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Abstract; Arbuscular mycorrhizal fungi ( AMF ), which engage in a mutualistic symbiosis with the roots of most plant
species, have been well studied for their ability to alleviate heavy metal stress, including that of copper (Cu), in plants.
Most mycorrhizal studies have focused on AMF effects on host plant nutrient uptake. However, few studies have investigated
plant physiological responses during plant-microbe interactions, which are necessary to understand the efficiency of the

phytoremediation of heavy metal pollution. Elsholizia splendens, a widely distributed Cu-tolerant plant, is usually found in
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the Cu mining areas of southern China and is colonized by symbiotic AMF. This study examines the effects of AMF on the
physiological responses of E. splendens leaves under Cu stress. A controlled pot experiment was performed to investigate the
effects of AMF inoculations and Cu additions on E. splendens leaves’ photosynthetic pigment contents, anti-oxidation
enzymatic activities, antioxidant contents and lipid peroxidation. The plants, which were grown on a mixture of sterilized
soil and sand, were inoculated with AMF ( non-inoculated plants were controls) , with or without the addition of Cu (1000
mg/kg and 0 mg/kg, respectively). The results showed that AMF could well colonize the roots of E. splendens under both
Cu treatments. The plant root biomass, stem biomass, leaf biomass, inflorescence biomass and total biomass of E. splendens
under Cu stress were lower than in the control. Inoculations with AMF significantly increased the plant root biomass, stem
biomass, leaf biomass, inflorescence biomass and total biomass of E. splendens under Cu stress by 36.1%, 138.9%,
47.3%, 68.4% and 79.7% , respectively, and significantly decreased the root shoot ratio by 26.3%, indicating an
alleviating effect of Cu inhibition on E. splendens growth. Compared with the control, the chlorophyll a ( Chl a) and
chlorophyll b (Chl b) contents, Chl a+b content [ Chl (a+b) ], carotenoid content and chlorophyll a/b ratio ( Chl a/b)
under Cu stress significantly decreased by 56.2%, 52.6%, 55.1%, 49.8% and 7.5%, respectively. Additionally, the
superoxide dismutase (SOD) , peroxidase (POD), ascorbate peroxidase ( APX), catalase ( CAT), glutathione ( GSH)
and ascorbic acid (AsA) contents in the leaves of E. splendens under Cu stress significantly decreased by 44.8% , 45.0%,
61.0%, 43.7% , 49.2% and 31.1%, respectively, while the membrane relative permeability (MRP) and malondialdehyde
(MDA) contents significantly increased by 61.5% and 106.4% , respectively. With the Cu addition, the AMF inoculation
significantly increased the Chl a, Chl b and Chl (a+b) contents in E. splendens leaves by 36.7% , 30.6% and 34.8%,
respectively, and the GSH and AsA contents by 55.1% and 29.6%, respectively. It also enhanced the SOD and APX
activities by 33.7% and 66.1%, respectively, while it reduced the MRP and MDA contents by 18.0% and 20.2%,
respectively. In conclusion, AMF inoculations could effectively alleviate the damage of Cu stress on E. splendens by
increasing the photosynthetic pigment contents and the antioxidant capacities, while decreasing the lipid peroxidation of cell
membranes and the relative conductivity, which might be important for Cu stress adaptation and the improved productivity of

E. splendens.

Key Words: copper stress; arbuscular mycorrhizal fungi; Elsholizia splendens; photosynthetic pigment; anti-oxidant

capacity ; lipid peroxidation

WM F 55 ( Elsholtzia splendens ) J& JB B} (Labiatae ) ) — 4 A BARKY) , X4 “H 57, Ry Cu 7135 7~ FE
Yy, WM EEE AR E AWK R R I Cu T R E Y . Cu B X N
M A Cu & 18—391 we/g, A 700—800 pg/g"*! , H N Fas £ A E AR Cu TARES, M BRI Hm)
Worigk' " . Yang 25 AN FE R Cu MM RS SERE Y, FRIRK 5 5056 & B b 35643 Cu BRBUH T
1000 mg/kg, Cu ALK L BELFNMEILRE,) 25 5P AR (AR Co EE &2
SRR AR BN AR AR, SR e R MR O AR R SRR T E A, [ & Ak
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AMF AR HE F B4 Cu S BR800, (B 7E Cu MREE K 400 mg/kg I, R AMF FUXFBR 2 [a] L 354019 Cu & &
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TN 35 AR i D R B3R TR ) Cu Zn (P Pb I3 32T TAEY) Cu.Zn Pb . Cd WIRRE D), BT, C
HRZELIEME T HA AMF XHEP G 1 A AR 36 M 4800 7= A DL BT S Al 6 M5 i 1 i 3, T ¥ 4
J& Cd i FHF AMF , 8K ( Kandelia candel ) %17 £ RN, 8 8 (MDA) & BEFRAK , M PT EAL B IS
PESS N, A AR T A (HEEE TR Cu WA ST, 2680 AMF X M 7575 S a AL e 15 A 5%
AHIFSE 1 5 % N ARSI, 0T Cu B A5 T 3Rl Cu 7 X b 5N 25 22 Z4E R AMF XN &35
Sei A PrEALhE S RS AL FLE ORI, LU R I AMF 2N F ST Cu i i B2 i fE T, 38
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73,8 Cu 7 XA Cu 15 94 IR AFP R AR . 1R Cu 155 LB E T Cu 7 XA A H R b4
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1 M#FEE

1.1 Aok

N AR ZE T 1R L8 40 B OG5 Ye i IX (31° 30.632" N 114° 32.620" E, ¥4k 118 m) , BFoMt4EFh +
R AW FET R AR 1L Cu #7(29° 59.776" N 115° 05.856" E, ¥4k 138 m) , {450 + 520 AMF #1125 Jif
4 100 g 3 780 N T, AR N LT 121 C KB 2 h R (R AR =6:3:1) , T
2013 4F 5 H LAPER M F R F U TN B AL EL ICE T 48 FLOCE R &, T 2013 4F 6 A LA), BUR/MHEA
K& 6 MR MATE , BRE LZ O NER 19 em | FAA TN ER 12 em & 15 em R b (134 T E
H 1.7 kg B3 BE AR EEM0.05 ¢ £ N0, FEHLIE T8 e B R = rh 4k gl g . A sk
PR A . pH {E 5.73, A ML 20.16 ¢/kg, 2% 14.61 mg/kg, A 5% 17.86 mg/ kg, LA 56.67 mg/kg,
1.2 gkt 58

W R 2 W 7KCF 58 A BENLIR T, 43 TR IS5 AN N (Cu) DL SRR 5 R E2R AMF, 28 4 /S 4b 3 B Xt
I (CK) NN Cu(Cu) HEFh AMF(AMF) 300 Cu FIHEFP AMF( Cu+AMF) &N 03 15 ANFERE, Cu BB
FKHIA CuSO, ¥ ZE Cu® WA 1000 mg/kg +-38 LIS INAEAR A TC K AVE AN Cu AR, H2Fl
AMF R 5 %EPANREER 15 95 %L (AL ) IRAIRRF P S ORI RS R M4 Fh AMEF 12
BOL B LR B S A M REVE X R FEAR— 3, 2% Walling 2512V 5 1 7E AR AMF B 88 im A 5 % BF41
KA (RFAEL) 28 11 pom JEHE ( Whatman ) 535 38 H ) 38R 50 mL, 4 FPAbBE5E S 4 H3ECE —
A IR Bk R B A R RS 5 K A A Ak TR T . TR R R LA L ORI — B, TRE R SR
ZM AR AR N (70£10.5) % , 1 bR (57+7.2) %, FARIRE 4 (30.0+5) °C &[] K (18.0+2) °C, ARG
WRAE, T 2013 4F 10 Ha), SEA 745 AR SRR R pill 2 | IR SOIRAE R o
1.3 f5hRilE
1.3.1 ARG R E

BOE B AR 22, F FAA 2 TR 52 24 h DL L iE A7l fb iR Ak e to M6 Appki i RE b E
YR 30 BE(1 em /RREL) R R, T 40 £5 WG0EE TSR R AR R YL 00, BARAR Y e iy T H R e IR 1T A4 =X
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%% a (Chl a) MEE b (Chl b) SMHEE(Chl (at+h) ) FIZKEHE M E (Car) &R SLMHEEK ab (Chl o/

http ; //www.ecologica.cn



4 2 R

&
H

Eild 35 %

b)1E,
1.3.3  HUELERE M e
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P R AN E . LASEA3 40 N 0D240 B 0.01 A — B G PERAA (U) 20 Pidh i iR i A AL ¥
(APX) ik : 5% il Nakamo I Asada > 5975 05 APX W& 2, L A A290 4543 F AR 1.0 g — B 376 P B 437
(U),
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UK ILAR (AsA) £T3ER MR (BP) AL WIFRRIASEH AR (GSH) .5, 5- 4 3-2, 2- AL F R (5,
5-Dithio-dintrob enzoic acid, DTNB) R R
1.3.5  JBEAR A AL AR BE I v

JE A Xt 375 ( MRP ) SR FARS b 4512 vl 38k T R (MDA ) & i 58 2 R 2= 4R 457 I ARt 1
FZ /R (TBA) H ik
1.3.6 AYEdE

FMR I ZE KT Ve T L AR 25 M 43 BT ARAE 105 °C 3% 20 min, 80 CHL T fHTE
SRAIER 25 i AE AR TR AR YR IR
1.4 St

4 A Rb B 2 [ R TR0 2 S 4 MR FH B 3 2250 HT ( One-way ANOVA) Al LSD Z & LLAL, Wi Cu
FEF AMF 11928 BAE T N 7575 45 S 800 25 57 1 25 1R P WU 32 5 22 93BT ( Two-way ANOVA ) £ 55 ( SPSS
16.0) . H Origin8.5 #1722 K,

2 HREHS

2.1 HRE ST R AME XN 75 25 AR AR YL R B 5 )

BAPRIF M AR R AMF YL CINE 1 R, AMF Ab BRI N 22 AR Y43 60.7 %, Cu+AMF Ab
PRAARAZ Y RN 57.3 %, 1E 40 f5 WAL T, CK 1 Cu &b 25 A LI 21 I 55 () B8 22 Je ey 44, LR e R 1
J 0, KIS Cu W10 575, HRh AMF XM 35250 R 54 BIFHR YRR
2.2 HBRE ST R AME XM FFE I ROGE AR SR

ARAE IR INFZE I Chl (a+h) 8 K/N A AMF>CK>Cu+AMF>Cu, EATZ E ¥ EF B FH (F 1),
B AMF M H- Chl (a+b) & CK 34T 17.9 %, Cu AbFRN L CK FR& T 55.1 %, 1 Cu+AMF 4 #E%: Cu
RO T 34.8 %, 4 FhACFRMEMN FFZE M F Chl a F1 Chl b & K/NIFE 5 Chl (a+b) AR, 4% 4038 a] () 34 2%
S, 5 CK AR, #Fh AMF (%) Chl a F1 Chl b & 843 33T 20.0 %M1 12.6 %, Cu AHL5> HIRE(R T 56.2
%M 52.6 %, Cu+AMF ZbFRLH Cu AbFEAY Chl a Chl b & 843 B30T 36.7 %1 30.6 %, 30 Cu MhiE T #:5h
AMF A] I g it R i

N FFZE N A Chl a/b LIFER AMF 55,55 Cu AbF Cu+AMF AbH25 5 3 Cu AEBRIRAR, b CK F&AI%
T75%, 2% 8%F (K1), CulbP Cu+tAMF LLHEH Car & E/3 5 E CK FEAK T 49.8 % A143.1 %, %7
. A AMF 9 Car & B35 5 T Cu 0F Cu+AMF ZbFE

WK ETT 225307 (F 1), Cu AEFEXFERER H- Chl a Chl b Chl (a+b) Car &8l Chl a/b 1EH I &
% ;7R AMF Xt Chl a Chl b Chl (a+b) St 2 ; TP WA BAE XD GG AR S8 PR 2 T0 & 50,
2.3 G S R ERT AMF XN 25 B A AL BE T A S0
2.3.1  SAMA S0 R HERD AME SR 75 25 B AL BTG PR A0 52 i)

Cu,Cu+AMF 203 SOD ,POD ,CAT APX {HPESL T CK, 2% W3, 1l Cu+AMF 4B/ SOD  APX i
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P EE Cu AP IR T 33.7 %M1 66.1 % , 2255 3% (F 2) , B Cu Wi i8N &ZE 1 5 SOD . POD .CAT
1 APX PTG PERRA 1T Cu PiE T HFF AMF 7] BH i 45 55 SOD  APX AY7G

T

E1 AELETENEERAMARHREHBLENESR
Fig. 1 Mycorrhizal colonization of E. splendens roots under different treatments

CK:XF A Cu: BSINA ; AMF ;A0 AR FLH 5 Cu+ AMF ; BSANSR + 3 B AR FUTR

®1 TELEBHEEHRAAEBRSENLR

Table 1 The comparison of photosynthetic pigments contents in E. splendens leaves under different treatments

b7 nHE% a B D B ath nH4EE /b F B %
Treatments Chl &/ (mg/g) Chl b/( mg/g) Chl(a+b)/(mg/g) Chl a/b Car /( mg/g)
CK 1.08+0.07b 0.46+ 0.05b 1.54+ 0.12b 2.35+ 0.17ab 0.27+ 0.03a
Cu 0.47+ 0.09d 0.22+ 0.04d 0.69+ 0.12d 2.17+ 0.09¢ 0.13+ 0.01b
Cu+AMF 0.65+ 0.09¢ 0.29+ 0.04c 0.93+ 0.13¢ 2.26+ 0.17be 0.15+ 0.02b
AMF 1.30+ 0.07a 0.52+ 0.05a 1.82+ 0.12a 2.45+ 0.13a 0.27+ 0.03a
F {8 F-Value

Cu 310.66 " 146.09 " 262.70 ™ 11.55™ 128.69 ™

AMF 29.91™ 10.18 ™ 23.24™ 4.09 1.30
CuxAMF 0.13 0.05 0.11 0.13 0.63

CK X B85 Cu: AR ; AMF 33 FfNK AR ELT 5 Cu+ AMF : DA+ R MR BTAR B 5 28 DBl PR (ol 22 | W9 B T AR el /NS
FRFRER B FH(P<0.05),* P<0.05; ™ P<0.01
2.3.2 A SRR AMF XN 3525 H1 A0 ) S 1 1R 5 )
M FZE M A AsA (GSH &L Cu AbFREAK {1V CK 1 69.0 % 49.1 %, AMF Cu+AMF CK )2
FRE (K 3);CutAMF ALFEAY AsA .GSH &80 Cu ALFREE N T 29.6 %M1 55.1 %, 5% 8%, Cu+AMF
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Fig. 2 The comparison of superoxide dismutase (SOD) , peroxidase (POD), catalase ( CAT) and ascorbate peroxidase ( APX) activities
in E. splendens leaves under different treatments

CK XTI Cu ¥RANGR ; AMF SRR AR AR ECT ; Cu+t AMF : ZR AR + 30 AR AR B

0.45 - 0.40 -

a
a a
040 | a
I ( T 0.35 - [ ab
035 |
5 0.30 | [
R b —_ b
g ® 030 | 2
,EH S i# 2025 | I
IS 41 £
&5 o025t P
g 5 = Soaof c
:}_i S oxof L3 [
=2 015 |
< onst & 5
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0.00 1 1 1 1 000 1 1 1 1
CK Cu CutAMF AMF CK Cu Cu+AMF AMF
ALFE Treatments Kb#E Treatments

B3 ARAEFMEEMFHUIRMER (AsA) AR HK(GSH) 821 LE
Fig. 3 The comparison of ascorbic acid ( AsA) and glutathione ( GSH) contents in E. splendens leaves under different treatments

CK: XTI Cu: URANGR ;. AMF SRR AR AR EC T ; Cu+ AMF : UG+ RD AR B, ARG FRERIR 22 57 I3 (P<0.05)

WEFREY) GSH &l T CK, 2R &,

XUR R Ty 2253 Hr R W (3R 2) , Cu 38 A0 350 T P 35 55 I e S Al 3% ek AN S A 700 25 £ 1) 52 i 37 35 )
TR ZEAKE  AMF RO APX I PEAT AsA & 5200 8 35 Cu [ A SHERD AMF 28 5 A IR N 7575
MR GSH & i i 52 I IS 31 i Z 7K
2.4 HAIBIESE T RN AME XM 752 I 1k S AR Y S

TN TR R F MDA &5 L) Cu 4B &, 4 CK Y 161.5 %, 5 Cu+AMF AMF CK Y25 57 i 2 (K
4) ; Cu+AMF ZbH 3 5 F AMF CK, Cu+AMF AbFRM - MDA 588 Cu AAEERI1K) 79.8 %, v & H Cu Wrid
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M AT A MRP L) Cu AbFEE T, CK 19 206.3 %, 5 Cu+AMF AMF CK Y25 % 5% (& 4) ;Cu+
AMF AbFE R 25T AMF CK, Cu+AMF AFEf M MRP & Cu AbBERAY 82.0 %, [AIRERT &, 78 Cu il T3
filt AMF & &% T 7 MRP,
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Fig. 4 The comparison of malondialdehyde ( MDA ) content and membrane relative permeability ( MRP) in E. splendens leaves under

different treatments

CK: XTI Cu URANGR ; AMF SRR ABBRARELE ; Cu+ AMF SRR +EEFR AR AR LR, ARG FRERIR 22 57 .3 (P<0.05)

KN TT 22530l (3R 2) |, Cu MHE XM TG A MDA &A1 MRP Y2 IR E] T #8381
Bl AMF UGB 735 1 7 MRP R VR0 S5 Cu 3% mh AME 28 BAR FXHEMN TG A MRP S0
BB K

F2 RN SR A AR LB N B S R LA R S R R T 7T £ 4R

Table 2 Two-way ANOVAs of the effects of copper stress and inoculated with arbuscular mycorrhizal fungi on the anti-oxidant capacity and

membrane lipid peroxidation of E. splendens

) . LR ML PR i . N _ " .
F i waen areim avwcam DB ane soRmm o mom o medst
F-Value AR SOD POD CAT = APX GSH AsA MDA MRP
Cu 46.64* 29.06 ** 13.80 36.60 ** 21.58* 19.79 ** 26.96 " 201.26**
AMF 2.05 1.28 0.56 6.41" 2.35 531° 3.92 7.67"
CuxAMF 0.15 0.06 0.00 1.21 6.76* 3.33 271 11.41*

SOD: superoxide dismutase; POD: peroxidase; CAT: catalase; APX; ascorbate peroxidase; GSH: glutathione; AsA. ascorbic acid; MDA
malondialdehyde ; MRP : membrane relative permeability.Cu;%ﬁj][]ﬂﬂ; AMFT%@M*&T%*EE—[%, CuXAMF;%?DD%ﬁXT%ﬁMH—I%*EE%; * P<0.05;
* P<0.01

2.5 HIIE S0 T RN AMF XM 75 25 A 1 B 5 T

% 3 0 &, Cu A H I INETER 25 0 B MYtk CK FRET 67.1 %.72.4 %,
31.2 % .75.2 % F1 64.4 % ,Cu Wp3E fHAFG N 5 35 45 48 B FLEAE Y W R AR, 107 Cu A0 3T $ER0 AMF I JH 7y
WA ZE o BRI Co AR FRERES T 36.1 % . 138.9 % 47.3 % .68.4 %1 79.7 %, F W %R
AMF 7] G2 Cu Jp3e X5 A AR A 52 ]

XUR R T 225 Hr R WI (3R 3) , Cu AL BEXAEBRAR |25 467 A2 W) i FLEA ) o 1 52 i B9 1 I8 355 46 R AMF
S RARZELE i R i SRR e R A R S 3R AMF 1 Cu JBiR30 58 T A JH AR AR 48 S i (8 385, o it
FEPHLUR AR Y R R i 2
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Table 3 The comparison of the biomass of E. splendens under different treatments

AR YE s

Qb3 A=Yy E-YR7 e/ Inflorescence RBAYEE i
Treatments Root biomass/g Stem biomass/g Leaf biomass/g biomass/ Total biomass/g Root-Shoot Ratio
CK 6.27+0.71a 16.05+2.44b 6.79+1.06a 7.33+1.23b 36.44+3.71a 0.21+0.04a
Cu 2.06+0.65b 4.43+1.00d 4.67+0.78b 1.82+0.44d 12.98+2.11¢ 0.19+£0.05a
Cu+AMF 2.81+0.49h 10.59+1.20¢ 6.87+0.58a 3.06+0.68¢ 23.33+1.81b 0.14+0.03b
AMF 5.45+0.75a 20.32+3.18a 5.89+1.22ab 5.82+0.74a 37.48+4.08a 0.17+0.02ab
FA{A F-Value

Cu 134.58 ™ 123.15* 1.82 125.70 ™ 185.75* 2.81

AMF 0.02 29.34* 2.41 0.13 17.03* 8.33*
CuxAMF 7.03 0.97 13.53 ™ 13.90 ™ 11.38* 0.09

Cu: VRN 5 AMF 3R AL BRAR U0 5 Cut AMF : BN + 45 A AR B AR 0T 5 PRI A P BB b5 i 22, RIFNEEE th AN R)/ING 7R 3R 22
FWE(P<0.05), " P<0.05; ** P<0.01

3 e

MY SZ B A R 2 FEOC A AR SR A A, NI AR Y ARBFFE R, Cu il 3%
REAR T MM A i e 2 R i T AD AMF AT DLt s XA et TR 2 2 H 4
TEEF I SRR P HL A S A i 2 PR A3, I FLIE 4R B 7 U8 T A A S Y LR L Y R 11
SH #43, INIfil 7SR A A B . WiTE Cu il RN AMF )5, BETEI N B2 RAME IR Z W 22, KK
IR S R A 1 AR 5 BSR4 R R IC K A Ah AMF FEFRAR I N T 25 AR R Cu AW ™) | Z84% Cu X
FE Y B, AR R R o i B E S MR SRS, AR TR A R RE T i igss , fE SR A AL
PI R 2R T4 i T AR I A P i

0T B A Ay A 801 R S 40 L PR 4/ N 55058 i R S 8 P ER B2 ) AR R b A B A AR P A A R
SATE PR, TR AR B R S i AU A YR N RS (MDA) P ZEAIR G R, Cu ARBE G IR
FHEM R MDA i AR B T H e AR, R Co Whia BB S & 4284k, Cu W] 5 41 i i 2R
F S BB IR 732 B RS 2 I3 S 07, 1 B R 11 B s 45 ) oA 28, BB P3G K B4, Ca JBlpae 2 Vg
T g R A R (A0 T A, T P S R R B 4 M BB R e AU R B (el 4 ML % 1 2B s Bl A2 B T
YIRS, TE Ca B N R AMF J5 M 25 0 B MDA 5 & 5 BRGA P SRt CK 3838, (H L Cu
Qb P SRR U T Cu e s J P IR 2o SR AR FR I, SR Cu JoR e Xh i M A 35 1 I FE 5 L X 5 AR AR
FH R N ERBERE 4 BBk B AE W E FR K Cu 75 Y - HE o (1 = ( Trifolium repens ) b L3843 MDA £
ALY

FEYIR N A AEETE-AE (SOD ,POD CAT \APX 25) FIAEEfE ( AsA \GSH %8) Bi2ETE A H i B E PR R 450, 0
Y L5 R 1 50 48 P RT3 4 4 1 P X B i i s S LR 1 0 A AR . B E LR, SOD  POD |
CAT Fl APX B E R4 MY i Re U 44 A SEAEA AR 0 77 AL RS BRI B AP . ABFRE R I, Cu Kb 2R
M INFZE R SOD . POD CAT APX {6 PEAT AsA (GSH & 1) BEMKT CK, RUATERSRAY Cu HE T, 41 rh
TR E IR R B — e R, SRR A S5 P B IR S PR BRI A S R R, MITE Cu B
18 TR AMF J5 WM E7E A B9 SOD  APX TG PE 3 3 5, AsA L GSH 8 & 12 i 38 388 K AR V4R A Pl 3%
(A3 R BE T A, 80 136 Tk SR R R A R PN 1) 403 3 A A o S A R 38 T M A 7 i

Cu ZbFEF B A T M 35 0 AR K MR AR (25 i JEFAEY RFL S A R L CK B PR, X
JEHCH Cu 8 F T B LA GRS TR, MY A ERRE 1, B WL SR Rk ; i A b AL
TP 1 d B ST B s s PR R, i B 25 A0 08 | fE AR I 2B K X SE 35 R 3 Cu W38 T A
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YY) TR, H Cu BHA TR AMF J5 , AMF 24 1 #B) A C F18 AW RETE Cu i5 4 L P 77T, £
SR FH SR RE R X I A A3 A SR, — D7 TR Cu E AN, 38 3 700 e PR RS 3R, 5 B P i A 2R 0K B
R Cu-BRERREZ AW, NITREAR Cu MLEWAIIR 53— IHE Rk 0 & R 2 25 1, 6 Cu E A — L8
WAL AN A A AR M AR NS, 8D Cu iFEF . EAD, AMF X Cu 51 9 A AL ria
HEATUAIR , I8 52 A AL 5 R IG5 . BT HeRl AMF J5 | BEZEf# Cu Bhaai Xt Hm 058 I 1M & s
Yyt N

25 LATIA  FEFR AMF Al 32 Cu WHA R 35 i B0 4R 3R & PUAE IS P DA e & 2, PRI
MDA & &S RGEVE , i ak 2B Wit U] AMF 7] LUE i $2 5 Cu JihA TN AL ROt aR & &
FIPCAEALRE 1, SR SRAE YOG 5 1 T RE ) AR AR AR i S A K1, AT i Cu 30 06 Y PH 75 505 38 L 45
e HERE A A, 4 AR B9 A W B SR N B 55 X Cu M8 B TE LA, ISR Cu 7 XA Cu 5 32 XA AL 35l
o APTTEAHER B AMF BUA Cu 87X 38 U455y 8RR (E, al T2 BT T Cu 155 8 Cu 7 XA
SEEMEET,
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