149.3 mmol-kg ! Fl 46.9 mmolkg ',
FERLPRIBE T - R Eh B Fop, Ca® I Mg BT
BUEHT KM Na (K 2), X&EN RS
Ca” Hll Mg™ & i i & i Tac etk K fI Na™ (% 2),
SRR 3 AREEE E LAY KL Na®, Ca® Rl Mg™
PG i 5 - R N s R 3 A (K 3 ),
A3 5% K. Na®, Ca®" 1l Mg? BV B a5 F0 g o
T 220001, A5 R R E T R P>0.05,
RO JC 35 25 5, X UL AR SE G B 2 30 25 B
T M e e R R B T
2.3 TTEBEMYFE

KRUEMEER BT, AFBEF A B A B R N
RVE T 1) Eh L B 2 )3 o S IS 1 R AEC 14D 3a,
K 3c. Kl 3e. K 3g); VEMERELS, HHERECAER
EEFEA (KF3b, B 3d, K 3f, K 3h), X5E
A 5T PRI 5 A R A R B AR I L R BT R B
A —FC RT3 R R B B TR
b B TR B A /N ) (F 3b. & 3d. A
3f, & 3h), XA AR B T2 RALRE
SHRAT Y, TERSEEE T B YK i R
Ve 2T (g XA SR 1 i A 4 SR AR A

RS KB TR R B AT 5 ) SRR
# (K, Na', Ca®#1Mg>) 4 2.23 mmolkg', =
B ILS R E HIH N 2.99 mmol-kg ! AN
2.46 mmol-kg ' (£ 4), AU, X 3 FhEEJF7E H AT
WAL AT, BRI MR 22 AR K

*2 FRHREABELELFMER

Table 2 Chemical properties of soils derived from different parent materials

AL

Tt 3 Exchangeable base / FHES 725 ffeig Cation

By R kAR W
pH Organic matter / (cmol-kg™) exchange capacity /
Parent materials Horizon Depth /cm
(gkg™) K* Na* Ca*" Mgt (cmolkg ™)

P Ah 0~20 5.5 28.5 0.50 0.41 7.96 3.69 15.7
Mica Schist Bw 20~60 5.6 8.3 030 0.34 6.60 3.80 14.2
C 60~90 5.6 4.6 028 0.37 5.92 4.36 13.4
FRRA Ah 0~30 4.7 42.4 029 031  1.94 0.62 15.4
Gneiss Bw 30~75 4.8 9.9 026  0.39 1.51 0.57 13.0
C 75~120 4.9 34 0.13  0.27 2.03 0.90 8.9
ZIH Ah 0~40 5.7 19.3 030 041 11.60 2.66 21.2
Andesite Bw 40~70 6.5 8.9 026 039 14.74 4.16 18.4
C 70~100 6.9 3.8 033 040 1631 5.76 16.5
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B L3N Ah. Bw fil CJ)2; AN-Ah, AN-Bw fil AN-C 3 HIFR/RZ AL E LW Ah, Bw I C )2, Note: In the legend, MS-Ah,

MS-Bw and MS-C refer to horizon Ah, Bw and C of soil derived from mica schist respectively; GN-Ah, GN-Bw and GN-C refer to horizon
Ah, Bw and C of soil derived from gneiss respectively; AN-Ah, AN-Bw and AN-C refer to horizon Ah, Bw and C of soil derived from

andesite respectively.

Bl 2 dhaepe bl B v N R RO 7 800 B T BEURR ik

Fig. 2 Base cations releasing characteristics of soils derived from different parent materials during base elution
*3 FRBEHFFHERSEREETRFEE

Table 3 Total eluting amount of different base cations and their content in the soil

£h3 EH Y Total amount of base cations / ( mmol-kg™)

=

JR A K* Na* Ca* Mg**

Parent materials =~ ==Z0  ————— -_—

VeI g VR W 1% VeI + % VR W + 3

Eluting solution Soil Eluting solution Soil Eluting solution Soil Eluting solution Soil

= BE 45 Mica Schist 12.6 10.8 15.8 11.2 120.2 102.4 84.6 59.3
R Gneiss 7.8 6.8 10.3 9.7 28.3 274 125 10.5
21145 Andesite 9.5 8.9 16.7 12.0 258.6 213.2 79.2 62.9

e 1) PRSI R I B R M B A 5 (P>0.05); 2) RIS Ah, Bw Ml C 2R F B (BRNL.
mmol-kg™" ), Note: 1) There was no significant difference between the total amount of base cations in eluting solution and soil ( P>0.05 );

2 ) Total amount of base cations in soil horizons A, Bw, C (unit: mmol-kg by .

AT I RAL 3R R EE RS, FEARFRE SRR BEIMACTE )5, 3 BRI & R M R i
JiUR T A SR A RO AT AE W 22 5 (P<0.05), W A bk R > 2 > R A A T B (R 4),
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Fig. 3 Base cations releasing characteristics of base-uneluted and base-eluted soils under leaching with simulated acid rain
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Fa4 FERBBEEIREREZELENUIEFHEEETFNERNE
Table 4 The releasing amount of base cations and silicon of base-eluted soils derived from different parent materials in the weathering process
. JNECT-2{E Weighted
‘ AR TR -
BRI R E average / ( mmol-kg™)
KR RIE  The releasing amount of base cations / ( mmol-kg ™' )
Parent The releasing amount
Horizon Depth/cm
materials of Si/ ( mmol'kg™") Th R Er
K Na Ca** Mg** fi: Silicon
Base cations
B A Ah 0~20 1.33 0.96 1.14 1.27 12.75 2.99 6.06
Mica Schist Bw 20~60 0.60 0.51 0.87 0.61 5.72
C 60~90 0.59 0.52 0.75 0.52 2.05
s = Ah 0~30 0.40 0.71 1.02 0.58 1.26 2.23 0.81
Gneiss Bw 30~75 0.34 0.44 0.77 0.42 0.73
C 75~120 0.35 0.54 0.80 0.47 0.59
ElIE= Ah 0~40 0.62 0.70 1.00 0.73 7.98 2.46 5.40
Andesite Bw 40~170 0.42 0.38 0.70 0.41 4.08
C 70~100 0.64 0.38 0.71 0.49 3.28

35K 6.06., 5.40 F10.81 mmol-kg ™", X ULHIREFZE
Riggmm T T Y XA R SR BE RT R B
TR ERARZES (F 1), L8P EARFE LK
RET WA Ao 3 FibE AT HiEH IS
AEAT Y (AFEREH A ) FRAET Y (BRI
SR AR IS A ), (HR RN 0 AN R
(£ 1) aBRAEELENRETY (FRA .
Slef . A FERA) R, B ("
i Ah. Bw fll CJZ2) ik 8] T 42%~46%, “LILZFl
FIRA KB IR AT Y (PRI, A, 18
A1 I AT ) 5051 R 30%~35%F1 23%~26%( F 1),
PR AE R R W LG, ARSI T S
BT YRR R Wik =& A k8 R
R E R TRILAMA A kE L5 (£ 4),
24 WHRULITEXEBC:SifE
RUEBEERFEOUAE OLT , AR B A0 1R RN bk i 2o
b B e R R, SRR AR E 11 Ah,
Bw fil C J2f%) BC : Si {8435k 61.8. 55.6 5 38.7,
RERa KT B 199, 11.5 5 11.8, Zils
RE IR 557, 329 547.6 (F5), XU
A T e Eh B G 58 BC : Si fH: mnfhak
B4 Ah, Bw FI C 28 BC : Si 433 0.6, 0.7
M 1.8, FIRAKE LS HIR 3.4, 43 F15.8, %
s kE EHEARIh 0.6, 0.7 F1 1.0 (£ 5), &

FOF-249 I f v it 6 35 133 BC « Si (IS N A RR 5>
R A ZIE KT L5, 500k 4.740.8.1.040.5
A1 0.8+0.2, XA A PEMLERJERT BC © Si fH 300
13.743.0, 51.4+9.2 1 46.4+9.6 (£ 5), MFIALHE T
1 BC : Si fHAAFEM % 22 5% (P<0.01). MIYME I
E, Pifzm X TR BC : Si A 2E R KRR/
SR E LS R R A BB R, RV S I
ARV AR FE SR T S8 AE A 3 48 o 3k d A
ANVENE R RIS, KRB BC ¢ Si{EBE Al 3
AL (£5),

SRR BE R A 3R BC : Si ST 2543
Mr, 25888 BEMERE P<0.01, ERWARMEEERE A
AR BC: Si EAEREMES, XUHAER
FERAT & B IR AE +, BRI KA G
# BC:Si [HHAHREZMW, 3 MEIHRAT HHEY
BC : Si AR RZES IR K E T WAl &
WS WA a9 5 @il 4 o Eh 5L s 7
i, RHAFER KA LT RPN EE T o RS
Mz 2 E B, BRETY (R, e,
) AR (£ 1), XM HTRP], BC : Si
SR A BA BEIEMAHCE (P<0.05) (K 4a),
SR A . SR A A 3 Rk AT Y2 LR
B ER A (I 4b), X ADFSE h BC :
Si H EEZAEAT YR A SKAET WHRFAA .
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Table 5 The BC ® Si values and their weighted average of soils derived from different parent materials under base elution and unelution
treatments in the weathering process

BC : Si IACE{E

BC : Si
. R - Weighted average
BT KA W
Parent materials Horizon Depth /cm
VMR 5L AT e 5 PR R FE IR B R
Base eluted Base uneluted Base eluted Base uneluted
) Ah 0~20 0.6 61.8
P
Bw 20~60 0.7 55.6 1.0+0.5¢ 51.4+9.2a
Mica Schist
C 60~90 1.8 38.7
Ah 0~30 3.4 19.9
hvia
Bw 30~75 4.3 11.5 4.7+0.8d 13.7£3.0c
Gneiss
C 75~120 5.8 11.8
Ah 0~40 0.6 55.7
L
Bw 40~70 0.7 32.9 0.8+0.2¢ 46.4+9.6b
Andesite
C 70~100 1.0 47.6

W BRARRFERELE 0.05 KF L. Note: different letters in the table represent significant differences at the level of 0.05.

& 4

#H AT Plagioclase/%

8 8
2) =0.918 b) = —0.699

6 Y 6 o *
O o4 S AT S
M ,® m [ I

2 o 2+ N

/. P ..
&P e® o
g 10 20 30 40 50 00 10 20 30 40 50

WA 2Z FiSum of illite, chlorite, vermiculite/%

AFREE R T 3 BC - St SRS FIRA G W2 (BRI, S, 1840) BREEHE (P<0.05)

Fig. 4 The correlation between BC : Si and plagioclase, sum of secondary minerals ( illite, chlorite, vermiculite ) of soils from different parent

materials (a, b refer to plagioclase and sum of secondary minerals, respectively ) ( P<0.05)

LR AR AT RYSEI o X 3 R AT YR AHS A

[ —*&E & H L3R BC @ Si fH7E Ah Z&/D,

ZBR UG 0 A7 R PR R LA R 2 A
3 FibEa R E L P, [BRAA AR,

AR T L Bl A 225 (R 1), T 1%
WP AE AU 0 B AR XL, RH A &
o BRI A,
BC : SifH T B G 2 s BB B R 5
XULHIAF B UR R, T BA AR L Y
A, TR BRI ECR BC : Si fF
TEW] AR

MR AT C J2AMRMEE (£ 5), X5
MAERA KB A + B —80%W BC @ Si HA1L
¥ (A2 THEM BC: SifEIET BEM C R+
) BU AR ST WA RS AR AL R AR XAk
B A BC © Si {ETE A A LR R A 2
3/ BC ¢ SifEE T Bl A B2 2 H3) PO 32
Bk 5 KAk & 8k 1 B A R b 5 A P 38 4
b RIZHY RS T YRR R ST 4
— BRI T, LR AN, BC :
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Si fELAEHE A T L A 20 A Al 23 B2 S

3

4k

e [ 3t XA () B3 ok 7 1 AT - A9 )

M ey A BN E R ERIR
WA T, R 1R BC @ Si {5 bk
MERIESG B 3 5 b, BRI A PR T B R A
B e e R R BE B T, A RBARAS R B AUk
) BC : Si fH. AFREEFAER EHERLT R T
WXR BC: Si AHEREER, AR PHA/N
WUl s> B FE >l s . [W—RE R E +
HERTR &R J209 BC @ Si L AR 2/, C IRk,
AN B 0T 4R S T OBC : SiE Y

Kb
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