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Characterization of Cr Tolerance and Accumulation in Lolium perenne 1.. and
Pharibitis purpurea(L. ) Voigt

DONG Bing-bing' , CHEN You-yuan'??* | HUI Hong-xia', LU Wei-jia', YANG Xiu-qing', LIU Yi-fan'

(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of
Marine Environment and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China; 3. Shandong Provincial
Key Laboratory of Marine Environment and Geological Engineering, Qingdao 266100, China)

Abstract; Considering the serious pollution of heavy metal-chromium (Cr) in soil, there is an urgent need for effective selection of Cr-
tolerant plant species. In order to gain fundamental insights into the tolerance and accumulation capabilities of Lolium perenne L. and
Pharibitis purpurea ( L. ) Voigt under Cr siress, a pot experiment was conducted to investigate their growth, physiology and
accumulation characteristics under Cr( Il ) and Cr( VI) stress. The results showed the growth parameters could intuitively reflect the
toxicity levels of Cr for plants. For instance, a low-level Cr( ) ( <250 mg-kg™") in soil was good for plant growth as indicated by
the significant elevation of plant height, root length and biomass in L. perenne (P <0.05). However, Cr( V) at all concentrations
(=25 mg-kg™") in the soil inhibited the growth of both plant species, and the root length was particularly sensitive to the toxicity of
Cr. The physiological parameters of plant represented both the toxicity of Cr and the tolerance of plants under Cr stress. A decrease of
root activity and an increase of malonaldehyde content were observed under Cr stress, which indicated the physiological metabolism of
plants was disturbed. In the presence of both Cr species, the proline content increased, which served as an indicator for both high Cr
toxicity and increase of osmotic balance in plants. A rise in SOD and POD activity reflected the defense ability of plants against
oxidative stress caused by Cr. In addition, the Cr-accumulation related parameters were the major standards for tolerant species
selection. The Cr( VI) accumulation capacities of both plant species were greater than their Cr( ) accumulation capacities. The
maximum accumulation amounts of L. perenne and P. purpurea reached 957.4 mg-kg™' and 743.3 mg-kg™' in roots and 394.7
mg-kg™' and 340.4 mg-kg™' in shoots, respectively. In comparison with P. purpurea, L. perenne displayed a stronger Cr
accumulation capacity in roots with a maximum bioaccumulation factor of 15.55. However, the transport ability of P. purpurea was
superior to L. perenne. All of the parameters demonstrated that both L. perenne and P. purpurea could be used as alternative plants for
phytoremediation of Cr-contaminated soil.

Key words : chromium; Lolium perenne L. ; Pharibitis purpurea(L. ) Voigt; characterization; tolerance; accumulation
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Table 1 Effect of Cr( Il ) and Cr( VI) stress on the growth parameters of Lolium perenne L. and Pharibitis purpurea(L. ) Voigt
- A AL
A g k! P LSS LY (DW) 731 LSS Y (DW)
/em /em /mg-plant ~! /em /cm /mg-plant ~!
0 28.85+1.57% 19.17£0.75®  17.85+0.60> 37.33 £1.25"  15.70 +0. 50" 87.40 £2.43°
100 30.30 £1.52% 2211 +1.23*  19.70+1.01*  37.37+0.51>  17.90 £0.66°  88.39 +2.48"
Ccr(IM) 250 25.84 +0.99%  20.53 £0.50* 16.16 £0.77"  39.77 £1.32*  17.97 0. 50* 79.48 +4.61°
500 24.19 £1.26°  10.60 £0.46°  16.89 +0.35"  13.07 £0.40°  11.97 £0.57°  52.60 +2.01¢
1000 23.51 +1.08° 8.53+0.511  10.17 £0.47¢  11.57 £0.47°)  8.10+0.35%  34.14 =0. 621
1500 18.65 +1.15¢ 8.37+0.641  11.27 0. 15¢ 9.70 +0. 461 4,27 +0.25°  27.30 =1.50¢
0 28.70 £1.91*  18.16 £0.57*  17.23 £0.93*  35.03 £1.02°  20.07 £0.90°  94.24 +6.45°
25 18.45 +0. 76" 3.83+0.42"  13.88£0.18"  19.60 £0.46" 7.83 +0.35"  61.23 £0.90"
(VD) 50 10.41 £1.25°¢ 1.96 +0.25° 9.64 +0. 13° 7.13 £0.31°¢ 3.50 £0.20°  27.02 +0.55°
100 6.36 £0. 561 1.03 £0. 154 5.33 £0. 33¢ 5.53 +0. 15¢ 2.63£0.15°  25.30 +0. 62
200 3.07 £0.51°¢ 0.43 £0. 064 3.28 0. 19¢ 4.83 £0. 154 2.40 £0.10°*  20.17 +0. 37«
300 2.17 +0.31° 0.27 +0. 06 2.72 +0.10° 4.43 +0. 124 1.97 +0. 12¢ 18.79 0. 07¢
1) BAE A HME + bRt 22 , B bn i [F 50800 5 A W) - BE /R A Bl ) 22 57 2 (P < 0. 05) , R 1A
2 Cr(ll)#Cr(VI)HEM BZEMEFEAHEREZIENHMN
Table 2 Effect of Cr( Il ) and Cr( VI) stress on chlorophyll content of Lolium perenne L. and Pharibitis purpurea(L. ) Voigt
; or frit R Rl
WiH /g kg~ MHEREER a 4R b R R gz NEE a gEE b Mg gz
/mg-g~! /mg+g ! /mg+g~! a/b /mg+g~! /mg-g”! /mg-g”! a/b
0 1.51 £0.08" 0.21 +0.01" 1.72 £0.08° 7.23 +0.47° 2.10 £0.09* 0.35 +0.01* 2.44 £0.10* 6.06 0.20"
100 1.51£0.02% 0.21 +£0.01" 1.71 £0.03* 7.36 £0.25% 1.74 +£0.08" 0.29 +0.02" 2.02 +0.09" 6. 10 +0. 24"
() 250 1.30 £0.02" 0.20 £0.00" 1.49 £0.03" 6.66 +0.02%" 1.47 £0.06° 0.22 +0.00¢ 1.68 £0.05¢ 6.77 =0.37*
500 1.26 £0. 04" 0.21 £0.01" 1.47 £0.03" 6.03 £0.39> 0.73 +0.04" 0.21 £0.01¢ 0.77 £0.02¢ 3.44 +0.24¢
1000 1.24 £0.04" 0.24 +0.01° 1.48 +0.05" 5.18 £0.05° 0.56 £0.03° 0.12 +0.00" 0.56 +0.02° 4.54 +0.10°
1500 1.23 +£0.02" 0.24 +0.01* 1.46 £0.02" 5.17 £0.24° 0.43 +£0.02° 0.09 +0.00° 0.52 £0.03° 5.07 +0. 08°
0 1.46 £0.04" 0.22 +0.01* 1.68 £0.04* 6.54 +0.33" 1.99 +0.04" 0.31 £0.01* 2.31 £0.05° 6.34 +0.12*
25 1.18 £0.06" 0.21 £0.01% 1.39 £0.06" 5.59 +0.44> 1.91 £0.09* 0.46 +0.14* 2.37 £0.22* 4.40 «1.35"
(VD) 50 0.79 £0.03° 0.21 £0.01" 1.00 +0.03° 3.87 £0.17° 1.34 £0.06" 0.36 £0.01* 1.70 +0.07" 3.66 +0. 11"
100 0.58 £0.03 0.17 £0.01° 0.76 +0.039 3.37 £0.19¢ 0.76 £0.04° 0.13 +0.01" 0.89 +0.04¢ 5.93 +0. 35"
200 0.39 £0.01° 0.12+0.01¢ 0.51 £0.02° 3.38 0. 14¢ 0.53 £0.03¢ 0.09 £0.00" 0.62 £0.02¢ 5.90 £0.32%
300 0.24 £0.01" 0.09 £0.00° 0.33 £0.02" 2.60 +0.06¢ 0.32 £0.02° 0.06 +0.00" 0.37 £0.01¢ 5.69 £0. 54*
Cr( Iy FrCr( VL) 38 W9 FAs 4 1) 5 7K % Hﬁ%ﬁ BABmFEAAEN, HHXTCe (V1) B
WRE DA ERSEWME 1. (D) Pa FHF 38T UK.
FE) & AR KT 80% , H454b BRAH 5 %} HE 2H A 22 Cr( 1) JWie F PR 22 FOR 42 4 40 Il 2 e 7% & 4%

9 TN

PIHERETE 6% LA ; 50 mg-kg™" Cr( VD) i T

SIAE 500 mg-kg ' F1 250 mg-kg ' BT E (P <

A2 RURNZE AR AL &5 KR BITE 50 mg-kg ™ AP IFIARRE  0.05) , Ferm & & 430 0 Al 3k 4 BRAL 09 4.7 £ 0 7.7
1%, 43 507E 100 mg-kg ™' Fl 50 mg-kg ™" Cr( VI) A} 55 Cr( VD) Wi ™ PAFPAE 45 b BRIl 2 R 7 & 22
TR B (X IR AE L B R B T 44. 8% F FHE (P <0.05) , i & i -5 % A A F o3 ) 4

35.1% ). Bk, 5cr(VI) ML, M8 & K R xF T 6.3 £5H1 8.2 %, Hi w0, AW il 2 ie 5 &
Cr( IN) f3a 48 7= VE FH I AN B . X} Cr i & Rk,

Cr( ) AN#Eid 250 mg-kg ™" B 2B 242 B f0 242 4 CEEARK AR PR, Ce( 1) b Al it
THIR WG S 4 T A% B4R 1.1 F1 1.7 4%, 250 mg-kg A, Cr( I ) X B2 BORN 242 4= A8 A0 AR IR

MANAE 25 mg-kg ™' BICr( VD) Jir38 T B, P FP AR 9
FIRR 2R 96 1 A b X BB 41 43 3 T R T 54.4% F
58.5%. R, M & I& X Cr( V) FiCe( ) 380

SR A BRI B (R R, s R Ce(TT) (=250
mg-kg ") A W EE Cr( VI) (=25 mg-kg ') XFHH
Yt A
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Fig. 1 Effect of Cr( ) and Cr( VI) stress on the physiological parameters of Lolium perenne L. and Pharibitis purpurea(L. ) Voigt

2.2.2 BrEALE R GRS

Cr( I) Jofpifs T # kS AL B AL (SOD ) | i
ALY (POD ) Tt S AL B ( CAT) I 14 43 51 WL
Kl 2(a), E2(c)FE 2(e). Cr( )i FEZEEE
(1) 3 P AL B TG PR R B e TS S R R
e Hod SOD 1 POD i 1 5 i 1 43501 v 1 i R 4
) 71.6% . 161.9% , H.7 Fh B 1% AU Ce () R
JE#EIE1 000 mg-kg ™" B AR T BRAL 5 i CAT 5%
£ 100 mg-kg ™' B d5e i, AL IL IR BE IS CAT 36 PR 748
AR (P >0.05). Cr( D) Mria Fa4-4€ SOD i
PEAR A R 3 5 MAAZ B — 5, {H POD | CAT il + 13
e 1) W BE 09 - BRI, Ce( VD) JBR3E T P Fh
4 SOD 1 POD I P34 2 S5 Tt = 5 T B 19 i 2
[ 2(bh) FIE 2(d) ], PiFPAEY SOD 1 POD i 4
PITE 25 mg-kg T HF R E TR (P <0.05) 5 FfiCr( VI)
WeRE T, PAZE ROMZE LR AE Y CAT 5 R34 1 35 T %
(P <0.05),Cr( V) #EFE 100 mg-kg ™' A2 5 %} IR
FpF. BobnTsn, B SfEE 4R JE R SOD Al POD Xif
Cr 38 g3k heEsess , Co( ) ACe( VD) 43 50 A # i
1000 mg-kg ' F1100 mg-kg "I BIFMAE I X Cr Ay
ZHe ST,

Cr(IN) W3, AFHAE S AP 5 (MDA ) & &
BITE 250 mg-kg AP IR R E TR (P <0.05) , i A
AR AL 2 R MDA fr i Y OR X B AL
45% |1 22 24 A6 fig ] MDA & & nl k% B4l i1 2.2

£, Cr( VD) JHlpi6 B P AAR 4 MDA % 35 10 2518
(P<0.05),25 mg-kg™" Cr( VL) i A MDA &3
EH T 1500 mg-kg™' Cr(I) B A & &. AL
Cr( 1) , 5 B Cor( VL) RIVRTfefi A 40 A4 o 2R 48 52
2N 05E , THAEY 0 IEF BTG 8. X AR RIE 7
PR A B S bR 26 W1, MDA "/ MY % Cr &
AR A RAEHE Br.
2.3 MERCRIZRAAEXFCe( 1) FCe (V) BUA A 2

Cr( IT) F1Cr( VL) JHip38 75 oo A 4 b b 350 FAR
5 Cr FrEnE 3 FR. PRI ARES Cr &3 e
FHu EFB, Her(V) & &Y. Cr( D) By
RS A A4 AR S Cr A R4 BT 500
mg-kg ' Fl 250 mg-keg ' B IF A WE TR (P <
0.05) ; MR ER i E BRI /25 7T 35 427. 8 mg-kg ™!
F1363.0 mg-kg™". Cr( VI) MO R, BRI M B35
Cr &% B 7F 50 mg-kg " B 20 ] #4m, 4 5 K 25
mg-kg ' ACFRLL Y 3.4 A5 3.0 f; AR ER G AL 2R
WePE ik 957. 4 mg-kg ™' A1 743.3 mg-kg ™', M 1
S o e AR Bk B 4 Sl 3k 394.7 mg-kg ' Al 340. 4
mg-kg ' HUBLRTAL, BRI Cr BB
B FRIPIHRES.

Bl 49 Cr VR T, PR A7) 1l 30 AR 35 X6F
Cr &R E(BCF) LR 2 a3 BARFRXT Cr
e ERE T T B (£ 3). Cr () i v, 28
RN A AR AR A LAY B AR R BN R T
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Fig. 2 Effect of Cr( I ) and Cr( VI) stress on antioxidant enzyme activities and malondialdehyde content
of Lolium perenne L. and Pharibitis purpurea(L. ) Voigt
%3 Cr(IN)FCr( V1) BB TRZEMELSELIT Cr WFEERE(TF) FIEE R (BCF)
Table 3 Cr bioconcentration factor (BCF) and transfer factor (TF) of Lolium perenne 1. and
Pharibitis purpurea(L. ) Voigt under Cr( Il ) and Cr( VI) stress
Cr(1M) A Eeia cr( V) A 7Y F A
/mg-kg™'  TF Hi k- BCF ¥ BCF TF #iF BCF ## BCF /mg-kg”'  TF #iF BCF #% BCF TF Hi | BCF ## BCF
100 0.14  0.09 0.62 0.16 0.07 0.43 25 0.24 3.74 15.55 0.37 4.27 11.41
250 0.07 0.04 0.50 0.10 0.06 0. 63 50 0.49 6.40 12.96  1.05 6.48 6.15
500 0.09 0.05 0.59 0.25 0. 08 0.34 100 0.44 3.57 8.14  0.67 3.33 5.01
1000 0.08 0.03 0.36 0.34  0.06 0.19 200 0.41 1.90 4.60 0.50 1. 68 3.36
1500 0.10 0.03 0.29 0.18 0. 04 0.24 300 0.41 1.32 3.19  0.46 1.13 2.48

0. 1,4 R 250 mg-kg ™' A AR 5 48 22 5053 3013k M
EEB 13,9 £5 A1 10,1 /5. Cr( VD) 38 A A9 &
LRI RTCo(M) , B TR 2 A R & R
BOFY L IR 2.7 A5 R 1.9 £, SRR 4
TEAECT (V) il F 1532 RECCTR) e, B 735
A3k 0.49 H11.05.

3 iFig

3.1 AR IAPHEARRIEAEYIXT Cr AR Z 58T
TS Cr JHME TR A2 BE ), — 5 ThT il 1 A K A

BhR BRI AEY) 52 1 R L 5 5y —Jr TH [a]4%
FEIUAEAE Y ] 396 58 Joih 8 1) A BEAILAR]. ALY Cr
i3 1 A L 7 = A2 3 VR R AR AR AL
311 R ARG S8R RIE Cr 8 T
T ERE

Cr it FAY M ARKET , BRI A AR %
AN BN E L B YR R B A
eAVEFAR AR ARBFSE b AR Cr( )

( <250 mg-kg ") X P ApAE A 4 A KA AR HEAE T,
(AR BE A A K, FARK FIAR R 76 S 36 b A8



4050 I 5% B 2% 37 %

75 - 750
' (a) a o (b)
) =
=1 =11
£ £
= 50 F " = 500 +
5 s b g 5
= [ aste . =
& 2 &
5 25 - 5250
B ‘-' =
Z 4 4 d 4
2 d d 2

- 0
0 100 250 500 1000 1500
a
1000 |- © 1000 = (g a
b

_ _ a
w750 W 750 . b
5 5
E E
= = c
2 500 2 500 +
= = d
& & d
2 2 :
= 250 = 050 |-
= e

0 100 250 500 1000 1500
Cr(I)#e JE/meg kg™

3 Cr(IN)FCr(VI)METBEEMELEI Cr WRRKE
Fig. 3 Cr accumulation in Lolium perenne L. and Pharibitis purpurea( 1. ) Voigt under Cr( Il ) and Cr( VI) stress

e F 1, B 1(c), B 1(d)]. MCr( V)
BB T &4 nl ik A 4 i s 2> xR AR K
)RR M AR o, AR 5T i LR Ce (VD) MR BE AU 25
mg kg~ I B2 RORN A2 2R A0 B AR B I R PEAE
HARK A 5ol 2 R R TG A%, Cr e T
HRFR A B ] B AR 235 1 P REAR AT RE S5 A0 B b iy
FWE SR R A @ e (VD) Bhaa A
FrrhinmREh | WERRER M R ER W B R T TSR
AR AR E, 2%k 70% 0. L,
WA ATE Ny Cr 3 F A i B T8 A5 AR R IG 1 2
X i e BE Cr(ID) 5 Cr( VL) W 38 8¢ Sy B0 1) A B
5.

3.1.2 N (MDA) & RAE Cr e FH YA
TN K-

Cr XTAE 1 32 2288 PEAE FH A 3R 3L 0 A R
ROS K &, 21 i B A ik S A VR K, MDA %
BIFE . Scoccianti 25 B ICe( D) FCe( VI) i
TE R BRAER AE B S 1 ) BB Ao A A VR 3
Jin, HCr( VL) e ™ 50 oA s AR5, Cr (VD)
Jofh 360 TR e B Ce (T ) 1 A 490 1 RS Ao S R B
JUEE R H MDA SRR E K 2(g) ME 2(h) .
PR Cr B R MDA 3800 n] BE AT 9 41 240 A 3
Pt 2s R | 4 T 32 AR ) LU 50 ) 1 IS 1 4
AR g2 T, BR 5 R S R BE T s B

0 25 50 100 200 300
Cr(VI) {eJE/mgke™

H MDA 2fif 2 Y% Cr AiLiEERE N
FEh5.
3.1.3 AR S B R Cr WY 0T E R K
FE ) )95 325 0/ 1T e

JERGAS 55 I8 1 ) R A R AR S R W Al
JRL5 F | 2% b 20 L % A 3 R A0 A R Y
BN H N R R A A N 5 R (H A WS
A AEP R I R & i 1 T i 5 A 0
MR REA LT Cr e IR R o B 19 T 5 B R I
WA R B IE AR, ARG, B R AR =
WA T 22 4= 78, 22 A A0 75 26 B 2 1 il 20 ok
i i B, b ROR, W Z R 2 Ce(I) M
Cr( V) e T B B & & Sk 2 0 %
BAH I (FH O R B B K20 51 R? = - 0.890,
P<0.05; R®= -0.942,P <0.01) ; Mi#4 LM%
ReESAYENRE R ERHX(R = -0.924,P
<0.01; R* = -0.877,P <0.05). i, & mR &
EHRPREE TR A B T, N —E R B R
W T AR 1 32 R
3.1.4  PUEALEES IFAE Cr a2 g

AR PE S EAE Y ™ A KA ROS, 51 41 i
BEE, M SOD BE K& B 1% B 8 & B & 1 A h 3t
(0, 7),POD Hl CAT WIBEA &7E Bk SOD 1115 k.7
Yy H,0, , kG N5 22 5 0 0 5 2 il ey s 0 390
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BEIEE. W R I, P AL B AE A AR AR [CR
( Leersia hexandra Swartz) N2 Cr B A8 H 2 5
AR, AR PTE A RGN Cr b
Ry R AN [, G ( VI Bl it 6 H 25 bt 1 i &
FEARE s MK Cr(0. 5 mmol-L~") B AT XiH4R i 44
FEAEEAAR E T EHEEE Cr(1 mmol - L") A5 AT i Jp:
LN H A SOD . POD Tt ™Y 5 Tl Patel 27
N POD &% 40 04k 0 38 = B B AL L. A DF
Fedr, Ce( 1) A1 Cr( V) 43 5904 #4250 mg-kg ™'
25 mg-kg ' BB FRAE Y Y SOD . POD {if M 4 4% i
[El2(a) ~2(f)]. HIL, EYBTEAETE EAEY
HEHL Cr WA I NTENR Y, SOD . POD I J] 3k FAF B
FEMFE AN Cr (ITH 2 BE
3.2 Cr MRS RAERYINT Cr R BRICR
TR Cr B R B 5 2 0 A AT 18 2 W U8
WEEIRIRZ —. AR, S5Ce () H L, PR
FRE 2 S WM Cr( V), Cr ¥REY A 100 mg-kg ™'},
PFRAEL X Cr (V1) B9 R S BE R 2k X6 Cr (1) X 2R
WRERY 10 f5 (R 2). X ATRESE T H3Erh Ce(IM)
T2 5 Wk A 1SR T W o O T AR AEAE A
AT FRR BE R 5, 1 Cr (VL) 1 R AR 5 75 6 H Ay
W B RE S I R A AR A AR Y R HA
FRIEFRCr( VL) fA W s e, ] 1) 5 6 R 56 A
[l is 5 R G5B AR AN, 76 40 i 93
PR, A R A S5 R AR AR
— BRI A G B R AR KA 10
mg-kg ' AT Cr BBAR RAWIAY S (o L
4y Cr BUEW FE K F1 000 mg-kg ™', 3k EAL K
B Cr M B A ORI B Cr &8 Y Rk
1786.9 mg-kg ', AHFFE & BB A A4 AL
FRFBCr (V) e KA BV 73031 R 957. 4 mg-kg ™' I
743.3 mg-kg ™", Mo 500 A 394.7 mg-kg ™' I
340.4 mg-kg ' (B 2). HALT Cr A4 B AT 521
SER BB, BB T AL = i AR S A b 1 X
Cr AL 25 805 414.04 mg-kg ™' 1 352.05
mg-kg ™' 3500 N 405. 27 mg-kg ' Al 344. 26
mg-kg ') BURYE NG R A AR e R A R
FREB A1 4, b 3843 91 151 565. 83 mg-kg ™' il 763. 68
mg-kg 'L il Vernay % FEAK G A RS TR
F BORES AN BT Cr( VD) BYFR B BB S Cr (V)
9500 wmol - L™" 14 % 57 A 53 v 9 B B2k B2 43 ol ik
#2450 mg-kg ' F1 210 mg-kg ', P75 AR X A 2 R
JER AT RE A A KA R e AT RIS 55
HAN[E. RFECRTAL, A BN AR A A R Cr

HA W EEE.

FYI Y & 5 RENEE 12 REUE 5 — = Y2
ORG24 8 i 2P bR, B4R Cr A
BAERN Cr MR BB & T4 448 (2 68 )
it 7w SRR AN S A AR H RPN Cr (5
1B RZE AR 1.05(£3). Cr[ uHEer() ]
NGy b is, vl a2 i T Cr (1) 5 40 fifg BE
[—COOH B REHT IR HIE i A4, i 2 [ 5@ 76 4R
AN AR T X AR AR P SZ SR Cr OHL
. 2 DA, B RUORAE AR AEXT Cr 5 — 0 & Ak
I3, 52BR Cr 5% 398 VA BRI 8 Bh 13k B A5 it
WA Cr A B Mz,

4 Hig

(1) Cr ihia T BEFAA SN ERK | 45
bW, 4 L Ce (D) A0 Cr( VD) ¥ 43 3 7E 250
mg-kg ™' F125 mg-kg ' BRI 4R 32 2 Cr BFE
PR, LA B Cr (YT 3Z RE SR T2 4R L.

(2) RAAEYZ Cr 75 H B EB A A5 5
AR IR 16 77, MDA W] RAFA Y 32 2 Ak 1 %
AOFRRE, MR ZAR . SOD M POD #H] RALAEYI XS Cr
I SZ BE ). PR Cr AR R85 2 i e Al ) 15
SERVRR EEARER , R RS Cr BB R IR &
T4, YA Ce(V) W& £/ h & T
Cr(Il).

B BT R R S PR R S TR B
K A3 e A3 BT S 0 5 N 53R R A e S e AR AR A Y
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SE N
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