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Improved Germination and Seedling Growth of Echinochloa crus-galli
var. frumentacea in Heavy Metal Contaminated Medium by Inoculation of
a multiple-Plant Growth Promoting Rhizobacterium (m-PGPR).

Ahreum Lee * Bumhan Bae*
Department of Civil & Environmental Engineering, Kyoungwon University

ABSTRACT

Positive effect of multiple-PGPR (Plan Growth Promoting Rhizobacteria), isolated from heavy metal contaminated soil,
on the germination of Barnyard grass (Echinochloa crus-galli var. frumentacea) was quantitatively estimated in 5 heavy
metal (Cd, As, Ni, Cu, and Pb) contaminated liquid medium. The ECs, value for respective heavy metal was estimated by
TSK (Trimmed Speraman-Karber) model based on germination rate. The results showed overall increase in ECs, with
PGPR inoculation. The ECs, value increased 1.4% from 96.0 mg/L (control) to 97.4 mg/L (PGPR-treated) in As
contaminated medium. In Ni contaminated medium, the ECs, value increased 31.9% from 148.0 mg/L (control) to 195.2
mg/L (PGPR-treated), while the EC5, showed 4.8% increase from 63.4 mg/L (control) to 66.5 mg/L (PGPR-treated) in Cu
medium. Overall seedling growth was stronger in the PGPR treated seeds than that in the control, but positive effect on
seedling growth was not conspicuous. At effective concentration of 100 mg/L, the average seedling length of the PGPR
treatment in As, Cd, Cu, and Ni medium, respectively, was 1.13, 0.14, 0.40, and 0.06 cm longer than that in the control.
However, the increase of seedling growth was statistically insignificant (p < 0.05). These results suggest that inoculation of
the isolated-PGPR exerts positive effects on seed germination by reducing heavy metal toxicity and can be an effective
tool for application of phytoremediation on heavy metal contaminated soils.
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EFS =, ti71s} vEo] A=) gl 2459 34 F TS L9 A ATHeR F83 SEHETA
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AA ARG T 60%2] 94 7R Bl EYLY ¢
7S, 55%%1 87 7N BN thA7IES 2tk
(F83t 5, 2005). ©oldl TEE o EYS A3k &
A= BAF )AL 82 FHe] Bast thdgt ol
Al B A7 X8E A Qi

Tus LAEY sl EEldAYHoE B
AW, =gty Mol sk Ashgked, AE
S Ao ge AEdAseR, 2 A HRiQl
derzpio] gol A8ErhEER, 2007). L FollA A=
sk e HY AR BA4S BHESKL, HYdE oY
A5 ol&std FAARI AUAE AM-SHA] ot A1
¢l o] it} whAdl| gshaiEo] HEAFe] o H F
5 FEel Ha £urt =2, AEAY st
(Sequestration) 7% ATS H23, TE5 FAHSE
2EA370] AsE 4= AT Cunningham et al., 1995).
53] FA4o] A3 Cu EE Cd LHEYPIME Fa55
/00 ofsf Wolkso] A FHAsial 27 PdelA 2 A
e 97| wiZol o]E RS = = wkbe] ISt
(Kamnev, 2003).

Kloepper and Schroth(1978) 21Z82](ZH)l A=
HBE FollA s Fe Folg PES s
2 5SS HTATABE(PGPR, Plant Growth Promoting
Rhizomicroorganisms)©] 21 SR THEAI3} 5, 2007).
PGPRe| 3= <& AEHYTS ST o= A
Aske MAEY JYELTE 3 AEATS ASse
vAEe] ol IEFS0R FESH}(Barea et al, 2005). &
A= HAELE Add BAIE ol8ste] WM Helid
Hezkasol M 4 (saprophyticyd g2 Alofetal, <5
2)E9] induced systemic resistance(ISRyS A=kl Y
EZo} siderophore 302 HYA mBES] 2 &
= 7Y XS 4= Jok(Khan, 2005). Saravana-
kumar et al.(2007)2 X0 PGPRS 33 A}, 74t
3}& 2~ polyphenol oxidase, phenylalanine ammonia
lyase, chitinase, f1,3-glucanase, 2J&HF 722 who] &4
7} Fr=Eo] blistero] FAAslal 2k F5E0] SV
o Fe=ECR 4500 Hofshs PGPRE A4
o7= daud, F7IWE 7H83}, siderophore A4t
gk Fe 55X10l F3Fs 1, 21E o] 2 A9je 7+
22, Auxin FEO] 2ES2ZE Aok} 3l ZE ethylene
9] AGEZAQl ACC(amino-cyclopropane carboxylic acid)
£ ACC deaminase® A|Aste 2EAAAS 2%}
(Ahmad et al., 2008; Zhuang et al., 2007).

TEsE SHEEY] tist 2E/8gsE e PGPRS &
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| A5, AEd 98t FEE 5% IR Ma et
al.(2009y= Ni LEEWNA Indian mustardS AB]SPAA]
ARE(serpentine) EGOA E2]$t 552 PGPRS- H353H
2}, F21Ee) 2ol Nighge] thzsrell Blsl 73% S71st
At} Rajkumar and Freitas(2008)2 Ni 24 & kol A
PGPRS F%E3¢ Indian mustard] Ni 5 2 AAF F
7B} 1AA A%}, siderophore & P &3flof] 7191k} aL
At e FEEHAE FARE 2t HaEQlrh. Wang
et al.(2007y F&-F(Elsholtzia splendens)) PGPRS 7
Tl TEd LHEEYONA Apig 23, Cu, Zn 2 Pb
o] AEF=T F2E AT FAlN ST

opd} o] B dFE°] PGPRY 7|ed SXAK
E AABIAL o, PGPRY o3t AEEKI AT |
g 8-S o8] BFH o= PR & 57t
"t} olo] ¥ dAFellM= PGPRO| 4189 vX= G39E
AFHoZ A gt A HAZE 55 LEEY
Al E2]3F multiple-PGPRS 21E(3]) Al HEe the,
FTos LR Xe] WolS(germination rate)} Z7)
/37 (initial growth)oll PIX= F3S ATFH A0 ECs
(50% Effective Concentration)®-2 AFgsla, thza 3}
Bk I A% m-PGPRES HES 7%, I8 FF
Zoll A ECsoate] tizxaroll Hlsl freldo= Frlste
PGPRe 9JallA] A=A}t Tad 5400 tig s
A RIiteE 2 SRlIski

of
-

e 2w
1. ASMEETZA0IYE 22| W i
AL QT =Rl AEATAESS AFT
o2, King's B mediumoll4] PGPR &4 "AES £
A%, olo] 1A= el vzl FE% WAL 89
371 98] Cd, Cu, Pb, Ni & As® Q@ A=)
LT £, 104 52t vieFsl] dehs rES 222
et o]l W 29 SEE v EXEUATE
Tx] 12012 sI9t) 2312 EelE RS Q83
v]AEo] A3 4= = NBRIP AR &7 <1 &
s B fF7NE A8l 2% pH TAE 283t 33t
sttt £ed 109459 vAdES de= L-
tryptophan2- 7222 314 Indole-3-acetic acid(IAA)
e aRlstint. 3 o] HAES R O-
CAS(Overlay chrome azurol S) A& AAISIAH. O-
CAS A3 $4 MM9-Casamino acids ILAE}=Jo] &

2t AES HES T overlayd mediumS A| 3231



234 oAl ABHIZR TAVYR 9§ A4 ) wolgst 448 44 27 1

MM9-Casamino acids ZAHRA] fof] <F 10 mLS F-
Fo] AE A 99 orange o] halo®] 7 2 A
712 siderophore®] AAtS F3k= W O|TH(Schwyn
and Neilands, 1987). PFA|2}o 2 ACC deaminase®] 7
BAFE AT ACC AR PAF ANRA]
Al PSS 5Y7F widstaL, PAFAIA Bk PlES
minimal medium with DF salts JZAH|R]ol] HEFs}lo] 7
UZE wigE PAES ACC deaminaseE ARFel= £
2 EsGE vAES] v B A BT 25°COl|A
ARSIt o)t 22 o R g Fo] HA8E(GH3)
< BB, SemEREAIE oA Ml ZAAE B4
HMIDDO &3l Bacillus megaterium®-Z 73 At
7] ol g oA AME-E PGPRR! GH3 Pl ELS
NBRIP HjR|ol| HF & 150 rpm shaker tableolx] 73t
kst PAES EEsty] s ek 50mL
polycarbonate vialol| Z}Z+e] WY& Yl 50 mLS ¥
< O 10 #3F 2,000 ppmoZ RS F, e
HE1L 1FETH FX o 50 mL PAE wjdtES
He S 53 BEST 29 v8ES 10mM
phosphate buffer(pH 7.0)2 33] M3l 7 uljfd-s
BT AASIL 5735 vAE dES FRIEI o] o

PGPR HEN] ODgyer 2.002 43I

1=
tlo

g

2.1.1. A% A48 9 PGPR 2F

A Pt AEZE I TAE AGSTE. Al AL
| 9 TAk= sk Aol mlE] AlFslar Eeg DIwell
2407 oAtk A3 A 70% olgkEol 1%, 10% 3}
o|3ZHAAHHypochloric sodium)llA] 15%3F THAS &
HOCI A7} Al wj7h2] Ftrs S4s8] AlEedtt.
AHE 9] TA= PGPR &Nl 303 27} PGPRO]
o) BRE=E 3190 Petri disholl Whatman ©33}4]

£ T, 479 555 T2 29% Hoagland solution
S g7 IEloE smL FYS o, PGPRES FHES
PGPRT HIA|T ¥} olFAE HIFAIA R dlx2T
(Control) HIAE TFEATE 2 viA|9} PGPR HiA|
o ¥ 1071E #¥3 7HEe g Y 20°CollA 797t o
Sslar, Aol FEEW Wolsh TR} fA1E] dols
=43t} o)9) 2o BE AFe iR AAE

FE4(Cd, As, Ni, Cu 2 PboZ A3t & 55
29 ¥ IS CdE 5~200mgll, AsE 5~
200 mg/L, Ni¢} Cu: 5, 20, 100, 200, 500 mg/L, Pb
= 10, 60, 300, 600, 1500 mg/LE AAsIHct. T2}
Hoagland solution(pH 4.5)°] #7}e+ A& FF50]
complexation ¥F3-5 DOoA XHES FPehk= Aol #
ZE AT o] AS HINS F55 FEFS(effective
concentration)’} 7+43F7] WOl visual MINTEQS A}
|3l a5 ol EFEE AAKKRINH. o 591 visual
MINTEQ Z2713 A}8319S wl Cu 500 mg/LY uj,
33.9%7F HSEE AL, 66.1%320 330.37 mg/LRF
Cu” HE|2 EABIG. olet o] T34 FEsEE A
2k AFE Table 190 29F3819E 53] Pbol CuE 3
71 7% HREo] AEA=H visual MINTEQRZ Al
2K199E wole HAE APoE fFEsr) fashe
A}t ARt ol9} FAle] QrtolL-e] FEHE} 7}
F dAsI=H, 27] QAo T 2.0x 10°Me] Cu
500 mg/Lol A= 22 x 10°°M=Z 89%7} 7HA38al, Pb
1,500 mg/LAE 1.4 x 107MZ 99% 7H43139ct. o
o] AM=E Ko}, Cudt PbY] TE FAE A k=

1

Table 1. Added and effective heavy metal concentrations in the Hoagland solution calculated by visual MINTEQ

Heavy metal Concentration (mg/L)
cd Added 5.0 10.0 40.0 50.0 80.0
Effective 5.0 10.0 39.9 49.9 79.9
As Added 5.0 10.0 80.0 100.0 200.0
Effective 5.0 10.0 80.0 100.0 200.0
Ni Added 5.0 20.0 100.0 200.0 500.0
Effective 5.0 20.0 100.0 200.0 500.0
Cu Added 5.0 20.0 100.0 200.0 500.0
Effective 5.0 20.0 70.2 104.0 3304
Added 10.0 60.0 300.0 600.0 1500.0
Pb Effective 32 4.1 12.0 17.9 610.5

J. Soil & Groundwater Env. Vol. 16(5), p. 9~17, 2011



12 olog - upaE

Table 2. Comparison of Echinochloa crus-galli var. frumentacea seed germination percentage for control and PGPR treatment after 7
days dark incubation in Hoagland solution contaminated with respective heavy metal (As, Cd, Cu, Ni and Pb)

Germination (%)

Heavy metal Concentration (mg/L) Control PGPR
Average Stdev Average Stdev
0.0 83.3 0.6 86.7 0.6
5.0 80.0 1.1 86.7 0.5
9.9 76.7 1.5 83.3 14
cd 39.9 65.0 2.1 68.3 2.3
49.9 383 1.5 41.7 1.5
79.9 35.0 1.0 36.7 0.6
0.0 83.3 0.6 86.7 0.6
10.0 71.7 1.8 81.7 1.2
As 20.0 60.0 1.0 73.3 1.5
80.0 63.3 3.8 83.3 2.1
100.0 70.0 1.7 833 1.2
200.0 63.3 0.6 40.0 1.0
0.0 83.3 0.6 86.7 0.6
5.0 66.7 1.2 71.1 1.5
Ni 20.0 64.4 2.0 63.3 2.4
100.0 56.7 1.9 74.4 2.1
200.0 344 2.1 433 1.6
500.0 5.6 1.1 7.8 1.1
0.0 83.3 0.6 86.7 0.6
5.0 57.8 2.2 62.2 1.6
Cu 20.0 73.3 2.1 71.1 1.5
70.2 444 2.5 47.8 2.0
104.0 15.6 1.1 21.1 1.5
3304 0.0 0.0 33 0.7
0.0 83.3 0.6 86.7 0.6
3.2 86.7 1.2 833 1.5
Pb 4.1 83.3 0.6 73.3 0.6
12.0 80.0 1.7 80.0 1.0
17.9 73.3 1.2 66.7 1.2
610.5 40.0 1.7 40.0 1.7

3.1, Wolg H|1

TEE ATE oA o2 Aolls PGPRE A2lFH-
o] W o2& 7+t 83.3%9} 86.7%% = xo)7} §1
Aok 2HY FEE A Al dolge HAiHoE F5
& T} 71l wEt Wolge ke A B
A%k, PGPR Aol A] Wolgo] w=& AFES HATh
(Table 2) Cd®] 7% PGPRZ A2|& 739 thZtoll H]
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3 FEEE 50, 99mgLolA 6.6%, FAEFEE 399,
49.9 mg/LolA 33%, FEFE 79.9 mg/LolA 1.7%2]
Wolgo] STl T57F Hoss 1 e 1A
o, AsEaMe foHQl wolks 7P BSE
Act.

Ast Cdo} AR FEIE 28 545 71, Hgs)
712 % FAFSICH(Verbruggen et al., 2009). 1o w2} =7
E Al ek WS B, FEEE 10.0, 20.0, 80.0,
100.0 mg/LY ® PGPR *{g|a olgo] tizzre] HI3|
B 14.2% Z7FIEeE. 12v 200.0 mg/LY ) 23.3%
A3td=dl, PGPR HEol &gk ol S7F 52 4
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7} B4 oA RS ovlshe AoE wrkE)
Ni¢] 7% PGPREZF A] 20.0 mg/LY = 1.1%2] v|u]g
Fags BIARE FARCE fFo381A] &%, 100.0
mg/LY W 17.7%2] WolE7e-S Byt U A] FE0)
e 22-89%] S-S Bk 249 F% PGPR
Z& Ni FE5S 1000 mg/LY o) Yol =2 aap}
7V 3ot

Cu= ol 7FF =& 548 v T35 5 st
Xu et al.(2006)2 pot AFOZ Cu LAEUNA HQ]
S vlasilth 1 A Cus B AEe] e 4%
o & =45 YehilaL, Cu %71 100.0 mgke
10%, 300.0~500.0 mgkegd W 50%, 1000 mgkgd
90%2] FElgo] At 2 AN E Cue TOE T
=& Hlg] FEEE 5.0 mg/LY W thE7F PGPR X
g dolee 747 578, 622%% "¢ Ptk EE3
20.0 mg/LY w PGPR A2lo] thz=rell misf 2.2% 2
olg 7HAE B, YA FEEEINE 3.3~5.5%2)
e TS Btk 540] A% CuE LFE i
1= PGPRO &Jgh wo} 531 Ggfo] mln|stSict.

Pb= 2= F40] Cuell HIsl oF 120010l Efgh 5o
2 BHuE3 Jri(Wang et al., 2007). ¥ A4 Pb
HjZ|ef| 2] Wolg-S Cust BIaEHd, Pb FrEEE 610.5
mg/LoA 9] Wolg-& F AT EF 40%=E Cu 8%
T 702mgLY Wl FF % PGPR AT wol&
444 2 47.8%9} FARIALE o9} Zo] T2 WolES
UEl= olfie Pt S4SAEOE THSAS
7] wiitelet sdkEn). b tE FE53 g9
o] BE F=Hel PGPR A& Wolgo] F7FsHA] oF
QAT

il

¥ E

3.2. ECsy AFH

719 Fad 8 TR Tad LAl Y T
ol&(%) APEAE vy o= wa EpAvt NS
Trimmed SPEARMAN-KARBER(TSK) modetS AH&3}
o] ECsy(Effective Concentrationys AF¥3la S35 2
Ag7EE vl - FAEIATHUS EPA, 1993). (Fig. 1)

Cd= TSK modets ©]83F ECs°] ARKEA] edth.
1 olfre o W AE3 viRPIRAIE 37} Ccdoll Wi
< 7HAaL lo] Aol AMERE FEHSeME TS &
‘go] WAFA] F7] WEo= FtETH(Prasad, 1995).
As 2499 wiAeA 2t o] tigk tlETte] ECs
96.0 mg/LO| AL, PGPRS HE3 HEle] ECsih
974 mg/LE °F 14% S7I8IAIL, 95% A= 77 87.8~

195.2
Ni-PGPR - 154.3———A————{2469
148.0
Ni-Control 14.5———Aa———1913
97.4
As-PGPR - 84.1—@—1112.7
96.0
As-Control 4 87.8H3-105.0 79.4 5348  3601.9
Pb-PGPR —
66.5
Cu-PGPR 4 55.81—0—|79.2 1253 5862 27428
Pb-Control ——
63.4
Cu-Control 546H0—73.8
10 100 1000 10600
Heavy metal concentration (mg/L)
T T

0 50 100 150 200 250 300
Heavy metal concentration (mg/L)

Fig. 1. Comparison of ECsy values calculated by TSK model
based on effective heavy metal concentrations and germination
rates. ECs, values are in the middle in bold character with 95%
lower and upper confidence limits on both ends.

105.0 mg/Loll A 84.1~112.7 mg/LE ¥3}8}3c). Cdo} &
2] Ast ECsp AXFEJATE PGPR HEEH= 1.4%
71 B8l9it). Ase Cdot AR 54 712Re 71K
E2 (Verbruggen et al., 2009), 37} Asdl= Zsk WA
°] 1o} PGPR AF &7} Av|siiar FEc)

NiE2 9% HjRo|A] thErol] ek ECsyS 148.0
mg/LO] 3L, PGPR A7 ECs 1952mg/LE <F
31.9% S7¥tact. o9k Al 95% AR 114.5~
191.3 mg/LolA 154.3~246.9 mg/LE A Z7}319t}. o
ZA Nig A U2 45 a5l vEl PGPR HE
o7 3y WolEo] ufg- gAY 5= S Bl

E4o] Zgt Cu LG% viA|AIA thET ECse 63.4
mg/LO|aL, M ECsr 66.5 mg/LE <F 4.8% 57}
3I9tE. 95% AFTIRS 54.6~73.8 mg/LAlA] 55.8~79.2
mg/LE A% Wslslglon), cuol gt 54E& arefsid
PGPRAE|7} Wolgol] & &S TS ¢ 5 Ao
2849 pb 9% iAo thE thERT ECs, 586.2
mg/Le] g7 ECsy 534.8 mg/LETE 2313 8.8% =&
Aoz Yepdth 28y 95% A1F] e 2,742.8
mg/LolA 3,601.9 mg/LE 31.3% =731t} ol9} e
A= Pb B-8AJuEol] S AolH, Al ek S
7k= PGPR &l 93t 54 742 & F5 tar
et

Chino and Baba(1981)2] A7ollA W(Oryza sativay=
Cd>Cu>Ni>As>Pb 02 2152 Zo] &2k
gt =/do] FUbstATh ey 2 AgtellA TSK
modelZ AFg3 ECs, 3t HI3PA Cu>As>Ni>Pb

o 01
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Fig. 2. Photographs of seedling growth of Echinochloa crus-galli var. fiumentacea in the blank and control after seven days of dark
incubation at 20°C. The seeds in the blank were without any heavy metal or PGPR, while the seeds in the control received PGPR
treatment.

Without PGPR PGPR-treated

PGPR - Cd 10 PGP - G 100

[“pcpn - nis |

Wecer v 10|

Fig. 3. Comparison of germination and seedling growth of Echinochloa crus-galli var. firumentacea, with and without PGPR treatment in
Hoagland solution containing respective heavy metal after seven days of dark incubation at 20°C.

Goz 3 FAe) Wole] Ui S4e] SR M= & ARk, Nist Asel 54 w4 thal Uehde.
saol &alue AnEeR wl T phE We A%
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24 QRN AZAAS SN ] I8 A8 3 Hole) 44 44 5 is

16 16
mmm Control mmm Control
14 { PGPR 14 l PGPR
1
£ -
A 51
< <
= =
2 2
K 2
g g
3 3
b ”
0 5 9.9 499 99.9 199.9 0 5 10 50 100 200
Cd concentration (mg/L) As Concentration (mg/L)
16 16
= control . Control
14 . B l . . . . PGPR .. 14 ] PGPR

o

Seedling length (cm)
®
e
Seedling length (cm)

0 5 . 20 ) 100 200 500 0 5 20 70.2 104 330.4
Ni Concentration (mg/L) Cu Concentration (mg/L)

I Control
“' PGPR

Seedling length (cm)

0 3.2 41 12 17.9 610.5
Pb Concentration (mg/L)

Fig. 4. The effects of PGPR inoculation on seedling length of Echinochloa crus-galli var. frumentacea after seven days of dark incubation
in petri dish at 20°C.

33. 27|dojy® Fig. 29} At} wjzlo] S50] e 45, 1074e] S4F
20°Co1A] 79%F Rt diERT ] FAl] {218 2 £ 1S AYsla gy wolsie], PGPR Aol
ol FF5 B PGPR Azloliel wt EReb A B Hddo|x ®EUHE 47 1233+2.60
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emE FAET 12.05+2.43 emBETF 028 cm 23Utk 1
2L} PGPR AT 27140170l BAIZSE folslA|
= LUt

TEEOE A Ay, A =t =55 AE
o dg TATE AL Fig. 3), TEH TEERE =
3l PGPR A&} ®lwshA Fig. 49 2t} %7]@
Hle} o] 3= Cd, As, Pboll disled Uiide] o] As
5(10.0~12.0 mg/LPIM= tz7} PGPR AEwe] 2
5 Zoj= oF 7emZ 2 WHEO| OiOiE‘r(Fig 4). 1Y}
FTus T S7RIAA, AE doldgel & Halt Q)
Aot cdz 299 wiAel= fFEE% 10.0, 100.0 mg/L
2 w PGPR A9 ¥ f2 gol Z} 0.13cm T ZA
A, UmA] fasEdre dizare] 3 f2lEo]
AwEet 24 ettt As2 LAE wiAM e
EFE 5.0, 10.0mgLY wf ATt I falEo] Z+
0.92, 1.12cm 203 S7H ERARE, UnA] 8%
TolNe dizate] 3] fAEe] ¥ 24 S &
3] A% 50.0 mg/Le] thETo
o 24 SA=

Ni LA E fFE8%5% 5.0, 20.0, 100.0 mg/LY
w], PGPR *|g]iol|A] ﬁ74 0.18, 0.14, 0.06 cm 2=
o] o] A% F7Fe BYANE, F=L] 200.0, 500.0
= 2318 Algto] iRl Hls) 0.10, 0.09
cm 7&&2}8 Hol 1EEE QAW Ni vixjel] o] Zo)
37l gk PGPRO] *—1%*3%}011 'f‘% | Zvlsitiar &
= & viReIME 702 mg/LE A2
slal B FEAA At Tﬁil WO] ozt Bl
3] o}, GpRo] o] fAlE9e] Zo] A FAZAR]
G vA= Aog Lk lﬂq— ey tE Fa5el v
gl FA4do] 733 Cus T 3304 mg/LolXE 2%
sk 107 ST 2 ‘0}0}11 oo} Tlof| gk x|t
el A% 38S Hlad 4 §lo] PGPRO] I

z m\i

] AR} 2.46 cm

frale Al dES le—EX] 21 & = gIltkFig.
4). Pb2 29F HiXel 54 E=el 610.5 myLY

o} PGPREZOE Aol dlzwrel Hls] 127 cm U
AAee gelatry. 283l 32, 41 mgld WE Zt
0.53, 0.87 cm®] *2lte] do] A7) 71, 12.0,
179mg/LY e Aol tizxzwo Hls| ZF 0.78,
1.46 cm ZU4T},

opgellriel 2ol PGPR A&7} Ta54 viAeA TF
2] o)A HjH= 9Jake goto g 3leIdl xjo]
7} Aot Ao EE fFolelA] Furh. L A =
Q0 fralEe] Aol —%Oﬂ of#gol AL, o] of
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g
F e FHEE S0 TSR] Bl opEt
=) Z71IE0M, ES S0l F9E o] A4 )
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