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Characternstlcs of Typical Soil Ac1d1ﬁpatlon and Effects of Hea*vy Metal Spec1at10n and
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LING Yun! LIUHan-yll 2 ZHANG Xiao'ting' 2, WEN Shi-qiasg’ > ¥ AR B, @
(1. . College of Resources and Environment, Southwest Umverb]tt , Chou%qlng 400715, China; 2. Chongqing Key Laboratory bf Aggicultural Resources and Envirbiment,
Chongg;ng 400715} China)™ 4

Abstract ; U%mg alspial insteadliof temporal approach soil. samples-were -eoHPctedfﬁom the main types and different stages of a(‘ldlfl(‘dll()n in Southwest China, and the
characteristics|of soil physicachemical properties, acid- buffermg propertiessand heavy metal fugacity patterns were analyzed, combined with biological experiments in small
cabbage ot to explore the coupling relationship between soil acidification and changes in heavy metal morphological activity. The results showed that the exchangeable salt-
based ions of the soil decreased with increasing acidification in purple and yellow soils, caused by the loss of exchangeable Ca®* . The acid-buffering capacity of purple and
yellow soils was higher at pH >7. 50 and pH <4. 50. The acid-buffering capacity of yellow soils was strongly correlated with the content of soil exchangeable salt-based ions,
and the increase in acid-buffering capacity was related to the rate of depletion of soil salt-based ions with the increase in acid addition. The distribution of Cd and Pb in the soil
was closely related to the soil type and degree of acidification; in the purple and yellow soils, Cd and Pb were mainly in the exchangeable and residue states, and the
proportions of the exchangeable state and residue state increased and decreased, respectively, with increasing acidification; in the red soils, the residue state and Fe-Mn bound
state were predominant; the Fe-Mn hound state of Cd was 2. 15 and 1. 73 times higher than that of the purple and yellow soils, respectively, and the Fe-Mn bound state of Pb
was 4. 30 and 3.91 times higher than that of purple and yellow soils, which was related to the higher iron content in red soils. Pot experiments showed that soil acidification
inhibited the growth of Chinese cabbage to a certain extent, and the biomass of Chinese cabbage in the heavily acidified yellow soil (pH <5.70) was significantly lower than
that in the non-acidified yellow soil.

Key words: characteristics of soil acidification; soil types; cadmium(Cd) ; lead(Pb) ; soil-crop system
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Table 1  Acidizing characteristics of selected soils
F 1 4T 458
A g0t HHE AR
Cl 2 3 c4 () Gl G2 G3 G4 G5 Y1 Y2 Y3
pH 390 512 6.05 7.80 837 499 570 6.5 6.60 7.93 7.71 7.90  8.00
ZE AR/ cmol kg ™! 3.30 2.40 2.10 — —  7.80 1.20 1.20 — — — — —
Ltk AP+ /emol kg ™! 200 1.80 0.90 — —  6.87 1.08 0.15 — — — — —
AP R/ % 61.00 75.00 42.90 — — 88.00 90.00 12.50 — — — — —
Pt K * /emol -kg ™! 0.38 0.36 0.46 0.79 0.580 0.38 1.26 0.70 0.37 0.53 0.8 0.73 0.23
22tk Na* /emol -kg ™! 0.020 0.020 0.014 0.019 0.011 0.025 0.014 0.021 0.029 0.019 0.030 0.023 0.033
AP Ca?* /cmol kg ™! 12.25 11.42 15.33 23.32 32.25 1.61 10.37 15.66 11.31 27.35 8.84 42.37 17.71
Bt Mg?* /emol -kg ™! 3.00 3.02 4.8 219 200 0.75 2.5 2.56 5.45 2.33 3.06 1.24 3.88
LR T F A/ emol - kg ™! 15.65 14.82 20.69 26.32 34.84 2.77 14.20 18.94 17.16 30.80 12.81 44.36 21.85
CEC/cmol -kg ™! 18.95 17.22 22.79 26.32 34.84 10.57 15.4 20.14 17.16 30.8 12.81 44.36 21.85
IR % 82.59 86.06 90.78 100 100 26.21 92.21 94.04 100 100 100 100 100
o(AHE) /g-keg ™! 42.92 45.58 24.93 18.48 22.57 29.48 38.88 41.61 36.07 39.66 26.49 4.49  7.70
o( IR /% 370 3.00 2.20 2.00 3.00 7.30 820 570 4.80 10.90 50.00 6.00 18.00
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Fig. 2 Correlation between soil pH and soil base ions in purple soil and yellow soil
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HMERR AR , R LR M RE A T 25 5 BRI
FEANEFR IR AR R A, 358 pH R [0 B AT
M i i 26T B R B2 SR R, 526 1 5 50 pH
{HALF5.00 ~7.50 S B P Y 38 RE 5 pH (E T F%
MR BERR , R R AL Y 55 6, 1 (C5, pH =8.37) S5 B4
(G5,pH =7.93) LA e il s IR M %5 (5, + (C1, pH =
3.90) pH T MR B /0N, i 32 5 OR[A R AL B B -
RS AR A C. Y LR pH 2 8.50 ~
6. 20 B, -3 rh Ay 22 np AV H LR T CaCo, Wi
I C5(pH =8.37) 5 C4(pH =7. 82) #R)& T4 WL

MR 3 (H pH TR ARZEBOR, FEE R
ARER C4 T3 CaCO, B B EMT €5 3™,
HRYE BN FELE X 1 HE 2% vk 4 (10400 9% RO 24 2% v
RIS, +3 pH <4. 20 B H3E0E ARBZE A £ |
BERs P TANE R R A EZ R BN YL, 2%
MRES I KAB B) 1% FAcHg, 13 pH TR EUE
1%, T LAFE 458 pH (B R s A IR (pH > 6. 20 8% pH
<4.50) 550+ 5 E XA MER 9 2% e 13, pH
B i N, BHRAY 3 Fh = Fg 20 R AL TR 1k
BB (#1h pH 376 7. 70 DL ) (HEE R 38. 40
mmol -kg "' FIAMNERR S5, Y1 3 pH FRET 1.77, 110
Y2 F1 Y3 (pH =7.99) +-4 pH {5351 T B 0. 41 F0
0.39, M3+ RERMERT, PTRUEZ B Y1 3 > 0. 05
HIRPRE 5 I8 21 50. 00%, J& TRb i 3, S8 Y1 +
AR BRL & i, LR L s PR BERR AR B2
53 FNHNR R IR .
2.2.2 HIEFRG A
WAL 3 R AN ) R A A B 1) - MR 2% wp i r
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Fig. 3 Acid buffer curves of three types of soil

FARTE], 280+ 375 9. 60 mmol -kg ™ B2 U8 I& R A1
#ALL 9. 60 mmol - kg ™' BRN JIN-H J (A 2% it 26 e B 1
ANl X} 3 PN 13 > 4R E vl il 2 LR AH
UL AT SR LA T AR BAS R 2 AAS T
PR B 143 pHE SN A H™ & Z Al 4005 7 72 S i
SR A R (R 2). B 2 AL FEER IR N & 9. 60
mmol - kg ™' I 5 1 3ERR AL A 5 1 R 2% A HE AT
ERKES. FERRIINE N0 ~9. 60 mmol-kg_1 A,
PR AL TR AN ) 110 55 €0 - G R DL RAR SRk 1Y) 2 53 4
W& .pH N 8.37 i C5 3R 2% wh %5 B N 20. 66

mmol kg ™', pH &1 7.80 Y C4 + 3R L% vh 25 5>
13. 14 mmol-kg ™", 44k Ulrich™ %t + 32 sk R 1
R4, I LML T RRERES S W iR 2 | B B R
SRR ), — 5 90 P B2 R A S pHL 75 L
AR pH AE 5.00 ~6.20 Z 7] it 55 B2 Ak + 3% | 135
FRAL 1 P2 S B RERR R 28 v > %) AN R
C2 Fll C3 HIRRZE wh 7540 6. 18 mmol - kg ™' il 12. 44
mmol kg ™' {HJE C2 A A HtE £R L B (14, 82
cmol - kg ™) KT €3(20. 69 cmol-kg ™) , e HHIX A
B AT B (5 B 2 v A R B 185 - % ek A
Ko 5 b RS M R B A O, SRR Cl
(pH = 3.90) - e iy ¥R 2% wh 75 &k 2 28.41
mmol -kg ™", T HEVE AR ZZ vhIL I, + R Ak R K
1%, BB w1143,

A 5 A REAE IR RRUTKE I, DL 2 6
TN ZERRIS I GE 9. 60 molek ' B, R
IRt pH {1l B AR ) I R UBE M 45 55 2 1
Fidke 2, LR A B S et MR 2
P BRI TE AR | DSt
IS, AR ZEORE T35 5 pH £ 4.99 19 CT LB e
PEELIERS F A 10,57 gmolhe ™", 4 R RA , R 20
1B (MR M40k =8, 31 mmol -k ' ) % #E
St R b 715 W ol — R
ST, 50193 0 S 4 T S5 28 o i B S

o HER LR oA 5 KA H v b 3 A R A T AR

5%, SIS ED BT 45 R —E

oK A W R vk BE B (9.60 ~ 38.40
mmol - kg ™" ) , T IFEXF R A 2% vh e 1 B4 — 2 B Y
JnsE. pH 24 3. 90 YRR fL 55 {0 + C1 PRZE th 7 it 4
KT 182 %, 13tk A GRG% vhiR 45635 FEL 4. pH
1 4.50 ~7.50 JLEIN A €2 A1 C3 HAREM B KT
4.77 F12.43 1% W% C2 +HEmgE vhith £, How ik
pH {H K A2 #5735, PR bl B S 22 vhitE A
BB AR G s R R R BUR 22 vh A = 2RI
K. pH 2}y 7.80 1 C4 +-HF£F1 pH 2 8.37 1 C5 T4+
PTRT 2. 47 53061 %, i RX WG R AR
25505 135 NBRIR 5 2 A 3R i3F A\ 5S4k B 2 22
MAZRA I, C5 TR e H P PR 2 & =T, X
i T 8 % 0 B 5 ) R 2% W

B AE R TN A N 9. 60 mmol - kg ™' 1 Jinn |
38. 40 mmol - kg "' B, BEAR - FE (R 2% vh 25 LA BT
Hahn. pH 7E 4. 50 ~7.50 i [l N B LA G, G2,
G3 1 G4 MR 2 vh s =4 I3 n 1 4.87 ., 3.25,
2.14 F11. 91 £%. 35X 4 Fh H3ERR G4 HMF AL T RERRE:
ZZ BB AMIR RR N I e G e TR B B 2%
BT, YRR P B RS A R A R
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R 2% W e J7 i, - 00 1h pH {H 5 52 M IR 2 1
BRI B PRE A — 22 vl R Z ph A R G KA
HOBR. G5(pH =7.93) 4b TaIRES 22 vh i), 5 % (0
+ C4(pH =7.80) L, Bt iR 2% h 25 S AR K, #2
I C5(pH =8.37) 14, Ul A pH 2544 N 1Y B iR
PR K TR AL, R RE R %0 9 5 Wk
W A, VAT V8 AR A XU B 0 Rl BH 2 7
LIHEILG pH B4, (HR S vh R B A 22 30K
Y2 ARSI 9. 60 mmol -kg ™' FRZE Wh A B

61.73 mmol kg ™", AT RE 5% HAEAC o PEh H 2 1
HATEA 3K 44,36 cmol kg ™' & 13 SRR
PP iR R R B e I T FEL 21 Y3 R
L+ (C5,pH =8.37) FIEHE (G5 ,pH =7.93)
L, AR ER L B i B, (R FR 2% w25 Fe AR AR X
e, AT RE S RS A YL B
ARG 15 i, T ASOR 5% B B T e, i A\ oL
T RSN T RE AN BB SN 56 4, FH I T B AR
PR AR 2% vh s 1.

R2 TBEAHZNATERENEEY
Table 2 Soil buffer curve fitting equation and buffer capacity
PN 0o A 05 ik s B
ek g ?U\njiﬁzy—ax+bb R2 %Zf;?ll(ﬁ-g%
cl A -0.0352 3.900 8 0.985 7 28.41
B -0.0193 3.7900 0.9751 51.81
2 A -0.1618 5.798 8 0.856 8 6. 18.—
B -0.0339 4.7750 - 0.9826 29750
£t 3 A -0.0804 5.1715 ' 0.9749 ' ;:zf?ii /
B -0.033 1 4.7250 4 0.998 8 130021
c4 A 7 -0.07611 7.8227! 1019928 Az
B -0.0308 7.360 0" 0.994 4 &gl
cs “a ~0.048 4 83319, 1 09674 20. 66" 4
"B . ~=0.0134 80000 L, 0.9643 74. 633
— A A /T 701203 47477 = 0.8935 s.317
: .y S/, / 00247 3.9300 } 07996 1 ~40.49 7
=/ o i 7V b osso 5.858 {£0.9038 .63 T
7o | B/ 20.0265 5. 069‘(,; “10.986 5 s 4
< K G3 Al -0.0619 6.4458 | 0.904 9 16.16 4
e |/ B/ -0/0289 6.1150 0.9896 34.60
| v 64 A A =009206 6.6138 0.978 5 15.97
e oy B 20,0327 6.3200 0.9912 30. 58
G5 A -0.0363 7.9385 0.9740 27.55
B -0.0137 7.7300 0.994 4 72.99
Y1 A ~0.0576 7.668 8 0.9817 17.36
B -0.0429 7.6250 0.9771 23.31
Y2 A ~0.0162 7.8396 0.887 4 61.73
71 3% B -0.0077 7.7500 0.9730 129. 87
Y3 A ~0.0304 8.0015 0.9570 32.89
B -0.003 6 7.740 0 0.979 6 277.78

1) A SRR A 0 ~9. 60 mmol -kg ™! LG4, B BRI A 9. 60 ~38. 40 mmol -kg =" A& $dE

2.3 +tHEESE(CA, Pb) MR AIEE DR
3 MHFIE IXOR[A] 2 18 13 > H3ERE L Y
H4 R S S5 R e RIE IR B AR T
4y e KU A P A v (1047 ) ) (GB 15618-2018)
rhA FH b - B g XU T 38 (8 5 S P AR o, 55 8
+ w( B Cd)TE1.40 ~2.25 mg-kg™', w( A Pb)7E
50.99 ~122.09 mg-kg ™', KO LK NRICRER L

BEREShh Cd f i XU T 2, H 34 R ok
FH M A 3875 Je XU 458, b E )8 Pb B
AR A T Ml A 3575 Gl XU B R 1 B o (B
Cd)TE2.19 ~4.84 mg-kg™", w( & Pb)7E 38.53 ~
79.04 mg-kg ™', ¥ L AE Cd FiEHEE LY
A, Pb & AR TR F M - 85 YL i vE A, 21
w( B Cd) 1E 4.76 ~53.40 mg-kg™' , w( & Pb) 7E

R3 TRLXBIFEESELE

Table 3 Total amount of heavy metals in different types of soil

TR Cl1 2 3 C4 c5 G2 G3 G4 G5 Y1 Y2 Y3
pH 1 390 5.12  6.05 7.20  8.37 5.71 6.56 6.60 7.93  7.71 7.87 7.99
(Cd)/mg-kg ! 1. 50 1. 40 1.76  2.25 1.72 3.41 4.84 2,39  3.79 476  53.40  46.17

o(Pb)/mg-kg™!  66.00 69.44 66.28 122.09 50.99 50.42

60.77 57.86 79.04 38.53 407.99 4074.39 3477.94
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Fig. 5 Distribution of heavy metals in yellow soil
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Table 4 Growth of cabbage in different types of soils

R /NE SR L AR/ g - pot !
Cl 33.97 £4.29a
2 39.64 £2.36a
a3 35.97 +1.56a
c4 38.45x1.51a
s 39.11+3.88a
Gl 33.01 +2.09b
G2 33.07 £3.52b
G3 38.81 £0.55a
G4 36.77 £0. 30ab
(& 38.61 0. 86a
Y1 3.46 £0.92c¢
Y2 36.24 +0.81b
Y3 39.14 £1.79a

1) B8 R -0 = iR 22 5 [R50 ECEAH ) 510 36 ) b - 28 b 2
BT EER, AFFERRARGBEE 25 B (P <0.05, n=
3).
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Fig. 7 Accumulation of Cd and Pb in cabbage
in three types of soils
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Table 5 Growth and accumulation of cabbage in different types of soils

e Cd BAEAREL Ph W SRR H
Cl 0. 68 0. 04a 0.09 £0. 00a
C2 0.56 +0.01a 0.07 0. 00b
Cc3 0.32 +0.02b 0.06 +0.01b
C4 0.18 £0. 08¢ 0.05 £0. 00c
(03] 0.21 0. 09bc 0.10 £0.01a
Gl 1.58 £0.07a 0.13 £0.01a
G2 0.77 0. 16b 0.08 +0.01b
G3 0.18 £0.33¢ 0.07 0. 00b
G4 0.11 £0.0lc 0.07 £0.01b
G5 0.07 £0.01¢ 0.13 £0. 02a
Y1 0.13 £0. 08a 0.01 +0. 00b
Y2 0.03 +0.0lab 0.03 £0. 00a
Y3 0.05 0. 0lab 0.00 +0. 00c

1) Bl g VI ME = ARifEiR 22 ;[R5 Bl A IR 5 2 R b - S b B
) 5 5 35 2 7 , S [ R e R AN [m) Ak B ) 22 7 235 (P < 0,05, n =

3)
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Fig. 8

Relationship between Chinese cabbage growth and heavy metal accumulation and soil pH, Pb content and form in different types of soil
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