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Catabatic effect from artificial mixed plantation of Cunninghamia lanceolata on

soil aluminum toxicity

LEI Bo', LIU Bin', LUO Chengde" ", ZHANG Jian', XUE Yuanjie*, LIU Li'

1 Foresiry Faculty of Sichuan Agriculture University, Ya'an 625014, China

2 Safety and Environmental Protection and Technical Supervision Institute, Southwest Oil and Gas Field Company of China Petroleum, Chengdu
610041, China

Abstract; Based on the division of stand types and the establishment of aboveground part species indicator system through
factor analysis, the existing artificial mixed plantations of Cunninghamia lanceolata in Sichuan basin were treated as study
objects. Through the method of principal component analysis, the comprehensive evaluation function of soil aluminum
toxicity was established. Then applying the canonical correlation analysis, the correlation between the two variables of tree
species and soil aluminum toxicity was researched. The results showed that the artificial mixed plantations of Cunninghamia
lanceolata could be divided into six stand types, in which the ones composed by Cunninghamia lanceolata only, by
Cunninghamia lanceolata and Cryptomeria fortune and by Cunninghamia lanceolata and Camellia sinensis still suffered from
soil aluminum toxicity, the growing of Cunninghamia lanceolata was worse. While the ones composed mainly by
Cunninghamia lanceolata and Schima superb mixed with some deciduous species such as Quercus ( Castanea) , Paulownia
tomentosa , Alnus cremastogyne and Sassafras tzumu had not suffered from soil aluminum toxicity or the soil aluminum
toxicity in these stands had been reduced in different degrees because of the increasing of soil pH and Ca contents as well as
the decreasing of soil Al contents, the growing of Cunninghamia lanceolata became better. Moreover, these tree species
such as Schima superba, Phyllostachys heterocycla, Alnus cremastogyne, Sassafras tzumu, Machilus grijsii, Cinnamomum

camphora , Cercidiphyllum japonicum and Cyclobalanopsis glauca had great effect on the remission of aluminum toxicity.
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While Camellia sinensis and Cryptomeria fortune should not be planted together with artificial plantation of Cunninghamia

lanceolata from the perspective of alleviating aluminum toxicity.

Key Words: Cunninghamia lanceolata ;artificial mixed plantation; aluminum toxicity; catabatic effection; stand types

PR R T R A A K, SRR MR
BB 22— Ak, Bk 4 it SRl T AR
(49 50%"" FEFR )32 43 A T 16 O G WA b
X, o AU 219 TR R AR Ak
FELAHAE % Ca Mg P N 2555 43 B W i 55 AR FIAR
FIA R IBOK M RIR B, 6 R £ 4R
DXAEDITH IR (it SR AL AR5, DL K e 3 i A )
NHe 7 G R IR TR COON R B SUEE
FEMHGT IR, B AP AE B A A M o
S5 07 A AR A L EA T T R (AR
TR Z RN, B9 7 2 2R B TR TC -5
FrU X AR A R R AR B VR TR D e
Ik B KA B AR R T Ik FEAA I INA
B TEHL Ak 2 T3 10 T e T R A0 A 0 1) A=
B FEAER Tk el e TR sS4 R AR
SR LN CARAR R SL 228, TCRE MOl A 7
S5 B P R AR R A ) R

K2 A ( Cunninghamia lanceolata ) B A A W AF
R S AR AR A 0 B R, S 3R [ e Oy
MRl K LOR, A2 AR N T aiphok m AR 21004
ST A TR A R BB VS A& AR B, [T b )

R ASIHEUEA AT X, AR ER
W PR 2R B 1k AR 3 B i R AL Y Bl A R R A2
PO T 20 fih 22 80 AFAUHR, Bl & A2 AR N TR
MR, AN AL AR AR, Ml SR T 2R 2 i AR 7
FLLRM, BE MBI ARG A ALK
N TP 25 180 L A0 AR S 7K 15 1 38 28 97 T 5 ) i
P AR 0 1) 3 L A LA N AR A
FIEOHTAER N BRSO i BRI AR N TR
SEMXT BT (0 AR T, S e 4% o A b B 3R A2
REAE A2 AN TR IR PR, KT

1 HARABEFGE

1.1 A HEAL

T XA F U 28 L A2 AR N TAR F2 225040
XA 9 M T (105°34'—106°20" E, 27°41'—28°20"
N) CHE T (104°38'—105°02" E, 27°53'—28°31’
N) JEZ 17 (102°57'—103°48" E,29°58'—30°23" N)
FIJE LT (102°49'—103°32" E,29°24’—30°00" N)
TIEACHMY, B AR MBS R 1 s, R 1
FIHT RIS DX A e B AR A AR i B D g
KAFARAY) SR REAR—

F1 BARMEBERL

Table 1 Natural geography status

Hu s Site
TiH Ttem - praven -1:
Akl HIE bl JE L
FEh TS Sample plot No.  1—11 12—16 17—30 31—36
i T MR R AR R AR JERF BRI 2 —
L= . : o . U3
Gulin forest & Guanbao mountain forest  Yangiao town &
Forest management area . . . . Hongya forest
Huangjing town in Gongxian Zhougong mountain
IR Altitude/m 1 300—1 400 500—600 1 000—1 400 1 200—1 300
Sk al aver:
FE U Annual average |, o 14.8 16.2 11.8
temperature/ C
Ak A | precipi-
(KR Annual precipi- 00 1 400 1732 2722

tation/mm

R - BEE Pedogenic rock

A HEHT Soil type

4 b 7 (Purple Sand-
stone) . 1 (Shale) | f1
K & ( Limestone ) | & &
( Mudstone )

#HE ( Yellow Earth) | fig
% 4 1 (Acidic Purple
Soil )

> % ( Sandstone ) | U1 7
(Shale) | i JK %5 ( Lime-

stone )

51 ( Yellow Earth)

2 {4 b 45 (Purple Sand-
stone) , U1 %+ (Shale) | 1
K ( Limestone )

T ( Yellow Earth) (¥
FrRHE( Yellow Brown
Earth) JR1ES6E 1
(Acidic Purple Soil)

0% (Sandstone ) | T4
(Shale) A K%
(Limestone) | [z %+

( Dolomite )

HEHE( Yellow Earth) | #5453
( Yellow Brown Earth)
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34 4

1.2 W55k

LB 2 AR N T IEFERS G2, 0 5l e AN [6]
DX (RI7 ) R A% Pl LR (5 HEAS ) o HE T 9] 22 S )R
A HE KRBT E 20 mx20 m AYFEHL, IR 2
5 ARDCHE MBS AR, R 36 Huifdh A 43 A1
R 1 7R, PR AR N T AR b 28 1 Bt A
AR HEATE  IFRENLEEE 3 4 5 mx5 m /)
DT, A TE AR 55,10 S 1 mx 1 m /R
J5, AR BOAS B 5 B A
1.3 HFERES T

THEH U« S” I AR HE 2 L AR5 0—30 cm
RJZ LI RS, TR BURE R Il Se g = ff
HTIE S T AT H AR SE pH A,
JRFA O EREE T 2 Fe™ A1 Ca™ & i, #3385 [
GEME A a

1.4 St
1.4.1 e S mEEE A

R O )1 2 L AZ AR N TR iR 5 40 3 B (E
WF7E I FNANIE E FR T R XA R AR G A K
S PR I m BRI T A5 R, O S B A 2 0
PR U7 o B A + B T pH (A Ca™,
Fe™ | A" B 1198 i (mg/kg) S L AE (mol/mol ) £
KRN TR ERIEM ISR, 200 588 1
(Y,) pH {, BIE ( Threshold ) 4.18 ;545 2(Y,) AI**
ik, BIE 31.66 mg/keg; /PR 3(Y,) Ca™ it Al
SR, FRIC N Ca® /A" | BIME 1.809; 55 4(Y,)
Ca™ &Y Ca™ A" Fl Fe' & HUfE , bpid i Ca™/
(Ca™+Al +Fe™) , {H 0.55, W5 X 568 B4
RFR AT as R AanER 2 R .

x2 HHFTMIERE

Table 2 Evaluation index value of aluminum toxicity

: 3+ 2+ Ca®/ . 3+ 2+ Ca®/
e M iy A (G Al e M T A

Fe’*) Fe’*)
1 6.05 21.05 7.23 0.79 20 4.00 24.01 1.17 0.40
2 4.25 36.69 0.14 0.10 21 5.72 25.09 4.55 0.74
3 5.72 25.36 3.88 0.70 22 4.38 29.41 0.41 0.23
4 4.07 35.62 3.23 0.73 23 5.61 21.05 4.79 0.75
5 4.61 24.55 3.95 0.73 24 4.98 22.12 5.00 0.80
6 4.46 22.39 1.95 0.56 25 4.39 28.60 0.43 0.24
7 4.31 33.73 0.18 0.13 26 5.74 24.55 4.65 0.74
8 6.40 18.89 8.90 0.82 27 4.49 22.12 2.01 0.57
9 4.49 24.82 1.90 0.58 28 4.60 24.82 3.87 0.72
10 5.08 21.05 1.92 0.63 29 4.06 35.35 3.23 0.73
11 5.88 22.93 4.99 0.78 30 5.73 25.09 3.91 0.70
12 4.01 38.85 1.01 0.47 31 5.03 26.44 3.48 0.72
13 5.03 21.32 1.88 0.63 32 4.62 42.09 0.68 0.37
14 5.06 21.86 3.99 0.75 33 4.05 38.58 1.04 0.47
15 5.04 22.66 4.82 0.79 34 6.01 19.70 6.18 0.83
16 5.62 21.05 4.73 0.75 35 5.04 22.39 3.89 0.74
17 4.64 41.28 0.74 0.39 36 4.48 25.09 1.86 0.58

37(f%

FHH,
18 5.11 26.17 3.56 0.72 Thresholds of 4.18 31.66 1.809 0.55

aluminum

toxicity , TA)
19 4.01 23.74 1.20 0.41
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1.4.2  GEitIiikvess

HIRMRGEREER AR N AR, I
KRR 53 A a7 b B FE 3 A Rl RE AR R 48, 1R
TS5 ST AR FH AR AR RS VAN BRI SR S
FHHLEAH I I AT A S8 R A5 A5 5 e SR B2 48 AR P 2H
ARt 2 [a] B B3 A OGO R, IF LR 5 (&%) (Chi
Square Test) K % MUTEAH OC R EY W35 . Bk H]
SPSS 17.0 #4753H7

2 ERE5S

2.1 EARNTHAEBSE
2.1.1 Mo I gy

LA ST XA BRI BR TR T
HW3E 27 Bl 43 J& 47 B, Horb IR AR R RZ A
WIAZ ( Cryptomeria fortunei ) FIAKfaf ( Schima superba )
L5 27 B HEARW R A S5 ( Camellia sinensis) FIAERK
( Sorbus pohuashanensis) 55 10 Fj; AR MR ISAE YA
# 24 ( Ophiopogon japonicas ) 1 X F& Bk ( Pteris
multifida ) %5 10 Ff

DARE AL (b ) S B AT o o 2w ik, %
MRGEREERN AR N TR AR, 73245
e 1R,

19 —
20 — !
22 —
25 —

L)L LJN
L

Lo = U —

—_

NN
ArUNOCLNOO—IA ORI OR—WNQ

LI L L] U U

#EHh)F5 Sample plot No.
D=

|

e i
[\S)
L

i

0 5 10 15 20 25
FREG#E 2 Euclidean distance

B #EuhiikE
Fig.1 Dendrogram of sample plot

MIEL T AT UL B EC R B DL 23,5 (jB 2k ) WS
HL, AR KA AR N TG LL R 6 Fp2siy

I :#2AK+FAT ( Phyllostachys heterocycla) B A faf

AR AL & 16.28 m, & [ - # Ff L 51 41
T HEARRNEE D AL FERE L 1,5,8 F1 28, oA b
118 AR FA R Sy A, M 5 28 S AL A i
NEAT FEM AR AR O a TUs A KA
e, FE L HERRUON IR S 01,

1L AZARGIR AZAR+AMIAZAREAZ A+ A

AR AALE 14.96 m, A HIK, Fe AR
Fiof— EORBRASH AP L 2/ B 2 Ho 56
e, AR 2,7,12,19,20,22,25 T 33; EE L+
B S Os JUAFIA KA, E8 IR B
RIS

I A5 A+ AT

A A F 16,03 m, DL FE 4 6 i A
( Paulownia tomentosa) Fe A (Alnus cremastogyne) &
AR (Sassafras tzumu ) FUARFT 2y 32 ST Ry W] i 1 45
R ERE L2 A FEREL 4,6,9,11,14,27,29 il
34; FEN AR A EAGE AR S TS A KA
, BE A ERRU I TR SR A B

V. EZAR+EAT

AR 14.95 m K2 ARBHEE /N, T AR
Fh o — AR R R BAT, BB SR 13,
15,24 1 36; EZ AR TUA MO KA, FEH IR
FA Ry B eI PR

V AR+ BAT+HR(SE)

AR HEAYE 17.78 m, WALFW A L EAT A
Bk (5E) (Quercus acutissima /Castanea Mill.) 284 3 |
A8 = 0 S el A o 1 N 7 N 3.2/ )
FEkEH 16,17,21,23,26 1 32; 2R L BEE S
USRI KA, FE IR R R A
TR,

VI A2 AR +HEA

FEAREHEARIIE 17.97 m, @A EAEE,
HVEAR HL B, A4 FE L 3,10,18,30,31 Fl 35; 2%
WA BEE N TR A KA R AR A Y S
SR R B

PAAR SCHYBIFTE H bR R AZ AR N TR SR i 3
FHIGARAE T, BIVAR 4l 25 A2 R TR SE ARk 7y 26 8
T DRI RE 8 2 1l S B B AN [R] T R 28 35 A i A2 R
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E 1 34 %

B AR P AN R 5, 28R A2 AN TR A
MR EE T B R AR AE BT LA DIAZ AR AL SR 3 1
MR SRR A ) A HE (Bl TR X2 AN T
PRI 22 AT K (15—25 a) , W IH BRI 52 | 5%
5 25 Ml i 2R3 51 18.75 a Ji , IR A I =
351N 16.28,14.73,16.49,15.89,17.63 F1 17.19 m,
2 F RS k3 % (£=14.70,P < 0.01) , 4%
MR IR AR AR B A A AR 2 25 7=, R bR
Pa LR R prae sL NN
2.1.2 FRHERKE T3

F A RIS 4 A 40 2 R A 2 2 e 1 AN T

PRLH S Ao ot 0 2 3 1 P 14 7 1) A5 R B2 AN ), (ELAS []
MR IR (R R ol 2 BRI RS 22 S AR K, A B G o A
XA REH BB HT ME T n P gL, A,
ZTT AR PRI 22 8 (JURE ML 2552 ) S5 TE AR Rl AR
X JEE (R ML 35 JEE ) T A S R S LA ol
A B SRR R PRI AR SO O B (R AR O HL A%
(E22 5 AN 35 B R 18 R R (R2 A8 HAR S W
ML BRAN) SR IR 20 M, IR 4546 b fie R 7 22 i
B R AR S AR 5 /DN L 28007 415 A 418 705 3 AT 179 b
IR R R G0 (3R 3) , L0 1k B A 2 0 T AR
AR

®3 BHEFIHN

Table 3 Factor analysis of the species

FFl Species F, F, F, F, Fs F, F,

BT Phyllostachys heterocycla 0.355 -0.518 -0.034 0.337 -0.331 0.401 0.252
AW Camellia sinensis 0.034 -0.099 -0.139 -0.863 -0.064 -0.137 0.166
MWIAZ Crypromeria fortunei -0.271 -0.024 -0.154 -0.894 0.028 0.021 -0.038
KA Schima superba -0.016 0.418 -0.067 -0.039 0.688 0.307 -0.046
WA Sassafras tzumu 0.421 0.039 -0.201 -0.141 0.694 -0.157 0.353
AR Quercus acutissima -0.559 0.193 0.239 0.056 0.235 0.309 0.279
FEA Alnus cremastogyne 0.042 0.895 0.009 0.136 -0.012 0.015 0.035
¥4 Castanopsis fargesii -0.340 -0.230 -0.236 0.080 0.058 -0.116 -0.727
JIBR Melia toosendan -0.103 0.210 -0.030 0.127 0.125 0.857 0.231
FREM Cinnamomum platyphyllum 0.034 0.112 0.881 0.059 0.161 0.119 0.005
ARk Sorbus pohuashanensis 0.670 0.554 -0.228 0.141 0.008 0.085 0.012
B Paulownia tomentosa 0.822 0.014 0.114 0.157 0.016 -0.057 0.067
FORIRM Machilus grijsii -0.264 -0.207 0.007 0.153 0.830 0.016 -0.274
FEFR Cercidiphyllum japonicum -0.033 -0.037 0.778 0.084 -0.203 -0.137 0.021
WA Liquidambar formosana -0.106 0.275 -0.130 0.361 -0.149 -0.613 0.431
BT Rubus alceaefolius 0.340 0.364 -0.088 0.160 0.048 -0.076 -0.686
kit Trachycarpus fortunei -0.266 -0.386 -0.241 0.248 -0.171 0.552 -0.040
X Cyclobalanopsis glauca -0.094 -0.167 0.616 0.198 -0.126 -0.052 0.341
FHAEAH Eigenvalue 2.849 2.720 2.310 2.012 1.747 1.341 1.130
ZFATTHE CCR Cumulative contribution rate/%  15.83 30.94 43.77 54.95 64.66 72.11 78.39

H1 2% 3 A0, AP AEfEOR T 1 B9 7 SR ) 2R
117 2 5Tk % ( Cumulative Contribution Rate, CCR)
78.39% , RERLUF MU BEIZ 18 A Ffr . PRLA PRI 1~ 7 fi
TR, SCHC AR 0B A, i L4238 R Y 0.5
W RP 2t P b REAEXHE = 0.5 (FF 5 RERR 7 5748
HEIAOCR) , PRI 1S B AR A, LA 5 A7 22 it
BEFEEHRM R, Hod, K7 1 B SRS R A
JERBR AEMCFN BI04 5 - 2 (4G BT AIFE A 7 3
FAEE GEFMANE X R 4 S 2RISR 5

R BEARR B G AG ; 1 6 AU 1 BORITER
s DT 7 RS RS 1
2.2 FARNTIRASH T340 8 i 2 M AE
TR T 1 52 0 T MO AR,
BT A 22 i SR RV T A MR Y 1 e 1 0
%ﬁiﬁﬂ%%ﬁﬁ( % 2) KR (AR AL LA R B 49 A
GO, SR R BB i, 255 D KRE
Bﬂ%kiﬁﬁﬁﬂ‘*{n SHAE M ST LR G 18 A5, OF
A TTRRR A R T F AR LR G PO s
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113 WU AR N LIRSS T3R8 M e 2889
Z00MT T 2 A LT AR S TR AR 430 7Z=0.7697,+0.120Z, (3)

3.08,0.48 5 76.89% ,11.97% , B )5 22 Tk R ik 5]
88.89% , BEMS S Wt - JE4R B B M B EAF B
i 2 A 3 8050 I b 48 bR Aw AR S B vk
GH:
Z,=0.499Y,-0.448Y,+0.541Y,+0.507Y, (1)
Z,=0.212Y,+0.893Y,+0.306Y,+0.254Y, (2)
DA A3 O 22 DUk 3 AR, iR AR A= (1)
(2) LR TN PRER(Z) -

1 25 FF BRI A 48 be AN B A
(Thresholds of aluminum toxicity, TA) #R#EAL 518 A
AR (D) F(2) , HEAA(3) RGBSR T
LEARME(Z,, i=1,2,--,36) FEELE 51550 H
Zyy ARG AR I 4 R, AR Z {8
INT Zy RUBZM AT 32 a5, 2 a8 W 2
FEHAEE Sz, R WA R 2 40 5, BUE AR
HEREE FH O BN R R B 1 Z2 i .

R4 BRMWESESSTHSF

Table 4 Scores and taxis of each sample plot

=31 R FEH R R
Her %5 HF % HF % HF H5 HF ETRe)
Taxis Sample  Taxis Sample  Taxis Sample  Taxis Sample  Taxis Sample
plot No. plot No. plot No. plot No. plot No.
1 -2.45 2 9 -1.27 20 15 -0.46 9 23 0.51 18 31 1.22 26
2 -2.24 7 10 -1.23 19 16 -0.42 6 24 0.72 35 32 1.31 16
3 -1.76 22 11 -0.98 Z(TA) 17 -0.36 27 25 0.79 14 33 1.33 23
4 -1.73 32 18 0.07 13 26 0.93 3 34 1.53 11
5 -1.71 12 19 0.13 10 27 0.96 30 35 2.08 34
6 -1.70 25 12 -0.51 29 20 0.32 28 28 1.03 15 36 2.20 1
7 -1.64 33 13 -0.51 4 21 0.37 5 29 1.07 24 37 2.92 8
8 -1.64 17 14 -0.50 36 22 0.43 31 30 1.16 21

M4 T FEHL 2,7,12,17,19,20,22,25,32
133 ZER IR AN Z,,(-0.98) , Fe B ik SE
HATH I 52 7 R AR B, P BR AL 17 32 AR
YAV Hh RS Mo KRR, BEIIAZ AR SliAk |
TR AW FIAZ AR + ZE AR - AR 3 7™ o, f2 R K 34
2 AR 14.73 m, HAARSZEA T IV,
VAIVIFRREs (HEP 11 LUR) M0 EE KT
Z 1y VEBAZ AR 55 R Ay S5 ] I A o (5 HE A ) TR AE (AR
SPRBRM Z R E, HE R E SR E R
B G Stk , I LASL THEP3lUS O 9 bRor 2680 T (54
1,5,8,28) , KAV (FHEHL 16,21,23,26) FIZEAIVI
(% FEHb 3,10,18,30,31,35) BMBUR W, A
AN B GF A AR 3475 43 0 02 16.28,16.49,
15.89,17.63 m 1 17.19 m,

2.3 MR HER R AR

MEL B 5B 48 SRAS 50, A AR o3 2 B B 52
fifAaBE 3 AE F , (E T A% 2 B vh B A A 2 A il
BEAEH T SRR A AR B S A2 R 2 B B8 AR
PERTZE G 52, R AS & R 2 B4l 2R, R 3L
AR R B FP S bs (H+F 1—7) 5 - R 48

PRMZHAS T Z M AHOCOC R (R 5) ik G am Y
RIFEERZARN TIR SR DL 22+ SR 2 .

MRS AIAEL, AT 3 % B A oG R B
0. 868,0.811 #10.579 , F+AiEAE 43 5124 3.054,1.929 Fil
0.503, 75 22 BRTTHR K 89.6% , HLTiT I X MLy AH 56
AR A OG22 S 2 (P<0.01)

M S B RTLUE Y, G Z s 4 XHE/NT 0.5 (1)
FE AR | AR v, B Fy(-0.742)
YerE , W Y,(-0.624) fil ¥,(-0.731) i€, H. F,
Y R Y, Y000, TR 1 XS 56 R BUEARC H.
R (0.868) , [ M 78 i 5 A% 0 v 1 1 e o, B 1%
INFS YR Y, B8, 55 1 0 AR B R SO B
Fo(ARTRF MR 88 G50 A ) 19 %ici, 138 Y, (Ca™/
AP FY,(Ca™/(Ca™ +A1" +Fe™ ) ) FHiE

TESS 2 WP HLyE AR B b v, Al iy F,(0.485) Fl F
(-0.832) YesE , W, i ¥,(=0.700) F1 ¥,(0.491) PeiE .
TGN Fo (AR BT X)) 8GR, Y, (AL 3K
Y, (Ca®/ (Ca’ +AI +Fe™ ) ) Bk B in F (A,
NSRS B8R, Y, 38 0m, Y, FEAIK, DL %
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Table 5 Canonical correlation analysis
PR RRITIR
A FRIEMH Canonical Cumulative B30 4544 46 B4 X2 W
Variable Eigenvalue correlation proportion, Canonical structure matrix X? test
coefficient /%

| 3.054 0.868 386 V,=-0.017F,+0.183F,+0.475F;-0.070F ,-0.742F ; +0.117F ¢ -0.177F; .

’ ’ ’ W,=-0.321Y,-0.159Y,-0.624Y;-0.731Y, 90.16
) 1929 0.812 4 V,=0.053F,-0.071F,+0.485F;-0.117F,-0.298F 3—0.832F 4 -0.143F, .

’ ’ ’ W,=-0.077Y,-0.700Y,+0.286Y;+0.491Y, 47.86

V5=0.096F,+0.910F,-0.037F;-0.242F ,—0.085F5-0.105F ; +0.110F,

3 0.503 0.579 89.6 17.14

W, =0.118Y,~0.230Y,~0.213Y,+0.148Y,

# % P<0.01, X*(0.01,28)=48.28, X*(0.01,18)=34.81; Hrh F -F AWFHEIR 7 NG F, Y, -V A0 4 MABREFE VS, V, -V, Joth 1355
PP FE bR AR B W, - W AR R ML R B E AR MW AR B (F, - F; are seven comprehensive factors of the species, Y, —Y, stand for four aluminum

toxicity index, V,—V;are canonical variables of the species aboveground, W, —W; stand for canonical variables of aluminum toxicities underground)

TESS 3 ML AR R Vol F,(0.910) TRiE, W,
BT ZB A NHEYNT 0.5, R Titie ., Biilehn F,
BIEAT REAFIAEM B, B T 28 M+ R e

FEREA PR EL ML AR e F ORI F, ) 2R 8046
EERAR /IS (43 %1 K -0.017,0.053,0.096 F1-0.07,
-0.117,-0.242) . £ F, (KR AEHF T A ) X
- R A AR A B AR AR N, AT S5 A2 RN
TMIRAE, T F, (ZRAFMNAZ ) XoF MR i A5 T2 i)
YEF BN AR R TG R 803 0 B, i LA 38 1R
AR A — R,

3 Fig5itie

(1) RARG R T4 00 R4 0 b7 45
BRSBTS A TR MO - 440 25 3 1Y
GERAE R, 25 R W1 DA 2 K Tk B RS A
M AR IR ARE RS AR+ 2SR I 2 4 5 A
Kok HA A2 AR + AR H 8 3 IR R () L&
YR R A R K SRR AR KA R ) AR 7
F L H B E ORI G, A2 A K S X
HEhE . PRLMCTE MOl A 77 v R 2R B AR ] 9 7 H 4%
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N TARSSHBES S5, i b 55 42 s bt 2B 7 )

(2) R b 3@ R & AR HY b
Ca® Fl Mg™ , ELIG PESKE MBI X Ca® Mg 25537
Sy BT AR A KB R,
T - 98 F b B T 0 i VT AP B ) B AR
RO YR A Ca® I M I A i B T4 1 -
pH {E, 3K Ca® /AL, [RIIH UL AR R ALY 351, K

B Z AR AR T KMV
FZEHY VISR W pH {E . Ca™/ (Ca™ +AI™"
+Fe’ ) Il Ca® /A" {H ¥ K T 4% 57 2 45 5 B (H, 111
AP YN A, FEHL 1 A0 8 T I & A2 KR A T AR
KA Z AR TR R A BN G 5 (R B A DG A BT
R BEIN F, F 0 Fg W00 F Ot B T6 bR s fE
L pH fH . Ca™ /(Ca™ +AI* +Fe™ ) £l Ca™ /A’ H,
FEAL AL IR BB F  Th R, TR s 1 42
AN TIRASSHR DA G2 it 58 16 52 40 75 3 I, 7E R i 4%
e R R A T B G A R R VR S RR R,
T R B X BT R S5 52 40 2 AOR i ]
2 JF ELR R (S AR ) 5 AZ AR By Fe AR 3T, TR
B JIBRFIRRAR S /D s AR Sy IR v 4R 7
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EIFARER AR 5 RR B, DX e M\ 2% i SR s 35 1Y)
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e

B2,

(3) 7 3CRF 8 5 5 A 5 P0ME A o0 &
Mg 1 B Ao b 34 72 T2 M 60 9 (9 3% 43 T K A
N, PSRRI R, 2 T AR AR R 5 A
FH XS B Ca PN S5 JR 50 19 W52 i A8 ) 712
K AER] 37 53 70 2 (14 A [ 25 76 S [ e JEE i %
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