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Physiological response of Zoysia japonica to Cd**

LIU Junxiang, SUN Zhenyuan” , JU Guansheng, HAN Lei, QIAN Yongqiang
(Research Institute of Forestry, Chinese Academy of Forestry/ Key Laboratory of Forest Cultivation, State Forestry Administration, Beijing 100091, China)

Abstract: Zoysia japonica is an important native grass species in China. The objective of this study was to study the
physiological responses of Zoysia japonica to Cd**. The plants were treated with six level of Cd** from 0 to 100mg/L for two
weeks. The results demonstrated that the proportion of litter was not significantly affected when treated under 5, 10and
30mg/L Cd**. And the physiological responses of Zoysia japonica to 10mg/L Cd** were studied. Compared with the control ,
superoxide anion radical (O, + ), malondialdehyde ( MDA) and Relative Conductivity (RC) of Zoysia japonica leaves
significantly increased by 58.69% ,38.52% and 68.69% after treatment for 30 days respectively, indicating that leaves
were exposed to oxidative stress. Compared with the control, the maximum photochemical efficiency of PSII ( F,/F,) and
photochemical efficiency in the light (F,'/F ') significantly decreased by 3.90% and 11.36% after treatment for 30 days,
respectively. The effective PS Il quantum yield (@PS I ) and the relative electron transport rate (rETR) significantly
decreased by 22. 22% and 22. 66% after treatment for 20 days respectively, however, they significantly decreased by
12.5% and 18.12% after treatment for 30 days. After treatment for 20 days, the photochemical quenching coefficient (¢”)

significantly decreased by 14.29% , whereas the non-photochemical quenching coefficient ( NPQ) significantly increased by
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38.54% . The results demonstrated that the photoreaction agency was injured, whereas the capacity of photo—protective was
increased. The activities of superoxide dismutase ( SOD) and catalase ( CAT) firstly increased and then decreased,
whereas the activity of peroxidase ( POD) presented inverse trend. The contents of proline and soluble sugar both
increased. The soluble sugar content significant increased by 63.35% compared with the control after treatment for 30
days. Compared with the control, the content of soluble protein increased after treatment for 20 days, whereas decreased
after treatment for 30 days. With the treatment time increasing, Cd concentration in under—ground part gradually increased ,
and Cd concentration in above—ground part firstly increased and then decreased with significance. After treatment for 20
days, the Cd content in above-ground part reached the peak with the highest transport coefficient of 45. 84% . After
treatment for 10 days, the Cd distribution proportion in above-ground part was lower than that in the under-ground part,
whereas higher after treatment for 20 and 30 days, indicating that Zoysia japonica owned potential for phytoremediation of
Cd pollution. The proportion of different forms of Cd in the under-ground part was highest for water extractable, followed by
sodium chloride and acetic acid extractable. However, the proportion of acetate acid extractable was higher than the sodium
chloride extractable in above-ground part. In conclusion, Zoysia japonica showed some resistance and tolerance to Cd** up

to 10mg/L.
Key Words: Zoysia japonica; heavy metal; Cadmium; physiological response

BEE NSRS NsR , Tolk =52 HEmce: B a5 3m  A 25 40 I8 R it 1Y, F 338 v 8 4 3% 2 R B
Horp e E R R sh S LRI K, B & R AR P A AR R AR R
RG22 3A PR 4 Ji T Y iR B 5% 10 5, 1 240 AR A W) © b R T B ABIE SR, I K 3 i 5%
( Thlaspi caerulescens) ZRFE 5t K (Sedum alfredii) | [FIHEFGIT (Arabidopsis halleri) %5 o {H L R AH Y- 1776 4=
K FE 8, AR i /NS5 Re ad, BRI T HAE bR 2 A i 1 . 4526 B ( Zoysia japonica) J& R A F}
( Gramineae ) [} J& ¥ P Bl ( Chloridoideae ) 2525 51 )& ( Zoysia ) Hi¥) , W EH TR 2 R BRI EEERL A Ym K, B
AT AR TR TR T v SO R 2 RN TR e B R A RGE T G A 2
Xof o 45 JE A A B 7 RO BT TEAT AL T2 B B A 5 2 e g 1o T Bl = B ARHIE o A A B Y A L 1 A 4
P AE A ) BEPE RSO M FR R fR R LA . Y C i A Rk B — e R S R EURM N B R M R
AR A R WA R B AR o R4 AR KGR MR/ =i R R AR RER T R
B AT S A 2 MR AR SR, AR S S IR 1, AR SR Y D E A0 DR R G MR R SR B A
T AR AR SCE MR AS ] 3 R A e 1 A B AR ALEOR [ R, R A 4 4 R
Cd™ (e AT, AR SCRAZK S (19 7 IF9E T AR 2 2 A= 4 AR 3 A A Re P 1 52 e L R R AE 45 2w g FR R
R, DU R A B PR e 5 18 T 46 R 4R 1 A8 S A S (IR E e 2 2 R AT
1 MBERZE
1.1 fEPRRESR

SEBGAE o E AR BRI 2 N R4 T ,2008 4F 1 H A4 L52E 5 ( Zoysia japonica) ¢ Zenith” FP 4% Tk H
IR, 2008 4F 8 ] B UK #— B 25 2 RO FR A R , RERR /N (7 1) D23 BE BRI K 33em T8
15¢m {5 12em 75 5L 1/2Hoagland & F5 WA SR G b, A1) A (8] W 1] 75 7208 <, 7d J5 5% 24> Hoagland
EFRW T HR I JE T Cd™ Ab 3L,

1.2 KBSt

AEFR CA* W EE R 0.5.10 30 .60 ,100mg/L, Cd* f1 CACl, - 2. 5H,0( 4304k ) $248t | A4 Hoagland 371k
Be il , AL PR pH (HEEHIFE 5. 5—6. 0,5 3d T4 | AL, 3EFRad R b, R T ACRAS ] W7 1] 3 95 WE <
SEARRENLIX A LI, A 1 &, B E SR A 2R 10 /R, 1R 3 Ik, AL 2 JR S XA R4S R IR A T
Hro BEBE 10mg/L 19 Cd™ Vi AT 5% 45 26 R X4 1 A5 B 17, DL 4 Hoagland & F2 A XTHIR Fpab B 2 & EA
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ARSI HE B A S RN S B A 8 4 R It s SRS B I e A 8 LA = A 2 B o8 4 R 4
1.3.2  AHEIR MG RIOCSE S B R SIS E

AEBEES 10 K20 K 30 K, AEACBRBEHLE L BR A Fn L (0 52 e BT B A 2g, IAURATE, BB H R
ST R D R 45 A AR R

ghek vt i it RO SEH Li-6400 J6A RGEIE SR 2 6400-40 JIE . AR FREE 10 K .20
K30 KiF =, M B N AR BRI 7 IR 28t F, fiie K286 F,39:00 2 10,00 R = N A RO6IEME Th )5,
D E I R RS DO FRDE F iR ut F,' B FTIF K R 740nm (14328 216 5 ik vp il 2 6 N /Nt
BERRINE P F 5E 4 R TP SHREM: A, BRAL BRBEHLIN A2 10 ¥k, ZHE CO, ¥ FE 5 7 400 mol/mol , Ml % 7 &
25C . POCSEITEARIT ek T (F,/ F,)= (F,-F,)/ F,;5brt& T/ (F,'/ F,)= (F,' -
Fy')/ F, SR # 8 (@PS I ) = (F,'-F )/ F, s FAXT L TAZ 183 (ETR ) = 0. 84%0. 5XPARXPPS 11 5
FALEEK (¢ )= (F,' = F)/ (F,'= F,") ;624K (NPQ)= (F,~F,')/ F,,

AbFEEE 10 K20 K30 K, RRALFRBENLICRE | B 45 28 553y i LA T8, MR 8 10mmol/L Na,-
EDTA #WR 15min, DIEEA AR R R AR AYER 251 K R0 b 138 25 B oKk e, B4R T, 105°C
TR 20min, 80°CHLT EAEE , Kt TAESIRIL AL, R AA-6300c JFF- WA BE T AR T 2%
WER SR, MR E =B T 75028 250 =t 3 i/ M R4 & i o 3o A He ol = b 1
HREAFN R/ SR AR B MR A L ] = MR AR AR R SRR R

ALEEEE 40 FKHCEE , Ho T #RFH 10mmol/L Na,-EDTA %2 15min , B AR R R EEE T fh B3 T
HAHE, LB TR, SRR OE O SRS 2 R A S S, BRI AR
FIA 20mL $RIGH) | BFBE A0 3 05 5 A S0mLL B5.045 25 °C AR IR R % 22 h J5 50001/ min B0 10min, % -
TR ZE S0mL H 8048, FEDTVE PRI 20mL $2HUH],25°C fHEHRY 1h, 5000r/min 20> 10min, & H-FIK
W, BRI E S FEEBGAE AL . 80% L FE, 2B F /K, Imol/L NaCl ¥ ,2% B2 ,0. 6 mol/L £k
2, e MARIEDS . AKAREA B T AN S KEERA LRSS A 10 Cd; OREFR IS FER & T 2Lk
45 A1 Cd; NaCl HEHCS RIGIR 2R RS A s BN 1Y Cd 5 BEFR R BBOMEVA K 0 B & B B R & ; $h iR # U
FRERAT , $2 UK B A B AA-6300c JF W I 43 5 0 BE ot il e o o, AR L B oK ok, A
100mL =i, FH bk B2 Bk, KO E e &,

1.4 St

FH EXCEL2007 225504040 , H SPSS13. 0 AT A ST AEAS T #5560 T 25 0T fl Duncan 28 HL3L,
2 ZERE55H
2.1 Cd* X528 Bt Jokl B RE R 1 52

FHE 1 AT, Bl A BV B A T v, 25 2t ARG B LA 0 2 AR . Cd™ W= 60,100 me/LL B, Al
) BB B ETH T 71.6% 98.2% . 1E5 .10 30mg/L ALK PEFE T 10mg/L AL BREE 2k B M bk
TIF 5 45 2 B AEAS [ Pl 20 B[] %) £ 38 1
2.2 ERXTESZE R AR B RE R 45 E

%2 nl, i OB E BB H 3 AR 10d B IR B3 ETF T 42.26% ,20d BRI IR BT
52.95% ,30d A A HH5 X HE 22 5 1 2 AR IR TE T 58.69% 5 T S S i ZEAL R 10d 204 A4 S e ko R L T
7 20.53% .8.69% ,AbFH 30d WX IR B 2 FTF T 38.52% 310d . 20d B4 BRI H- (A ST -5 800 il vt B 1
T+ 18.44% 2.49% ,30d B} 5%} I8 22 5 g 33X IR 1 TH T 68.69% |,
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Table 1 The effect of Cd** on the extent of turning yellow of Zoysia japonica leaves

b3 il e 4 SEA IR IF I EL e Ho A
Treatment/ ( mg/L) Number of litter Number of complete expansion leaf Proportion of litter/ %

0 13+3a 28+6a 48.1+13.2a

5 16+3a 25+2a 65.9+7.9ab

10 14+4a 21+2a 71.1£19.9ab
30 18+4a 25+la 72.8+17.2ab
60 20+1la 25+3a 82.5+5.6bc
100 19+2a 21+3a 95.4+4.2¢

R N BB AR 22 ; RSB 5 A R/ NS TR ROR 2257 B3 (P<0.05) 538 7 5 IEATTH]

F2 REMESTEZEMN R AR E SR

Table 2 The effect of Cd** on membrane permeability in leaves of Zoysia japonica

i 24 e g B T Ak — A
/d /(mg/L) /(pe/g, BET) /(pmol/g, ff )
10 0 37.20+2.50a 22.06+1.79a 13.2+3.2a
10 52.92+2.05h 26.59+6.46a 15.7+2.3a
20 0 37.24+19.57a 17.680.70a 15.3+1.3a
10 56.96+18.51a 19.22+1.93a 15.7+0.7a
30 0 26.94+2.39a 18.52+1.12a 10.7+3.3a
10 42.75+7.83b 25.66+3.08h 18.1+1.1b

F B D B bR 22 5 A )b B R BRSO R AN R /NE PR R 22 57 B3 (P<0.05) ,3 3 4.5 .6 S ILAAH)

FH 3 3 AT 7E57 30 KA, Cd> b b3 () F /F, F,/F," 5 SO B 2 R BE T 3.90% (11.36% 5
@PS I rETR 7655 20 KRBT 200 T B, 55X B2 5 0 3 40 VR FRTR B T 22.22% (22, 66% , Ab 31 % 30d B,
Ay PR FR B TR T 12.5% (18.12% ;7627 20 K, A BN - " 306 B 25 R R T 14.29% , NPQ W%}
Mg E LT T 38.54%

F3 CAPENELEMHRFHRELXSHOZN
Table 3 The effect of Cd>* on the parameters of chlorophyll fluorescence in leaves of Zoysia japonica

Job B ] Cd* e

Treatment o 5SS == ST SEBk X T etk s
reatmen = = Y, vy . ,, Ny
e ) JeH e BRI 3 T A8 VS TR FZHL
concentration F,,/F,,, F,, ,/Fm, dPS I rETR qp NPQ
/d /(mg/L)
10 0 0.73+0.03a 0.57+0.05a 0.17+0.01a 63.69+5.36a 0.30+0.03a 1.19+0.32a
10 0.72+0.02a 0.58+0.04a 0.15+0.02a 57.71+5.84a 0.27+0.01a 1.02+0.27a
20 0 0.74+0.02a 0.42+0.03a 0.18+0.00a 66.27+0. 80a 0.42+0.02a 2.05+0.21a
10 0.74+0.01a 0.38+0.02a 0.14+0.00b 51.25+1.38b 0.36+0.02b 2.84+0.32b
30 0 0.77+0.01a 0.44+0.01a 0.16+0.01a 62.30+5.49a 0.37+0.03a 2.46+0.22a
10 0.74+0.02b 0.39+0.02b 0.14+0.01b 51.01+2.41b 0.35+0.03a 2.52+0.42a

2.3 ZEEEEM ORI R G B BT W RO A (FR X A Y e

% 4 T, 2528 B SOD JEPEZEALBE 10d B BE T+ T 49. 25% ,20d ,30d A 43 S 45 B R R T
8.51% 3.47% ;10d i} POD 1EMEEXT IR T 19. 76% ,20d 30d B4 B GTIE ETH T 4.82% 27. 63% ;10d
I CAT i PR IR ETH T 8.79% ,20d ,30d B354 6t R R[4 T 28, 13% (13.08%

HE 5 AT, Cd™ A 55 10 K .20 K30 K AF 4528 R 1 il 240 1R & it 40 il 8%t | BT 19. 71%
13.58% ,25.74% ;10d ,20d B A] 5 M 05 & B 30 B30 B FH T 43, 11% (4. 35% ,30d B 5 0 I 25 59 o 3 ¢
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YR ETFT 63.35% ; Al PEDE A & R AE 10d .20d B 46 B8 ETH T 67.70% 0. 33% ,30d B4 IR R T
1.58% .,

x4 EHHENELENRFREAUBEENZM

Table 4 The effect of Cd**on antioxidant enzyme activity in leaves of Zoysia japonica

PSE Co ik T L A
Treatment time Cd?* concentration SOD activity POD activity CAT activity
/d /(mg/L) /(U-goh™! fif ) /(pgrgomin", #ETE) /(U/g, i)

10 0 413.17+98.02a 93.26+20.72a 193.07+21.27a

10 616.66+94.31a 74.83+44.22a 210.04+14.49a

20 0 370.24+67.44a 91.12+£16.56a 170.12+33. 13a

10 338.75+44.20a 95.51+27.65a 122.26+50.72a

30 0 313.77+38.02a 86.60+36.65a 167.34+38.71a
10 302.89+70. 83a 110.53+45.34a 145.45+3.75a

RS EUGLEMHAFERESR TAEERTANEASENTM

Table 5 The effect of Cd**on the contents of Proline, Soluble Sugar and Soluble Protein in leaves of Zoysia japonica

Qb B ] Cd™ ¥e i 2R A AR
Treatment time Cd?* concentration Proline content Soluble sugar content Soluble protein content
/d /(mg/L) /(mg/g, TH) /(mg/g, TH) /(mg/g, TH)
10 0 3.40+2.48a 11.32+5.02a 348.66+85.61a
10 4.07x1.6la 16.20+1.42a 584.72+175.36a
20 0 4.27+1.33a 13.10+1.09a 300.31+87.10a
10 4.85+2.43a 13.67+1.13a 301.22+60.52a
30 0 5.75+1.6la 11.35+0.62a 363.59+121.88a
10 7.23+0.92a 18.54+1.88b 357.84+110.43a

H % 6 1A Ab 3 10d 20d BFIF4R R a E /AR R T 11.05% (11.90% ,30d B (4 & de K, ¢
YRR T 23.28% ;10d B, M4 R b & & XT IR LTHT 8. 82% ,20d ,30d B 43 5l 2 X HE R B T 19. 10%
37.36% ;10d Bf 4% 5 a/M4 2% b B0 BRI T 18. 73% ,20d . 30d i 23 4%t B8 741 8.23% 17.81% ;
10d . 30d B8 8 DR S BT BB T 8.33% 23.08% ,20d B A6 IR T+ T 8.82% .

R6 WHNEZEMHRAGRESENIM

Table 6 The effect of Cd** on photosynthetic pigment contents in leaves of Zoysia japonica

pusEHingcl Cd** ez LIRSS NEREs MR b o

T MREE

Treatment time Cd** concentration Chla content Chlb content ﬂfﬁilj(ﬂ;fg b Car content
/d /(mg/L) /(mg/g, BEFE) /(my/g, BET) /(mg/g, BET)
10 0 1.90+0.24a 0.68+0. 16a 2.83+0.36a 0.36+0.04a
10 1.69+0.17a 0.74+0. 12a 2.30+0.17a 0.33+0.04a
20 0 2.10+0.24a 0.89+0.25a 2.43+0.36a 0.34+0. 15a
10 1.85+0.41a 0.72+0.21a 2.63+0.21a 0.37+0.08a
30 0 1.89+0.22a 0.91+0.30a 2.19+0.48a 0.39+0.05a
10 1.45+0.27a 0.57+0. 14a 2.58+0.21a 0.30+0.05a

2.4 ZEEEFPERE S AN

M7 Al B CA* AbERA[R] ) SR | 2528 B T3 Cd S il Th i, Hb B0 Cd S 25 5 3%, cd™
ALER 20d B 3 Cd S EdRe i, 2 10d BFAY 5.4 4% ,30d AP 1.7 £%5, CA* AR FREE 20 KEFHEE28 5% Cd B%%
1B RBT IS 10 K 30 KBTI 4.6 f5F12 fi5, Cd™ AbFEES 10 KSR 7EHL T 500 20 A7 Lo 9] 2 e 3811 3. 6
5, Cd* Ab3H 20d ,30d Bt 1 FB ) 43 A1 Lo B35 T4 R 38, 43 02 R EBY 1.6 A5 R 1.4 £,
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£7 10mg/L Ca* A EFELEENRNNT
Table 7 The distribution of Cd in Zoysia japonica treated by 10mg/L Cd**

possilingEl WA M b3 35 2 4345 EL 48] Distribution proportion/ %
Treatment time Under-ground content ~ Above-ground content  Translation coefficient R 3
/d /(mg/kg, TH) /(mg/kg, TH) /% Under-ground Above-ground
10 395.02+25.75a 38.95+35.74a 9.949.0a 78.12+18.40a 21.88+18.40a
20 509.93+133.59%a 210.68+28.03b 45.8x11.6a 37.84+7.85a 62.16+7.85a
30 583.42+77.91a 125.15+35.46ab 23.0+7.8a 40.87+10.82a 59.13+£10.82a

2.5 RPN SIES

~ o;

I AT, ZE R T b R A o)
FEES R, ML FROKE S IR Ol B wof
R YR R FIRIR LI ; 500 TR e & %)
o b RS R F R TR RS, 5 2
3 it $

IEHCRAST A 20 M6 P9 BT S A 5 2 PR B Py
WU T TRAZS B T R i L b Extraction form
EERMHAT , AN E AR AERERZE AT m1 lomg/L ca RBEEESANRRLERSENSE
BT AEPTE B 28 BB 1 & 2R T AR Ak Fig. 1 The contnet of Cd with different chemical forms in Zoysia

FI I B e 7 1 48 32 B VR T 40 i A 4R A g Japonica treated by 10mg/L Cd®*
TG EE D ARG S S R AL B i g g g IPRASRR NG SRR 05 (P<0.05)
F AR L A% o R BRI (3R 3) , P R v s
BRI FA T 2 E NS, X e S8 T 452t A F A RS BN S, WEHEEA
H L A PR SR 2 i U 2ot 48U Ak , X AR 7 AR A B3 A AR K i . AR S5 R R I A 3 R 5 2 v
R TR e A R B S T SR AR B A RS B (R 2) o A5 R AR
RGEANBE VT Y BRI T ASE R R (R 4) o A0 10d B 88 AR A s T e R AR T S 3 3
ekt HR g, a3 ] B o T M AR o R A RO A T B, S R AT A R S R — 2, WefE S E A
F s A AR SRR B A SR B S AR R PR RS A OS L PHE  5 REE 1
SAAEM, FHOR AL TR 2 Y BEE AL PR R AE K | 245 2% R A S R W (R 7)) B T 4
HEA%A BPLE, X EE2 AL 20d ,30d BFE528 5 )i SOD Al CAT 3 M F R JE A, SOD i H: 11
TR LT O, Bt AR IR T G A, S TR N (£ 2) . 5 SOD Ml CAT MZEfL M I , 454
R POD % Mk S B SRS T O Fa 34, POD 1 P T BEAZ 252k Bt - 1,0, 9 Ab2E 20d J& CAT
TEMER TR RECT H,0, AR R T POD IR &, ARFFEAE R R, Cd™ Ab BT 4528 Bnt Fr il 2R %
S AR HR T 7, LB A BRSO (6 5) L X 5k B RZE R RS B S5 R — 8, e
PR i R LA Y BRI M VR, X — B BT e E e A JE A AR S R i 2 A A 3
WESZ, HEAh, IR | nTVA R AT EOE BB AT A IR ARALER T R AN T M AR 25 2w Frp
() B B AT BT (26 5) , (AR K A BRAIG , ZE S M 34 I A BT 42 T sk b T I NP s 9 e . A0 2 10d
20d ATV AR o RO IR TH T, Cd FTRBIA S st R =B T Cd 25 A 8 A, Em AL Cd i 2k 5 ab 2
30d S T P B 1A B B 0T R ALK, 10 B B Ak B ) T 2 1 5 ) A S B BESRVE

Cd 200 ] JE I 2 25 T A2 A 0 P R M By - DG B R 1) 5 B, BB I S B 4 R i N, AR ST 45
R, 5% HEA AR AL PRI T 2528 wint R AR 3 a MR b i 418 T 4R a 5 R b ALl
(£6),1X5 Gil HFNALETA ", Bo YR N RE N M5B TSRS R Ik o i B
T BT R Y RIS R B IR/ R TR R R ERRE A RO, MR
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DM SRR IS T AL TSI Be- 2 K B BRI H T RCRE ), < S AU S 30 Y L TRECRE DRSS . &
WA RERW], Cd™ A B 35 PR 1 25 26 Rt i i R i1 iSSPl AR POt # R (3R 3) ,IX W]
AES BN SRR BE ORI BAT 5, fbE T 452wt i ARe e 2 oK (NPQ) 52601 % PR 28
AR A AE AL , 2002 20d IS BTG . NPQ S S BRI ROLIRIPBE TS A, R8N 2R ARG RN
JEBRAF R IIRE, I N R AT IR R A5 2 3R BE i LAFABE 98 2R, 3B 900 A LM 52 B IA
P, “H AR IEARSCIE BAh, 608 N RGeS DUAALR B8 1, HHAT 36 06 R S b B2 A S T R
TR T R X SSRGS A

R T AR R b b AR R A 100mg/ kg T, M b AR AR (M B AR A S IR
FB)) KT 12 RBOCT 1, HAESRTS e 13 LREIS A K R AR AREMSL ™ S8 L
R E AL T 100 me/kg THE XA E R REUR R, M EARBES R R AR , v B AR TS G A 15
NI, SR TR R ARG A2 RO R AR R LB DI SC . 7R BRI AN ,85% —90% 14
BT RS A WARZS G 0 I ERREEVE ™, XS M A W A R 4R B 1 I B BE 1, X e 4
J BE A AR AR A0 M B T A RO AR SO R BRI, Cd fEAE Y A IE S S Cd 7ER Y TR T
FBETIRIRHR , LBl J S HUKIF S Cd iR i M f i, SAALAMER G | IR A #h PR 12 OGRS I RS 0 1 e
55 A SCMARELS 2R I 25 G IR T R85 1 431, 45 R R S5 26 55 b T3t B SR AR T LUKIR S &
BRAK SO, T B S N B IBGS A58 7 ey, U BT T AR R A B AT A RE ) ek 1 1l B AR 0
18,3 AT RIS R R B B e as RN RN o S5 R AN TR] M S PR B IS 14 e 2 TR
PATR IS , f AR e LRI R BE D 8055 | B T RE LA IR £ AR 3 DXIA o0 A 7 25 2 et TS, T R A
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