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Combined effects of artificial acid rain and Cd on the growth and fluorescence

parameters of Elaeocarpus glabripetalus

XIANG Jingyin, YU Fei, YI Lita® ,CHEN Minsi
State Key Laboratory of Subtropical Silviculture, Zhejiang A & F University, Lin'an 311300, China

Abstract: A pot experiment was conducted to study the effects of different acid gradients ( pH 3.0 and pH 5.6) , different
cadmium concentrations ( Cd 50 and Cd 100) , and their combination (pH 3.0 + Cd 100, pH 5.6 + Cd 50 and pH 5.6 + Cd
100) , as well as the control treatment ( CK) on the growth and physiological indexes of Elaeocarpus glabripetalus. The
results showed that the addition of single acid rain significantly increased the accumulation of total biomass, promoted the
distribution of root and leaf biomass, reduced the distribution of stem biomass, and reduced the cadmium content in leaves.
Cadmium alone ( Cd 50) significantly increased the accumulation of plant biomass and promoted the distribution of root and
leaf biomass. Cd 100 inhibited biomass accumulation, but the biomass allocation was largely unaffected. Their combination
promoted the distribution of root and leaf biomass, reduced the distribution of stem biomass, and reduced the root-to-shoot
ratio, and pH 5.6 + Cd 100 significantly promoted the accumulation of plant biomass. There were no significant differences
in the fluorescence parameters between all treatments, indicating that there was no significant effect on the PS I reaction
center of the plants. The accumulation of cadmium in the plant was in the order of root > stem > leaf. The interaction of acid
rain intensity and cadmium concentration had significant effects on biomass, cadmium content, and F,. Therefore, E.

glabripetalus has strong tolerance to acid rain and cadmium complex pollution.
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B2 28 G AL 2 A DR R | R RN VS Y Rk v R S B A SRR (A T, RN T e AL o o
THIFRIY 40% , RS2 H 2 i DX 2 Ay i I T Tk T e ™ o DXl — R T AT 4 % 1 W 7 i T FRUAS 38
KRR M G W I B R 120052010 4F | KA bR K% H pH BER/NT 4.5, 3558
FRTRRRRE , HLERTN pH (H KRB TR M, BN SBIR F AR 2 R A8 A
FLU O AE A PN S T TR MG A AR R PRI 3R 4 K A B RORT s e S B R T BRIk
Ah, T Tl A P2 S & e LA KA S, R it AR R G, A m e RS ah iR S PERFA
A B SR AR A AR H AR b 2 B 4R TS Y A B T AGIT AT 2000 U7 hm?, 2 SBE
AR 1751 Aptmitnt " & BUER R Y SEOG R AR A M X R B AR R AR R R AR R TR
O, B PR B L ERT5 5% b 80% 2247, H HLAE T Co3s it H B0 T 8 K B SRyl v 4 . B i X AR ) =
A FEFSERANESEG Y B K GIELTEICE , w kY A K SZ A B, (AR A K
FEd R AR N B B2 B 100 SR EHARIRAETR e xt s X BB — 5 Y R ARIEAE Y 15 Y 2 B FRE
PERZEAYEYT SR A T BE S AR DR s PU AR . BRI AT AR L e R ke AT,
HALE S EUE Y AT S — AR B ORER BRI S R L P A S E A B e RIS A,
VIR PERE N SRS RE 8 Y RO B AT ) SRR BT i LR b L3R Y ZE R AR
A S v, AR M A B R AR B A BT AN S B 0 (R AR S R B IR R T 2 E 4R
TG IR 5 Y IR ORI 4R R BN E T R, ELVA R SR pH MG, i Bar T L
FERRWAERTT R Inxi5 4 38 Cd \Zn  Cu MREERZ AN K,

FEMFEDE | F1 3R} ( Elaeocarpaceae ) 198 J& ( Elacocarpus ) H 2% T A, MV FHT BT8P, 4 0 4
WHT R =58 (1K) MK 400—750 m (% SR Ra AR EF TR S AR iz A > A B0, A Kk, 75
e R Y LU b 2T B L I AR AT R D BRI T R Ak | el OB R D 55 R4k £ R AR
B F5E & BT AT i AR R A R A6 PS I FE R ERESL AL AR AN PS I FRAE 1Y 15 1 76 B 40 R R Ab
PR A FTIHEY  fr AR R BT R S X R TR A A BR AE  RE T ANEIFST B AR A S AT G 2
fih DA T AR 2 B IR AR T S e i AR Y AR AL 22 S AN S e B RRAE IR B 05
Y R A 1y e AL

1 #MRERFE

1.1 g AL

TR A T I AR O A 2R WA DI L 28 (119°44E,30°16'N) | 2L rp B 2 XU X i e
8, R TE R B gl BA R W IR BRI A TR AURAHIE . 4T 2R 16.6 °C L 4EFEK H 158
d, AEFEKEE 1454.1 mm , 4F H B 1825.7 b, BREIWIAEF24 237 d, 38 hyor s
1.2 b SRt

BEAR A WA OB A5 Bt A ST H ALY 1 A7 Az [R) AP R 92 AR AR AE e 4 1, T 2016 4F 5 R A
LT HEHERE 120 BRI RS AR 5 40 em B4R 30 om MUSBRIEZ T, B4 | AR BT S 4 R, BT
TR T T A SRR RS AZ T T R R RS L, R AR K D 5 10 0 (] B B B, D) Sl T
o WA A R SR AR e T, BEBOR RN b AR AR — B 2 I RE ML A B 9 4, AR 12 Bk, 3
108 k.

IR HBENLIX 4L, 3 IR, Wi 4 P ab 37X B — PR RN AL 38, 434 pH 3.0 il pH 5.6; 5 —
AL F14% Cd 50 FI Cd 100; R 5588 A AL, 4045 pH 3.0+Cd 50 ,pH 3.0+Cd 100 ,pH 5.6+Cd 50 il pH 5.6+
Cd 100; A S XS HEALH . CK(pH 7.0+Cd 0) . —3 9 ANAb3H A (58] 95845 K 22 B0 PR 4 e 2 it 52 3 Bl 34/
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15 4] THUAAR, A5 o ASADLTR TR 8 52 Ak PR FE A A 9 A RS B 5 3

50 mg/ kg, A KPR K B/INZ TR 5240 E R 300 wmol /L, G = 54N L 10) H 2% A AR 52 58 1k B 4301 R 12
mg/kg 100 wmol/L, Fl 30 mg/kg > A/ DHIFRAETH 52 100 mg/ kg AOERUREE | R ARG 5% B Cd 50 F1 Cd 100
PIANBBIE

2016 47 H AR ZH I ASILER R (CACL) B 3 KA 1 ¥k, 3% 6 IR, e & ff 3 b ik i $53 67.71
mg/kg B, 126.97 mg/kg, AR F WK IE 98% 5 F 1.84 g/mL (¥ H,S0, MK JE 68% ¥ 1.4 g/mL K
HNO,BCH] (AR 1:1) o WK ET FHZE KA BR pH 3.0 1 pH 5.6 BIAWR" . RIEIRG 2T 10 4E45 1
Reg W e 0 o g AR T b 1 0, RSP 35 4 e 30 40 ], A RIS Ib 2—3 WK, B4R 300 mL, H % 2016 4£ 9 A F
FIREREE A,

1.3 vk
1.3.1  AEYaiE

APREDIE 2016 45 9 1 B RI0AE R AR (25 =432 IF, SE B RK R B AR AR S T
AN, s AR ik B Je 25 B ok ot 7ERE T RTSETE 105°C R AT 5 min, SRJ51E 60°C T THEAH
ok 3 R, PRI A i
1.3.2 4 mEie

RT3 53 Z— 53 BT KA B PR UL R 25 38 23 FF T 83 4% 0.2000 g, FTA 2 mL MillQ 7K1 5 mL HNO,, & H
JIA 1 mL H,0,( HNO, Fil H,0, ¥ R 04048 ) , B A I 4% ( CEM-MARS 6, 3¢ =) Hriifig, B 5 10 3%
HNO, E A F 50 mL, # & J5 F SOLAAR M6 B T MR IO %A ( 36 IR ) 0 52 AR rh )4 7% ek, FH R B 5 46
BT BTHE (Y (XSERIES 2 ICP-MS, /1 [E]) I 5 22 I v g o 1
1.3.3  ZOUSEE

F 2016 4 7—9 H F FH i #1426 6 % R 58 (IMAGING-PAM , WALZ , {8 % ) 76 5 B K<Y 9:00—
1100 B, BERRAE R D EARSAN (bR 3 ) AT RSB E , B b FEREALIE R 3 Bk, B4
AR PR S BB I 3 FRAE KR B HME

T2, BEIE N S T IS 16 N ¢ DLC- 8 S Rp it F , (i L N 20 min J5 W E 2CSEL, F, (9]

AU ) FEIRHE VG LA S5 JEHI I (0.05 wmol m™ s ) i S 7248 | 5 FSRARATBK /1 (6000 wmol m™ s™") #i
BRI F,, N2 s,

B2 OGE N AE FAROG T B , A ARG T Z 00, M — Ik F R F, 7 (OGEE  AE b F T AR Ak e
S B0 e RO ) SR #E FARE IR R AN AN Kk g 2, e i 22 YCss AR R IR ik b (6000 pmol m™
s7', BKPREFR] 2 s) I SRARUOGIE I FAEER ZIM = (F) FF,", RERE 20 s M@ —k, H 2 Bknp 2k, B
IJm 6 WADERIFIE (FFITADE 10 YURBEASRBIRGES) . METRbntds F, F, F,, it R4 1 ikt
BCR(F /F,) AR ZBU(NPQ) FIDGAL2E K BB (¢, ) BT AT .

F/F,= (F,-F)/F,
NPQ =1~ (F,'-F,) / (F,-F,)
qp= (F,'-F) / (F,'-F,")
1.4 HdEab

FIIH SPSS 19.0 Gt B 8 44 v 5. 5 2 7 25 43 A 6 T 8 BiE R A7 1E 28 PE A S5 PEAS 56, IR Tukey 3%
Duncan £ 1 I EA T 22 5 W 5 PRSI (P<0.05) 5 I FH AR 2 Ty 22 0 i A 7 1R 1 540 58 R0 68 0k 5 1140 5% i)
PEATREG ;2R Excel 223

2 ERE5H

2.1 AYEHESHE
M1 TR W B A AR R AL P (2 3 (P<0.05) 38 T Skt e i AR 8 A Horp pH 3.0 il pH
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4 A E = 38 &
5.6 AR 1A &5 X BRZHAH Fe A i = T 30.58% A1 16.31% , WA 25 152 RF 9 B2 B8 0 A AR 19 e 2B ) L R g

F(P<0.05) 85, HAREE bR . 454 8 1, BRI AL B T A Wi 9 3 B, pH 3.0 f2F T RE KR A=y it 1)
AYHC I R AR R Y HO AR FR R T 40.40% 5 pH 5.6 AR HE T RERRAR AR Wy e 0 20 AR T o B R W Y
LB BREE 55 T 37.73% , 35 25 o5 A= ) 1 L A9 s 0t BR A 4 3 ( P<0.05) TR

Ml Cd ALBER , Cd 50 SR Wi 5% AR L 2 3 (P<0.05) 390, 32 55 T 29 20.37% , 456 18 1,Cd 50 fi2
HET RERRAR K AR 0 A B BRI T 25 T AE R AL, 1T Cd 100 1 SVE Y A R B 2 (P<0.05) KT
XFRRAH (HA W Ay B I AR Z KA, BE Cd MR R TH e AR A P A s s B s i LR Y
W (P<0.05) FF&,

BAMIET , pH 5.6+Cd 100 .3 (P<0.05) ¥ T B A=Y e AR | 53 I AH 8 55 1 48.84% , Hiqn kb

O A R S BRI L 25 AR 3 (P>0.05) o A AL BRI AR HE 1T RIBRAR Ko 5 A2 B S I, FRAIR
TETAEYRRE(E ) RRAARGE el PR,
®1 BRVNEESSRETERHXEYWERER
Table 1 The effects of simulated acid rain and Cd on the biomass of Eleocarpus glabripetalus
g g o G g i A R i
Simulfﬂed acid concentration/ ' Root ' Stem ‘ Leaf ' Total Root—s:hool
rain pH (me/ke) biomass/g biomass/g biomass/g biomass/g ratio
pH 7.0 0 5.57+0.62de 10.15+0.55abc 6.36£0.71c 22.07+0.78de 2.98+0.30ab
50 9.31+0.35b 11.03+0.83ab 9.37+0.45ab 29.71+0.93b 2.19+0.22ab
100 4.55+0.05e 8.61+0.93bc 5.85+0.16¢ 19.01+0.83f 3.18+0.14a
pH 5.6 0 8.85+0.41b 9.27+1.85hc 7.56+1.18bc 25.67+3.44c 1.89+0.25h
50 7.34+0.33¢ 9.34+0.28abc 7.92+0.17be 24.60+0.45¢d 2.45+0.40ab
100 11.17£0.67a 12.02+2.50a 9.67+1.69ab 32.85+0.13a 1.95+0.19ab
pH 3.0 0 6.93+0.53cd 10.26+1.38abe 11.64+1.92a 28.82+0.01b 3.17+0.32a
50 6.98+0.76¢d 10.00+0.15abe 7.37+0.13be 24.35+0.28cd 2.49+0.47ab
100 6.34+1.90cd 8.12+1.03¢ 6.81+2.95he 21.27+2.09ef 2.56+1.39ab

TE RN PR E bR R 22 ; [R5 AN ] B3R 22 5+ 1. 35 (P<0.05)
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Fig.1 The effects of simulated acid rain and Cd on the biomass allocation of Eleocarpus glabripetalus
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15 THUAAR, A5 o ASEAULTIR R 58 52 Ak PO FE AT 98 A RO 2 ) 5 ) 5

22 WA

T 2 WA Y, SR RN AL BE T AR A B i S IR T B 3 25 5 (P>0.05) , H B EREAK T
H5a o &, FrBIE pH 3.0 AT pH 5.6 AbBH it 5 1 2 5 0 BRALAE Eb 2 > T 64.06% F11 32.81% , B4 T2
R B A O AR 2R i S B S R TR, pH 3.0 SR R IR,

RS A0 B I8 RS AR R 25 AR B i AR 2R Cd 50 T Cd 100 S AR 75 5 43 0l X BRZH 1Y 19.
67 {51 26.33 fi5, BfAEFHH L A TH i RERRAR 25 Ik BB B4R 5 w2 3 N (P<0.05) , Cd 100 & Y55 2
55 Cd 50 FHELHE I T 33.86% .,

MAEE GALHT , 5x5 A LG 4 Fh b3y 01 35 (P<0.05) 38 T AE AR (25 i B B % 2 i 1y AR
2 pH 3.0+Cd 50 ,pH 3.0+Cd 100 .pH 5.6+Cd 50 1 pH 5.6+Cd 100 %A% & & 73 5 2% R 1K) 16.80 ,25.24
22.42 F116.31 1%,

*2 BENEEALETEBMHERNRAER

Table 2 Effects of simulated acid rain and Cd on Cd accumulation in Eleocarpus glabripetalus

g g GO A % ca #rit O Cd f it fCa f
Simulated acid concentration/ Cd content of Cd content of Cd content of Total Cd content/
rain pH (mg/ke) root/ ( mg/kg) stem/ ( mg/kg) leaf/ (mg/kg) (mg/kg)
pH 7.0 0 35.24+1.46e 6.37+0.35¢ 0.64+0.03g 42.25+1.25¢e

50 756.18+34.45¢ 63.93+4.07d 7.03+£0.16a 827.14+30.33¢
100 955.79+36.58a 127.18+18.72h 6.67+0.02b 1089.64+65.28a
pH 5.6 0 37.36+4.50e 6.69+0.15¢ 0.43+0.02h 44.48+2.61e
50 852.56+38.90b 88.32+1.96¢ 1.98+0.10f 942.86+38.49h
100 628.53+1.75d 54.59+4.15d 2.67+0.10d 685.79+6.00d
pH 3.0 0 17.29+0.30e 1.77+£0.13e 0.23+0.00i 19.29+0.27e
50 638.60+42.36d 64.90+2.32d 2.23+0.11e 705.73+£39.51d
100 880.86+14.79h 177.09+6.06a 3.57+0.13¢ 1061.52+8.70a

2.3 NS H

M 2 AIE B, B R AL BT A2 SR S X IR T 8 25 25 5 (P>0.05) , ] DL SR80 i 9 A B X S AT
e PSR H G I IAT 2 (P>0.05) 520, Fifi 25 1 TR 56 B8 PR3 0, A () Ak B ] 114 5 5 56 S i T b 25 25 5+
(P>0.05)

PAIRERAL B A5OSR S X BT B3 2 57 (P>0.05) , B BBl AL BEXS SR AL PS TT 2 R H 0
WA B3 (P>0.05) 5200, Bl 5mHk BE 3G, IR AL B ] 1) 4% 2 S B0 i 3 25 5% (P>0.05)

5 X R AR LG, 525 AL B AR XA AR 1 45 9O S 807 4 W3 M (P>0.05) 5200, B HA &2 A Ak BT 5 9 At
PS I S 0 A B &5 (P>0.05) , 4582 A ALBRTE], pH 5.6+Cd 100 i F, 23 (P<0.05) filk T pH 5.6+Cd
50,11 NPQ %2 ( P<0.05) =T pH 5.6+Cd 50;pH 5.6+Cd 50 f¥) qP {8 &2 3 ( P<0.05) # T pH 3.0+Cd 100,
2.4 FRWISREE SRV R NS EAE R AR 0 A B S A0 52 1)

MF 3 FTLLE Y, B T 5 B T AT s AR A i, SR AR 2R i BRSO NPQ 3 3 (P<
0.05) SZM M X HR 28 M SRS R ¢, A 5 3E (P<0.05) 5200 5 R TR 30 5 R vk B2 1K) 22 HARE F X AR 25
MR R AR 2R SRS R FOA R (P<0.05) 50,

3 it

ABIRGE K B, Zeaed F ) R R T R 52 45 Ak BRSSPt pr) i Ak B0 25 (e T AR B AE i AR R R
PRI BULE XS AR A= 4y A9 488 o 5 i BRUABL IR G A2 0 14 i i T R PR T v B9 SRR R A B8 e M 258017 e
B, TR B DX -3 B R TR AT A R AU SRR T B IR BUEUKE
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Fig.2 Effects of simulated acid rain and Cd on fluorescence parameters in Eleocarpus glabripetalus

R3 BWEEBRERZEEAMNEHMREESBHNERAESN
Table 3 Two-way ANOVE for the effects of pH value of simulated acid rain, cadmiun concentration, and their interactions on the physiological
parameters of Eleocarpus glabripetalus

" . 122 N 5 B < Cd ¥R B
y R 4 Cd W ST
S8 . .. . . Acid rain intensity X
Acid rain intensity Cd concentration .
Parameter ’ Cd concentration
F P F P F P
AW Root biomass 29.247 0.000 * 2.239 0.153 22.364 " 0.000 *
ZA4: Wi Stem biomass 0.723 0.507 0.374 0.696 4.021* 0.030*
Wi Leaf biomass 2.275 0.149 1.180 0.343 7.163* 0.004 *
S Total biomass 16.824 * 0.000 * 3.382 0.072 38.126* 0.000 *
HLSE L Root-shoot ratio 3.504 0.066 0.580 0.576 1.772 0.205
B R

REWES BENRES L , 3.199 0.080 0.325 0.729 1.854 0.189
The percentage of root biomass to tatal biomass

=3 WL ‘Eﬁ‘ LY A=N INH

ZEYESREYRATI _ 3.308 0.075 0.067 0.935 2.368 0.116
The percentage of stem biomass to tatal biomass

It =N ;E"\ IR

HAE L EE,%E_ H it ‘ 0.706 0.515 0.298 0.748 0.968 0.470
The percentage of leaf biomass to tatal biomass

M55 5 Cd content of root 18.107 * 0.000* 2047.686 * 0.000* 59.244 % 0.000 *
4R i Cd content of stem 31.450 " 0.000 * 428.122* 0.000 * 64.469 * 0.000 *
478 i Cd content of leaf 2116.708 * 0.000 * 3406.707 * 0.000 * 496.502* 0.000 *
B  Total Cd content 18.630 0.000 * 1814.122* 0.000 * 72.734* 0.000 *
F,/F, 1.525 0.244 2.331 0.126 1.349 0.313
F, 1.768 0.199 0.696 0.511 8.512* 0.000 *
NPQ 6.065 * 0.010* 1.350 0.284 1.201 0.345
ap 3.243 0.063 7.450 " 0.004 * 1.861 0.161

* N EEN P<0.05

http ; //www.ecologica.cn



15 4] THUAAR, A5 o ASADLTR TR 8 52 Ak PR FE A A 9 A RS B 5 7

AN R B A S DR B A Y s 8 IAERE AR N o3 A AN 510, R AR A FZ 5 RN 7 b A
Fr R BT TR AR RECE AR T AR A AR RO AR T A R — 8, WA O
FER AR T R BE ARG DL ARV B2 1 TR M AR i bk v AR DL Rt 4 R it e B iR A 5
M /NEE B — 52 B HEVEF 0% Thomas %5 R BLLE A SRR, BRUTFEAE A AR AR T 24 Ff
5 DL ) R AR R S AR A SR A

I BN [ 4 0 19 AS [ A 25 AR [ — e e 4 AR T3 07 %ot e — 4 J A B R BB R[] 2% i AT e
VRPN 0 B SRR, HORAEZE e Ja ot i o A R IR A B SR R A AR > 25> 0>
Tt E R ( Hyperaccumulator) $5 1] LR 5 B2 0 R (WP A 4 Y . BRAEA B2 4 @ B AL A
— R LUFRFAE S : (1) W7 LA A2 e 7K P 4 5 (2) b b 50 o AR R R sl L o 45 i i, AN S e A )
P IE H AR 3R R R AR 1 100 A5 DL L, Lt an AR SRAE M B R AR 1 F T35 100 we/g (TEE) DLE,
(3) AR ; (4) AR K; (SRR LR, WA T AERKWFMRE, Cd 50 802 T BEY a3
B,Cd 100 0 & FAR TR SR R BB (RAE ) AT B R 32 KK, TSR S 7E K0 ) e
HhXF I PRBE AT T A5 P I SRR B AT R R A TG T e 0 AR, IR R < 350 i lie . FRATTmT
PAE TS MR i 4 52 ik B A, PG Cd S0 ik T BB AR Cd 100 A0 T By E A R (A AE
PRl R e AR Y R B T B IR, A ALY AR N T AARAR 25 i R AR A AR (R R 1Y
AP AR R G IR W 2 R AGE ARSI OK 43 R SR R M 1 R o RE M — B A R, B
RS IR ) K 1l 1343, DR A e ] 8 2 3 ok A TR S L, 394 s AR I WA BB ) R B 3RS 1T pHL 5.6+
Cd 100 & F st TR A RN R, ARG E D EMT Cd 50, RUIHAMRAZ LA, RILE &
A SR B R T A BRI 78 2 | BB o — S AR AR A K SR R S i I, S AR AR AT

AN, T ARBR F /F | Fy NPQ LUK ¢, 5XRELH TC i 3 22 5% (P>0.05) , REAFTIEAEIE PS 1T 52 g Hr o0
KRAZFN W E MW, pH 5.6+Cd 100 B F /F (HiEE 5w, B PS [ RRDE AR AL 3Rk B iy, B NPQ fE& T
X IR eI ALHXF PS TN L A sE M AT Ak FAE 9 B8 9536 BB, nT DL SE o GRE B I8 s tE A 4, 3
A REL 2 H A YR B E A B m R . pH 5.6+Cd 100 (14 F, 53K T pH 5.6+Cd 50, i NPQ 3% & T pH
5.6+Cd 50, Uil pH 5.6+Cd 100 i1 PFERLAYT-BO /D PS 1T Ry Hocs i 52 B2 e, DA T ol He 2B g i 2R e 2
7T pH 5.6+Cd 50, pH 5.6+Cd 50 Y ¢, {53 =T pH 3.0+Cd 100, % pH 5.6+Cd 50 f L F1& 38 76 1 i 3
T pH 3.0+Cd 100, R HAE 9 A2 B 28 T pH 3.0+Cd 100, Cd 50 B4 F /F AEH g, (8 25 T B8 3R R
PRAY PS T 5] HE 32 A A S AR JFOIR A5 4 v  PS TR P OB H A 21 PS T LA 0 B4 FiE A% 3 16 v
JERERERL AR I AR Y R A R B S TR, F/F (G g, (R FEAR AT B2 1 i Cd 100 44 &
FRR B2 N IR (RAE AR AT 48 55 NPQ {E, JEAFERUE N A A 1) —FhF B Fe T AE W& 19 4 e, ook
2% Cd 100 1 EAE

PR AL BRI DOC SRS X IR M LT TC B 22 5 AT A i T AR A K A 22 508 2 HEDN AT fig + 48R 1k
BT AR 22 40 1 | AR S50 ) 200 6190 R o % 125 M3 Ay, 384 R M P o o s, AT BRI AR R 90058,
A AL BTN RESG AR REAR 2R 405 1, R HY —ATP S 1, 85 R A0 8 HY B A BRACA N HY AME, 53
HEL S IR AL, IR AR R 0 T T MR AR R 2240 22 B, BEAT R AR AR R
WA AR A A PR R R 25 i e R i o R R L R Y LB A AR A B4R T AR
BT A L AT i R R S ST O A L ], e Cd 50 B2 pH 5.6+Cd 100 1 FEAR T 2A R O T
A7 O], ARG 9T & B R 3 ek e AR A0 /K o BB 3R T R IO, BEARVE DG A R 1 & DR A %,
WHCAT= Y% AR AL R R i SR R ETE P, SR DL SR, R R B RE N, B T
R0 L UN R Ty 25 4 M e W, R R R 3 N A 3 A 38 A FEOVE AR 25 AR MR 25 R Y
A F A EE (P<0.05) 52, UM E Z HAAE A R A", AiRE &I pH 5.6+Cd 100 ZbPEAGHA
EREEE A AR, EHA Y R B BRI, DRl BE R S B A K R 25 R IR A
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ARSLIAWIARSE T BRI AR S 5 BRI AL RAE AR T A D g AR 4 AR B W 17 4 AIE L by T S SR )
BB, i AN BETE AL AN R B A FZSCR , RAEM B A B2 R O AH B oG 2R, HAHSG I R W 7EAH [R) pH
ST, F SRR LURSUIRR R XA A (0 0 5 SR T LA i itk — D AU 5 00 i, o Re kAR H AT A b
PR ZEAE N R DR

4 %t

BGRB8 U T R RN A2 A PR P RSO 32 i BRl Y S T A B B SRS N T A R AR
Y AR e T AR A R A C RIS T 2 AR R R G, HR SRR T b R S L, B
P RN 8RR (B I RELRR 2 B R A i AR R R B, HAE Wi ARG BRRAL 3 R, Cd 50 W EE RS T AR AR
AR fEHE TARA B AR 5EL, Cd 100 BINH T AR A YRR R HAY RS ILFEAZ 0,
S AR HE T R RRAR A R AR R A G, RS T AR i A ie , HLRRAR T ARSE b, L pH 5.6+Cd 100 2
FARHE THIMRAE Y R AR R HA R S R E A E A HE R, A AL BRI AR XAE AR Y PS T s v
O A2 (P>0.05) 5200, A BRI A A 3958 25 1 0 T R RR R S i OB R R AR AR AR N I R B AR > 2K
> [RIE SR 207 2543 M 2 B, TR T 56k J32 A vk B 119 28 A FIRTAR (25 BBt AR 25 b B A i
Ml F A B3 (P<0.05) 500
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