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We examined for differences in the growth and fertility of microscopic stages between Costaria costata and Undaria
pinnatifida in crossed temperaturexirradiance (12, 17, 22 %20, 60 pmol photons m2s™') and daylengthxirradiance
(8, 12, 16, 24 hx20, 60 umol photons m2s') experimental designs. After 13 days in culture, maximum gametophyte
growths of the two species were obtained under the following combinations of factors: 17 C x60 umol photons m2s™!
and 24 h daylengthx60 umol photons m2s!. C. costata gametophytes produced sporophytes about 6 days earlier than
those of U. pinnatifida. Sporophyte densities were highest in the 12 h daylengthx60 umol photons m=s™! combina-
tion after 20 days in C. costata (9.7 plants mm) and 26 days in U. pinnatifida (9.1 plants mm2). However, optimal
growth conditions for the microscopic sporophytes differed between species: 17C x60 pmol photons m2s™! for C.
costata, 12°C %60 umol photons m=s™! for U. pinnatifida. Thus, C. costata gametophytes grew faster and produced
sporophytes earlier than those of U. pinnatifida, even though the haploid gametophytes of the two species responded
similarly to environmental conditions. Optimal growth temperatures for the microscopic sporophytes also differed
between species.
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Park et al. (2011)2 259 24| 9404, 4.8-5.9 mm;
1]9, 5.8-9.5 mm)S ThRE 2 o oA w4
I}, u]of wlsf Aujdo] E A 2%(12, 17, 227T)2} #
(2, 10, 20, 60, 100, 180 umol photons m?s™)of| A W2 AY
e Belom AiH o R 11291 22 T4 & Ao £kt
TRk, A F- 9 FhAgAo] dojubs 223 (17T, 60
umol photons m?2s)e} A4 GE(12 h, 35 psu) AR
L A Au| o] FkaL AHR(1S psw)ell ek WS w
olo] @57 FUth. vl ull-e-A| o] At Aol gt e e
AR, B, Y4, A, 2=, A 5)9] Gkl sk
A e 7} 3 Q1 O LH(Kim and Nam, 1997; Morita et
al., 2003; Wu et al., 2004; Choi et al., 2005; Morelissen et al.,
2013), 2|u] <] A o] A} Aol thet 28 2919 J3F
of| that g = A2 AFgt A7g ol

o ARE AEH v9e eyt A sfietol A4k,
19621 d0] QIFAE7E AP A sfrHAlo] 7HesllaL,
o] (Ao 23he] AT 20149 V=S
2 oF 280 43 =(708 ) e = A -2} sl 2t Ak
25.66% ("84reH 9] 13.93%)5 AFA|5kH 7]} thAjutol] o]of 3
Ao Tt FAWSFTOIHFAIY HEE, http://www.fips.
gokr). TR, 20|92 FFH ol&F2] 4 5-10 mojlA
T A4St 3R Sl S o2 A o] Blsl A7} thas
ZA7]3 gasto] £ESE ukE 7FA] L Qo] A EEA A%
7h =8 AEEoH, AsS ddY sied HYol &8 ks
g FOoRA P ES FE Akl Bagt Aol
CHKim et al., 2006). AR 2257 Ao AREsH= 74
AHHAH-L- AAANA T D, AlST(strain) o] FA3E HHA|
719 AR, A H= e of arH]E- HAY 5 B2 T o] Ylt(Wu
et al., 2004; Wi et al., 2008; Hwang et al., 2010). ¥r]734 =
719 oF- -4l = F1F At (hybrid) 2 F 5 vl eFoll D 251w
(Pangetal., 1997; Morita et al., 2003; Wu et al., 2004; Choi et
al., 2005; Druehl et al., 2005), WA & ©]-&-3+ 2| = HIHH-2 A
S, Al B2 9 A HAY] 24, A7) AY SRR E
Qg n)g H3 AA AT B T 2 o] Aei(Wu
et al., 2004; Westermeier et al., 2006; Hwang et al., 2009; Xu
etal., 2009; Hwang et al., 2010). Z-25F tiA|0te} o] & o] ufj-2-
A ZHEHH(Wu et al., 1994; Kaas, 1998; Li et al., 1999; Wu
et al,, 2004; Xu et al., 2009)> oF 201 ZRE AJEE O
HlA19] . 22lo] £4] Spob oba] A1} 54 23k Abefo]
tH(Xu et al., 2009).

ufebA], & AT £, Q8T BT A S AR
&|u| &3} v & o] A} 2 7] ©HA Q1 vl-e-A o] At A<, o
of7} oF3zA| 9] A} Aol v A= PR ool FHHY
FO| 7|1 2ARE B8Ol S oA HEE R TH g
£ At ARR &8 Ao r 4 E ok

Mz H U

At AT 0]3]X13K(34° 28' N, 126° 58' E) 2lLo] |3t
A7k A 20128 5Lofl ARt FAJH A n] 3t ZAFFS
7 o) o] ZAAE A3t dAlA a2t g S
Y2 & ofo] AEFA(S-10T)of ol AFAR st
HA A Apgutat ZAA-S FAof| A 2elst 5 ofts)a
Aatollrol| A fo2 =53] A|Hsto] o) Fakd 2}

Hz22 AAs At

o omx 2 N o2

& SEaloinh. nlela vjole] farlole FRale] Sefol
cZepA 27K(1.5 % 2.5 em)d} Bal|4=7F ©7] Petri dish (@
9 cm)oll FA71Z 247] 0.1 mL 4 HE 5 $547F £bol
T 7o st =E 17T 2 60 pmol photons m?s' =2 A&
E HjF71o A 12 h A5k

HFA 7} Rk Leto| & 2712 PESI 8| A| (Tatewaki, 1966)
7} 30 mLA 271 Petri dish (@ 10 cm)ol] 37§14 do] gzto]
12 h& A% uljoF7]of| A oheFst &% (12, 17,22, 27C) X 3%
(20, 60 umol photons m2s)7} &3] Alglqtof|A], 1)1l
2T 170 R TR o o A 479] A, 12, 16,24h) x
27) (20, 60 umol photons m2s1)2] Z2gHof| A 371¢] HIH=
T-5 Fol1397E wiFsiet. viek7I o] Fe B35l
onl, ek vjo7]S AL o g ol 2Asgon o
A 2E=A|(DX-200)2 F=5 S5 s 7]
7HESF 39 717 0.2 sk WS O8] 250 AR ol
571 lste] el GeO, (5 mgL')E 7ok %ith(Shea and
Chopin, 2007). = 52| Bi-¢-A| A2 Fm| 7ol Fabe T A d
ok Fejat o] TR 2 20HAE S AR A
Bi5}o] Image ) 22 102 0|8 ZAsioick 7 5ol 4
L Q- 9-A] Aole} AHAYA-E(RGR, relative growth rate)=
v makglon], A RS uE fAtet uof 139 So
o

Halj-A| Aol & o]-g-sto] Alikstith(Serisawa et al., 2002).
RGR (% day")= 100 In (L, - L) /T, - T,

o714 L= 139 % ohul 4] 7o), L& 24 250 BE
3EAHembryospore) ZO|E Tk, T,-T & % 771 13
= 2|ttt

ofEA|9] Wwsl 7ol ofEAP} WARE Lw(12, 17,
22°C)x33%=(20, 60 umol photons m?2s)7} Z23HH A1}t
UZK(8, 12 h) x F=(20, 60 pmol photons m2s™)2] Z23HH 4
HtollA SAE AT 7 5 vi-9-A 9] Hegg)} oF2A| A
7ot Zlo.= shelslo] 4ju]ofe wlok A 209 F, W]l
269 Fof oA o] Y=o} Lol & S5t 72+ F-9] of2 A
&= WRE 08 Petri dish (@ 9 cm)ol] Yol &Salo|=
4 mmPol| F/JE oFZA| S Al AL cover glass 2 F o] AR



192 YA -

ekl - 841

25t Sof| REAIEE 207041 & FAH R Adlste] ZolE

goFoiTh. 3k, vk 26U &, 22 A1 12h, 17TS}
0 umol photons m?s' | A B QFSH o} LA & 7171 40| &2} m]
O WA S ARl Fredsto] A2 40714 FAkl = AEs)
Zolet YH|E £74skL 255 v st

2|01} u| & o ul-p-A| A, ofi A Wi 9 Aol Tt =
ToF ot 9 F o) FE welsty| 213t SAREA S Co-
chran’s test® 584174 (homogeneity of variances)S A1A]
sto] dlo|E| ] TS ERIgH &, two-way ANOVA test=
T2 HA s Batoll gt -2 S = |, Tukey's
HSD testdf o2 Al AA-S AAJ8tH(Sokal and Rohlf,
1995). A= 0] SA| 42 floll AFE-E =192 STATIS-
TICA version 5.00] it}
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Fig. 1. Average female lengths of (A) Costaria costata and (B) Un-
daria pinnatifida gametophytes cultured for 13 days under various
temperature and irradiance levels. Daylength was constant as 12h.
Values represent mean +SE (n=3 replicates). *, no data
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277.38 um (RGR, 28.27-34.74 % day)5A] 17°CoIA 714
W2 RS B YIL(F,, =972.10, P<0.001), 0] 79-of =
HE 25 XA A 20 umol photons m?sof H|3f] 60 wmol
photons m?s'of 4] A%}o] —%‘—%E}(E’16:46.68, P<0.001). =
3, 2m1]o] 4] AR-e Lo} B o) AT gl )
S W o2 BfelE 9 On(F, =620, P<0.01), BE &
oA SAAR FAE B tHTukey HSD test). Wi 13
ol 3 m]o] ohuf9-A| o= 138.21-235.90 um (RGR, 29.38-
33.50 Y%day )= &|u|d3t 7| 2 17T A THE &0
sl Bh2 QS 1.9 O (F,, ~1827.71, P<0.001), 20 pmol
photons m?2s¢f| H] 3} 60 umol photons m2s™! of| 4] W= A2
Eﬁq—(F]’m:lSOJS, P<0.001). 3}, 0]< o] 24 A2 -2
2o} o] ATAgo] ofat Faol Y A0 SRlH
HI(F,,=20.26, P<0.001), ZE 2= Ag o A= 54 1 el &
9,];1% H AtH(Tukey HSD test).

U7, 12, 16, 24 h)¥} 33=(20, 60 pwmol photons m?s™) A1
Floll A 2ju]e] Qhuf9-A 2] o= 144.14-329.19 pm (AFThA
& 29.71-36.06 %day )2 4324 hyol| A 2 AAS =
IL(F, =265.10, P<0.001), 20 pmol photons m?s™' ] H]s}
60 pmol photons ms™oflA] WhE A2 EIACKF, |(=52.15,
P<0.001, Fig. 2). 3}A| 9k, w] & o] ulj-9-4] A7 A7t e o]
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Fig. 2. Average female lengths of (A) Costaria costata and (B)
Undaria pinnatifida gametophytes cultured for 13 days under four
daylength and two irradiance levels. Temperature was constant as
17C. Values represent mean £SE (n=3 replicates).
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Fig. 3. Average cell lengths and widths of Costaria costataand Un-
daria pinnatifida female gametophytes having young sporophytes
after 26 days in the same culture conditions of 12 h daylength,
17°C, and 60 umol photons m2s.

P=033), 2= A AFolM= SARY fFolAE Eik
(Tukey HSD test). m]&] Qrufj¢-A|e] Zol= 143.95-248.90
pm (S 29.70-33.91 %day )24 4o]dat 55}
Al 45324 hyollA oh2 Aol vlsf e =S 2l
(F,,i=197.86, P<0.001), A3 %=(20 pmol photons ms")of| A}
Hrh= 133 %(60 umol photons m?s ™)) A] 422 YA LE}
WEH(F, | =28.57, P<0.001). 3FA|%E, w]<d o] ui9-A] A2
A3} o) At ge] ofet AFE gl AR BelE gl
WH(F, =2.36, P=0.11), B.= Lol A FAIZ Q1 F-JAF= 23
THTukey HSD test).

2]} u]of o] ulo-A) TAlA 22 A=A 170
60 umol photons m?s™ 9] 23tz 0 2 FAsF oL} Y%
&ujefo] mjo Hlsf wWE F o= SQlE Gl om, 22
B Ao] =i A vk

A @Y

a
=2
o)
rr rlo

S o a7t 2AR| o] P4 Wi 250 A B4
A7) Zpo] & 18] 20 (4] 0] o)} 262 (1] &) o ol 27
aF9lct. Au|o ol A o] W £ (12, 17, 22°C)2} L= (20,
60 pmol photons m?s™)9] 23+ AF Lol A 3.2-9.87HA/mm’
2 171 ¢ 60 umol photons m?s! o 4] Z|tfj G t(Table 1). 1]
o] opEA] WL o 262 Fofl 3.2-9. 14 mmPR 17°C
©] 60 pmol photons ms'oj| A 7}4F =9k},

bR 7F A= AAK, 12, 16, 24 h)Zh (20, 60 pmol
photons m?s™)7} Z3Hel Aol Al 4] 2] ofa A W=
12 he} 60 umol photons m2s' oA 9.770Al/mm?& 71 %9k
ow, A& 12 hE 7|20 & ZU%7(16, 24 h)o| A= of32 4|
7h @/ E A Qskeh(Table 1) 1|9 e] A9, A4-3=2] A
TFollA ofxzA| 2] W= 12 he} 60 pmol photons m?s'of 4]
9.370A mm 2 71 =A| e S 24 o] v]o B
SR 0NN oA FAo] EA UEhve A E4l
SFR.

XA YE

eE o] oA Aol ofxA|] ol vl 20
& 30 94.63-207.80 umZ 17CL} 60 umol photons m2s’!

Table 1. Average density (plants/mm?) of young sporophytes that produced from Costaria costata and Undaria pinnatifida gametophytes

grown under various temperature, daylength, and irradiance levels. Density was estimated after 20 and 26 days for Costaria costata and
Undaria pinnatifida, respectively. Values represent mean =SE (n=3 replicates)

) Irradiance Temperature (C) Daylength (h)
Species
(umol photons m2s™) 12 17 22 8 12
20 9.17+1.56 8.83£0.88 3.17£0.08 4.75%0.50 8.50£0.43
C. costata
60 7.42+0.65 9.75£0.90 4.17+0.42 7.75£0.52 9.67+0.79
o 20 5.331£0.46 8.17£0.79 3.17£0.08 3.42+0.33 8.83+0.36
U. pinnatifida
60 7.83+0.98 9.08+0.42 3.67+0.68 4.67+0.55 9.33+0.55

Table 2. Average lengths(um) of young sporophytes produced from Costaria costata and Undaria pinnatifida gametophytes grown under
various temperature, daylength, and irradiance levels. Growth was measured after 20 and 26 days for Costaria costata and Undaria pinnati-
fida, respectively. Values represent mean +SE (n=3 replicates)

) Irradiance Temperature (C) Daylength (h)
Species
(umol photons m2s™) 12 17 22 8 12
c at 20 158.48+2.70 172.24+3.95  94.63%2.01 129.80+5.26  173.96+3.08
. costata
60 197.0946.11  207.80+3.35 104.95+4.23 185.43+1.88 218.31+6.88
o 20 190.78+10.61 184.09+4.78  109.54+2.01 139.55+4.22  187.15+2.13
U. pinnatifida
60 334.73+16.26 201.68+2.33  148.92+1.38 143.57+5.38  203.97+3.84
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ofl A Zvh A2 H AL n] ofizA 9] Hol= v 26U &
o] 109.50-334.70 pm= &|u|3} ch= A Zof AHARS 12°C
2} 60 pmol photons m?s'8] 3o A dojyttiTable 2). 4
ol ez} n]ele] oA o] AL LI(F, =141829, P<0.001,
F,,=485.75, P<0.001)¢} B=(F, =82.51, P<0.001, F, =
98.23, P<0.001)2] 3L HH= 71 © 2 Lebyir

- UAe] 2O lekek Alu]e] oA o] ol v
9F 299 %0 129.80-218.31 um=A] 60 pmol photons m?s™
o} 12 ho] ol A Aol 2t Flar n] <] oA o] Zo]+= Hl
9F 26 3.0 139.60-204.00 umZA] 41| Y3} FAsF 2 7(60
umol photons m?2s?, 12 h)ollA ZAIA-S E S tH(Table 2).
u|ap n] o} of A AL FE(F |(=113.49, P<0.001,
F_ =657, P<0.001)¢} 2%H(F, =1939.39, P<0.001, F, =
241250, P<0.001)0]] ©J3) 3L wr Ao & Upepgde}

HlF 26 3, 25-9] XA wjFE31 12 h, 17°C2t 60 pmol
photons m?s™ | A} OF3EA| S &4 Sl Full--A o] A Al 2
o] Zojo} | &= H|wsFITt. 4]m| S Pl Al 22 B+t 4
0] 25.27£8.06 um (n=40 cells)°] 3l YH]= 12.11£2.79
um (n=40) o|glom, o] Q9| AL Ht ZHol=
17.99£4.95 pm (=40 cells)o]0T HHI= 12.74+3.41
um(n=40)= =74 = Utk 2|09 ePufe-A| o] Ajiz o= u| <
Alazof vlsf 148 & 2 o= 2lwSich

1 =t

25O T8 AP A4 ot B, SR EEL 47
PRl 0w W Ul QI e AR 34 891 o) 2

ri
o,
fo
o
o,
0%
o
=)
ox
)
2
=
o
of
o
rlo
o=

AYZEAL A (RO},
AN whet w2 A o= g A §lem(Kim etal., 2005; Kim
etal., 2007a; Choi et al., 2008), 1] & ] o}z (o] & 3Z2}4]) A8
Sk A S thEA YeRsth(Saito, 1975). B 2
a7 uiA A, st ofx A AL 2,
Y YT 2 e 2] kS e A0 R g A Q=
H(Akiyama, 1965; Morita et al., 2003; Wu et al., 2004; Choi
et al., 2005), Bi-9-A| A2 FA(16 h)TF A<-3(24 h)ol| A
2 dojufal g2 ol 2HoA fEEe] Yol A 9
dsoll T3 2 el g YE| A Gtk Tseng et al., 1959;
Akiyama, 1965; Liining, 1981; Choi et al., 2005). o] & of] T g+
AP Aol A, B 2A A == 17-20T 90, 20T
ool A= Aol Azt Ao Al 3L om(Saito, 1956;
Kang and Koh, 1977), Kim and Nam (1997) 12 h &=#}¢] ¢t
ot £1(5, 17, 20, 25, 3070)2F (20, 40, 60, 100 pmol
photons m?s")7} ZgHE AvjujeFoll A EREa) Gty 1
= 17°C 9] 60 umol photons m?s'of| A W2 A} A5 H
Getar shelek. Aefel o] o] fejuAlE At A
ol A Hof A 2A-E 15C 2 20 umol photons m?s' 24 2}

* Cyr Abel Ogandaga Maranguy * Qtti/d « 2}@7] - o[ A& - AT - ol - g4

o7} SIS LK (Wi et al., 2008; Hwang et al., 2010), Y%
ol 1] A o] HAYA == 15T (Hwang et al., 2010)
2} 25C (Kim et al., 2007a)ZA4] z}o]& E=d), o|Het 2
e B8] AR (et F3)2] 2ol wZelA], Ad
WA Al 717H50-602 )0l F-2]ul->-A 7 Aol 25
7] WA SASHA BFE A A] 9F3ttH(Table 3). AL
Of ui-e-A A vieF 2ol whet o= A YRR Wu
et al. (2004)> 1] o] of-=ull->-A| 7} F-Eskd wf-SAHG AL
HAR7F 5-22Coll A A B AN EEE dEleA =
£ 25T (12:12h LD)of| A 27 Holom, ojuf 47
52 37.10 %day” (80 umol photons m?2s)¢} 38.60 %day™
(100 pumol photons m?s )T}, H ALo| A 238(4]u| S} 1]
o) g4l 9417} BESHE AeolA 24 AREAL 1709
60 pmol photons m?s'2 FUslG o, HojAA 2490 A
Egol A 13 Hlj et ul--A] A AAEES 411 9(36.06%
day")e] m]}(33.91 %day")oll Blsf 2FF =& A o= Sl
AL Slofl A Agt v huleA| S22 A2 A
FEIAFo|7F A 2 Yl3ieh

2 Aol Al Am| o} v] o] w9 A YAk} st
o S7FsHRAL, A7l @78 FL(12 hydt ©d=271(8 hyol
A=A Uerd ez Aol vkl e =y At A<
it o] FaFol thga gelskinh A Aol A nl o
Hij-p-A o 2o A2 F L2216 hyoll A, 2w Ad<3-2 12 hell
A dofeo =i & A-A et frAFSHEHChoi et al., 2005).
Liu et al. (2004)-2 1] Aul-$-A 9] T WH&(egg-discharge)>
11h7(11:13h LD)J| A Fz=710] AlZFE 5-152 Hjof 'A%t
thaz shlom, A5 (24 h) .2 &7 WifEo] dojubA| ¢
SR Sk Hl-9-A) O] A4 A 27 1 Aol A dojutA]
Sethe & o 23t fAkstelnh. 2 Aot 5] -2
Hil-9-71 2] 4413 (10, 12, 14 h)ol| A el e 22 of A(Wi
etal,, 2008), &3] = Rt &= 2ol A wh2A| Ad<sto] &
H 2}o] & LERH tH(Hwang et al., 2010). Tseng et al. (1959)2
CRAJIE B-P-Al = AEgoll A o] SRR <381A] okek
thal 7|55k o, Liining (1981)2 ThA[UR Bl-9-A1 2] Ad<2
A&gol 2ol = AAHAY Wk stic). whet
A, Aul o A e A2 vl 2] A, A<t ob2Al] A
- S 83t e @ 9lol ek A& =IE 4= AlSich

= Fo oA A s fIRE H4 282 177, 60
pumol photons m?s”, 12 h24] 5 Y35} 0L, ofE A o] A%
Ao Hulg(177C)0] mE(120)e] M3 B Ao 2l
w9l Saito (1975) 1]} oA 7} 15-17°C oA Aol £
o 31, 2ol $aps Aol 4 etk Alnlel ZAH) 4
A(5-10 mm)& 17°ColA FPYA-S B O 2 M (Park et al.,
2011), 4j]ohe okmA|e} §Ao] A 2L FUst oL,
u]ofe: ofrko] Ajol 2 Wgirh. hAlnto] &ah F5e] o
A HA A em= 7971 20T, AekA|ukel gt 10T
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Table 3. Optimal growth conditions in the microscopic gametophytes and sporophytes of various kelp species growing around the coastal

areas of Korea. The tested environmental conditions represents in the parenthesis

Temperature

Irradiance

Daylength

Species C) (umol photons ms) (h) References
Gametophyte

Costaria costata (12, 171’722’ 27) (206‘060) 8, 12,2‘11’6, 24) This study
Undaria pinnatifida (12, 171'722' 27) (206:060) @, 12,2?6, 24) This study
Ecklonia cava 61 0,1?5, 20) - 10’220’ ) o, 1‘2‘ ” Wi et al., 2008
Ecklonia stolonifera (5’10,1155’ 20) (5, 10’2g0’ 40) (10, g 14) Hwang et al., 2010
Ecklonia stolonifera (5,10, 1%5 20,25) (20, 402,060, 80) ND Kim et al., 2007a
Saccharina sculpera (5,10’1%? 20,25) (20, 4; 060, 80) ND Kim et al., 2007b
Saccharina sculpera (5’10'125? 20,25) (40, ;00 120) ND Kim et al., 2005
Saccharina japonica (5‘10,2105‘ 20) o, 30’1(7)0’ 150) ND Kang and Koh, 1999
Sporophyte

Costaria costata (12, 1; 22) (206‘060) (8,1?2) This study
Undaria pinnatifida (12, 1; 22) (206?060) (8,1?2) This study
Ecklonia stolonifera (10,1 52 020,25) (20, 402,060, 80) ND Kim et al., 2007a
Saccharina sculpera (5‘1100’1 5) (40, ;00 120) ND Kim et al., 2005
Saccharina japonica (5‘1100’1 5) (40, 880(? 120) ND Kim et al., 2005
Saccharina japonica (5‘10,1105‘ 20) (10, 28 70) ND Kang and Koh, 1999
ND; no data.

ZA, A (FT 25C, FHeHA reE BAIuE 20Tl Hlsh ofE

A7F %3 2ol A whE A ELRtK(Table 3). 2 Atoll A
1] 2 iAol v sf ofEA] THAlf A B A 20] H52 B
A = A om, YA AN 22 Ao &7 .91 Ao
]_ A E_ 7—].9_ J]ro]—‘v's]— 2~ Olg—lkq_.

AEA R, A v 7wt FE e Aol 7 el
= Eekal F AR A H Yl ofefd S ARtk AL R
dEHA =, & AlA 259 vl-A| o] AT gl F
2] 272 of9- vl Sszsk o, obEA| DA ol A= vl o] ]
oof Hlef W2 25 A Ao 2 THA|= Aol & Btk 2
T2 W oA DA A A L(16 hyolut A<%=d(24 hyollA
) S EAoU a2 25 Sd@ heolv 5L =3
(12 h)oll A S HEbd 224 Lol vl-p-A|of A} A<

O

717k el a5 HE 24 % S
Hog 29 Aoz AR}

Al AL

o] Ee 2015UE FYSATSY kel AR
(R2016030)2] A1 91] J3f 53] Aol n] A7) X 9lo] 7
A} QT B, o] =58 20159 K TRHEAIE )
uPARY) T A 0.2 SaE gl o ofe] 2t =g Uk,
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