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Table 1 Physical-chemical properties of soils tested
K Ca Mg
L A HLBT CaCOs
GRS e IR ey IR Eoeiiy
BTk 38/ % 2.067 9 4.2200 0.001 7 0.007 0 0.026 7 28.692 9 0.002 6 0.166 0
1.2 #ikakEashR FEARKEF B H M (5—10 H. 83T 6 4~ H) A ELHLAT

PR Aok BT PU AR A R R B A KA
FHEMA 4 cm® JEE 5 mm. &R 24 RE R
*®2,

®2 HRAREERFEENFAMN

Table 2 Chemical composition of limestone rock sheets tested

Eisgn 4 K CaCO; MgCOs;
i 54/ % 0.019 3 69. 080 9 0.399 7
1.3 REWi&it

WFE LA 2 P4 5 30 T BB 480 R 7 % 41 K+ i T &R
TR, EFE4 1 cm 40 6 K. TR
Jaad 2 mm 0, KR SO 48 R T AR b X - g
JE R AR O, BT R 10 em .25 ¢m .50 cm.,
WA HAE 20 em, b EBARBTH IR R B L T AP B8 )
SR K K F 5 v A8 R . IS E AR A
R OCCR AT ¥ A MR A R KT L Ca® 't  Mg™ " 3
M) ENAKLRITAE 1.0 g cm 7, B
BT M 2 A R LR T R ERE N 25 cm, £
PRV 4 1 R R R 50 g, LAY —IK B BAKEEE 15 d,
9T E X R b Bl R ER AR G IR A LA [ K
DEK AL I, LAPRFF & 45 S I — 2L

HR A5 B P A8 TR 0 K 9 0 I HE B A0 R 6 35 114 52 o
AT M A AR BR AN A R 4% 4 ¢ 1 (R BLEL) e Hic B A 481 R
IR 5200 25 8 7K EC il pH 2 3. 5.4, 5,
5.5 MWW 193 3 DMEEEERY pH WM. KRR 53 fH T
TEE X Iy s 3 H B KE 5), R B 5 PH T AR R X [ 88

—m— [%/KpH=5. 5

B, & AR /KE 180 mm.230 mm.170 mm,
130 mm,90 mm,100 mm, & H#HFF7REK 2 I (EIR
R K i = H B R K S /2) KRR 15 dL iR
THRE KSR B Sy KT B R K& 15 mm o« h 'y X
ABE UL R 7K I8 10 8T DA T, A3 B ikt i K L Ca®™
Mg™" &,
1.4 HHAE

K KR Ca?t Mg il EDTA %4
TV s pHE R A7 500 5 5 A7 BIL BT SR B 4% R
BAM I ARGE

FT AT 43 BT 45 S Excel ,SPSS #1 Origin8. 0 3k 4
b3 L R a1

2 ZERERWH
2.1 EHBRETIERESESFIBRIS
2.1.1 K ##8a%4

KBS E 1 fros . BEIR DR i K
TEH it AH X 3¢ . BE TR IR VA N R ok v B T 3
LK R R LT R, bE LR
Bom. AN KT T eE R LA S G K T8 8K
KAH 164. 467 mg.fH/MHE 14. 013 mg, LK ] 4 1TF
B 65.096 mg, XTHRRUIMEAI T KT iTBEr
T3 43 AT S - HE R RN A K R KA RS A A
R (P=0. 000<20. 05, P=0. 000<0. 05) , 11} [ 7K
R X KT i Rg g 22 58 1B 3% (P=0. 662>>0. 05)

a 1+ J%50cm i ) b +J525cm —m— [FF/KpH=5.5 -+ JE 100 2 5.
o [#/Kpi-d. 5 —e- [i/kpl=4.5| 90 e : E%ﬁﬁ,’ijg
150 n A [E/kplE3.5 A [%/KpH=3.5 N _A— B%/KpH3.5
12
=4
. = e
50
Q0
5 6 7 8 9 10 5 6 7 8 9 10 0 5 6 7 8 9 10
Ay Ay Ay
1 EXEEET K EIBRR

Fig.1 Migration situations of

K™ under different soil thicknesses
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2.1.2 Ca"" EHah &

Ca " ITEHWME 2 i, B 5—7H,
Ca" ITB MM IFH 5—9 A Ca’ Tt
SRR, 10 A.Ca? T ERH— EThd
TR, ATREZ 10 H Rk B4 9 F 34 hm CRR P 8 % A =
AR Ca®" BB IME Lk, Ca®" EH R

5000

IR R R EI S, Cat BB KK
H 8 186. 701 mg.H/IMH 254. 104 mg, S2 46 W11z
1572, 663 mg. 722504, 1R AR
W X Ca*' A B 35 0 (P=0. 000<C0. 05,
P=0.000<20. 05) , FE/KBR BEXT Ca”" 1EH 52 Ml 25 7 A
L (P=0.914>>0.05),

[ a. & 50 cm W KpIFS. 5 F b. 1JE 25 cm [m FEkpiFs5 20 f c. LE 10em F%/KplF5. 5
8000 |- @ [fskpH=4. 5| 4500 —@— [H/KpH=4.5] 2000 [ 7KpHH4. 5)
3\ P KpHE3. 5 4000 [ i 1800 | b 7KpH=3. 5
\\ 3500 : 1600 |
6000 [- \
2 2 3000 |- & 1400 +
= > o5 1200 L
i:; ;g 2500 - ;g\
2 4mo |- R R 100 |
: ) 2000 h
2 ?i H |
S o Y el
2000 |- 1000 - 40 -
500 20 k
0 0 0
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Ay Aty Ay
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Fig. 2 Migration situations of Ca*" under different soil thicknesses

2.1.3 Mg &#Hsh A

Mg* T &5 Ca’ AEMEH., mE 3 5
As 5—7H Mg B EARM R .5—9 H Mg*' iE
Fo it BB AR, 2 10, Mg® i 8% & R k¢
W —A BT g R, R 10 A REKEEL 9 1
T TR S T AN R R B B 22 A AT BB b
AR SRS, R R SN, RN Mg® ' T B B[R]

FEE ETHES, JFH Mg® i /N T Ca L Horp
Mg* " i i KAE 1 251. 804 mg, fz /M 36. 345
mg, SLEG I P EE RS i 240, 723 mg., EMTE
R, S8 R R RN MR 1 XS Mg iR R AT W I
iy (P=0. 000<0. 05,P=0. 000<20. 05) , [ 7K & J& %
Mg"" iE #5225 58 i 2 (P=0. 179>>0. 05) ,

1400} a. 1JJ£ 50 cm WEKmFs5) 11 b. FE 25em  [Fa- BAIES S c. L 10em
Bk pH=4. 5

ol A Weokpia 5| 600 f \ S00r a— [ 7Kpl3, 5
. 500 - 2501
£ . g
e i \é 400 - =T
2 el B 00t i 10
= 00} %y 200) £ 100

200} 100 s0f-

0 0 0
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Fig. 3 Migration situations of Mg®" under different soil thicknesses

2.2 HEHBAENZEKTZENFMN
2.2.1 BB TEEREEN K .Ca' Mg #hix
BEWHA

MR UTIE R K™ . Ca®" \Mg® " 1T 5% & bl + 3 5
FESE R m (O A = F IR E AR, LR
M1+ 2.5:5 RIENAKE KT EBEN
1:1.43:2.06.Ca*" 1+ 1.63: 3.13, Mg*™ K
1:1.64:3.15,Ca”" i 7% & Wb fl 5C R W AH L T
Mg T EMART K &8, H=& T E L

B ZRIGASR T R B L, e AR ARG . FRUTRE
THIFELHEEEZH, K THE<Mg* TBE<
Ca" " iITH .
2.2.2 FKpH K" .Ca® Mg HhiE b BW%h
F&/K pH 7 5. 5.4.5.3. 5 Z A 22 L, K,
Ca’" Mg* T BB K pH W% N, 5K pH
=5.5 Mt FEK pH=4.5 F1 3.5 &0 T K iTB &
B o2, 0% M 14, 9%, Ca®t T B BN 6. 6% A
11.8% . Mg’ iR 6. 6 0 F1 11. 4% (& 5).,
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Fig.4 Amounts of migration of base cations under

different soil thicknesses

W pH B R TR pH E L D5 Uk
B pH f/ME 7.3 FeORME 8. 49(3 3) . B A K
b XF AN H A AR 55 A 0% B R 22 e BE T L R WA K

7

HRILE T At /mg

5 AEEXpH THEHESFIBRLE
Fig. 5 Amounts of migration of base cations

under different pH values of rain
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Table 3 pH values of leachate

——— £/ BEURE WK bk /mm
cm pH {E 90 90 115 115 85 85 65 65 45 45 50 50
5.5 7.3 7.51 7.54 .58  7.62 7.69 7.74 8.16 8.46 8.37 7.66 7.72
+ EWFE 50 4.5 7.37  7.54  7.54 58 7.61 7.66 7.66 8.17 8.43 8.4 7.62 7.76
3.5 7.53  7.55 7.58 .62 7.67 7.72 7.81 8.23 8.35 8.33 7.76 7.84
5.5 7.56  7.56  7.59 .64 7.69 7.74 7.82 8.23 8.33 8.29 7.77 7.84
g 25 4.5 7.43  7.43  7.46 52 7.58 7.63 7.76 8.28 8.46 8.42 7.75 7.82
3.5 7.44 7.4 7,44 .5 7.55 7.61 7.76 8.22 8.43 8.45 7.69 7.72
5.5 7.54  7.54 7.57 .57 7.67 7.72  7.86 8.29 8.49 8.37 7.71 .77
+ FHE 25 4.5 7.52 7.55 7.56 58 7.69 7.74 7.8 8.23 8.48 8.34 7.68 7.81
3.5 7.47  7.53  7.55 .56 7.62 7.71 7.77 8.3 8.36 83 7.69 7.8
5.5 7.58 7.57 7.6 .62 7.75 7.75 7.83 8.19 8.25 8.27 7.87 7.9
+ FWEE 10 4.5 7.64 7.64 7.66 .82 7.81 7.8 7.89 812 8.18 81 7.72 7.92
3.5 7.74  7.66  7.68 L7500 7.740 7.74 0 7.84 8,19 7.97  8.03 7.73 7.86

2.2.3 BRNMETHKEZS K [Ca
B IR AL

AR bR HL R AR R 4 Bk 25, 27 g M
11.86 gfI4F T JEE 25 cm B A7 JK 4 AR A BB 4 B
FETCHE B A 3 KT L Ca®" Mg B T 1F 5% 5 45 51 ik
BT 20.12% ., 14,25 % F1 14.39% (R 4, i + %
BHZEFRWE K .Ca Mg" B &,

K - F A A R R RE R AR LR T
ERME B LR CGES WA AR £ REST

Mgtk

T4 BAPNEHEZERTHEEEFIBELA
Table 4

Amounts of migration of base cations under

different vegetations during rain period

TR ik B E/mg
/cm R K+ Ca?t Mg?+
25 FeA R 3689.416 84 210.918 12 860. 483
25 TC A B 4 618.454 98 202.269 15 021.602
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K"\ Ca®" \Mg"" 1T 4% it [7] 4 /K W2 J5E A7 AR 5 20 T . 245
RFW A Z A S R 22 M R T o R A K £

Fof B B K AF pH=3.5.4.5.5.5 1Y 3 4K
RIEZF T . SEETFIREEF A RE,

x5 BAEALTEpH BEEMEATIHENEESFIRELS

Table 5 Amounts of migration of base cations under different pH values of rain during precipitation period

EF it/ mg
PR pH A K Ca?” Mg?*
A B A7 R T B Fe A HE A7 7Y Jo A Fh A BB A B TC A
5.5 851.672 1 248. 419 21 887.123 23 813. 437 3 349.934 3 651.772
4.5 1072.165 1 114,325 21 322.969 26 478,974 3 271.425 4 053. 142
3.5 896. 640 1 067.426 20 609. 468 25 815. 765 3 116.503 3 946. 390

AR AFRWMIE )G . 13 pH 2Bk 2Z R A K,
pH F K 7.92 5/ 7. 72(F 6) s R A K LA H
KR 5% w25 [a]

6 XWREITEpHEAR

Table 6 Changes of soil pH values after experiment

MHCRA LJE/em  BUUERE pH{H  SEHJ5 L3 pHH
5.5 7.72
KR 50 4.5 7.76
3.5 7.84
5.5 7.84
WA 25 4.5 7.82
3.5 7.72
5.5 7.77
TR REE 25 4.5 7.81
3.5 7.80
5.5 7.90
1R 10 4.5 7.92
3.5 7.86
3 4t i

3.1 EEE T IE X ER T BY i R

TR IR TR Y AE R E SRR e
o e A E RN R, R TSR, LI
AL MM KL R 7. MWEA LIRS
e — BRI RN, T B R B AT R R L R R
PR b S A S e SR R B AT B e A
FOLR Lk 19 434 o i B ARG (I 1 — 3D, it 8 A 4 12
SR A e B R U I e A A — B

WRVA SER W CBERL 5—7 A Eh 3 F T R A
Xof 558 1 o 2 R O DR e 5 b 2 S R S W R L B R
R AT 3S 4 5, TR U I T AR I B O ) B i
Bl BRUIKE T Ca’m T E R A, im kT Mg,
Mg” X RKF K" (F 1—3); & B ARG 7
TEERERGR D, 15D Ca™" & m . RUTKE
T Ca®" Bk K (B 2), KB Ca®' 15 T 28 nh
AR R R R AR AT AN IR F i
£ 35 BT b A R B, T — B R Y —
M BT I S 4 i A B 5 T HEAT L H A R R B 8 m
ZHAH TR AR S E R K mY,
Ca®" IR E BIL KT Mg®' H 3% Z [] LE i 4 A
L 2—5) A HT R W] Ca" 5 Mg By R
FLRMEMOE 10007 ), JEKE LR TR PR
Ca’" \Mg"" $at b 70 2 976 28 o oad A v ke 32 224
s HR ESRME T TREA K ETERIIE T
Ca®" Mg®" Bl AL B A0 A P8 HE A AL

AR R B O R R Z AR B pH A
SR K (B 1—3) , X 5o 52 55 B 58 4 — 20, i
HUER W pH &5 T 3.5 B, £h 3 B Bk F 3% i 1
% o MG B4 ) BH 2 bk 0 i 0 2 B R 5 IR UG, pH
T 3.5 AR W TR 14 AN 23 % 4 HE £k 3L 8 1 ki ok
JE 5 AR KA R H gk A R SR H I 4 D (E
PR, BRUKE T #h 5L 58 s i K/ 5 i 2 A
A, — GO 4 pH 5 R 3 i R0 B K Eh
B IR R R, - R LR B A7 R RN 1Y R T
N5 8 p RN R A AR RRAIG, SRS R A RN, 2
i T 55 i UL A . A AR A R A R, L
B R h S B B £R 0 W 5 J R RN E N 3L A K+
AT A ) DR R A v P b s Y B K pH (EAIR HL
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R o 0] J6 . T IR M v VR R A 3 B 5 I K U O
VN b B P S e B — s 2] B0 A, 9 2 0 1
M5 R pH {EH A 2R B2k 26 R, Ul B 568
BB TR R R — A A R b s R R
WA A KT GEEZ kA —FRIMEER N (1) 5L
HFRAAFET LIERR TSRS TR (DY
W 56 A 8 e AR 3% ThT 1) 6 3k B - & A s O 5 (3)
S5O K ik w g it A R gz v HL
S — 5 TG AT T AR A A HT 5 55— 5 TR
SERER R M S M. AW LIk W pH (E f /)
7.27 . KR 854, MR RTREK pHEGR 3, 3F
HACH 5 + 18 pH AEE A K (K 6), 88K 1 44 K + &
Gz v RE IR . RS R A AR ™ R AR O AT Bl K
MR vhas |] . WY K . Ca®' \Mg®" He il )2
BT X — a5 AR A K T M K g AT K
Ca.Mg & & ) 5. 84%., Ca /i 86. 13% ., Mg i
8.39% ;4w K 4w K.Ca,Mg B H#) 0.02%,Ca
i 99.40% ,Mg i 0. 58 % s MMk th il K™ Sk it 5
K+, Ca’" . Mg™" #k % & & W 3.49%, Ca™"
83.71% . Mg™" 5 12. 80%, kil K™ .Ca’" . Mg*"
Hulgs KT . Ca®™ \Mg*™ LB AT, A A T4 Ky
Ca™" \Mg"" Ll , 17 4 48 5 ] B Ak ) A 2 bk TR
K*.Ca™" \Mg"" Z [ Ll #238 F 4 it K.Ca.M L
i), VEHIAE 6 A H BR Mk T, A1 K AT Bk Ky 22
o2 (8] e

BRI X A K L3 B P A B E
L O S = 4 N L TR N 9 | NI % TR WA N
U B R 5 R I BB T B b R A G m s ., A K
K* . Ca™" \Mg"" BETRRE 1 B0, 76— E Yk vk B /5 &2
LA AR AR T — R E
3.2 tEMBHEMAKRLIBESFIERNEIE

K 4 R R B T R A W R S R
R B T A 1 B A R R B g . R
BN 2 5 58 AR I A R 56 5 1 38, DTG K R
HHEXTRRW BT o 5 Ak A R R TR A A T L
EE T EBEIFR S + 55 2 I — S0 A5 80Em
KR MR LB B A8, 385 3 i 3
TR K o8 AP T8 T XoF k2 32 ) 9 3 5 B2 VA O o A A O
RT3 5 A g AR R L 4 R LB R S R
M2E5AH X,

MR LR T A K + + R 3R GR35+
EBEANGE 4.5, FRL AR (1) R 8 iR
WA — & MR 5 22 v D B 2 R B AR RD A )
BN, AH R 9 2% w4 FH 2 S L DA 2 A - SR AL R AR

()R PR FR AR T b Ay — & 1 [ s A
i A A R I i ST 2 A L e B 1 R ) S e Y
S AR Z 5 LIRSS F 1 B OGO B
2 1 ) ST AN A B R ol 2R R R R ) S e RS
W BT RS, (OB T RAYAEREE
JIr s AN T D B E SR IC R AR K R AU e
HE T R AR T SR (D FERPETL
Ry b T AL T IR B AL S R AL
2 B IH B ATITEE B R i A £ R B
D RRUIET A K DAEPE 55 7 e 3L
b AR By R B TR R AR [R] L (EG A R A AR
IHBA R FH R, AT SR A A% R R W Y I
AR N LA B R T R R
Ui AEHE R ARG T R AL e P 2
WS BH S 5 ) AT 3 At 48 R S B 1 DD s (HO
LR I A Y R B R UL AL B BR A B K
G B b A % R A T e ) 4R B 2 e R R A
PR F00F T - B Y [ A A T L A e e A A A 2
PR R 1Y R T AT S e R T 22 T
FE TR .

BRI . A K L3R5 T R AWK DL Ca®
R d e R O Mg™ ' LB K5 Ca™ " 5 Mg 1
RO E A G, R X AR S B A Bk Ok
W R, A R R A A X R R
K RZ WM/ RS T EEA S HEE R
PUAH — SR B 0 G & MR AR T 05 B i B £
. [FIEHE K 33 B F kO O R SRR IR E 2
PR PESE R 7 pH=3.5.4.5.5.5 = E KM
TAKTHEEBETFEBREZR AR E. MR
K" .Ca®" Mg"" 5L+ iE K. Ca”" Mg"' Lt
BT AR T4 KT Ca®' Mg el S 7E 6
A A BRI T A K AT R R 1 22 vh 2 0] R g
1 E M R AL AR R KT . Ca® (Mg Z[H]
Fe il 30 F4s i KT L Ca®t  Mg®" He i, H: 2% sh L 1
S — 7 THE AL AR R AR HT L 55— 7 TR AR
EEREE MM, AKE K .Ca Mg™ B
JCRE T H R A — 2 B Uk i 2 S R AR b H R
LA T —FREE., MWAFT AKEERES
ARBUAR], Hoh 3L 8 FE AL ki B R [ L (R M LR
XK A B RR AN o A 4 2 T 5 A AN R B
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Response of base cations migration of lime soil to simulated acid rain
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Abstract In order to reveal the characteristics of soil base cations migration and their buffering properties
under the influence of simulated acid rain in lime soil, we have made a simulation test of acid rain leaching on
lime soil of karst areas. Results show that there is no significant difference in the amount of ionic migration
of lime soil under rainfall of pH=3.5, 4.5 and 5. 5, indicative of a strong buffering capacity to acid rain.
During the simulation period, the release of Ca®" is significantly linearly related to the release of Mg®". In
addition, soil thickness has a remarkable influence on the acid resistance of lime soil. The thicker the soil,
the greater the resistance, and vice versa. Then the leaching rate of soil thickness ratio 1 ¢ 2.5 ¢ 5 base ion is
analyzed. Results show that the leaching losses are 1 ¢ 1.43 : 2.06 for K" ,1:1.63 : 3.13 for Ca’", and 1 :
1.64 ¢ 3.15 for Mg*" , respectively. The increase of soil thickness can greatly reduce the leaching of acid rain
to the baseions. While lime soil surface cover has a different expression, in which base cations are different in
migration and leaching, but do not have significant effect on soil acidification.

Key words lime soil, base cations, soil thickness, precipitation acidity
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