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Abstract: [Objective] To perform comparative analysis of acidification characteristics and aluminum
speciation of soil samples collected from mining and non-mining areas in Southern China, and provide a
theoretical basis for the remediation of soil acidification in Southern China. [Method] Soil pH, organic matter
content, exchangeable acid content, clay contents and cation exchange capacity (CEC) of 31 soil samples in
Southern China were measured, and aluminum forms were examined by sequential extraction method. The
correlation analysis and principal component analysis were applied to study the distribution of different
aluminum species in soil of mining and non-mining areas. [Result] The contents of exchangeable hydrogen
(Ex-H) (2.75 cmol-kg™') in mining soil were significantly higher than those in non-mining soil (0.97 cmol-kg™).
The mining soil had significantly lower pH (H,0) (3.44), CEC (6.34 cmol-kg™), clay content (13.05%), weakly
organically bound aluminum (Alg,,) (3.44 mmol-kg™ ') and organically bound aluminum (Alg,) (12.96
mmol-kg™') contents than those in non-mining soil (4.39, 12.70 cmol-kg ', 28.64%, 8.32 and 41.46 mmol-kg ™),
respectively. For both mining and non-mining soil, the correlation analysis showed that exchangeable aluminum
(Alg,) content had significantly negative correlation with pH (H,O) (»=0.577** and —0.671**), and Alg, content
had significantly positive correlation with exchangeable acid quantum (Ex-Q) (#=0.927** and 0.662**), Ex-H
(r=0.976** and 0.555%*) and exchangeable aluminum (Ex-Al) contents (»=0.870** and 0.632**), respectively.
The principal component analysis (PCA) showed that there were significant differences in soil acidification
characteristics between mining and non-mining areas, and there were significant differences in the
comprehensive characteristics of soil with different pH levels (pH<3.50, 3.50<<pH<4.50, 4.50<<pH<5.50 and
pH=5.50). [Conclusion] Compared with non-mining soils, mining soils have stronger acidity and lower
content of organically bound aluminum. Non-mining soils have higher pH (H,0), CEC and clay contents. The
acidification characteristics of mining and non-mining soil are significantly different, and the acidification
characteristics of soil with different pH gradients are also significantly different. Therefore, it is particularly
necessary to improve soil pH and organic matter content in the remediation process of acidified soil of mining

area.
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Table 1 Basic conditions of soil samples

TS biif=1 (S ¥a e it 3% b SRAE IR L FHBAR

Soil number Site Parent rock Soil type Soil texture Site condition Land use
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16 IR OIE ¢ YU ERRAN LR 1 DigAR: et B b7 S:il
17 ] AR ZRE KFEL it TEI(CH 1) TR
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Table 2 Physicochemical properties of soil samples
bt 7R wi% b/(cmol-kg ™)
L 7 T /< TR MSOM!
number (H:0) (KCh Sand Particle Clay Ex-Q Ex-H Ex-Al CEC (gke?)

1 4.50 3.74 14.85 53.52 31.63 2.66 0.61 2.06 3.97 12.59
2 322 3.04 29.18 52.28 18.54 7.63 2.65 4.98 5.59 54.93
3 3.30 3.15 79.02 6.84 14.14 2.51 1.18 1.33 1.76 36.47
4 2.44 2.42 37.85 42.70 19.44 16.88 5.39 11.49 6.32 12.59
5 4.65 4.12 51.98 26.09 21.94 0.47 0.14 0.37 224 42.28
6 3.27 3.14 79.79 7.89 12.32 242 1.30 1.12 8.80 55.80
7 2.80 2.82 42.85 43.74 13.41 14.86 4.42 10.44 18.71 19.72
8 3.11 2.99 41.92 42.45 15.63 7.95 1.81 6.14 9.56 11.71
9 4.80 4.26 49.90 36.97 13.13 2.28 1.16 1.12 7.43 12.18
10 2.90 2.92 39.16 57.20 3.64 12.74 2.86 9.89 5.81 24.96
11 291 2.84 39.31 54.27 6.42 8.23 2.86 5.38 6.62 43.13
12 3.36 3.14 39.19 56.29 4.52 4.85 2.02 2.84 2.78 17.25
13 431 3.66 39.16 55.63 5.21 2.44 1.30 1.13 5.75 34.32
14 2.56 2.44 65.14 32.19 2.67 26.67 10.74 15.93 4.73 54.93
15 2.53 2.62 81.76 11.48 6.76 11.40 2.84 8.56 4.46 25.27
16 3.08 2.89 27.46 41.03 31.51 7.79 1.97 5.82 19.33 19.72
17 4.40 3.87 10.35 34.61 55.04 3.07 0.48 2.59 14.18 36.47
18 4.62 3.51 45.19 28.85 25.96 3.60 0.42 3.18 15.01 22.83
19 4.54 3.66 37.96 27.77 34.27 4.28 0.47 3.81 16.88 34.32
20 4.13 3.28 52.82 23.21 23.97 5.34 0.61 4.74 12.31 43.13
21 4.25 3.37 50.23 22.79 26.98 5.52 0.69 4.75 10.46 46.55
22 4.23 3.57 22.44 48.99 28.57 2.87 0.47 2.40 8.78 12.18
23 4.05 3.46 57.42 23.83 18.75 5.07 1.42 3.65 6.62 24.39
24 5.53 423 48.28 35.08 16.64 1.26 1.01 0.25 5.75 23.48
25 3.73 3.45 31.56 49.20 19.24 2.39 0.61 1.79 8.51 13.03
26 4.22 3.84 22.44 19.33 58.23 1.62 0.47 1.15 14.39 24.96
27 5.03 4.18 5.82 59.96 34.22 1.52 1.33 0.19 30.13 20.56
28 4.09 3.09 27.85 23.23 48.92 17.61 2.06 15.55 7.70 44.41
29 7.50 7.13 69.25 20.57 10.18 8.93 1.07 7.86 14.99 3.73
30 4.29 3.63 1.99 73.85 24.16 2.99 0.20 2.79 17.69 26.87
31 4.39 3.77 37.72 38.86 23.42 7.58 0.25 7.33 8.72 22.65

1) Ex-Q: % R 3 M 8 ; Ex-H: R M 4. Ex-Al: Z3#45; CEC: A & F X #%; SOM: L3 AR

1) Ex-Q: Total exchangeable acid; Ex-H: Exchangeable hydrogen; Ex-Al: Exchangeable aluminum; CEC: Cation exchange

capacity; SOM : Soil organic matter
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2) AN A (Algpy): 7 E—BFRE N
A 0.5mol-L™" #J CuCL¥EK 10 mL, % TR 2 h,
B9, 18 R A R R R N RV, SR
2 U BIIRIUR, FHEA B FKBEERRY, B0, 3
IEW

3) HHLE A B (Algy): [ E—B3RE A 0.1
mol-L™" ff] Na,P,0,(pH 10) & 40 mL, % i& TR
Y 2 h, B0, i UE B R A R R R
L, 3EC2 I, & 3F FIEW, F 1T mol-L™ 1 Na,SOy
TR Ry, B, 315 LG

4) TTETEHE (Alpgm): M E—BEREMA 0.2
mol-L™' (B L8 (pH 3.0) YA 40 mL, BREFEMET
PR 4 h, B0, U8, HEB FKERERY, &
L, BIEWG

5) LG A B (Alpep): ] E—BFR A
0.3 mol-L'Na;C4Hs0-+ 1 mol-L 'NaHCO; Al [& {4
Na,S,0,, 80 C /K%M FHikE 15 min, B0, i
€, H 1 mol-L™" 1) NaCl ¥R, B0 7 HIGW;

6) AEMAERERR H A =K A (Alyg): B B
W R 2R T, A 0.1 mol- L' 1Y
NaOH, & 2.5 min, ¥ & J5 i g,

T) WA E (Alygin) s B 308 40 0 1 & ik 25 1
6 P& Z FE N Y& . IR 24 RH HF-
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HNO;~HCI0,~H, O, V¥ f#"" o f )5 FH I & 55 28
TR R 56184 (ICP-OES, Varian 710-ES)(TA/E %
0 WK 237.312 nm, ZALSE 230 kPa, {28 K
I PR FE S B M : 0~10 mol-L™) ¥l 5 S A B4R
1.3 HEGT

% Microsoft Excel 2003 #F47 545 4% 3%, H
SAS 9.0 BAFHEAT ¢ KIS A CHE A B o I 7E R
H SN ADE-4 B A0 A (] - S A (1) 8 Ak AN 4R
TEA 3 AFFEREAT £ 553 43 # (Principal Component
Analysis, PCA),

2 FERE5SH

2.1 W XFIET XLIEE AR BRI L 54

X AR X 31 A LI FEAS [ 3 A AL FE A
ME 85 WA T3 2, Hxf KR AT ¢ k5, 45
R (3 3) &R, A0 X L3/ pH(H,0) CEC F1Zh
b G B RS T X 3 (P<0.05), HA Ak
B2 FIR B TR KT (P<0.01). 1A X 3%
) Ex-H & 8% 2 m T JE0 X 3% (P<0.05).
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Table 3 #-test of the basic physicochemical properties of soil samples
Rt H H \ bl(emol kg ") SOMyY/
N P P w(EhkiClay) % MSOM)
Soli type (H,0) (KCI) Ex-Q Ex-H Ex-Al CEC (g'kg™h
X (n=14)
- 3.44 3.32 13.05 8.04 2.75 5.30 6.43 30.92
Mining area
" X (n=17)
. 4.39 3.81 28.64 5.46 0.97 4.49 12.70 26.15
Non-mining area
P 0.008 9 0.128 0 0.000 8 0.261 8 0.0314 0.608 9 0.003 6 0.366 8

1) Ex-Q: B RS  Ex-H: 23 £; Ex-Al: 343, CEC: M B F X #%; SOM: 13 A AR
1) Ex-Q: Total exchangeable acid; Ex-H: Exchangeable hydrogen; Ex-Al: Exchangeable aluminum; CEC: Cation exchange

capacity; SOM: Soil organic matter
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W IXFIER X IR TEAS A 0R 4 Fis.
¥ A, U X 13 b(Al,) 7£ 0.00~76.79 mmol kg™,
-1 13.39 mmol-kg ', H =N 76.79 mmol-kg '(+
Ff 14), pH & T 4.50 (5 3 ANFEA (1.5 F1 9 5)Alg,
BB, 2258 1.94,0.15 1 0.00 mmol-kg'-
WX 3 b(Aloy,) N 0.92~11.52 mmol-kg ', H
13 5 RS B E; b(Alg,) N 0.06~54.42 mmol kg,
PN 12.96 mmol-kg s b(Algm,) /T 12.17~
181.09 mmol-kg ™" Z [A]; " [X -3/ b(Alpcg) /T
24.29~90.74 mmol-kg ' Z [A], HKZTE 90.74
mmol-kg ' BLF o X FHEN X 135 b(Alg,) 7E 0.39~
28.32 mmol-kg ', *F#J°~H 10.43 mmol-kg';

b(Algyy) N 2.62~23.55 mmol-kg ', “F¥ N 8.32
mmol-kg'; b(Alg,) A 1.59~155.90 mmol-kg ', “F3
N 41.46 mmol-kg™'s JEH X L3 b(Alxpm,) T
10.30~98.38 mmol-kg ' Z [a], PN 36.43
mmol-kg'; b(Alpcp) 7E 7.34~152.21 mmol-kg ™' JE[H
Mo 601X 131 b(Aly,g) 79 0.60 mol kg, & T-H”
X 13 (0.39 mol-kg ). FT A LR b(Alyy,) & &
BI1E 0.64 mol-kg '(15 5) LAk, fgmy 27 5L 4F
(2.78 mol-kg"). B& 15 5 1#F (0.74 mol-kg™) 4b, Fr
H LR b(Alpgg) £ 1.09 mol-kg ' PLE, Hrbfgm
N 17 5 EFE (4.09 mol-kg ). ¢ K IRLE B E IR, A0
X EIEM Algpy Fl Alg, & EEZ & TH X 1458
(P<0.05, % 4).

x4 X HIRDAEES"

Table 4 Aluminum forms in soil samples

e it +IEgR S b/(mmol-kg ™) b/(mol-kg™)

Soli type Soil number Algy Alory Alo, Alpmo Alpcp Alpgg Alytin Alroga

X 1 1.94 1.89 54.42 29.34 56.22 0.21 1.21 1.56

Mining area 2 8.86 3.24 28.08 39.57 51.73 0.35 1.56 2.04
3 2.27 0.92 10.99 20.82 24.29 0.15 1.12 1.33
4 25.95 2.78 6.61 48.45 77.90 0.14 1.09 1.40
5 0.15 5.77 11.99 12.17 25.07 0.07 0.96 1.09
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%4224 Continued table 4

g TGRS b/(mmol-kg™") b/(mol-kg™)

Soil type Soil number Algy Alppw Alg, Alpmo Alpcp Al gy, Alpgin Alpga
X 6 2.24 1.06 3.46 16.91 28.04 0.19 0.89 1.13
Mining area 7 19.43 3.92 5.65 52.38 46.63 0.46 2.03 2.62

8 9.45 2.60 12.59 31.77 36.94 0.58 2.58 3.26
9 0.00 1.67 5.82 58.05 90.74 0.42 2.70 3.27
10 17.25 3.26 7.31 37.29 64.79 0.82 2.04 2.99
11 10.37 3.16 7.62 35.77 52.58 0.70 2.04 2.85
12 5.25 2.69 23.89 32.84 52.18 0.46 2.60 3.18
13 7.56 11.52 2.97 181.09 38.78 0.50 2.02 2.76
14 76.79 3.61 0.06 48.62 37.50 0.37 1.32 1.86
{4 Mean 13.39 3.44 12.96 46.08 48.81 0.39 1.73 2.24
Hf %7 Median 8.21 2.97 7.46 36.53 49.18 0.39 1.79 2.33
B KAE Max. 76.79 11.52 54.42 181.09 90.74 0.82 2.70 3.27
H/MHE Min. 0.00 0.92 0.06 12.17 24.29 0.07 0.89 1.09
FrifEZE SD 19.82 2.64 14.23 41.09 19.45 0.22 0.64 0.84
JEHTIX 15 28.32 2.74 1.59 28.71 7.34 1.52 0.64 0.74
Non-mining 16 22.07 5.92 7.20 36.30 22.30 0.50 1.92 2.28
area 17 5.14 14.77 115.97 98.38 152.21 0.03 2.19 4.09
18 5.99 9.58 155.90 41.09 112.43 0.27 0.90 226
19 10.93 8.57 19.53 18.71 108.04 0.60 2.33 3.18
20 16.72 9.78 22.66 13.05 51.53 0.45 1.77 291
21 15.58 9.24 20.22 13.32 49.56 0.43 1.27 2.15
22 8.38 3.60 11.64 50.29 82.30 0.29 2.50 3.26
23 5.85 8.18 48.42 48.46 21.28 0.50 2.02 2.65
24 0.46 3.68 28.70 10.30 7.37 1.02 2.46 2.96
25 3.62 2.62 11.72 12.74 32.55 0.77 1.44 1.93
26 3.28 6.38 84.31 20.43 78.35 0.69 1.81 229
27 1.00 432 13.74 40.90 17.29 0.27 2.78 3.36
28 23.60 8.58 27.93 93.88 76.30 0.44 2.73 3.23
29 0.39 23.55 4.93 35.48 42.26 1.05 0.98 1.52
30 17.77 11.85 62.25 21.45 61.17 0.34 1.69 221
31 8.12 8.02 67.13 35.81 93.89 0.99 1.03 2.23
HMH Mean 10.43 8.32 41.46 36.43 59.77 0.60 1.79 2.54
H {7 1 Median 8.12 8.18 22.66 35.48 51.53 0.50 1.81 229
5 KAH Max. 28.32 23.55 155.90 98.38 152.21 1.52 2.78 4.09
5/IMA Min. 0.39 2.62 1.59 10.30 7.34 0.03 0.64 0.74
P2 SD 8.71 5.15 43.26 25.86 41.34 0.37 0.67 0.80
P 0.6094 00023  0.0189 04320 03416 00755 0.7832 0.3041

i

1) Alpy: KBS Alon: BAMLE S S48 Alo;: AL S 5485 Al ymo: LT 485 Alpcp: BACIREE 585485 Al 3F Fh &4
FEBR HhAn ZRAE G s Alyin: 90 5485 Al o 2248

1) Alg,: Exchangeable aluminum; Alg,,: Weakly organically bound aluminum; Alg,: Organically bound aluminum; Al ,,,:
Amorphous aluminum; Alpcg: Iron oxide bound aluminum; Aly,,: Amorphous aluminosilicate and gibbsite; Aly;,: Mineral

aluminum; Al Total aluminum
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TIPS S LR R BRE XS

X LIRSS LI R AR G R EL () W
RKSHiR. EREH, X LEN Al TES
pH(H,0). pH(KCI) 4 7 2 & 3 (1) FUAH 2% % &R
(r=—0.577*F1-0.638%); Alg, & &5 Ex-Q. Ex-H fll
Ex-Al T EHWEEMRKKR (r=0.927%%,
r=0.976**Fl 1=0.870%*), $LAL, Alg, Alp,g &5 H 5T
MEFEREERERZENMHLKR (r=—0.666%*F
r=—0.635%); Alpcg i SOM 7 & 2 i 3 FUAH ¢
KR (r=0.566%), HFE S IEATLLEH, 5§ X 11
AL, B X EHEN Alg, & &5 pH(H,0) fl

2.3

pH(KCI) 73 7l 2 % 2 M AH KK R (r=-0.671* Al
r=0.624*%), 5 Ex-Q. Ex-H Al Ex-Al & &> 5 & 1F
KR (7=0.662%%, r=0.555%*Fl y=0.632%*), 5
X AR, E X LER Aly,, 0825
pH(H,0) fl pH(KCI) 47 7 2 & 3 IE M R K &R
(r=0.668*F1 r=0.717**), Al,,, F1 Alpcp &5 & 5ZhkL
TREREFELEMILKLR (r=0.516%F1 r=0.603%).,
Alpcg Fl Aly,, &85 Ex-H & & 5 535 U ¢
2 (r==0.579*f1 r=-0.601%). $4r, Aly;, M
Alpo BB SRS 2 2R ERIEHKXKR
(r=0.523*F1 r=0.637**).

®5 HEEHSSTEMRZBNEXERK ("

Table 5 Correlation coefficients (r) between aluminum forms and soil properties

- HeE B pH pH  Zik
Soil type Al form H,0) (KC) Clay QB ExAlCEC SOM
BIX SR Alg, ~0.577% —0.638* —0.400  0.927** 0.976** 0.870%* 0.076  0.270
(n=14)  GEHHLLEA B Alony 0272 0209 0255 -0.058 -0.027 -0.074 —0.007  0.123
MIning 745 4 5 2548 Al 0344 0270  0.666%* —0341 —0371 —0.341 0295 —0.264
e TR Alamo 0218  0.142 -0340 -0.015 0035 —0.043  0.106 —0.059
AMERE A Alpes 0.045 0051 0039 0162 0081 0201  0.116 -0.566*
BB SREIR AN =K Alye —0.273  -0.237  —0.635%  0.229 0.111 0.288 0.286 —0.159
WA Al 0071  0.116 -0433 -0.047 -0.108 —0.011 0287 —0.507
B Al -0.013  0.024 -0515 0044 —0.033 0086 0300 -0.445
X A Alg, —0.671%*% —0.624** —0.062  0.662** 0.555%  0.632** —0212 0477
(=17) gL A Alon, 0.668** 0.717** 0.014  0.179 -0238 0246  0.184 —0.028
Non- gk £ AR Al 0.030  —0.065 0412 0276 0474 0216  0.070  0.141
Z:mg TR Alam -0.025 -0.034  0516* 0421 0212 0429 -0.002  0.174
ARG B A Alpes 0070  —0.004  0.603* -0.075 -0.579*  0.030  0.080  0.278
JEm AR A =K ALy, 0.172 0.055 0269 —0.303 —0.601* —0.220 0.088  0.311
W5 Alyin 0051 —0.107  0.523* 0.153 -0.008 —0.170 0269  0.205
AR Al 0.125  —0.071  0.637** 0269 —0.335 —0235 0275 0352

1) Ex-Q: & R #M482 ; Ex-H: 3 8 Bx-Al: 3 #445; CEC: [8 5 T 308 ; SOM: 23R A AR, % Fo <% £ 7 4£0.05F0

0.01/K-F £ 2 FAa%

1) Ex-Q: Total exchangeable acid; Ex-H: Exchangeable hydrogen; Ex-Al: Exchangeable aluminum; CEC: Cation exchange

capacity; SOM: Soil organic matter; “*” and “**” indicate significant correlation at 0.05 and 0.01 levels, respectively

24 IEERSSIIEREFNES SR

B IX AR X - 58 T8 A5 0 & TR fh 3 b S B
g EIE RS TR (B 1) Bom: 238 1 ERs
(PC1) Rl 77 Z T BRE N 43.3%, 5 2 F
(PC2) R ZTTBAF N 22.1%, 25 1.2 T &
7 ZE TR R IE B 65.4%, AT LLR WA [F] 1 3945 1
DR WIRFR IR E B, B2 1.2 Esr
() £5E R, AN [R) 4b BERE G102 (8] 40 A 22 S iR 0 3
(P<0.01). PC1 1 PC2 )= [ 4 fur B (] 1a) A

PC1 F % 5+ 3 pH(KCIl). pH(H,0) P\ )% Ex-Al.
Ex-H. Ex-Q 1 Alg, & BRI SR VIR,
Z PC1 FRAGE R S E sz ma, 1 X AR X L1
RS B0 A 2 A (P<0.01), JERTIX L3RR
&3 5+ 3% pH(H,0) M pH(KCI) T+ & 75 [H W%,
A X 43 0 & 2 f 7] Ex-AlL Ex-H. Ex-Q Al
Alg, FEF T (B 1b). R\ EGIERX 1458
FHEE, A7 X g e PR g, B B B R R RHAE
PC2 E 5 LR, Al Alon Alpcg Fl Aly,, 5
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pH (H;0) X (PC1): 433 %
pH (KCI

Ex-H

Clay. Ex-Q

Alg,
Aly, Al Ex-Al
Alpeg
Al

Aag

Y (PC2): 22.1 %
A: R B

A: Load diagram of principal component

X 13 Mining soil

X (PC1):433 %

\fkf\\\\‘

JEH™ X - 1% Non-mining soil

Y (PC2):22.1%
B: £ A4

B: Scoring diagram of principal component

P=0.000 4

Ex-H: 2 PE A Ex-Al: 38145 ; Ex-Q: S8 IER; Clay: ki
Ex-H: Exchangeable hydrogen; Ex-Al: Exchangeable aluminum; Ex-Q: Total exchangeable acid; Clay: Clay content
1 FHREES, BRUEFNHRSENERS S

Fig.1 PCA of aluminum forms, acidification indexes and clay contents in soils

HESHEYIM L (K 1a), % PC2 ZH I, JE
B IX 48 0 2 ) BIEERL Alg s Alop Alpeg F
Al g, B ETHFEITT FRF (B 16), BH 55X+
BARLE, JE0 X B A T S 1 IR KL Alops Aloe
Alpcp Fl Aly,, .
2.5 11 pH 5HIEHEES. BRUIERMFNN

FERRS T

XA A 1 pH #E 47 8 FE R 4 (pH<3.50.
3.50<pH<4.50. 4.50<pH<5.50 fl pH=5.50), Fj %%
A LIRS BRALIR IR BRI AR bR AR BT
BT, 550 (I 2a) B PCL Bt 7 Z kR
N 43.2%, PC2 R il TJ7 ZoTRE N 23.2%, # 1.2 F
B Bt 7 2 TR R IE B 66.4%, AT LA LA £
SRR S S, 25 1.2 ERDNEGRE#

AlDCB

Ay, Al
Ex-Al

Ex-Q
Al N
Ex-H = ™=

Clay

X (PC1): 432 %

Y (PC2): 232 %

A R

A: Load diagram of principal component

Wi, AN pH Yo FE K 20 0 S 8] o A 2 R
(P<0.01). & 2a £HH: PC1 FE 5 Ex-Al. Ex-H. Ex-
Q 1 Alg, BRALVER ZHUEVIAH G, 52 PC1 H ALY
2 B2, ANR] pH ¥ BRI 2 B 50 TR) 40 A 22
R 3, pH<3.50 ZLFF 5 2 35 7] Ex-AlL Ex-H,
Ex-Q Ml Alg, & &3 K77 W%, LY pH<
3.50 A3 A RRIBR ERAE. PC2 FHE £
B Algpes Alpcgs Alg, MR & 2% UM 5%, 52
PC2 #ALYE T ZE0 (1) 5200, 3.50<pH<4.50, 4.50<
pH<5.50 Al pH=5.50 24 55 B Hm Alg, -
Alpeps Alo, FIRRLE 838 2 177 AW (& 2b), &
B 3.50<pH<4.50 FLif LS HFEHZ M Al
Alpcp MBS & .

3.50<<pH<4.50

pH<3.50 .\
T

X(PC1): 43.2 % &%ﬂ%
® Of
Ne

4.50<pH<5.50

Y (PC2): 23.2 %

B: L0 E

B: Scoring diagram of principal component

P=0.0018

Ex-H: 28 #t4 50 Ex-Al: S0 #dtk 4 Ex-Q: SCH ki B BE: Clay: #ibi
Ex-H: Exchangeable hydrogen; Ex-Al: Exchangeable aluminum; Ex-Q: Total exchangeable acid; Clay: Clay content
2 BIREES. BRUBGAFRSER pHSEEMERS S

Fig.2 PCA of aluminum forms, acidification indexes, clay contents and pH ranges in soil
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TR AR R LR AR B R E R
PRV, ph R AT 51 RS PR ) R H &5 52 BT R
Ho b RFEN IR —, A 5
TP E 2o ER, HFRE N 823 gkg . HHE
TIERE (AR BE RENERFIEN 66.2+
16.26 mg-kg ', AWt T34 & 73 50 29.37~
110.55 g'kg'(1.09~4.09 mol-kg™), i T HIE44 &
5 RS RN, XA B AHIE 7T 4
AR 2 Rk, 4 pH Bk T RS ek
PR )&, T A2 # PEBR I R 4 A S 4t 40, BRI s
Bertin 5 3 pH B UIM G, LRI E F 2 e E
AT R AR A B, T RS B AR AR AR KRR
205 IER) pH . AR TGS R EIR, 7T X FEE
"X L3 pH(H,0) 5 Alg, & &8 B 7K
(r=—0.577**F1-0.671**) & R, X 5§ NI L4551
— Y, LR R R AE R L pH % V) AH
5 — NN pH<S5.5 I, A VSRR, 2135
FRACZ pH 4.3 B, 4 2 S EUE BN K ERH .
AW A5 A 29 120 AN FE pH 43 5I4E 5.5 F1
4.3 DUF, B4 R B AP R T I . —
REEOLR, B3R Ex-H & &2/ T Ex-Al & &
2135 pH<4.8 I}, — AN 1% Ex-Al 5 Ex-Q
97% LA M, B Ex-H G 1R/N—#84r, (H52Fx |, Ex-H
TR -, AT 40%" . AR T
] 6. 9. 13,24 127 5 +F£ 11 Ex-H & &85 5T
Ex-Al 7 &, X 517 N FEE RA— 8. 2 M5
WAR DA BRI X R A3 LK) Ex-H & &
(0.55 F1 0.64 mmol-kg™") &= T X B ) Ex-Al &% &
(0.20 1 0.18 mmol-kg ") LA F3XFp “ /7 MR
AR ZMIER, X 5 WA 1022 Rk s =)
A3 pH B B, ARSI 6494 13(H7[X
+38) F1 24, 270K FE L) 5 EFEEEINZ NN T (it
GOSN VIR L 0 S R 5 L L T

TR A AR S AR R R S
TEAXRIN, EEHIEEEEVMRERZ . — A
NS AN A SRR DB RO ER
sy, 5 IR RIER R BT, AR
+ 3K Alg, S ERTE 0.00~76.79 mmol-kg ', 1 &5 4
FRE 0.00%~4.12%. BEIRTIE Alg, HEHEN
BB LB /N, A8 35 A W 1 B i, Rk
HAEAE RN SR Z M E . 0.5 mol-L!
CuCLE M NI BN A RS, FAF B
PEERM o AREFFE R IX L3 Alg,, P& (3.44
mmol-kg "VEFIEH X 1% (8.32 mmol-kg ',
P<0.01), BEHI B AT AR 3, 07 X LI AR

PERAR, XAl e S5 X 23] T2 AN T
o (i AR B RATA KSE) K. 0.5 mol-L™!
Na,P,04(pH 8.5) #RIAHLLE G&E, & —FhdEfR
BEP . —JH, Alg, BT RREEILAS T 58 1) & 04
em AT G AR 0 A, SO AR B 1 TR A LA
X EY A BRSO RS BRI
B, T FRAR A B 53— 7 T, Alg, 3G N
REdE M ERTE TR RS BN P, 7RSS PR A b AT AR
RN . AR R IR X R Alg, 1
VY& & (41.46 mmol- kg ) EFEE TH X 1%
(12.96 mmol-kg ', P<0.05), BT jEA KU, JF
WX IR R M B . SRR SRR B T 58
TN R TG A, AR X L3R
HRZM Alpme. EIEN X 13Ed, L BE S5
K& BB FH AR (7=0.516%). Alpcg TEERS
ARG A TR ART . AW R ORI X L3 1)
Alpeg HAPUR S & 5 E AKX (=-0.566%), 7] fE
& RUORE B AL Bk R B TR 4. Ak, R
IR RIAE X+ 8 Alpeg 5 3R Ex-H & &
BB R (=-0.579%), [HAL 5% B &2 11
Alpep 78501 2 IR 253 IEA G, BRI
WA BB . 10 SRS FI 2R T 3 Al AR 2 R
KI5 A8 5% B AU 9T 25 SR — B AR U IX +
B Alyg, B ES LR S E.Ex-H SEHEER
FHM KR (=0.635%, =0.605%), 1M AR 5% Fi 51
WA R Al g, & 55 IR RRLAN W] i E R P
Y2 BEIEMG HYEE Mt — bR, L
Kb SR 2 ENEMENE:, 58T A1E
FH s T 980/ 45 (1) 35 A 438 R AR AN IR AR R T,
AW AET X IR AR S LIRS &
R ZEIEME (7=0.523%), ARSI R I 405
MEEZEUT ISR AE, FHAEEET
62.04%, HAE A BE A4 Y 58.93%~80.12%,
R 72.11% 0 ARWFFHHTIX L3RR Aly, &2
)5 A ER Y 71.07%~88.50%, LU A5ITE FEl AR 4k A K
MAEH X 13 Aly, WM& ELBITE 39.56%~
86.68%, LLAIVE A ER, Hf 17 f1 18 5 X
RA KB MRS 2038, Aly,, & & 69 5h
53.35% A1 39.56%, T34 46.45%, X 5 AR5 Fi %)
WF T4 B — L (Al VBN 33.98%~55.72%, T4
47.39%). Bk AERRERR I Y, SRR
AR RIAET X LM SRS EMFN S &2
W 25 B IEAH R 96 2R (7=0.637%%), 1X 5 T 4l 4l 2527
W5 R —
BRE LR S B S AR R DL R
NKIEsh A K, &Y LB T IR, &8
BRALY) B 52 T 25 S AT = A KR R 1 R K



30 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

540 5

SEH X & REFY T E R, H pH H IR
3.0 LR, FRFHEREE Al FREHE Y. AR K
W HER X LA, B X R MR, R R
IR PERFAE . —RUE LT, BT LRI AR A R
AR ZRHE, Bl BRI S EAEEIE, JL
FAAEAEBAFA N o ARAH T B0 X L33
RN S RS TR X R, X 5T X
BENEPEIRNARINA K. L pH 5
BB R 50 25 [l - e b i PR B B ) E R P
ARFFEH, WX 3 pH % i A, TED™ X e
AAHE SN LIRS &, S5 AN E8HE. A
GEE B CEC, LA 2 IR I T AN A 4R
fiE o HeAh, d8 0 AN [F] 35 pH R 3E AT 6 B R 43
Ja KB, pH<3.50.3.50<pH<4.50.4.50<
pH<5.50 I pH=5.50 4¥F 5L B A A (1) 53 A0 FFAE,
Hr 3.50<pH<4.50 HA BTG H L &8
A PSS RARRL S B A5, P A X Mg R R
ARE R AR pH FLEL AP AIOH? H
Al(OH); /KGR ITE AAFRAE, XEKE A& 1 1
fie it 5 sh YA, A& S 3 pH M L5
ﬁ%[u}o

AHFFRAFH AT E58: 1) B X AR X 31
PR IR IE B A B2 2 57, 50 X BEME, 35X
T3 H A m A LA S48 pH(H,0). CEC FI%
br B & 2) 0 X AEHER X L3S AR bR A AH G 1 B
AN 3) ASIF] pH A R ) 38 0 B A R AiE A T 5
PEZE o DR, A7 X s R o RS 5 N B A0+
% pH AL & 2T .
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