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Effects of varying CO,, Nutrient and Light Irradiance Levels on the
Growth of Ulva australis at Germling, Juvenile, and Adult Stages

Da Vine Jeon, Yeon Ju Na, Ok Hwan Yu' and Han Gil Choi*

Faculty of Biological Science and Institute for Basic Science, Wonkwang University, lksan 570-749, Korea
'Marine Ecosystem Research Division, Korea Institute Ocean Science Technology, Ansan 426-744, Korea

The effects of CO, concentration, nutrient levels, and irradiance on the growth of germlings and juveniles, and on the
photosynthesis of adults were examined in a green tide alga, Ulva australis. We used a factorial experimental design
with two CO, concentrations (380 and 750 ppm), two nutrient levels (control and PES medium), and two irradiance
levels (50 and 100 umol photons m?s'). Germlings grew best (664.15+61.45 um in length) under conditions of
750 ppm, PES, and 100 pmol photons m?s™ after 10 days in culture. Relative growth rates (RGR) of the juveniles
were greatest (4.41% day™') under conditions of 750 ppm, PES, and 50 umol photons m?s! after 5 days in culture.
Photosynthetic efficiency (F /F, ) of the adult discs was 0.73 & 0.05 before the experiment and reached a maximum
(0.8340.01) under conditions of 750 ppm, control, and 50 pmol photons m2s! after 5 days in culture. Growth (germ-
lings and juveniles) and photosynthesis (adult discs) of Ulva australis increased when CO, levels were 750 ppm.
Additionally, the optimal irradiance for growth and photosynthesis differed among stages, wherein germlings grew
best at 100 pmol photons ms™', juveniles grew best at 50 pmol photons m?s™!, and adults photosynthesized most at
50 pumol photons m?s!. The performance of Ulva australis at all examined life stages was enhanced under the PES
nutrient treatment. In conclusion, the physiological responses of U. australis to varying CO,, nutrient, and irradiance
levels differed slightly among life stages. However, growth and photosynthesis always increased with elevated CO,
and nutrient concentrations. These results indicate that U. australis green tide blooms might occur more frequently in
coastal areas if CO, and nutrient concentrations increase.

Key words: CO,, Growth, Irradiance, Nutrient, Photosynthesis, Ulva australis

M B2 2 Z7hE A glom, e 115 oF 30%, 5 A H gHE
(1 million tons) ©]4+9] CO,E F4-3H= A 02 Uej#] 9lon

2T AP A A S ot GAPYAIALEA] A (Feely et al., 2004; Gao and Zheng, 2010; Connell and Rus-
T2 A= QIS 2 At sl A B2l CO, w1 5 sell, 2010; Xu and Gao, 2012), 3j9F2] CO, == &2 380
7h), 123l QI7teHEof| whE FY g3t ol et A=A vk-g ppmOll A 20501 9)= 970 ppm7HA] Z7HE Ao 2 o Astar
ol fE2u 2 317 @ 19| Wzl whe} Frhedat 2T} ItH(Lee et al,, 2006). ThF-5-2] s 257 s)4=9] CO,5=7}
H 51 =tH(Connell and Russell, 2010; Nikinmaa, 2013). 217t Z71et uj) YA} AYAtro] Z71skA|at, 220 CaCO,& &4

o] st A= ARG Sl whet tf 7] Fofl CO,= A4 L o g R AT R 7L A B CaCo, 40 7
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3h49] €O, U %=

2ol W8 H A th(Kuffner et al., 2007; Hall-Spencer et al.,
2008; Martin and Gattuso, 2009; Connell and Russell, 2010;
Ragazzola et al., 2012).

E3E, 2ol SeubetE 3 A AlA Aol A RIHEEA
QoLhs Tl R, G5, o3 dhnbe el 2
=257 gAY (green tide) M50 & QI3 G 3¢
oluf mehy oA = ke t(Nelson et al., 2003; Hi-
raoka et al., 2004; Pinedo et al., 2007; Liu et al., 2009; Yabe et
al., 2009; Kim et al., 2011; Deng et al., 2012). == tjAl2
EF FHTEE Bed A7 TS fIFskar At
AE A Y] WEHE wEhAl 7] = VHE RS FTH(Carlton, 2000;
Taylor et al., 2001; Occhipinti-Ambrogi and Savini, 2003). =
25 A (Ulva australis)y= FFE 0] S5 AQtelA
W2 S ol 7] 8]Foln, o] 59| AL ygAte] 1l
|2} 7|2} s oF Atololl =21 A HS vhEo] 3 Tk Wl A
2> Fo] A= o] ThE s E o) AT Ao ke &
CH(Taylor et al., 2001; Robic et al., 2009; Nelson et al., 2010;
Renjun et al., 2013; Park, 2014).

Sejutet dotol 4 Tzl Qhitel] AAJSH sl
FoA AoEIAL] Aoln] Thoret slepEe] Hol
AT NSO RN FaT oS SH o delA YA
(Han etal., 2003), ©]=9] th 8-S ASHYE A D 234kl
LR g 30 glek(Park, 2014). T2 5] o)
Aole AzHERgo] g aetele] Rogopta Aztsha 9o
wh shepe] €O, F71eh Hostel 4 A-gol Tzt
o} pheto] l=|o] chat AT S| koth. 74
Zratl = - AHzoospore), HoH(germling), 7% (juvenile)x}
34| (adult) ©A| 2] HEARE 712 Fa42 AL A(UV)9
e g dute o] el vkg-of tiet ¢15-(Han and Choi,
2005; Han et al., 2008)2} t}oFst 3+ QQ1(2%, e} JF
& 5)oll thet A7 =33 = S cH(Floreto et al. 1994). -7 ZHut
ol et A3t hFE AAEA A 3= e, vy
ofel -4 wAof HeE A= w| &Rt A o]t (Coelho et al.,
2000). 3HAIE, ol 2572 wjoret -f-A-2 Aol Bl 24 st
of] &4 717t3lA| ¥kl 2(Coelho et al., 2000), CO, 5= 5
7o} 9joFel So) 8 2 olo] Tiek AYEHAE A S-S el
SHz AL SATIALS o] Ul ghel sk e Fagt 42
2kat g 4= Qltk(Choi et al., 2010; Coelho et al., 2000; Deng et
al., 2011; Olischldger et al., 2012). wh2hA], & A= AJE| 4]
02 Fa% 4T AT, SEThEAe] AE Skl 7
wzistehe] aol, .93t A HAeIA Sl CO, Z7het Jord
ofl it vk Zelst7] $lste] = Ut

Mz H S

B ATE 93t PR A S HEGH 18N,
126 41E)oll A 20134 119 2310 Aake.0m), 8% sfa}

zwo} Ty auke A% 97

T ZepiaE AE o] gobd APAR LSk, Lt
QAo BT 548 02 RS ASH Baelot 5
81§ -2 AFg-stol 8] A AT 5 AFol ALttt
HHOtet 78 dE

o} 2 5 o] WAL Qloto], AT =3 AAIE 2
o7 7] EekAE BRE|| Yol 20T Y] A&Eo® 4
H wF7IoA FaARE WE ekt 244 mL)2 <2t
ojlEgetA 2ZK2.5%2.5 ecm)d}t Ht 47t 0] Petri
dish (@ 12 cm)o]] A= 1127 HE3 & {5471 24
SHe s 24A17F Al 2ol Hytsoith(Fig. 1A). ths d vjobrh £
21 Eepo|& 27) 3705 w50 mLo] B WHEH v
7)) @ TheFt CO, %5-(380, 750 ppm), % %F%(Control,
PES)¥} 2%(50, 100 umol photons m2s™)7} 23+ 2710 A
10237+ vhoal g vhegole 29) A 0= A mAlsteict
8l<~2] CO, 5%+ Gas Concentration Controller (CO, %%
A2 2491, 2 (control)= H-3l14>(Autoclaved
seawater)©]1l PES+= Provasoli's®] v} %l (Provasoli, 1968)
ofth. viF7 9] FH2 5= ARSI %= 100 umol
photons m?sto]¢1 2™, 50 pmol photons m?s'= HiFE-7]
of H2A WS A9 FHsiglon fAExEA/(DX-200,
TAKEMURA)= 21513t} ofuff vjeF7] o] 2%=(207T)2} 4
ZF7]&= 12:12 h L:D (Light: Dark)2 <43} 523+, vl
F 109 3 Hljol= 333Fa n] 4 (BX53F, OLYMPUS, JAPAN)
of Fabel tjx g7 et2 HY5H3Ial Image ] T2 O =
Zols 249t

Tz ok Aldlereld fglom AV
o, Aol AMH 9 Hol= 4.05+0.20 mm$lar A
0.28+0.02 cm? (mean + SE, n=180)% th(Fig. 1B). 74
2 F- Ao AU v vlotel Ut CO, B, FYE 5%
Z oA 3= Qlet. vl 7 2 vl 871 (10 mL)
S7HLE B g @ UH A A Qo] oA 5Y F¢t
SFLaL vl QFel-2 2 7hA © 2 gF A sFATE. vl THA
Fof F& dAE7H| etz Z95ke] Image J 2 171 4]
o5 &A% &, ATAYAE(RGR, relative growth rate)= oF
7 o] Ao & A Ala}eitHIchiki et al., 2000).

L %7
flo |o

15y

N

:::10
2 12 1o

W
ne o

RGR (% day") = 100 (InL, - InL /T, ~ T,
L, A9 A dief F84ol; Le S4A 79201, T, T,
L jop A

A getdes

af=2] CO°t Y 5%, Le|al 2%7} Fzdute A
9] g3 ol w|A|= FFS ohelstr] Ystod, AR st A7det o
A& a2 =3 AAst 5, cork borer2 Yd tA3(0
1 cm)E THE0] 24A17F 2] vfjoket &, e =] 7] okt A3



9% ATh - AF - 593 -

£ Adof AHg3IATHFig. 1C, 1D). #i%7]9] F571(12:12 h
LD)2} 2% (20C)= wYaHA A" sl Lo viek-8-7]el
CO,-5:=(380, 750 ppm)2} 4 %4 5= (Control, PES)7} T}
vkl 50 mLY} €18 T A3 57H4S €2 5, 503} 100 umol
photons m?s' 9] 2o A 5 59k viFeFIaL v 2%
M 0 & A5k A skt

A Ym0 B EE(F JF ) Hlg A H(before)
2} e 5Y S(after)ol] 1587t 9484171 Fof Phyto-PAM
(Walz, Effecltrich, Germany)2 AR&-3lo 243131t} Phyto-
PAMO] A8} Z%=8, 16, 32, 64,90, 120, 210, 295, 350, 435
umol photons m?s' 2 A4 s}0] 20 7H4 0 2 ZA51% T}
TAER 242 ofgle] o2 ALalsc.

Fv/Fm = (Fm-Fo)/Fm
F,= A8 B a8 F, - H439as

FFHFF )= FAS 5 AT Z HaFHFo 2pol& U
el (Jesus et al., 2006), 3 UFAt=E(quantum yield, F /F,)
233 RSO Hhe-54 5 skl 84| 2 (photosystemll,
PSIN¢| Fa}st vkg-ofl thet A& Te AR ES 9m|et
o} S e Bk T4 FPeE S a2 A
=& (electron transport rate, ETR)S AlAFSIAL, 0] & o]-8-3) 33
-2 TS F75ko] Al B () E S 5
Qlthk(Schreiber et al., 1994).

E =ETR_ /o
E = #4234, ETR,, = A e s

232
Z
oYY
Tk fA7} HE ] 27 ol hole] ol

24.63+0.57 um (mean+ SE, n=90)%1.2.1, 3}|4=2] COZ%‘—E
7} 750 ppm¢] PES HjoFed 1] 31 100 umol photons m?s™' ]|
A1 635.53+61.45 um= 2|t YA H o, 750 ppm2| H
w3122t 50 wmol photons m2sof| A 7HAF L7 AYARS: W G
on, ojuf] Zo]=79.33+0.07 umthFig. 2). & g =
=21 50 umol photons ms'e]| A}, CO,5 %7} 3801} 750 ppm
Helol M= FUE Tt S7HEE o] XU E
S, Hljol= 112 %21 100 pmol photons m?s™ o 4| &= 750 ppm
7HA] ARt Gdd S7HPES) 2o A whE AR 2ol =
%, Jopedat CO w7k 2713t of ok A ge B eich
(Fig. 2).

o =

Tk G949 Aol ujok 7HAl Aojl 4.05+0.09 mm
(mean + SE, n=180) %11, 4452 750 ppm2| PES H{<F
ol 712]31 50 umol photons m?s'ol| 4] 4.41 % day' = Z|t|
a7, 380 ppm2] Htall=2}F 50 umol photons m2sof| A &[4
(0.33 % day!)Z UEFTtH(Table 1). 92 AR 380 ppm
of wlal 750 ppmof|A] 507+ 100 umol photons m2s'of| A &L
e e Bolon, o A gddol $53 PES
©} 750 ppmofl Al 4.41% day' = LERgE O, Hatslja=o] 7
of|l% CO,5%7} 57t 750 ppmof| A thz~to] vlsf =2 A
& HATH(Table 1).

Fig. 1. Growth stage of Ulva australis: A, zygotes; B, germlings; C, juvenile; D, E, adult.
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Fig. 2. Effects of CO, concentration and nutrient levels on the
growth of Ulva australis germlings. Germlings were cultured for
10 days under 50 (A) and 100 pmol photons m™s' (B). Vertical
bars indicate standard errors (n = 3 replicates).
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Table 1. Average relative growth rate (% day™) of Ulva australis
juveniles grown under two CO,, nutrient and irradiance levels. Ju-
veniles grew for 5 days at 20 C and a photoperiod of 12:12 h LD.
Values are means + SE (n=>5 replicates)

Irradiance . CO, concentration (ppm)
(umol photons m2s™) Nutrient 380 750

Control ~ 0.33+0.22  3.28+0.46

50 PES 0.91£0.76  4.41x1.57

Mean 0.62+0.29  3.85+0.56

Control ~ 0.63+0.58  1.38+0.41

100 PES 2.09+0.25  3.42+0.35

Mean 1.3620.73  2.40+1.02

PES, Provasoli's medium.

umol photons m?sof| 4] 0.83+0.012 Zf$ L 750 ppm]
B3l 100 pmol photons m?s'of| 4] 0.63 +0.03 0.2 Z| 4
o 27|gk] Bl Wekth(Fig. 3). AdA| 9] g a2 a1
ZX(100 umol photons m?s™)2] 380 ppmoi| 4 H4t 0.68, ~1
2|32 750 ppmeol| A 0.65= A4 ujF 7HA] 2(0.73)e] H]sf 225t
&t A2E21 50 umol photons m2s o A= vl F 7HA] ol
8l B Aol A A LA FEA 882 750 ppm
of| 4 380 ppmo]| H] 8| w3t TH(Fig. 3) A 2ol A et d aa-e
P& Tk HAIGe] Blj4=2] CO,&=7} 380 4] 750 ppm
o7 S7re o el & oA thFig. 3).

W AAPAGE(ETR | ) A 7HA] Aol 122.45+3.71%1
om, vjeF 5Y & B CO, oA ARES 50014 A2
21 100 pmol photons m?s'of] H|8l| T #9Fo. ™, 3801} 750

Table 2. Effects of CO, concentration and nutrient levels on the photosynthesis parameters of Ulva australis adult discs, which were cultured
for 5 days under 50 and 100 pmol photons m2s, 20 C, and 12:12 h LD. Values are mean + SE (n=5 replicates)

Irradiance CO, concentration Nutrient concentration
Parameter
(umo Iphotons m2s™) (ppm) Control PES

380 119.91+£11.99 178.56+37.90
ETR 50 750 118.72+18.75 160.88+13.83
mex 100 380 86.61+8.72 125.31+34.19
750 56.2446.69 59.26+10.65
380 159.39+11.31 242.10+£72.65
50 750 182.70+24.83 240.35+24.25
s 100 380 170.755.32 204.47+41.51
750 109.54+4.49 131.7244.38

50 380 0.7540.03 0.7740.07

750 0.64+0.03 0.68+0.02

. 100 380 0.50+0.03 0.60+0.06

750 0.5240.05 0.4440.08

PES, Provasoli's medium; ETR, electron transport rate.
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Fig. 3. Average yield (F /F ) of Ulva australis frond discs cultured
for 5 days under three CO, concentration and nutrient levels, and
at 50 (A) and 100 pmol photons m?s™! (B). Vertical bars indicate
standard errors (n = 3 replicates).

ppmof| A= PES vl oA 2|t ¢itK(Table 2). 2|4~ ETR
2 dtafs=e]l CO, &7} 750 ppm 121 11X %L1 100
umol photons m?s™ o 4] LFERTE.

HEFAG(E, )= A% A Aol 185.95+5.63 (n= 5 rep-
licates) o905, vjF 581 % 750 ppms] PES vjeFeiz} 50
umol photons m?s | 4] 240.35 +24.25(380 ppm2] PES vl %F
o3} 50 wmol photons m2s' oA 242.10+72.65)Z2 A4 Xt %
TH(Table 2). E, k-2 €44 © & 50 pmol photons m?s' o] A 3=
%om, J¥E s=7F 2 el CO, F&=7t =2 750
ppmol| A 2 7S H & tk(Table 2).

Trgdate Aol miek A 71 71(a) 2 0.66£0.00 (n=5
replicate) 301, 59 Fofl= 380 ppm<] PES Hj¥Hu} 50
umol photons m?s'oJ 4] 0.77 +0.072 4] 2T 3L 750 ppm 2]
PES2} 100 umol photons m2s'of|A] Z| A% TH(Table 2). 7]
7] 2 A2 %221 50 umol photons m?s'of| 4] CO, 5% += 380
7} 750 ppmof| A 352 g H ATk

o &
ez djote] Zoli= whek 10 o] 509+ 100 wmol

photons m?s'o] A Z}7] 276.21+17.11 um<} 329.83 +29.00
umi IR Eo A wE A-E B, aj4=2] CO, 5 =7t 750

L3

iz

B

ppm, 12|31 G FH Aol A= A ZX = Qirk AZF
2l Macrocystis pyrifera®] vj--A|+= 3|5=2] CO, s =7} AHE &
g 0] 2¢1 280 ppmeo] 1]l 820 ppmol| 4] oF 32% w2 A YA
3t Ao g FelE¢ltk(Roleda et al., 2012). 3FA|E, ZAA|Z]
Saccharina japonica®] ul-A= v 10 Sof] FA) sfl=<]
CO, 5%=241 380 ppmol|4] 7501} 1,000 ppmeof| H] 3l 2-3uf w}
E AE Hole A& SRIEITH(Oh, 2014). whepA], A+
238}o] oJg 5i4:9] €O, %% F7H= AnAA SISl vl
of Aol R T A0 BRIE GO0, Fof whE o] %
woli= Ao 3HIEY el CO, 0] F7He o)
el AZFE) B2, A SoflA] €O, B 8o
80-530 ppm2] H3}= H.o]l 9] al(Delille et al., 2000), 47
a2l Aol A HEE fAs 2 ehtel 24 3 As)
g 2uste] &3t CO, 58t 750l o3t 4 57t
= At jore] e EXeks Ao w Uehd o 2H
2 N eEs S7HE A0 AbR

2 Atoll A i Zutel - o A A o] Fed2 503
100 umol photons m?sol|A] 7} CO, 5 =2} Y A(PES)
of| Al ZXI=| et =278 7FAIwke(Ulva prolifera)y= @4 9|
3l CO,5%=21 390 ppmeof| H]3f| 1,000 ppmo]| 4] whE AH7d-2-
Hol & A+Ane} AR CO, 5=k A= Anld
£ R tH(Xu and Gao, 2012). 3f|4=59] COZ%E7]' =7}sphA
o] 2R 5= 22 F 259 Pyropia yezoensis, Gracilaria
spp.2} Lomentaria articulata (Gao et al., 1991, 1993; Kubler
et al., 1999)Q} Zr=79] Sargassum fusiforme (Zou, 2005)7}
Qlout, vl Gracilaria tenuistipitata, Pyropia leucostica?};
Porphyra linearis &2 CO, 5 =7} Z7FsFH A74o] =gl
TH(Garcia-Sanchez et al., 1994; Israel et al., 1999; Mercado et
al., 1999). Zwe) 791 Ulva lactuca= CO, 57} 4329} 635
ppmoll Al AAo] Z1E|9L 01} 884 ppmolA] A4S MO,
Ulva intestinalist= $-E57|€t2(DIC, dissolved inorganic
carbon)7} Z71ek f AJA}o] ZrAE 11 (Andria et al., 2001),
Ulva clathratax= 884 ppmo]| A 7r4% %S W (Kerrison et al.,
2012), Ulva proliferat= 1,000 ppmof| 4] Z7}5H= ojel& 2 ¢
© 27(Xu and Gao, 2012) 543 <(genus)ol| A &= CO, 5=
F71ol k2 )4 k-2 the eRet. sldrel CO, S
7F =30 pH7 2 Ah A A| (o, SHibehso] Zagt sl oo
e 27 AR, 5279 Halimeda spp.oF ZH25-2
Padina spp.2} #ro] CaCO,°| € a3} s 27+ F=7F AAE
AL 32 CO, w0l A 2 At 3l Z(seagrass) @} 275
=, o], BRPEER )7 Sk 59 ch(Hall-Spencer et
al., 2008). whehA, A2t 3te] ofgt -2 451 CO, 5= 5
7ol whE sFAgSE, el ar Q1xHE-sol| o3t gAY St
7F AQHYE A O] UAAYAIAR Sl 270 w20 e} 5
thef ol Gk nE A o= AR ET

Tidute Ao FEE 2o FUdHA CO, &



3h49] €O, U %=

w2} o2 YRGS, 50914 100 wmol photons m2s™of|
]3] 4T, PES Uiz} 750 ppmollA] ZThoick. k2R
Cladophora sp.2] *F&d(F /F )= 3602} 1,000 ppmof| 4] 2}7]
22258} 40.08% =715 3L(Ping et al., 2014), Ulva rigida:=
315:2] CO, 527k S7HO3%) & o] BaHHERo| Hasto]
& -] vt (Ulva australis)2t 2] 2] HE-&-0] AR
% HGordillo et al., 2003). gHH, 3|27 F-o| 4 CaCO, = Al &
ol 7Hx] &= 44 -8 AS 27 S25F Amphiroa sp.] 3%
T2 1,000 ppmof| A= 40% 4% 3L, Lithophyllum sp.+=
550 ppmo| A= Z4d4 2.1, Z|o]l Gao and Zheng (2010)
< =2 CO, 5=l Corallina sessilis®] A§7o] A HchaL
shoith. whetbA, 3i4=2] CO, 59| $7h= A w2 7H =
TO| FAel Wit ke n]AH, Zute ot tint R
Zofl wpg 2ol & Holx|uk 7500 4] 1,000 ppm7HA] FHd o]
S7FekaL Yot & At Aol 4] HolE AX Y CO, =9t
FLH Tt EAlOl SR Aol A k5t Aol A4z
7L Qlo] T3 mgdo] Algk Aol

o279 Aol A dnlF A Q1 TA|(l, 774, Bk,
A, LA ) FAEA (e, AE, YYE SR A=

H S (A, 24 5ol v WgsHA vkgste s Al
e AR 2719 AA = H(Coelho et al., 2000), &4
it A2 Bk AL TA o whe ohE Ao g oY
QITHKim et al., 2011). ol & &Y, 525 Ulva linza2| 3%
A2 A AR 2w b 2 9]0l A= AL 7] DA (early
stage)°ll 0= 7HA7E F71 DA (late stage)ol] = Gl 8]
o =okon, gokgt 2o = w2 7G| o 4] 3334
o] A YebTHKim et al., 2011). 35=2] CO, & 57H=
Z+%5 Laminaria hyperborea®] AEALoll A Qlul-$-7 9]
(oogonium)} o} A|(juvenile sporophyte) FA 2 A2 =
ZAZ O, SZARA| 0] FgHdol| A= & Atol 5 HolA| 2ttt
(Olischléger et al., 2012). |, Saccharina japonica2] Full-$-
A= CO, &7t 380 ppm<l Aol A 7502} 1,000 ppm 4
ol vsf 2-3uf 2] w2 o] S Hl o, Aol Fg
732750 ppmol|A] A UERsE o™ =23t 4 2k8-0] Sl
RISFATHON, 2014). 2 Aol A rgZatef o] ujopet 74
O] 472 380 ppmeo]f| B]8l| 750 ppm&] CO, s=oflA ZAs}
A Z7 skl o, g 3atd-2 3803} 750 ppmoll A -2 &}
7} 1dek. AR, Ulva prolifera= 8o} A4 A4 334
©] 1,000 ppme|| 4] 390 ppme]] H]azsto] EAs}HA| 9k50] 2

o[N Lol

o

2

(

S M =

Q1= 9ItH(Xu and Gao, 2012). whebA], 1 & Lo] A= AYekate]
A% DAl e CO, 5=, GFA w5, 12|l 0|59 &
ARgol thFol BRI e, of A= Hlopr} & HMeH(E5]
A 235, FFE 5l stz Hjoke] A4
7| FHste] tigshe T8 AR

a

=

101

o] =82 20119 = ARSI &5 Aoz gt
AAEke] 7] 2ATLALY A DL wro} S ALTA NS
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