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BT IE XA B9 12 A2 B8 bR 2F 47 0 32 DL SO PE PP AN . S5 SRR LS PO AR BUF G vt AR
i AR A DA B R B IR AR i R A B L g (SOD) | it Ak W i (POD) ¥ & |
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Lead Tolerance and Soil Remediation Potential of Liquidambar formosana
Hance-Based on Principal Component Analysis
JIANG Yanbo'?, LING Zhong’, WEI Xiandong'?, YI Jianming®, LING Wei’*, WANG Linghui'
(1.Forestry College » Guangxi University . Nanning 530004
2.Guangxi Beitou Environmental Protection & Water Group Co. Ltd., Nanning 535000)
Abstract: To explore the remediation of Liquidambar formosana Hance to lead-contaminated soil and provide
scientific reference for the promotion of planting maple in contaminated heavy metals, annual L. formosana
Hance seedlings were used as test materials, the physiological characteristics and accumulation characteristics
of L. formosana Hance seedlings under 6 Pb*" concentrations (0, 100, 300, 500, 800, and 1 000 mg/kg)
were studied. The principal component analysis method was used to screen the 12 physiological indexes of L.
formosana Hance and evaluate the tolerance. The results showed that with the increase of Pb*" concentration, the
biomass, soluble sugar content, soluble protein content, free proline content, superoxide dismutase (SOD),
and peroxidase (POD) of L. formosana seedling leaves showed a upward-downward trend, which indicate a
“low promotes high suppression” effect. The content of malondialdehyde (MAD) showed an upward trend.
Both chlorophyll a and chlorophyll b showed a downward trend, but the downward trend of chlorophyll a was
not significant. Net photosynthetic rate (P, ), stomatal conductance (G,), CO, concentration (C;), and
transpiration rate (T,) all showed an upward-downward trend. The lead content in the underground part of
L. formosana =>the lead content in the above-ground part, the transfer coefficient was the largest at T2 and
T3, and the enrichment coefficient was negatively correlated with the stress concentration. The results of principal
component analysis showed that the cumulative contribution rate of the two principal components extracted

was as high as 92.462% , indicating that these two principal components can reflect most of the information.
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Free proline, net photosynthetic rate, stoma conductance, intercellular CO, concentration, transpiration

speed, and SOD activity were the simplified 6 indexes. The principal component scores showed that the lead
tolerance of L. formosana seedlings is ranked as T3>T4>T2>T1>T5>T6. Comprehensively, the L.

formosana Hance seedlings have certain tolerance, enrichment, and transfer ability to heavy metal lead, and

this study provide theoretical basis for introducing L. formosana Hance to areas with heavy metal pollution

and alleviating soil heavy metal pollution.

Keywords: soil remediation; lead pollution; Liquidambar formosana Hance; physiological characteristics;

accumulation characteristics; principal component analysis
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WA (Liquidambar formosana Hance) Z& 4 25 H
Bt (Hamamelidaceae ) #X & #f IZ £t ( Subfam. Liqui-
dambaroideae Harms) tl % J& ( Liquidambar Linn)
o R IE TR AR RS Al F A A L M
AR A AR U 2 WO T R R S5 AR AT R
RA T LSBT R A Z BR L WRETE R TT M L R 5
EFEAER, BREREREWS LMz B #H
SO S AR [ A i B B AR o R 4 1 W i R R
RE 1 AT TR GRS L B A s ] 32 o3 0 A 1 S5
T BERDG G 18 bR A7 45 5 o0 A Ty it o . 28
4 1 5 AR W SR R A 0 R A AR B O
B8P B AL R AT EY T R B BRI B X IR
WS 32 405 i aa DL BE A — 26 25 AR R . DU N R BT TS
Y X 5| R AR FIAE S B TS e T 4R SR AR T
1 ket 05k
1.1 e ##

AR VL 1 44 S A W (Liquidambar formosana
Hance) 2 #8804 RE . Bl 2R J5) UL A ¥R X AR
W BRERFSE B, T 2017 4F 10 H Al . 2018 4F 10 HEBSA
VR AR B ] (108°17' B, 22°50" N #EAT AlAl L 72
HAEFEHRS A 2 O W) R ) B, (6 A2 06 2 2], B2 5

MAMT R, B AT 17.5~23.5 C4EREK
1 300~1 500 mm. 4FF Y998 BF 80% , H [a] #7 /K
26.70% . B HHERAMBANOEE L« A EH 3 D,
H AR T B b B L ok i 4 Ay 855 R BR o, B 4 11 5
kg, JF E FL A0 ) 55 4 )8 Pb i 5tfH. 13 PH
5.34, F AL & & 18.89 mg/kg. + HEH & 13.43
mg/kg, TS A & & 1.25 mg/kg, &8 & & 0.49
mg/kg, &8 & & 1.37 mg/kg.
1.2 REgit

MR 4 A+ 48 R 5% 0 i bR ofE (GB 15618—1995), 2k
PR BEALICH B3 BT Ph(NOy), i % & 8 &
SRV BRI 0(T1),100 mg/kg(T2),
300 mg/kg(T3),500 mg/kg(T4),800 mg/kg(T5),
1 000 mg/kg(T6) ) Ph(NO, ), I W . 5 7 W 24 2] 52
WEAE 5 kg HHE AL FE 15 Bk 2T 90 Bk, 2019
3 AP IR 15 RIEAT 1 RIS ¥E, 7675 R
L SRR T N A W ol = WD R R NG 8
rh L 50 7E ORI B b Ry 22 150 K (2019 4F 38
FO B T8 — B R 5. I R R
BN ARG IR
1.3 MEFHZE
1.3.1  AFEIAFME 2019 4F 9 A EF ML HE R
EZ FS2 B 1 AR 4 °C B UK & Il Se s 5, E
AT FR BRI 2 2% 28 i R N — IR A SR 0
I 5 D R R AR G R CTBA) 5
FE M SOD 3% P 2R FH NBT CRUEE DU ) S A6 if i
i, POD 3 1 R T A0 A My 2, it R i 25 i
7 i R FH I A BT R s o R R R
et R FH B L (8 vk D s iy AL PE R A A BER
SRR (G—250) Yk E
1.3.2 RAe#FA&mmEHE 2019 4 9 ANENCEHE
KL, R L1-6400 (LI-COR 24 #l, USA) i #: X6 &
ARG M AHEAT I 2, 7EM K BF 9:00—11:30, 3%
W0 28T M D) Re v 04T 00 o, B S b BEBE B 3 AR fE
IR BRI RS 3 b 7. =R A O
PSR S 500 pmol/s, 43 9145 H oA
AP, KA (GO JLE CO W EE (C) R
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1.3.3 a4 MAE 2019 4 9 H B W FHkE
(AR L2530 FH ZE 1R K R ¥, A 70 CC LA L 2
FE R, B AR LA 7 L R FH A 1R L SR K T AR AT
BE 5 SR M TR WU 43 O O BE R (H AR B
AAT000 J5 - WOETEAO M 5E H T 2R & &

B RZBCTE) = MY b b3 2 85 & it (mg/
kg) /H Y HL T R 8Y & H (mg/kg)

&R (BCE) =Y & N 4T & & (mg/kg) / +
B & (mg/kg)

1.4 HIFELESITMG 7%

Z ® LR A Duncan K 56725 5 78 b5 19 40 5 M 43
B>k F Pearson #H5¢ 2 E0F s B4 Ak #5k H Excel
2016 BEHETA, 2 5 AR A M BT L 32 4 A A
Yok 1] SPSS 22.0 #4347 40 B2, 2k ] GraphPad
Prism 7 842 . s M w4 T ACE 3315 M
AW B A PR LR G A A PR AR RE D .

2 R 50
2.1 $RPENPESHEYVENZIE

B 3 X AR &0y T 1 b 5 0 A ) R )
(P<C0.05), Xf H#i I #8534 ) & 5% i A % (P >
0.05) , X S A Wy LS Ak & 3 (P <<0.01), MAFE 1 7]
VIEH TE w(Pb* )H 0~300 mg/kg I}, b | HT
0 A ) AR A ) I L TE w0 (P ) 2R 300
mg/kg Wik B KAH . 430 26.87,25.27,52.14 g;
TE w (Pb*" )}y 500~1 000 mg/kg i, #s b 1T 4
Y N BN B AE w (Pb*" )N 1 000 mg/kg i}
KB e /ME L A9k 16.46,16.79,33.25 g, 43 5 L %t
TR A 26.91%,16.09% ,21.83% ., Ui @ik Ph*>"
14 TR B2 X A &0y 1 1) A ) i — s BRI R, L
VEFIE L 3B R 8 2. A WPt R,
YR P ) T 4 S AR SR AR B — R A A 52 e A A 0
AR ARG, AR TR R I AR Y N A N AR
KM G EIR ARG R EM S, AR AR, Y
WA TE w (Pb*Y )N 0~300 mg/kg B}, ¥ &
Wit v, UL Pb” 7R AR AR B L RO 4 R A
Ko, KA RO, 2B — @ P, S A AU
TR AR — 3.

22 HFEpEXMWNEHENAEE TREEAMM

FEGENTI

B T3 X AR 4 %) T PR R e 3 (P <<
0.05) X ATV MR 11 4 f s M B I 3 (P <<0.01) s AIET 1
T AFE L TE w(PhT )N 0~300 mg/kg B, A M H
B S N (P <C0.01) , A i M A I S A
(P<C0.05), 24 w (Pb*" )N 300 mg/kg('T3) i ¥4 ik 3] %

KA 4390120 1 109.3 pg/g il 4.47 %5 M TE w (Pb*7)
g 300~1 000 mg/kg B, AT % M & H A1) i PEbE &
EHH RN EE TP <<0.01), HEi#E P I ZA,
I AR B L AE w (PB*T) S 1 000 mg/kg (T6) i}
BN A3k 309.16 pg/g M1 3%, H I 38 XTI
4171 9 Chla.Chlb # Mk & 3% (P<<0.01), MK 1 1]
LA 7E w (PH?T ) h 0~1 000 mg/kg W) R 4
HirF A Y Chla il Chlb ¥ [t CK fik. H 1 Chla %
O R 1.10%,3.64%,2.97% . 4.71% F1 17.89%, 24
w(Pb*" )} 300 mg/kg(T3) M .2 F [ (P<C0.05) .24 w
(PH* )H 1 000 mg/kg (T6) I 4k i & T (P <<
0.01) ; Chlb B B W 4> 514 5.08%,8.14%,23.73% ,
28.53% Fl 41.51% , 24 w (Pb*" )N 300~800 mg/kg
Bt E T (P<0.05), 2 w (Pb*" )} 1 000 mg/kg
(T6) B il i 2 F B (P<<0.01) .,
F1 FEREEHDEMMEHEEMBHEN

Hfi.g
hE W sEYE R A BEYE
Tl 22.5242.65ABab 20.01+2.46ABa 12.53+4.57Bc
T2 25.5843.36ABa 22.16+3.54Aab 47.74+5.08Ab
T3 26.87£4.20Aa 25.2743.61Aa 52.1426.18Aa
T4 18.64%2.65ABb 21.9243.13ABa 10.56+3.77Bc

T5 17.4542.34 ABb
T6 16.46+3.46Bb
T - R R A 4 A e 22 5 W) R [l B o B R OR 45 4 B
Z 5 5 E (P <0.05) ; [ AN ) K5 51 7R 45 Ab B 2% 5 A% ik
F(P<<0.01), T,

ek R A EEY LS R — &
PRt AR A5 R R B 0 BRI T U i e
ZRE Oy, L RN AT BR R AR A 32 B 4 e
J& R ARG 2 B L B TR R A
WA R s WA AR & B, P AT DL S 5 i et
LR A G PR Pt S R A R AT R
JEEVERB =Y A H Y P e L i R 2 5
YIRS 375 9815 AN W] /D (9 — 3R 43 5 T PR AR R A
Yy P S BB 3 TR T W B, LB i RN AT SR A
YA By R 5GBS T AR i ES LR K
LB EAY . AU KB, H I a T RE &)
BT AR P R AT M W S 1 S ) L AT R 2
PR g 6 380 B3 4% DL 0 — FhoN 2R N, Y Ph*T B GA
B W BE I W] R A R AT R O S 3z B
00 AR ) A9 355 R YT L DT 2 T AL A G
2.3 SEEMBEXNEL EE B (MDA) K S S8

(Pro) & EFM AL EFEEM M

B30 X3 7 45 1 9 MDA, Pro, SOD #1 POD
R B (P <<0.01), MWK 2 /] LLE I, 18

20.17£2.06ABa 37.6242.98BCcb

16.792.65Ab 33.25%2.60Cd
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w(Pb*" ) A 0~ 800 mg/kg B, B & 41 I i MDA
BTN L 7E w (P )N 800 mg/kg(T5) i fie Kk, H.
5 CK 5 8% (P<<0.01);1E w (Pb*" ) Ky 800~
1 000 mg/kg ¥ TFE.T5 5 T6 2R A B
(P>0.05), 7 w(Pb*" )N 0~300 mg/kg A}, HF&F
I ) Pro Z WM, £ w (PH*") 24 300 mg/kg
(T3 BT, K 442.64 pg/g, HY5 CK fAAEM B 35 22
F(P<C0.01) ;1 w (Pb*7) K 300~1 000 mg/kg i
[l PN 32 W33 U, 24w (Pb*T ) 2 1 000 mg/kg (T6) B

75

Aa

N
=}

b
W

H&FkRa B/ (mg -+ g)
5oL

(=

HAERESE/ %

T2 T3

E /N, 309.16 /g, 5 CK 2 57 W3 (P <{0.05),
1E w (Pb*" )N 0~500 mg/kg B, B 4 i H Y
SOD.POD i PEZ #i i i , 78 w (Pb*" ) 500 mg/kg
(THO B K439 R 784.40 U/g FW I 231.61 pg/
(g » min). ¥ 5 CK 2% # & # (P<0.01); ¥£
w (Pb*" )N 500~1 000 mg/kg 78 Fl A B 3 38 0,
1E w(Pb*" )N 1 000 mg/kg (T6) B {E & /N, 43 5 Ky
501.30 U/g FW f1 105.83 pg/(g + min) , ¥ 5 % IR
FETE .35 22 57 (P <<0.05) ,

Aa
r % Aab

ABabc ABbed
B-E 2¢¢ ABed

H & EbE E/(mg * g')

T1 T2 T3 T4

T2 T3 T4

T R [ K5 5 B 2 7R AL IR 25 b 0 3 (P <0.01) s R [l /NG 5 B 3 b B IR] 25 5 18 % (P <C0.05) . T Il
B1 FARRERPEMPEHHETFHER TREENTALEASENEM

YR MDA &5 i A b EZ W =Y 2
— MDA 5 148 {6 58 R B 4 22 2 Bt 3l b5 403 5 1) 2
W) P 400 R T ) 38 A7 2 Bt 4 PN 2 o R
I MDA B, 2 — R Az 20 3E 5 5. A&
WF5E 25 LR B, B b aa A 40 1 1 MDA & iR
KO L U WA 4G 4 2 B PR, A A
W45 R — 3. Pro 2 W1k N 5 & 2 HA 008
25 T 0 5 L 0 BT e T 2 AR A R o 4R e 40
U SR e [ AR L 35 3 A, DL % i B I aa L A
I8 K B B0 R AR 4 A Pro £ 34 28 10 R s
/AN, ATBEFEIRHR E Pb* 3 BE T #95% Pro A I+ 2
H5®BEWAT R AREY RN Y Ph B B —
SE S [ IF,  sZ B, 3R 1 R R BLA 5 O 4h
W AERKZEE W, e BRI A A KT
P Fh 3 5220 A0 P BE RIZE AFRE ), M A
RET AR —EWRESFEMY M ER T, M
SOD.POD 8 i A7 7E TAH YK N, BEA &0 BR IR N
SUR RTINS N Y R Y/ N ORISR O N
REW AL R A T SOD #1 POD i YRRl &

Pb™ WM 2 LT F 7%, S5ur A0 1
WA R — B0 UL UITE B W BE P R L AE AR N
KREWiEdE A mEHR R, B 1 SOD.POD g1y F B
AE 1, WULH] SOD.POD {1 4 il§ %I A8 1 B 2 ¢ 1) {2
P EA—ERBRE,
24 $EBPEXNWELNEHAXESHFENZM
BB A BRI ST 1) P, .G, .C, 1 T, 3 5%
WM (P<0.01), & 2 ATLLEHL1E w(Ph)H
0~200 mg/kg B, A4 i (19 P, 4% i 35 34 Jm (P <<
0.0 ;7F w (P ) 200~1 000 mg/kg 7 Fl P & i %
%, 24 w(Ph* )R 1 000 mg/kg(T6) I It /N, H 4.64
©8), 5% Ah B 2 A B (P <<0.0D), fE
w(Pb*" )N 0~200 mg/kg JEHEN WELE W G, .C, Fl
T, FA TR (P>>0.05) : #F w (Pb™" )24 200~300 mg/kg
PRl 2 35 (P <<0.05) B bt 35 3% i (P <<0.01) 5 7
w(Pb*" )k 300~1 000 mg/kg 3 [l 4 3% Wi KA . 24
TE w(Pb*" )k 1 000 mg/kg (T6) B {H & /I, 43 5 R
0.05 mmol/(m’ * s),234.73 pmol/mol FI 0.89 mmol/
(m” o). #5 CK 2274 8 (P<<0.01).

pmol/ (m?
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TN A BT T A o H i BN T T A A R e S D BT 373

YR P, e i f RO A AE AR 5 s 1
HEFE AR AT 3E S XA 0 A ) I ok 12 W A
PR eI SR RSV ) SEE 7S W e (
FH B3 AR 4 32 22 DR~ 4 0L BR il A=l AL R 5 <AL
BEL i 6 £R 38 5 | R 1 <AL DG B, 30 COL ik Rz 22 B
HETTSE W 6B AR 2R B0 W3l T AR YOG & R 5 i
] CO MM (CHMAILTFE(GHRIEME; ER
FL B ) 2 B4 I PR 40 B A I M 2 B L DT S )
HYHEEEH, TR AP LG ERP,)
FoEATG P Bl E B R COL R BEAE (C o3, A s,
MR B <300 mg/kg B, F 4T B SO A R
(PO W EETX RS REGOHONMARYERE
EHBOEAVERT B A BRI A 1 5 24 vk B

=300 mg/kg B} . G A A (P, ) KL £ BE & Ml A
COMREEMH (CH MR AL EE (GO BEAR. ik, v 3]
SE T VR A 38 R U & A 06 A VR R 3 T g
AL S G120 Y e 2 B B AR Wy
0, 238 S AL R T i O Ok R A A0 COL Y
I 238 DA 396 15 I 0 R A T s i A 3 VR
JE (3G L 25564 15 5 B S 0 R R L 1 W A o
T B AN AL K T A U T AR R 7 38 R L X A
SR X A TS Y ) — R AR A M E R S, Y
Pb*" R B — 7 d i, 23 F 0 R R AL G
X B L A O B VTR i el AL R R AR S
NN A e 3N B R B 2Nl
MR S BOLAEH TR EZER R,

1o Aa ~ 500
oo Bb o0
< 8t 20 400
S &
g6} 1 300
~ (T‘E
Eﬂ 4t & 200
2 I
o2k £ 100
= L
0 1 1 % 0 1 1 1
900 250
800 | ~
£700 o,  BCo g 200
600 k
';-;n 500 | Ty 150
=) L
£ 400 2 100
A 300 N
o =)
@ 200 - S 50
100 | .
0 1 1 1 | | 0 s 2 |
T3 T4 TS Té6 T2 T3 T4
2 AEREHREBEXNNELDEMNF MDA Pro T ELEEF NN
FR2 AEAREHHEXNWEDEN R ASHENZ M
P,/ G,/ C./ T,/
b B .
(pmol * m™* « s71) (mmol * m™* « s7") (pmol * mol™) (mmol * m™* + s7")
T1 8.36+0.20Bc 0.214+0.01Bb 370.02+19.93Ab 1.9840.10Bb
T2 9.3840.06Aa 0.2040.01Bb 364.23410.64Aab 1.9340.10Bb
T3 8.76+0.39Bb 0.23+0.01Aa 398.99+18.61Aa 2.2240.05Aa
T4 6.60+0.13Cd 0.1540.01Cc 310.12+13.50Bc 1.4440.11Cc
T5 5.60%0.05De 0.1040.01Dd 270.00+19.15BCd 1.014:0.03Dd
T6 4.64+0.21Ef 0.05+0.01Ee 234.37+15.87Ce 0.8940.02Dd

25 WMEHEMENEBRBNEERY

HI 22 3 AT R B T A0 e A 0 A
VI3 R L 0 0 0 A R 4 BN R R B A L A
T6 Ak Bk AR SR 0K B 5 K, LR B0 L h #R o
T > M b A DO A 4 BT B AR AR
BEMET . R RE(TE) ME % RZE(BCF) ]
PR B B0 40y B 0T Y 00 5% 7% AR BOR AR AN DT e, 72 1k

LN 0.17~0.29,3<1,7 T2 Fl T3 b BEEF 4K,
G3h 0.29 F100.26 5 AN T 41 1 X 45 1 & 4R R B bl
& W38 VR FE R AR S 0T R B, T RE R R
i 3 R B S O A A A A PN Pt 4 2K R R O M
1 o 32E 17T 52 e AR ) Y B A g

AR 4l A %) B 4 T A MR 7 A% RRR B LA B AN
7] 4B % B 4 S A it S2 HLAI A 3 B . a4 AR R AR
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FURL RS o, i 4 AR W 3R BE S E S R = WX AP R G E L, TF — <1,

P E S RITR IFRI R A LR RE
T3 AN R o1 RUHR 3% F g 3% Al A 9 P, Cd Al Zn
i T SRR 0 AR AR AR L A ) o 2l R i g
14 45 J JC R R AR N (R 0 46 T 3R AR
AR AT /0B B 4 J T R 0k B B R Y, LA

AT R R DT HH R P R R AR
0.37~0.53, J& M2 5 [ B B A 0y 5 A0 ol 700 Al ) RO 2R
KA 5w & AR F w9 RS b HE AT RE 8 il i 5
SEHIL A 418 ] AR AR AR X < i, R A R
& s Bl

R3 ARAREFRPDEMNPNEYEEBRRYNETERZHNT M
e N R A & My bR A &/ % BERK
(mg kg™ ") (mg kg™ ") ZETF BCF
T1 69.8846.07Dd 12.09+1.31Ee 0.17+0.03Bb 0.07440.004 Aa
T2 280.39+21.00Dd 80.73+7.64Ee 0.29£0.06Aa 0.049+0.003Bb
T3 815.23+32.89Cc 208.84+30.73Dd 0.26+0.03Aa 0.051+0.003Bb
T4 1540.65+144.39Bb 277.32+£11.09Cc 0.18+£0.02Bb 0.042+0.003Bb
TS 2542.534147.80Aa 382.03+14.71Bb 0.15£0.01Bb 0.039+0.002Bb
T6 2954.534+77.49Aa 503.61£32.13Aa 0.17£0.01Bb 0.03340.001Cc

2.6 SRAMBE TIRE L) B & HEHREY Pearson 18K %547
K H Pearson A ST AE LI B 15 TS b5
it Pk B AT 43 A . R 4 AT U A AR L 2R et
Mo ET S MAD 2 W F IEMCHXE R =
0.811 4) , -G Z FOL & 47 AR 24 52 I 35 sl 2. 3% 1
MK AEE r=0.917 20, ULHAME 40 7 O AR (25,

AR B PB® I 33 SE 48 AR A WA I A Ol R

HIZR 4 TR, 25 46 b 22 1] 249 47 7 AN [A] 2 B2 A9 A 5
P 2] 15 TS bR P SR AR B A2 T M L E e L T
Pyi) B4 o BT R — R 2R B PROIR A R B BT DA B A
JFHHE— BTG B o WX 4 7 A T A 247 A R AT
—E B 7 TR JC R E T SR R TS RE D

x4 HAMBXNNELEERIERZLH Pearson 10X 1

E Bio SpP SS MAD Pro POD SOD chla chlb P, G, C; T, Pb(Ag) Ph(Ug)
Bio 1

SP 0.751 1

SS 0.900 0.942 1

MAD  —0.725 0.157  —0.424 1

Pro 0.962  0.818  0.895 —0.569 1

POD 0.688 0.824 0.731  —0.317 0.772 1

SOD 0.473 0.907 0.742 0.086 0.597 0.828 1

chla 0.715 0.530 0.665 —0.705 0.672 0.565 0.482 1

chlb 0.777 0.294 0.557  —0.968 0.628 0.357 0.068 0.835 1

P, 0.913 0.471 0.684 —0.927 0.832 0.559 0.223 0.809 0.941 1

G, 0.906 0.595 0.790 —0.873 0.792 0.609 0.374 0.861 0.937 0.944 1

C, 0.927  0.624 0821 —0.853  0.808  0.598  0.370  0.809 0915  0.933 0994 1

T, 0.918 0.575 0.780  —0.879 0.787 0.583 0.304 0.754 0.914 0.935 0.983 0.993 1

Pb(Ag) —0.691 —0.220 —0.455 0.955 —0.559 —0.382 —0.068 —0.863 —0.977 —0.908 —0.893 —0.849 —0.847 1
Pb(Ug) —0.782 —0.316 —0.542 0.973 —0.654 —0.482 —0.126 —0.832 —0.979 —0.954 —0.938 —0.908 —0.916 0.983 1

I« Bio Az Y ik s SP g WA M 2R 1 A o 5 SS i T MM B s MAD S Y R I Pro S F B & RR % & ; POD 24 POD §ifi #; SOD 24 SOD
itk schla HH4E a & fkschlb B GE b & & P, WAL EHR G AL T C ML COL 3R BE 5 T,y 258 MR Pb(AG) it I

B> A Ph(UG) g b R 3 4 & # s O R B A @ = 0.05 B, r =0.811 4. % FoR B3 M 3 (P<C0.05) 50 =0.01 Bf.r=0.917 2,

C RN R FE AR (P<C0.01) .

2.7 BMETWNEYHEERBRNER TS0
TS o3 BT R A AR B R

4 1T B2 T R 22 0

ik 92.462% . BE LA SE B AR 3R 12 N IR PR AV 45 K

G EPS

BRI M DR SR AR bR . R 5 XTRE LAY
12 A IS bR AT R Hr nl A, HodEr 2 A4
AT TTHR Ay 9k 72,433 %1 20.029 % . Bt STk

51 F A TTRR AR AR A B KA Pro. P, .
G,.C, M T, JAF{H 8.692, k™ 72.433% .55 1 &
AT FERR (5 A 5 B A AREL (12 D) 41.67 % . %
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4 ATHNIX 5 AN FE bR 2 ) 3 HLAT i R A G (P <
0.01), #EUbiUdBd, 55 1 s> B et J iy 4 30
JeA ARG 1 0 A S bR A0 25 A VR FHRRAE Bl 25 B ik
JE (R AR Ak IR 4 T I (06 1 FH & 2 3 1 1 A
b, I 53850 25 BRAE AR B I B I X 648 AR AR R
JE b R WA AR I 28 IR 5 B 2 3 A R AR 1)
AR AA SOD, FRAE M 2.403, BTHR % 20.029% , i
BEE 2 ERAr EE i SOD G PEFRdrprok . .
AT R 2 A8 AR AR B ST B 25 A 4R B o IR 4
BT HYRE 1 AT IR
5 WHEMEFARGEEMBEDBER

_ A fe HEAE i B
R o e T e
BUERS B2 ERS B ENS B2 FMS
AR (SP) 0.735 0.658 0.249 0.424
AR (SS) 0.878 0.379 0.298 0.244
B (MDA) —0.780 0.610 —0.265 0.394
i 2 i & R (Pro) 0.899 0.227 0.305 0.146
POD 0.737 0.517 0.250 0.334
SOD 0.532 0.816 0.180 0.526
1% % a(chla) 0.859  —0.093 0.291  —0.060
4% b(chlb) 0.857  —0.504 0.291  —0.325
b a#EEP,) 0.931  —0.307 0.316  —0.198
SASEG,) 0.974  —0.192 0.330  —0.124
HLlE COL M BE(CH) 0.971  —0.169 0.329  —0.109
EWHEET,) 0951  —0.221 0.323  —0.143
FRAE(E 8.692 2.403
FETHE 72.433 20.029
Fat ok % 72.433 92.462

PC1 1 PC2 7 K& N Z w4 REWL A 3. BR
MAD LN, H A 48 b5 B8 o AR L U6 B 4% 46 05 X
¥ 0 i 7 45 A0 R, DA T A6 A5 AT BT R AR A A R R
AR, F, FAR 05— AR VAN A 4 1 1 Tid
YRR A R T L T DA T 4 P 3 S B — 8 A X AR A 4
T PR A 1A D 56 553 DDA B TR A 1) BT A0 R A 20 1 X
4 JE Y I 3E I M

1.0 b oD
o e
MAD . ﬂ?ﬁﬁﬂ
0.5 + : oPOD
- ; AR o
= : WE® o
2 : RAeH
S drommemoees A3 TN
& : wmaxr © o
o ; HECOMRE o
- ESTPNTE 13
-0.5 | ! [<]
: 45 2b
1.0 F :
1 1 1 1 1
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PC1(72.43%)
B3 5PClIPC2EXHNEEREZHTRY

2.8 WEHEHMBEESETEN

R A5 45 25 6 8 B5 19 A 1 £k e A 1] k1 K 25 B 00
Fe bR AR e, AT A5 3] 2 A T 4> 5 5 12 45 bR
LA A .

81 FERA
Y(1)=0.249X, +0.298X, —0.265X ; + -+ +0.323X 1,

552 EW
Y(2)=0.424X, +0.244X,+0.394X, +++—0.143X ,,

FIH A PR AL 5 I (E A AT B & 6 19
FRAAF A H T3>T4>T2>T1>
T5>T6, LT 14, 76 WA &) 1 25 48 bn 19 25 A (1
T3(w (Pb*" ) =300 mg/kg) &b} F A, 0] 6 B A
T Wi BAT — 2 Wi 4

x6 WMBEYHEMBUENEIRSBHE

wE o HE Gams LR
1§ Il
T1 4 —1.127 1.204 —2.331
T2 3 0.791 1.831 —1.040
T3 1 4.623 3.484 1.139
T4 2 2.068 0.248 1.820
T5 5 —1.209 —2.053 0.844
T6 6 —5.146 —4.715 —0.431
3 &
(OFEYTE YR Iy TR 2 F a3 #, H

B — R AR VAN ME o A7 A 7 E . AR U5 0E i 3 Ay
GIATEORE 13 A HOIAE B S AR 25 A OB I L AH Bk ST
) 2 ANERGF8 b . Al A AT Y Pro.SOD. P, .G,
Ci T, 6 DA BRAE bR T Ry U7 0 Mt 5 12 1) 32 22 48 5 5
B Je AR 35 B4 A5 o HE R AR BAR 4 AR T3
T4, T2 P& CK 54, WA 7E Ph* " ¥
JER 0~500 mg/kg ) HIET 38R AT DL R 47 A K, FE
LA — 5 il 45
(WL Wiy Ph? " 2 & BT, Hix
Ky TF 4 0.29, BRI — & B HE T, 7T WWH )R
TR R AR )
()& F ik A X TR LS R EA —
SE BT 3 W 25 ok IR AR 52 4 i5 Gt IX 0 A
Wz —.
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