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ABSTRACT

Azolla japonica is a species of nitrogen-fixing aquatic fern that has not been found in the mainland
of Korea since 2006. Various factors, such as rapid development, urbanization, climate change, and
invasion of alien species, are threatening the survival of 4. japonica in Jeju Island. In the field
investigation, a total of five habitats for 4. japonica were found, but they disappeared from the first
habitat. The rest of the habitat is water dropwort fields, which are irrigated with spring water flowing
from the underground of Jeju Island. The average water temperature of spring water was about 15°C,
and it was kept constant throughout the year. but 4. japonica living here showed a unique life cycle.
In the early summer, not in the cold autumn or winter, the population decreased sharply, and the
sporocarps for sexual reproduction was observed. We conducted habitat monitoring and experiments
to identify the cause of A. japonica showing a unique life cycle. During habitat monitoring, water
dropwort created a microenvironment for the optimal growth of 4. japonica. The high vegetation
density of water dropwort serves as a canopy, providing protection from high light intensity,
temperature, wind, and rain. In addition, a stable environment was created by continuously supplying
slightly cold and constant groundwater to the habitat. For the conservation of A. japonica, a growth
experiment was performed to confirm a treatment method that can rapidly increase the population. In
the commerecial soil treatment group, which is commonly sold in the market, the biomass increased at
least 2.9 times and the population increased by more than 2.4 times compared to the Hoagland solution
and liquid fertilizer. Therefore, the nutrients leached from the soil at the bottom like wetlands formed
the conditions for Azolla to grow better than the hydroponics nutrient solution, which is difficult to
prepare. In the temperature reaction experiment, the water temperature and leaf temperature were
measured in a high temperature environment treated with a halogen lamp. the temperature difference
between the water temperature and the leaf temperature decreased from 6.8°C to 4.7°C in a high-

temperature environment. It was confirmed that a constant difference was maintained even in a high-
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temperature environment. In the greenhouse experiment, by continuously supplying cool water, it was
possible to grow even in high-light intensity and high-temperature environment. In addition, the high-
density treatment group of 4. japonica showed a lower decrease in chlorophyll content than the low-
density treatment group under high-light intensity and temperature stress and showed a stable state.
Slightly cold and constant water increased the survival, proliferation and growth ability of 4. japonica
exposed to high temperature and light environment. In the habitat, the average temperature of 20
degrees or less, the average water temperature of 15 degrees, sufficient nutrients, and shading by water
parsley led to explosive growth, but the rapid rise in temperature and water temperature due to
seasonal changes and rapid changes in mineral seem to have caused population decline. Since the
investigated habitat type of A. japonica is confined to the water dropwort field where spring water
flows, it is necessary to improve the awareness of local farmers and come up with a coexistence plan
to conserve Azolla. For the conservation of species, a branding method linking local specialties and
A. japonica was made as a guideline and proposed to the local government. This provided the basis

for regional environmental governance.

Keyword: Azolla japonica, Rare species, Water fern, Wetland, Environmental governance
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AR 9 %

1. =7+ 33

St 0A AHSteE S FE|E B (Azolla) 2 S TElR (A imbricata)?t 2=70T2EHA

Jjaponica) 5

Z0| 9UCh & F0| LIEfLHE HERN X{O|HS #2|E (Root hairs)? R20|

Ct. S70TF2|8H(A. imbricata= J|ZE7|0A Zt= g2|EO|

Japonica)e= ‘8 IFZ0IAM HEZ|EHO0| X7| EEfiC

=HetSHoHPark  2005). g%

OF

|2 sy

T2/(NIAES) ikeda H. Of|A XI2S +

& [MELC} (Takano and Kadono 2005).
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2.1.  MAX| A

Of

20198 HMFL OfE S0 ?IXlet 2ERUAM E=/4+2lY LASUC. MF=o XyH

r

uf

SHAl Bfot &X17F Mt 2006 Ol MAX| 217t O|2H{X|X| &7

SYA SA}
2O NS LA 2HRS JIFOR Fw MAXIS HUH M4 JH5H0| A &X

=S &S0 =Qen, xZ 39 O|Lfe] &4 WERI AMH[A(Social

i

Networking Service; SNS)E 2830 2020 FH AMAX| ZALE A[ZSIRICE SX|7t H

N WSS GSABS OfEt SRIE 100 mE FHOE IASIACL RHRS T

JTlI—_-l| =2 O

MEAl L SX|= 8RS OISR MAZEA| 7RE 0I5 F 157 ZAX|E MFH
510] HE ZTALE MAISIHRILH (Figure 1, Appendix 1). 22707282 MAO] SIS A}

[l
of
mo

2 Al

XlofM HHEO W2t 18 22|50 E2(SG906 max, ZLRC, China)2 2 &

SFRALY.
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20 km

172
TP 3

AAD

KA

Figure 1. The location of A. japonica potential habitats and investigated population (Scale

1:250,000).
Green: A. japonica habitat, Red: non-habitat. Additional information on the investigated site is

specified in Appendix 1.
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2.2.

ST T A}

MAIX| BLER

ZoM 2020 2HR0AM= AMMZOl TALX O 2EXRS MHLT 4

HMEH . M

o

4 205 Z=AGIRILE 20 3EFE 23 0L MAX|

9| pH, ™7|™ =X (Electrical Conductivity; EC), EH =22 JHE F’J7|(Thermo orion

£X0l 2 H3E Z5HES I8l Data logger(RC-5, Elitech, France)S A& X|0f M X|35}0]
ZHSIACE et 22 MAX| Lo XtHtFo| 100% =EE Xot sMASE Qs
47l a7 oM FHESIRUCEL Bz PSS A FEd R ST

(Photosynthetic photon flux density; PPFD)E ™Y

rir

ol
PN

1

&= =3 7|(LI-250, LI-COR,

AFESHY  ZZp sHY =Yool g22 RUE HAM 2E=A(CS-302

ACUBA, China)2 Z{Zf 10814 =FSIRACt 7|21 222 7|&4d =7t7|2H|0|EdH

O A MSst= CIOIHE ZHESIALCH (KMA 2021).

42 MAXOf MABHE ZHM 2o =

10704

rir
rot
ur
=
i
>
o
m
=2
N
(e}
(@)
3
>,
N
o
(@)
3
0%
o2t
-
i

X5t mzo| HelE HEYCH JiHT 2XHH2 |25 SO BESIACH

S/MTEIY2 +d FXNRE G Ao JhM 2t & Z XK (Microsporocarps) ‘Y AHE

oI5}

o-Neo)

AN —

O As EY W ZXVF [qA=A| 2ot HEZ JdE gy (20em *
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20cm) OOl E=MF2|E2 A

40

T7+(0.01g~0.09g, 0.10g~0.19g,

0.20g~0.29g,
0.30g~0.39g, 0.40g~) 1071 A

>
mjn
-
Ot
2
Opt

~ZAO| JiE FF

StRIEt. 22707 2lge M40

l

Algg golsiyrt
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T2l S YA 40cm *33 cm * 185 cm 27(2| 7|0 dFHH 20 13
2 ¢ XS 7|¢E FAULL O|= & AHE 7 cm, StE AHE 5cm, =0l 10 cm 27| 2

ctAE Ho| SAEEES ZAGN. LM HEL22 S/ (Distilled watenS

MBI 222 AMHZE, =8 §E, Hoagland €%, UV HZE ALESHO]

ul

HHZ= 4T HZ A2 %= Hyponex[Hyponex (6N-10P-5K), Hyponex Japan Ltd., Japan]

MESIASH, AHHES SF+T2 1/2000Hyp H (L& E))2t 1/4000[Hyp L (M&E)] &

=2 3|M3IRACL Hoagland EH2 +dAES Y22 AN AMEEE HIZ0|H =

mjo

42 Table 12} ZCt Hoagland 84S SF+TE 1:10[Hoa L (N&X)22 34510 ALE

SHALCE FI7MH22 12[Hoa H (XEE)2 345t E=7iTelgel HSs 2HESIIUC

(Forni, et al. 2001). 2=/lT2I&2 MAXOM =X H22L UM dsot= 52 B
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Ao A ZAFE0f DAElE BR7F WRUACE M TARE LIELED HE AT Ofi| &

[

O] ZAMS HSICH= ®™O|A Rhizoctonia solaniol 2

ot

Of

llif

Hat HEO| FAISIAL (Lee,
et al. 2011). O|2{st ZHS O&Lst7| {8 1/10 Hoagland XM 2|70 254 nm ILi& +=Fa

Xt M(Uv) At B II(UVC-307 aquarium UV sterilizer, Coospider, China) A X|5t0] A0

0z
07
>
10
ro
|.|-|
rir
N
Y
e
i
0
Ral
Ot
4]
|0
=
ks
Mo
0z
0l
ol
nx
Id|
|
o
to
M
m
o
O
Q
(@)
S5
3
Q
X

P
mo

Korea)& =0|2 C=2A X5t &= FHE FACL = =T

|.|-|

CE
F787|(LI-250, LI-COR, USA)E ArESIRICt == 50 ymol - s m?2, D& = XHE|(L)=

80 umol - s m?2 0| ZHEIQCt 2t F2HAE Zo| BHU2 150 me¥ A2

=
>
0z
mjo

AL RAIAAACH 2

r
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o
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=2
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mjo
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i

0| &3%t0 E7|E M3t TAKME (CB-200, AND, Korea)2 ZHYSIRULCH Z7| g%}
712 3 2 AEEY|0 A N o 4TS FYotL O|= OfF FFSRUCL

$ 2 N2IRe 2EHTYS 4t @S BV SYSIYO FS2

l

o

=AY Y2 IO 5 THEO| MAISHRIC.
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Table 1. Chemical composition of Hoagland’s solution.

Compound Concentrations
oot (mg/L)
KNO3 45
. CaNO3 41
Macronutriens
KH2PO4
MgSO4 6
Fe-EDTA 0.5
MnCI12 0.5
. . ZnS0O4 0.05
Micronutrients
CuS0O4 0.02
Na2MoO4 0.01

27



Ol 40cm *33 cm * 185 cm A 7|2 7|0 1F:¢

KFAI
o =

54 cm =0] 13.2 cm@! 16

=
=

StEh X|

ud
<0

ol

PET Xj&!

X|E 9.8 cm,

571 %

i

10cmE RAIBIRA2H +=HOM 12 cm 0[O =2

W

N

Ki
0

-
ot

& Azt 2o t=ai S

X2

ojn

KIr

o
70
o0

=

=

=

L

rLl
o

I-E?il

-
o
=

m2, LED+

cgl.

22°CE wAISHRALE. =

28

—

—

T

2
[

=
e

2| LED x| M= 78.7 umol

4

m=2 O|RILCt (Figure 2).

o
o

A
=

Dl

m= O|,

Cs .

8 HelMd 2=7A|(CS-302, ACUBA, China)Z 3
7|(Thermo orion star A329 Portable multiparameter, Thermo Fisher Scientific Inc., USA)

HE 3143 pmol

=
pumol

TT



Figure 2. Photo of temperature reaction experiment. L: LED bar+halogen lamp. R: LED bar
(Control).
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ol

<N
ol

0[0
T

=
—

AN 227072l g2 A E25s =0 Ik A4 B®E0| =

RS

o

-
O:

m2)2| 75% X 2|+t Kt2at

cgl.

f = (2000 umol

m2)2| 30%, 15%, 1% 4702 Me|+E TEASeH

cgl.

(2000 pmol

0
]

ojn

80 M2l 5

ot &

Me|7orct Y= E 50%, 100%2 M2

2t
za

2 X

2 20218 58 242~ 2021 7€ SUNK| 42L7F FIAMSIRACEH 2 HE|FQ

=3
a

m=20A 3

Csl.

10l A1 PPFD 60 pmol

WA

b =X E4 Table 29 ZLCh A

e XM 2Z7(CS-302, ACUBA, China)2 =HslICt 227|728 Fa MAIX|Q

HEHAIE0] EX(7F 2| Of QUCE Z=ALK|2F

o, X%

.
It

Tlist7| 28 LE 15 mm PVC IHO|ZE 0|83} Figure 3-5, Appendix 34-35 2t

Of ZA5tRILt. m}ol

7t
=

30



cm*1.0 cm 7|9 EfYE RTHE otET

of ¥ ZXoRAL. E=H el FelLt FR= 52| Ol22

mjo

rlu
“H\”,
1
L]
I
o
3T
|0
Hu
0
T
fuil

S XXz FJARULE 7|2 HatE F75t7| 2IsH Data logger(RC-5, Elitech, France)

£ 2X5ALE. =21 pH Beks ]OHE F87I(EZ-9908, IT Caster Ltd, China)g &3}

o] SF5IRUCt

Table 2. Average light intensity and water characteristics of each treatment.

. Trgatmeqts ligﬁtviflrti%lesity Water tem\zs;z‘:ure
(Light intensity %) (umol - s m) pH (°C)
75% 1454.8+£3.7 7.29+0.04 17.3£0.2
30% 565.4+14.5 7.48+0.05 16.2+0.2
15% 240.8+7.3 7.45+£0.07 16.10+0.16
1% 17.0£1.6 7.38+0.03 16.50+0.17

Values represent means + SE. The average light intensity was measured repeatedly 5 times, and
the characteristics of water were repeated 9 times by repeating 3 times each in the morning, noon,

and evening.
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Figure 3. The overall design of greenhouse experiment.
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Figure 4. The detail design of greenhouse experiment.
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Figure 5. Photo of greenhouse experiment

33



0, ]
1%
du
B>
oot
oM
Hr

x

ZEMFEIEe YIHEIE =He5t7| fpt XErE 2EEEE(Spectrophotometric

analysis)& O|8dt0 ==& G52 TS FToIRALE GEL FELYE2 L7 HEG

O] HAISHRILE (Ni, et al. 2009). EE2E FESH/| 2l8f 32 ZF 40°COM AX=A[7|D H

A X2 = 0.1 g2 1.5 ml microtubeOf EO} 95% EtOHZ 1 ml ERUCt &2 $+=Z(PURI

BATH, CRYSTE NOVAPRO Co., ROK)O|Al 50°C, 2A|ZF SQF F=31QICH =& &= AMED]

7|(PURISPIN 17R, CRYSTE NOVAPRO Co., ROK)Ofl 'Z0{ 3000rpm, 4°C, 152 &2 &l =Z2

£ TIASIGICL o] A|R2Q| ASHZ 250 ul F 50! 96well platedil € ULt 96well plate
£ 2 LA (VersaMax™ bsorbance microplate reader, Molecular Devices Corporation,

USA)O 20| 649 nm, 665 nm LI&o| S&T-E

A%

ot ALt

ot

g 7S Oka Ao oY

50 HEA TS MESIQUCE (Hiscox and Israelstam 1979; LICHTENTHALER and

WELLBURN 1983; Zhang, et al. 2018).

Chlorophyll a (ug/g) =13.95 * ODés5 um— 6.88 * ODé49 nm
Chlorophyll b (ug/g) =24.96 * OD¢49 nm-7.32 * ODé65 nm
Total Chlorophyll (ug/g) = Chlorophyll a + Chlorophyll b
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6.1. E

02
1t
HI
1

MAIXIOA] 2020 3, 6, 9O XFet EY, =FE2| B 245 HASIRIE EY 2

4= 2I5H Mehlich 3 N5 M=t HTXME|S 2AISHRACE 327 40°CO AZAZ EY

Watman filter papen2 2 = ZF 2 50 mI7tX| x§ 2 CHAgroecologylab 2016). X

2|E 2=t A|=& ICP-OES(Inductively Coupled Plasma-Optical Emission Spectrometers

5800, Agilent Technologies, Inc, USA) 2A#ES Edf LIEE(Na), OFOUEMg), E(Fe),

EAT-P), ZEK)

mjo

BMSIQICH Y5 AXSH EZL 1.5 ml micro tubed| O} &

2 MY (Flash EA 1112, Thermo Electron Corp., USA)Z &8l EtA(C), EA(N), FT2(H)
S ML +=E 242 uX|E 0|83%t0f HE = 50 ml Conical tubeOf EOL
St 245 ZASHRCH
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MAIXIOA 2020 3, 6, 78O =25t 27|89 |A 282 HAISHACH HX 2|
£ 17| Rl AXTI0|A 3Y7E 40°CO| HZ = EA Ziet 0.1g2 45 ml [0
20 M 70% 4 mIE FIIE 20 24A17 A20| BESA|ZICH Ol ItEAA 60% 5me

£ 91 [E|HYTE Heating block bath(LI-HB111, LKLabKorea Inc., ROK)O|Al 170°CZ

AMAZ7F BrotE [Mi7HK] ZRE. AMAZE &20 Aol = S/

|oF

2 3|43ty ofnt

BN

X|(#2 Watman filter papenNZ A2 F 50 ml Conical tubel| ZF+E F7t510] 50me2 i

ZCH HHME|t HHA|RE ICP-OES(Inductively Coupled Plasma-Optical  Emission

Spectrometers 5800, Agilent Technologies, Inc, USA) 2MHHE2 Sl LIEE(Na), E(Fe),

UT-P), ZENK) SHZ S4SIRULL (Park and Song 2017).
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rir
ol
El
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+

Hl

TA0|0, M|t ztel Rolgt Xo|E 27| fldf A4 &4

mjo

MAISIGICE 8H 2A2 SAS SHZZIM(SAS v9.3, SAS Instityte Inc, USA)2 0|85t

of 270 FEH2 - A™(Student's t-test)S TSt 37 0|4 AEL2 ULIEAEMH(ANOVA)

i

MO XO|7F Y HR ARHE2E Tukey's multiple range testS T30

p<0.05 & W XNzl Zte| wolet Xto| & LEHoHRILt.
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1. A3 4

ki
(]

Rl
1=
Ral
re
ox

AT A 2moM FMFAlS fXlet RS Melotal MFZAl 4RO0M JHHIT A

HO| =Rl A2Lt 2020 RHRHME HHZO| ZHEK HUASH MFAZEAl 42 &

w

X2 OJLtz| &o|H 12 O|Lt2| 2o 2IH=ZO0|C} (Figure 1, Appendix 1). 222

OF
=
mII

N 41m ZSHH QF 4776 m? O|Ch FH MMOZ L2 EE X (/ris pseudacorus L),

~

A& (Nelumbo nucifera Gaertn.), O|L}2[(Oenanthe javanica DC.), §(Raphanus sativus L),

22|78 0|(Rumex crispus L), &&= (Vicia craccaL)0| =QIZ|ACt (Figure6). 100 m O]

LHOl &= 4Xtd0] =2of FE4T7ETE Q1SN 3771 X2 X0 IX[Sto] AT Of

N

Li2] ot =2 22 30| YESHA| H1 SAZ 2le

r-l—
Hm
=
N
o]
re
rm
rlot
ikl
o

ALt O]

2 QI8 20| 20| Mo At2tEl Ho 2 HOQIC} (Table 3). JJ1 AFO|E= Si¢ T E 100

& 8973 m? A7|2| OJLIZ| &O|Ct (Figure 7). JJ2 AIO|E& S nE 93 m SHA

3
OH

oF 4,343 m?37|Q| O|Lt2| BFO|Ct (Figure 8).JJ1,JJ)2 AfO|E FHO| Cft 2 OItEGHX|, B
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2 CEFEE0| el &5 4XHd Z=7F QIFES] U0 2T {FS0| BLChL KI1 AIOIE
£ YD omo|H FHA o 1,607.8 m227|2| O|Lt2| O|Ct (Figure 9). KJ2 AIO|E+&

SLRE 13 mOIG CIRE D|Li2 ol 88 St & 60m Z0|°| +20|t (Figure

10). KJ1, KJ2 MO|E= 0| =2 7220 B2 ==A[20] ZEEO ACH OjLt2] &

rio
\d

el AmA|2 elztel H20| MetHoln =28 St &8 o2t Hisg EY2

= Qs ehgHQl =0l MEelth 22| X[EHQ ez Q) 22 Fad sdM=E

—_

rm
>
z
mjo

ol ZIW 2|8 (Lemna perpusilla Torr), BH&FE Q1 O|Lt2|(O. javanica)g M 2let Ct
ROLE 7|7} sl ECH MZFZ O|Lt2| 2o| HWEE Figure 11, Appendix 2-42F 20| ™ 1
Tt oKX= ATAC R MXHEHE O|F D Yol HIHFE22EH FYU=E E2 A

AAEA L7t OFO{ZLE X AO[e] =2& 7HHStY ERY =& =EoI0 OJLf

2| IEiZE O|ROTILE Brd +d4=2 E=7i72lE2 1=7F 2 Xz Z=

Ju

=
=3

rjo

B2 Atdothy 20| Apdotd s FRE A= SHMTFER(L perpusilla)

_

T IRV 2 A0 52 Y22 KM= A2 HOob AHTHA AZE HEY

i

0|8%

—

]

g oot Aoz EQICt
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Table 3. Water quality environment, distribution area, and coverage of Azolla habitat were
conducted in March 2020.

A. japonica . .
Site distribution o pH ( S/Sm) Temg‘g;‘t“re
area (%) gelre K
1 30 46.5+3.5 6.36+0.07 77.6£0.6 15.0+0.2
12 40 80.5+3.1 6.44+0.07 56.9+4.3 14.0+0.2
KJ1 20 71.5+£8.2 7.234+0.12 65.9£0.5 19.6£0.5
KJ2 35 69.5+5.3 7.90+£0.01 65.6+0.2 18.3+0.2
YN NF NF 9.90+0.04 237.8+1.0 16.4+0.3

JJ1: Jijangsaeml site. JJ2: Jijangsaem?2 site. KJ1: Gangjeong-dongl site. KJ2: Gangjeong-dong2
site. YN: Yunnam pond. The data is expressed as the mean (+ SE).

S

Figure 6. Photo of Yaunnam pond(YN) on Mar 17, 2020
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Figure 9. Photo of Gangjeong-dong1(KJ1) on May 2, 2020
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Figure 10. Photo of Gangjeong-dong2(KJ2) on Mar 3, 2020

Figure 11. Aerial photo of JJ2 site using a drone on Sep 9, 21 (take-off altitute 100m).
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1.2, MAX 2L EY

1.21 270218 1M

Z2=/FEg2 FEdHI 7 EH0| Jtstt =8 LXIFOICL UM 9~10E B0

AL d=otH 22 MMEE0| At ALE 7, A= A4 ©S0| E0 HFE U

ZAtEl MYXOA E=207elEe EF JiHEE2 380 sA BS0l S0 UL

Ol A=8H X&He H2 2% 52 8 4oz LiEtH BS22 HQICH (Janes

1998a). A|£XMQl ZLEHZ o At 20204 48 S=FH Mz 2ZHXI} D|k:7t

AASHULCE (Figure 12, 13). 2270728 4% S4 A0 WEH 15~30°C AO[O|A B

ol

S ZoHH MAX| WOolM WM 2o &7 A LIEFLEX] RER/XE (Park 2005). A.
filiculoids®| AZ2Hz=tof ME M g0 et A7 =M 538 Ea 7[20] 15°CE

SBNM A filiculoids®| o] 37|2t E=T0| S7IOtUXT O|F Nzl 27t Ha

Sl A2 HO|X| U/ULCE (Kosesakal 2014). MFE UM LZ= 5 0|F JMZol &

2~ AAHOM= LEHHOl Si4o] ot Aoz HOICH ok N a2t ey

[

=
=

AIr
4

Bl O[et SA[0] 53 20| KJ2 AIO|ES AIA2=Z 53 162 FH ZE AMO|ENA =X}

IH(Sporocarp) 7t HEE|RACHFigure 14). §3| KJ2 AIO|E= CHE AIO|ERCH ZAtut7t A

B ogMAol F2MS MO d=50| WRTCEH (QingYuan, et al. 1987). Y8z HE A
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=22 7|F0M EBHS(abscission layenOlAl 2|0 HAHAS oLt SHX|TF =4 LXK

H=2Q ES/MTFEY2 25 LOLIR| AT 2tFH 0l9] Feks BOF ZAMH 7|ME

22 AolAM  CHEXIIHMegasporocarps)@t  AE X} (Microsporocarps)?t @M EICt

(Carrapico 2010). 4%t X2 HALI} O|E7F 240 & 20209 7~8EFE KJ1, KJ2 ARQ|

E If 22707 2gel 20| =X AUCL KJ2 AIO|EOM &= 20210 2EO| &|X| 8

A2, KIT AOIEOM= 2021 1EFE HEEACH 58 0|7 G451 Za0H0] At

chMCh 2O 1, U2 MO|ER A% 2X AN O HaS SIAXT AE Az

Of BH&E|RUCt Ol= 2020d 9FFH JHM =7t =Lt 2021EH0= 7HM =7t 2020E £ L}

HEH ZA5t= FME 20| ZRUCH (Appendix 5-30).

2020H 43, 20209 11, 2021 60| O|FO{FLCt 771E tHRE +=20| O|FOF2

Z+ DHX|OtCH =2HA| 7|7t CHECH 48~582 2270722 0] 2ZHAO0| ZHAsHE A|7|0]
7] 2o £, 5% 2 A/ HMAHIt TJF=X| =lo] ofFX| Tt 11| F2E
of x| Lhol 2=742l20| B0l MASt= A2 Hof Ojut2] =P oM L7 K A

ERAE 71580l AKX AH MAZE =RACtD 27 dSH & FHo=R HAHEH E

Ho| BRACE.

2ASZC A filiculoids 3384 =20 2ot =20|A OHEE O|F &= A filiculoidse



MAL CHAo] AxZ2 MEE|HAN X QM(Far-red light)dh HiX| L EA ZhAQb A =
Mdde RSt ASE0 Weh ZXF WAEo] Sotottt B Sk CH(Dijkhuizen, et

al. 2020). 22707 2lEel 4 WA Matnt =X} HA2 Flowering locus T(FT)2Hs TH

0z

=2k, SLJE, Lo] S0 25t =&

Ll A2 2 H1 QUCt (Brouwer et al. 2014). JHH|0] ZAst= Al7|Q 5E€~6¥ 0|2 &=

7|2e g5 FF717t 29X =

rio
ok

e7F ZAFEICE 227172l ’2 o AlZ[of A

SOl 2B BOIM H2 YER ET} WYO| HI 52 BEI} FYUNES RE

Appendix 31-33& JJ1 AO|EO|AN ZHAT(20 cm*20 cm)0fl 2ol U= 7HHIE AR 5HO

ARO[ Jf=E A LSHACE ST 2o F THM= 24870A7F =HRIEIRACE A2

0=

MO
o

Of S7rtof el ~ZXap Hiteks 20| S7tstA2M 0.30 g OI2F ZHH oA

AEX HMH0| ALt 24870H O & AZEXtubE 2061702 A AHSHICH AZX}

MO
o
ol
El

= 8~13070 AZEXHd (Microsporangia)s ZE&SIH 2t AZXHE2 3270 == 64749

OJ M Z Xt(Microspore)?t 3~107H2 S& = MassulaeE ZEAIZICE BHHO| CHEXbD}

(Megasporocarps)2 ¢t 72| CHEXHMegaspore)Pt ZBtSICE Massulae= CHZEXLO| 178

E|0] ZrZfof ZEXf

rir

M EH|(Prothallus)2 ZOt5t HY XA (gametophyes) 2 &=

o)l

5l0] ™Ml (zygote)?t =ICH (Carrapico, et al. 2002; Shi and Hall 1988). =71+ 2|&%
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Azolla filiculoidese= =Xt @8Ol =H| te

rir
ok
ok

70, 25, pH, 8 7t

oln

I ! 9|
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Figure 12. Changes in A. japonica distribution area at each habitat sites from March 2020 to
August 2021.

JJ1: Jijangsaeml site. JJ2: Jijangsaem?2 site. KJ1: Gangjeong-dongl site. KJ2: Gangjeong-dong2
site.
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Figure 13. Changes in A. japonica coverage at each habitat sites from March 2020 to August 2021.

Figure 14. Photos of A. japonica sporophyte, sporulation observed on KJ1 site on May 18, 2020.
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22 7|20 o 4&ks Aoz =QlIch gLt )2 MAXel B =& 15.6°C, X1
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(Moore 1969). Figure 150 A H& 7[20] 16~17°CQl F7t2 3~4E 0|0 22~24°CQl 77t

2 5~6FHO0|A LIEtHCE Ol A SHEHS =0lM ZHEEJAE 71721 WA
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7|21t MAIX|9] Ha 7| 20| SAISILE Figure 12, 130 2E271F2
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29| &2 ASOAY FS OX|H AF FXo| 2tdE2 TIHA A HE A& A
2 FERX|TH (Bueno, et al. 2012) A[ZtO] S EO| M2} WE 7|2 B =2 7|22 &
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Figure 15. Monitoring habitat temperature and water temperature at JJ2 and KJ2 site.

Canal: the water temperature irrigated from the canal. JJ2: Jijangsaem2 site. KJ2: Gangjeong-

dong2 site. habitat: the water temperature where the density of Azolla is high.

The JJ2 habitat has no water temperature data prior to May 2020 due to loss of data loggers and

the KJ2 canal has no water temperature data since September 2020.
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Figure 16. Changes in habitat surface water temperature measured during the day.

Measure a depth of S cm from the water surface using a portable measuring device. JJ1:
Jijangsaeml site. JJ2: Jijangsaem?2 site. KJ1: Gangjeong-dongl site. KJ2: Gangjeong-dong2 site.
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Figure 17. The internal and external light intensity of the shade by water dropwort.
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Figure 18. The difference in A. japonica color for sun exposure.
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Figure 19. Chlorophyll content according to sunlight exposure.
Chl: Chlorophyll. Sun: exposed to sunlight. Shade: shade by water dropwort.
Bars and error bars represent means * SE. An asterisk indicates a significant difference

between the two groups. The significant difference was compared with two-tailed t-test at P
<0.05. (**P<0.01, n=5)
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1.24 =X O|g}st™ EXM

pHRI T7|HMEZ(EC)E 2F =HO| Cish RIZSHA EHSst =20 Cfgt 2F=E
GItotAL BLEHES=0 AFEEl= YEHAE QI X|HO|CH (Hossain and Patra 2020). B
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M= EHo2 283510 HFZ XfetCH(Serrano and Rodriguez-Navarro 2001; Song,
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6.5~80 AFO|2 £ZO| @YII5H0| MLt pHTH =HS = HIYAHON 227472l
O pH 55~850A &0 2 Xt0|E EO|X| HOAM HHO| 7tsst A2 EQICHLiy, et
al. 1998). Figure 212 2t MAIX| =ZQ| EC HE EO|ELt 20209 4EH0|AM 63 ALO[Of
ECO| Hah= Hlm™ ACH KJ2 AfO[EQ| ECZO| 2021 3R H MW OfjH =2 =F
oz ZHEEUCL =2 ECAUS Table 4-50|A Na, K, Mge| &2 0| 7[0fgt ez &
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GAEY A0 Qs Ao =2 HQICKCarrapico 2010).
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gEHoz OLigl= Fo of 20°CoAM EEEO &7 WZ0| (Choi, et al. 2012) O]
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Figure 20. Changes in pH at each habitat sites from March 2020 to August 2021.
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Figure 21. Changes in electrical conductivity (EC) at each habitat sites from March 2020 to
August 2021.
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Table 4. Elemental content of water in March 2020.

Site T-P (mg/L) Na (mg/L) Mg (mg/L) Fe (mg/L) K (mg/L)

1 0.628+0.426 5.791+0.377 2.078+0.129 0.0060.000 3.762+2.306
J12 0.078+0.006 5.176+0.389 1.921+0.150 ND 1.902+0.110
KJ1 0.186+0.092 4.976+0.117 2.060+0.059 0.004+0.000 1.508+0.327
KJ2 0.051+0.003 5.022+0.047 2.296+0.030 ND 1.445+0.008

Values represent means * SE. Different lowercase letters indicate significant difference at the
0.05 significance level. ND: not detected. (n=3)

Table 5. Elemental content of water in June 2020.

Site T-P (mg/L) Na (mg/L) Mg (mg/L) Fe (mg/L) K (mg/L)

11 0.172£0.035®  6.745+0.145"  3.280+£0.028"  0.002+0.000  2.488+0.176™
132 0.537+£0.242%®  5.771£0.63®  2.006£0.112°  0.009+0.002  3.558+1.162®
KJ1 0.042+£0.002°  4.018+0.651°  1.801+0.382° ND 0.941+0.242°
KI2  0.886x0.271°  7.603£1.024°  3.416£0.207°  0.026£0.012  7.442+1.947°

Values represent means * SE. Different lowercase letters indicate significant difference at the
0.05 significance level. ND: not detected. (n=3)
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Table 6. Elemental content of water in September 2020.

Site T-P (mg/L) Na (mg/L) Mg (mg/L) Fe (mg/L) K (mg/L)

M| 0.037+0.010  7.122+0.179°  2.644+£0.100°  0.002£0.000  2.541+0.062°
112 0.041£0.005  5.458+0.147°  1.520+0.058° ND 0.856+0.017°
KJ1 0.061=0.01 7.262+0.135*  3.192+0.062° ND 2.137+0.077°
KJ2 0.019+0.004  7.624+0.087°  3.867+0.033° ND 2.267+0.037"

Values represent means * SE. Different lowercase letters indicate significant difference at the
0.05 significance level. ND: not detected. (n=3)
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Table 7. Elemental content of soil by season in 2020.

T-P (mg/kg) Na (mg/kg) Mg (mg/kg) Fe (mg/kg) K (mg/kg)
Site
Mar Jun Sep Mar Jun Sep Mar Jun Sep Mar Jun Sep Mar Jun Sep

1 525 383 283 103.7 1529 1312 4639 616.0 620.5 3359 411.0 4733 2465 263.6 349.7

112 12.2 132 11.1 96.0 113.5 94.8 331.2 3821 2628 420.8 481.1 487.6 1949 2124  206.7

KJ1 145.1 104.6 75.6 81.1 108.0 1022 4420 4563 4439 5222 4542 5429 290.7 147.7 3346

KJ2 72 43 1.9 106.5 96.4 105.0 5574 5922 4812 487.1 5005 631.6 3653 3251 3421

Mar: March. Jun: June. Sep: September.
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Table 8. Organic elemental content of soil by season in 2020.

N (Wt%) C (Wt%) H (wt%)

Sit
e Mar Jun Sep Mar Jun Sep Mar Jun Sep

MARI 0.99 1.49 1.05 1040 15.68 11.74 1.22 2.69 2.40

J12 0.72 0.90 0.64 7.79 9.47 6.67 1.97 2.27 1.95

KJ1 0.89 1.20 0.86 8.84 12.72  8.24 1.78 231 1.61

KJ2 0.10 0.16 0.11 1.25 2.06 1.40 0.96 1.12 0.99

Mar: March. Jun: June. Sep: September.

Table 9. Elemental content of A. japonica in March, June, and July 2020.

T-P (g/kg) Na (g/kg) Mg (g/kg) Fe (g/kg)
Mar Jun Jul Mar Jun Jul Mar Jun Jul Mar Jun Jul

Site

1 419 3.10 449 12.61 1032 546 075 020 045 3484 21.38 34.46

112 533 495 487 11.06 9.59 631 057 239 089 20.70 1885 26.25

KJ1 491 361 508 792 678 477 084 1.03 088 2556 1596 20.42

KJ2 457 NA NA 942 NA NA 079 NA NA 2682 NA NA

Mar: March. Jun: June. Jul: July. N/A: Not applicable. The analysis was not carried out because
there were few or no A. japonica populations in the KJ2 site.
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Figure 22. Observed surrounding vegetation and amphibia.

A: Rana dybowskii Gunther. B: Lemna perpusilla Torr. C: Bidens frondosa L. D: Phragmites
communis Trin.
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Table 10. Chlorophyll content of A. japonica for each treatment after the indoor growth

experiment
Chlorophyll a Chlorophyll b Total chlorophyll
Treatment
(ug/g) (ug/g) (ug/g)
Control 6.1+ 1.4% 4.0+0.4° 10.1 £ 1.5
Hoa L 8.9 £ 0.9% 42+0.3° 13.2 £ 1.1
Hyp L 6.2 +0.4% 3.8+0.4° 10.1 +0.8%
Soil 13.2+0.7° 6.3 +0.3% 19.6 + 1.0%
Hoa H 11.5+0.6%° 5.1+02% 16.6 + 0.8
Hyp H 7.6 +1.1° 6.3 £1.4% 14.0 £ 1.5%¢
ILI - Hoa L 7.0 £0.6° 6.0 £1.5% 13.1 + 1.2b<
ILI-Hyp L 6.4 £ 0.6 6.4+ 1.7 12.8 + 1.9
ILI - Soil 12.2 £2.4% 9.8 +£2.2° 22.0 +4.4°
UV Hoa L 22+0.6° 32+0.9° 5.5+0.9¢

Control: Only DW treatment. Soil: Commercial soil bed and DW treatment. Hoa: Hoagland
treatment. Hyp: Hyponex treatment. ILI: increased light intensity treatment. UV: Ultaviolet
treatment. L: low concentration. H: concentration higher than L.

Values represent means * SE. Different lowercase letters indicate significant difference at the
0.05 significance level. (n=5)
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Figure 23. Population of 4. japonica during growth experiment.

Control: Only DW treatment. Soil: Commercial soil bed and DW treatment. Hoa: Hoagland
treatment. Hyp: Hyponex treatment. ILI: increased light intensity treatment. UV: Ultaviolet
treatment. L: low concentration. H: concentration higher than L.

Symbols and error bars represent means =+ SE. Different lowercase letters indicate significant
difference at the 0.05 significance level. (n=5)
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Figure 24. Biomass of A. japonica during growth experiment.

Control: Only DW treatment. Soil: Commercial soil bed and DW treatment. Hoa: Hoagland
treatment. Hyp: Hyponex treatment. ILI: increased light intensity treatment. UV: Ultaviolet
treatment. L: low concentration. H: concentration higher than L.

Symbols and error bars represent means = SE. Different lowercase letters indicate significant
difference at the 0.05 significance level. (n=5)
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Figure 25. The leaf temperature and water temperature of A. japonica during irradiation 30
minutes using a halogen lamp (Above). Difference between Halogen + LED treated leaf
temperature and water temperature (Bottom).

Symbols and error bars for leaf temperature represent means + SE. (n=3)
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L+H: LED+Halogen treatment. Bars and error bars represent means + SE. An asterisk
indicates a significant difference between the two groups. The significant difference was
compared with

two-tailed t-test at P<0.05. (**P<0.01, ***p<0.001, n=3)
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the two groups. The significant difference was compared with two-tailed t-test at P<0.05. (*P
<0.05, ***p<0.001, n=3)
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Table 11. Biomass of A. japonica in a greenhouse experiment conducted for 42days.

Treatment
0 21 42
(Light intensiy % / Density %)

75 /100 6.44+0.26° 17.48+0.92° 16.98+0.30°
30/100 5.27+0.14° 12.7440.95 14.81+0.74°
15/ 100 5.82+0.10% 10.89+0.33° 11.38+0.29°
1/100 5.73£0.09 4.64+0.55° 2.01+0.48°
75 /50 2.88+0.19 8.49+0.14° 10.74+0.37°
30/50 2.74+0.24 6.36+0.31° 7.51+0.44°
15/50 3.2440.09 6.25+0.26° 7.77+0.60°

1/50 3.19+0.25 2.26+0.26° 1.46+0.19°

A. japonica biomass for each treatment was measured on days 0, 21, and 42. Light intensity was
calculated based on a natural light intensity of 2000 pmol - s™ - m™.

Values represent means * SE. Different lowercase letters indicate significant difference at the

0.05 significance level. (n=3)
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Table 13. Leaf temperature and other temperature measurement results.

Treatments Greenhouse Treatment Water Leaf
(Light Temperature Temperature Temperature Temperature
intensity %) (°C) (°C) (°C) (°C)
75% 40.1 18.7+0.1 27.6+0.2
30% 36.0 18.3+0.0 22.9+0.1
37.4
15% 35.6 18.1£0.1 21.94+0.8
1% 354 18.2+0.0 20.84+0.3

Temperature data measured during the day on June 21st. Values represent means + SE.
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VI. 28§

Appendix 1. Coordinates of the site and habitat type.

Presence of Azolla

Site (abbreviation) Coordinates (habitat type*)

Jjaponica
Gangjeong-dong2 (KJ2) ° 33°14'5.24"N, 126°29'47.88"E (Sp)
Jijangsaem1(JJ1) ° 33°16'05.36"N, 126°33'31.64"E (Sp)
Jijangsaem2(JJ2) ° 33°16'03.17"N, 126°33'40.75"E (Sp)
Yunnam Pond (YN) ° 33°28'6.89"'N, 126°22'6.16"E (P)
o

Gangjeong-dong (KJ1)

Donghongcheon (DH)

Geori (GR)

Gueom-ri (UFO)

Gwangryeong (GYR)

Haga Pond (HG)

Napeup-ri (MT)

Sineom-ri (SS)

Susan Reservoir (SSR)

Topyeong-dong (TP)

Yerae (YR)

33°13'59.15"N, 126°29'56.63"E (Sp)

33°15'57.18"N, 126°33'56.28"E (S)

33°26'10.49"N, 126°23'0.70"E (P)

33°29'05.97"N, 126°22'56.95"E (S)

33°28'16.07"N, 126°25'37.15"E (R)

33°27'17.22"N, 126°20'50.47"E (P)

33°25'54.06""N, 126°20'58.75"E (P)

33°27'30.90"N, 126°21'59.77"E (P)

33°28'13.09"N, 126°23'17.71"E (R)

33°14'40.96"N, 126°35'7.47"E (P)

33°14'38.25"N, 126°23'29.27"E (S)

Sp: Spring, P: Pond, S: Stream, R: Reservoir
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Appendix 2. Aerial photo of JJ1 site using a drone on Sep 9, 2021 (take-off altitute S0m).

b Tpa ~ E - A ’ ~

Appendix 3. Aerial photo of KJ1 site using drone on Sep 9, 2021 (take-off altitute 100m).
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Appendix 4. Aerial photo of KJ2 site using drone on Sep 9, 2021 (take-off altitute S0m).

*Appendix. 5-30, only included the period when the change of A. japonica appeared on each site.

Appendix 5. Photo of the JJ1 site on Mar 15, 2020.
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Appendix 6. Photo of the JJ1 site on Jun 02, 2020.

Appendix 7. Photo of the JJ1 site on Jul 02, 2020.
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Appendix 9. Photo of the JJ1 site on Feb 09, 2021.
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Appendix 10. Photo of the JJ1 site on May 18, 2021.
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Appendix 11. Photo of the JJ2 site on Mar 3, 2020.
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Appendix 12. Photo of the JJ1 site on Jun 02, 2020.
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Appendix 13. Photo of the JJ2 site on Nov 04, 2020.
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Appendix 14. Photo of the JJ2 site on Feb 09, 2021.
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Appendix 15. Photo of the JJ2 site on Jun 24, 2021.
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Appendix 16. Photo of the KJ1 site on Mar 15, 2020
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Appendix 17. Photo of the KJ1 site on May 02, 2020.

Appendix 18. Photo of the KJ1 site on Jun 02, 2020.
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te on Jul 02, 2020

i

Appendix 19. Photo of the KJ1 s

Appendix 20. Photo of the KJ1 site on Feb 09, 2021.
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Appendix 22. Photo of the KJ1 site on Jun 24, 2021.
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Appendix 24. Photo of the KJ2 site on Mar 3, 2020
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Appendix 27. Photo of the KJ2 site on Jul 02, 2020.
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Appendix 30. Photo of the KJ2 site on May 18, 2021.
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Appendix 31. A. japonica in a 20cm*20cm quadret collected from the JJ1 site on May 21, 2021.

Appendix 32. A microsporocarps in a 20%20 cm quadret

Biomass = Number of 4. Average micﬁ)\;eroigoeca Microsporocar micr()zo‘?rloca
level (g) Jjaponica biomass (g) F; P ps by level F; P
0.01~0.09 103 0.05 2.9 298.7
0.10~0.19 61 0.14 7.5 457.5
0.20~0.29 37 0.24 13.7 506.9 2061.0
0.30~0.39 26 0.35 15.1 392.6

0.40~ 21 0.52 19.3 405.3

Average biomass and average microsporocarps are the mean of 10 4. japonica. Microsporocarps
by level was calculated using average biomass and average microsporocarps. Total
microsporocarps is the sum of all Microsporocarps by level.
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Appendix 33. Relationship between biomass and microsporocarps. (n= 50, p < 0.05)

Appendix 34. Photos of density treatments. L: 50%, R: 100%
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Appendix 35. Plastic cup design and irrigation method in greenhouse experimental treatments.

Appendix 36. A. japonica before temperature reaction experiment.

(L) Halogen treatment. (R) LED treatment.
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Appendix 37. A. japonica on the 1st day of the temperature reaction experiment.

(Above) Halogen treatment. (Bottom) LED treatment.

Appendix 38. A. japonica on the 2nd day of the temperature reaction experiment.

(Above) Halogen treatment. (Bottom) LED treatment.
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Appendix 39. A. japonica on the 3rd day of the temperature reaction experiment.

(Above) Halogen treatment. (Bottom) LED treatment.

Appendix 40. A. japonica on the 4th day of the temperature reaction experiment.

(Above) Halogen treatment. (Bottom) LED treatment.
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Appendix 41. A. japonica on the 5th day of the temperature reaction experiment.

(Above) Halogen treatment. (Bottom) LED treatment.

WV
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Appendix 42. A. japonica on the 6th day of the temperature reaction experiment.

(Above) Halogen treatment. (Bottom) LED treatment.
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Appendix 43. A. japonica on the 7th day of the temperature reaction experiment.

(Above) Halogen treatment. (Bottom) LED treatment.

Appendix 44. A. japonica on the 8th day of the temperature reaction experiment.

(L) Halogen treatment. (R) LED treatment.
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Appendix 45. Photo of the 75/100 treatment before the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 46. Photo of the 75/100 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 47. Photo of the 75/100 treatment on the 28th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 48. Photo of the 75/100 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 49. Photo of the 30/100 treatment before the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 50. Photo of the 30/100 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 51. Photo of the 30/100 treatment on the 28th day of the greenhouse experiment.
Light intensity % / Density % treatment.

Appendix 52. Photo of the 30/100 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 53. Photo of the 15/100 treatment before the greenhouse experiment.
Light intensity % / Density % treatment.

Appendix 54. Photo of the 15/100 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.
ey ol . N

Appendix 55. Photo of the 15/100 treatment on the 28th day of the greenhouse experiment.
Light intensity % / Density % treatment.
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Appendix 56. Photo of the 15/100 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 57. Photo of the 1/100 treatment before the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 58. Photo of the 1/100 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 60. Photo of the 1/100 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.

131



Appendix 62. Photo of the 75/50 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 63. Photo of the 75/50 treatment on the 28th day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 64. Photo of the 75/50 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 65. Photo of the 30/50 treatment before the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 66. Photo of the 30/50 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 67. Photo of the 30/50 treatment on the 28th day of the greenhouse experiment.
Light intensity % / Density % treatment.
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Appendix 68. Photo of the 30/50 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 69. Photo of the 15/50 treatment before the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 70. Photo of the 15/50 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 71. Photo of the 15/50 treatment on the 28th day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 72. Photo of the 15/50 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 73. Photo of the 1/50 treatment before the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 74. Photo of the 1/50 treatment on the 14th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 75. Photo of the 1/50 treatment on the 28th day of the greenhouse experiment.

Light intensity % / Density % treatment.

Appendix 76. Photo of the 1/50 treatment on the 42nd day of the greenhouse experiment.

Light intensity % / Density % treatment.
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Appendix 77. Habitat destruction at the JJ1 site due to stream improvement works.
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Appendix 78. English abridgement of guidelines proposed to local agricultural managers (Rural
Guidance Division of Jeju Agricultural Research and Development Institute).

Guidelines for Regional
Conservation and Development
Using Water Dropwort (4zolla

japonica)

(English Abridgement)

I. A Guideline for Regional Development Using 'Manganghong water

dropwort'

In South Korea, The Azolla species have the nick name of 'Manganghong' because its leaf surface turns
red after autumn. The term ‘mangang’ means ‘fill a river with’ and ‘hong’ means ‘red’. The

Azolla species were commonly observed in the southern regions of Korea before the 2000s but has

disappeared recently as degradation of habitats due to various factors. However, Azolla japonica was
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found in the water dropwort (Oenanthe javanica DC.) cultivation field located in the southern region
of Jeju Island in South Korea. Water dropwort is cultivated throughout the country and is widely used
as a food ingredient. It requires cool water supply during growing season and therefore usually
underground water is pumped for cultivation. The water dropwort cultivation field in Jeju island uses
spring water taking advantage of volcanic island structure.

In order to conserve endangered Azolla japonica species, we are proposing cultivation of the Azolla
japonica and water dropwort at the same time. Also we are proposing a branding method of

'Manganghong Water Dropwort' using the clean and eco-friendly image of endangered aquatic plants.

I1. Regional development method using 'Manganghong Water Dropwort'

A good example of branding a local agricultural product in connection with local endangered species
in South Korea is "Machwamareum Rice". Machwamareum is a Korean name of endangered species
water crowfoot (Ranunculus kazusensis). Ranunculus kazusensis habitat is located in Gilsang-myeon,
Ganghwa island, South Korea. This habitat is designated as the Ramsar wetland despite of still rice is
cultivated at the field. In order to conserve Ranunculus kazusensis, environmentally friendly farming
techniques were introduced and commercialized under the brand name 'Maehwamareum Rice'. This
example suggests that species conservation can be connected with local specialites. Azolla species have
the ability to fix nitrogen and can be used for eco-friendly fertilizing plant for agriculture. For centuries,
it has used as a green manure for water crops in vietnam and South China. Also many studies showed
the possibility of using it as manure. Therefore, the eco-friendly image of 'Manganghong Water
Dropwort' would make the local water dropwort very popular and distinguishable to other common
Water Dropwort of Korea. Also we can expect the increase of crop yield because of N fixation.

Another regional development method using Azolla species is to build an eco-village. As the quality of
life improves economically, people take an interest in health. educational traveling became very popular
under the theme of 'ECO' in South Korea. Also, Jeju Island, located in the south of korea, has been
designated as a biosphere reserve and World Natural Heritage site by UNESCO, has a great potential
for ECO tourist attraction. However, Jeju is suffering from ecosystems due to rapid development.
Building eco-villages to conserve habitat from development has the advantage of very high natural
ecosystem conservation rates. Besides, it can attract many tourists in the theme of 'ECO' using clean

and coservative images of endangered species 4zolla japonica. The water dropwort growing site has
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many tourist attractions around. If Gangjeong-dong, one of the main production areas of Jeju's water
dropwort, could be designated as 'The Manganghong Eco-Village'. Then it will be possible to build an
eco-village by linking natural tourist attractions such as Eongto falls and Jeju Olle-gil 7 Course.
Gangjeong-dong is also easily accessible due to its large accommodations and public transportation.
These advantages will make it possible to conserve the environment as well as local development by

attracting many tourist.

ITII. Manganghong Water Dropwort promotion

Since the brand 'Manganghong Water Dropwort' is unfamiliar, we devised a mascot character that could
attract people's attention. Mascot characters have the effect of increasing brand awareness and
friendliness to the public. It can also differentiate itself from other products and emphasize value of the
product. In order to gather attentions and to emphasize environmental conservation, there are cases that
utilized a character on environmental campaigns in international organizations. Many tourist attractions
in South Korea sell a variety of products using local specialties. Also there are products of characters
that companies want to promote. It is possible to make a great contribution to promoting local specialties

and environmental conservation by producing products with eco-friendly images and words.
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