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H2% 15 XHIE SXHB3F AL T l

A 24 AFssupy o Qg

L 71€ sAHE3 7e(@AZe)He] s v 371 2R AEH £4& %
Zlend v 44
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a2y EYA fe SESHA Xt FauHe] AstEa HAEE FAe] HAAHT Sl
dAHA tt FAHL 53] Al BEIE Q7] Wl A vebdth kA A A o
g A4S dsh] Haiie AHEYH 55 =4 davt Atk =3 T AT
ol ofste] Adsol A FH-dAnh wEkA Alggmlel Jidte] Bast, A oM
45 ol&st FEAAAE At Atk I3y AlgEE dolM EA17F skl Jleo
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o A7 43

224 QA% TR Qo] S4L nad A% AAY SRS FERA AT §
ST it FEE QbAe] A9 WiSAEe] 2244 9ol wste] Wolx= BAIMe] 9tk of
o} e ol f BERA oA ABA BAsE B30) B Aol Fa Aol

WA o] Asty] AN AAL Aue] WIS WSt FIUY DS AAT Ba

7 lek. olEs ARAHelE BUH PPoE RAL 5 AHE3)
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D2AYA Aol A7) T IANRY H5S B At B ATelME 2744
FRY GAS A B - oy 4% WhE NS U1 BRY PAE 1UE F
gogdAaAqd=z fFFHe] A4S 50mm ¥ 100mm=zZ AAHGsIRch e °P7%/] 52 <Table
2-2>9] FA71%3 Hmatgick
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(@ 100mm %A (b) 50mm ¢+HA

{Table 2-2> #+&& 4A9 FAN=
7 & 2 9 7 & Ay
A A - PE KS K 0210
3 - HIg g AREA Y
W 7 mm 50 o) AREA Y
% g/m 140 o]} KS K 1SO 9864
FLTER A - o5 A ?J_t&/\l_d‘%'é
. 3 ea/m 550 o) AREA Y
CORE <=3 91 4] - %%%‘H%é— ARIAEH
3 30%H,S0, 84 % 3 o]}
o 20%HQ 8- % 3 o]3} LI
- 40%NaOHZ=8-1 % 3 o]} (Lol A 5AZE HA) &
j 10%NaCl =82 % 3 o3} A )
? She % 3 olat
A A - PP, PET KS K 0210
A= KN/m 30 ol KS K 150 10319
HLTER QA= % 50j15o KS K ISO 10319
EFAS cm/sec 1x107 o) KS K ISO 11058
% g/m2 110 o] KS K 1SO 9864
SFET 371(090) um 90~120 KS K 15O 12956

o A7 2 A%

FZF2AUA Al2xvloZ HEsr] 9%k fFade EEld Aoz B A= REE HU}
St U= KSM 341600 whel AASHATE 33 U A|gZAd= <Table 2-3>3} 7Zon
oA Ax= (0.952 e

3L
o

iy

Jo
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<Table 2-3> fr3#o] 2= AIFAH

fEd S

T (50mm) (100mm)
(g‘/?—_r_]ngn_f) 0.95 0.95

iy

FEAYAR 285 A% FIBe] APLE 4SS BARAG. HFu AF @ P4
o

< Wrhsl] Glste] £ ATelA Qg @ H4E FAAY A B

<Fig. 2-3> BN ARE
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{Table 2-4> 7= 2 A HPFE ANFZEH
WA= AFHIE
No. of specimens Unit: N Unit: %
50mm 100mm 50mm 100mm
1 1,391.6 2,033.5 53 57
2 1,577.8 2,459.8 %5 62
3 1,421.0 2,587.2 54 65
4 1,381.8 2,097.2 52 63
5 1,298.5 2,023.7 57 61
6 1,283.8 2,111.9 51 63
Mean 1,392.4 2,218.9 54 62

ARAE AIE & 3 PF4E <Fig. 2-0>9F ot
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l TSR OiH| MHIE 1a8 SX|HES AAHL 0|F 0188 A& =M H 7|

0x

| AE RETIE Jp

<Fig. 2-5 JAEAND 2E

ok
ol
b
>
o
i
:i
i
o
&
k

o} Zom, 50mm ¥+ 21.3N, 100mm B+ 34.0NSE AFAdd=

{Table 2-5> FHA=AE 2=

Unit: N
No. of specimens
50mm 100mm
1 21.3 311
2 24.2 377
3 21.8 39.6
4 21.2 321
5 199 310
6 197 323
Mean 21.3 34.0

o

{Table 2-6> fr&& ¥Ae FFAF23

T &2 (50mm) 3 (100mm)

4 Algcm/sec)

5.0x107*

6.3x107
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FEBe A9 BAS B Astel BADE T
1FFe] FAAS U2 P45 A8 AAsEon, A8 mee 1Y% Ok

2 AASAT & AgAH A

(@) 50mm A

<Table 2-7> A A}

(b 100mm <A

CFig. 2-6> A E =g

Unit: kKN
z=
a2 (50mm) a3 (100mm)

1 750 3,300

2 700 3,050
B 725 3,175

(Table 2-8> FAT Ald23
Ca &% (Gmm) &2 (10mm)
FAS (cm/sec) 5.0x10- 6.3x107

Jo
oo ol
r ol
1o
ofy

)
>
N
o
t

AFE BARAT FAGEE Aet) FAREAYINE olgdtart A &
e ote) 193t Lok
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l UES? O MH|8 188 SAHES AAHY 0|F 0|85 24 X=Xl ¥ 7I5d AME M7= Y
<Fig. 2-7> AFeta] FAAR7]

T8 A= AP KSM 3074 T4d E8t2=8e] 943 34 AP Wil o oste] 4
B4 He g2y 2o Alg & oolgle] ®oll wEt AlY Fo AHE Sto g 9l
7 Zo] FHS HAZCh
o 3N AP 257 % 3491 Bee FHoE B4,

o MY AFH F 271 ool FHE 4~10% A= EFHoE AA.

o /Mol NEH F DW7F A% 4-10%] E-9= oA IS A HCE APt BE A@A

o] = 1-3¢ AFE ¢4 =E AH
<Table 2-9> FAANE H7}7+
2ug A
o=
o9 u

1 st gl W3} gl
2 Wl e 2% o7t W3l gle
3 W3l e % Eoitt M3} m= BAH U
4 A s} e
5 3 M3} == BAH U
6 Wl T 2 ozt ZeA
7 A Ze
8 A58
9 o] 27 2
10 2 7
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2% 152 MH|S SXHR5t AlAY 7H“*l

=

NAAI= B3R Brbskelnh Al ST 3-4017] o dAAA o] vtttk of

el Ide AN § e HAEn
<Table 2-10> A HA %
T E 1 2 3 W
50mm (E}A315) 3 3 4 3.33
100mm(etA 31=7) 4 3 3 333

<Fig. 2-8> A T 4

FEB GAY UTAEE B Astel B ATelAE

e AR JAANES LA
ok A AR Al AR okl £ AF el ot AASHATH
<Table 2-11> A A &g
Agale] E5F NPde] 5 2 5
= Eains
ASPIEF & KS M 81159] {3IEF 4 % S8
SAEF &9 KS M 81032] &4t 10wiw % 48
kol 89 KS M 81032] a4+ 10wiw % 584
TISPIEE 84 KS M 81169] 4HIES dwiw % -8
NEE FAAE 60+ 2T &l IAATIAL FAAZE E&5oA HeEA] A 14 AXl H 5
A EEE FASASE 5AIZE HA & ApE 3

PO WY SRS FE g TS ZHIA
#

o <Fig. 2-92 JAAY EFolvk. T Ad T3

d
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<Table 2-12> A

(Unit: N)

o
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N S| 83
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Ho S| 3
0
o
=
W | o|lo|lo|lo|lo|o clo|lo|lo|o|o|o|o
o
0
) = || | )
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B ATAE AA F A4 D PAFES AAAD ol Uehbe @42 Teistel 4A
A 2 WPAe WA shath A8 B AN Hgstu s

% AL A5 5 e 2ol IFL WA A A0 etk F FAEL mF W

{Table 2-13> A & &3 AZAE 2 3 A4

AEAE  (Unit: N) FAE (Unit: N)
)
50 mm 100 mm 50 mm 100 mm
Control 1,392 2,218 21.3 R\
Na,SO;4 1,385 2,217 20.7 332
CaCl, 1,386 2,216 20.6 337
Na2S0, 1,387 2,214 20.8 336
MgSOy 1,385 2,210 20.9 339
2 8 2 A&
v dANzEoR Hgd] 97 F3B @9 EHA 4% WTAES Wit
NEAF f38 e P2 Ager) A $57 Aoty AT TEe T e A
S & F AN =3 AA L] FA|F WS AAE §RE £ AT
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Hoh &3 CaClz &9l e 7% stelazl= dde] A= Ak 0%

g5 E NS A3 oF 6599 AEFHL A Ao £
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<Fig. 2-12> xEdd =23 dAARe] ARadE A2
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(o2} ~l
o o
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AN
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) w
o o

AN

0 10 20 30 40 50 0 70 80 S0 100
Accelerated agig (days)

<Fig. 2-14> AA TS FEE(LHHZHQ 7)ol wEH 4SS ALErd o= 2y
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<Fig. 2-15> 87 =9} CaCl2 &H HAgt 7]7k22] A
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<Fig. 2-16> 787459} CaCl2 &0l HA7 717t7e] A

100
g 9

T

1}

0

T 80

3

x

)

[T

g

g 70

@

[

®

3

T 60

g 0 10 20 30 40 50 60 70 80 90 100 110

Accelerated aging -CaCl2(days)
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XI=SO

USSR UH MHIE 1es SXHES ALY 012 0|82 A8 A=A H 7Is

4. dAAN S B8] AT EFA BA AWMIEEH AR o

7h ATEE

dA LA E % WY GAE st RSt g FAAI2EY A -85te] FA
W83t A2=HES HA 5 slaiA) gty o] & flsle] B AFoA = FRELE AHIEHZ AREStaL
221402 ny = 1Z2EY 1 SAE FRIEE X E3= 25 YHE FE5t EYAL| 9
St T HHdANE A S wgAd s S At A gk
U, A7 &
AHIHE X5t A S BRI {8k B Ao 548 @57 gk A Y
£ g9 2o
o olF By UAALHSE o] &sle] AHIE FHol WE vl Ae AFS AAL
o ol& HF3slo AHIHSF U4AE ik
o A7y 2 dF A3
B AFolMs A IAARAE A% BEH IA AFS HAAEEH AP JdHIHE X
St A97F AXEHA] &2 HE 55t AlES 53 B4E AAFIAHTE o]lF ] B A
e EPANFE F2E AFslFor. 739 AL <Fig. 2-19<} 2t} =0l JHIy =
218 Ag3st7] fste] HEE H 3T FFol A83 Alvka (HH R EokS o835ty oH
AL F 7IRE FAS AT A WA= AHIE WS A 8314 e 4A AlxEF
AHIHE H&83 A APS AAEAH
<Table 2-14> AHAIE LA EFAIFA
@] (cm/sec)
T 2
A 1 A4 2 Ad 3 B
A™ BEjZFo| gl 4A 2.1x107 1.8x107 1.9x107 1.9x107
AU ER 283 oA 2.3x10% 2.2x107 24x107 2.3x10%

_50_



Hg A

<Fig. 2-19> AWLH

HAFAT

=
=

o] u}§- -3 Az}

3
=

3 v2LEH

171 flste] A 2E 5

S

A PR

T AR weTe) uhy

ATl =

=R
L

—
[je)

0

oju
@m

BAFAT

At

O 2~5
T“l‘?{]_'

[e)
s

_51_



S22 UH| MHIE 18 SXHESt AIAHL 0|F 0188 A& M= & 7Isd AE HM=7IE MY

<Fig. 2-20> AwdE =

{Table 2-15> AHALE|s} 12T A BEHTS 7= frad 9719 FFA823%

9] (cm/sec)
T8
Ag ] A 2 A9 3 B
ZE|Zo] glE f2FH 2.1x10% 1.8x10° 1.9x10 1.9x10?
TESHIT FAZ JdE FFFE 2.7x10% 28x107 26x107 2.7x10%
AU S = faRE 2.3%x1072 2.2x1072 2.4%102 2.3%x1072
1250 TAAALE F 3.3x107% 3.4x107 3.5x107 3.3x107
g S¢F 9 HAE
B dAFoAMs &A AR E A% 28 dA AF 2 JAHIHe 12Ed 0 A4 e
EHE EFOE VA= 2% Y T 9A AlzHlo] BEFAE0]l 7P 55tk mEkA bl
FATol st AAAO] 5 dAFHOE 25 AW JEHSES /A= F=32 94A FH
o] 7I il AL & 5 ATk



2% &2 MHIS SXHR5H AIAL l

5 FAHES ALY Asujas A=
i

B ATNAE FAWEI Azl AsE EAE ASFHuA Sk B ATNME 2
e 3L e |29 gstel Hgstud Ak ol ASREAAE o5

23 oA
o NFNBA AT 5 Q= BEAE 270 A2 STk

U AshlaedA AAVIEHE R SFEAA

1D &AY F7

dAe] FRE I 7l wEk S, A, s, EEYAE FEEY, AR uE B
, =¥, 2 ER, PVCHE, #3758 59 fASYAS} FUALA 5o FASIAR
40 (mHEEried T4, 2016).

o

(2) Auf=2te] BA
A7l wEH gyt oz AsehA HjETe Eol= A mujSRO AL ZRE 5~
200mmo)d =7 s Zlo] FHrldeEr]ed T4, 2016).

(3 A LA+

AAZIE ostd AS AT EFS BAATEY HEAE, Y F5, EYY FFA4, EA 0]
S3H Foll wWeka 10~30mm/day= AsfoF Hr|hsErled T4, 2016). AA FAAH ALY
o] P =S} 7+ AFAHE MEOE AFZFITEFL 10~30mmAEo|H, FHRuA YT
= 1¥o|22 /7S vAE 2 AL Agusde H 10~30mm/day= A3k ot
(M EE71EA T4, 2016). EF YRS 10~20mm/day, Yukgde] TF2E 13~38mm/day =
7o 2 stal JrHPHEErIesd T4, 2016). wEkA B ATl Al H 10~
30mm/day 0.2 AAsGom Zxujse 1FAEE £ 5 Y= 41.6mm/dayE ST

U
o

(

(4 FrdAe] mdzlel
AAZIE mEH FAe AFHdA 0.6~1.0m, stFdolA 0.8~1.0mstH, F-dAe A
o wjdzlo]lE H4AF 0.6m o] F o stofof Frkal AAEL rHE P EETIEd T4, 2016).

2~

6) ¢Ae #8739 71e7]

AN E MR FEUAe] BRe AFMFTol MR H4 2w FEI A3

ok

rr

PN
T 3
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.x' 59 [fH] MHIE T&8 SXME3t AIAHDL 0| 0|23 o2 XS] U 7j54 AZ HX7|lE T4

A7 &, B83 A$ES AQety HAWAL 50mmE &4, AR 100me) - Eol
m, F5FR4E Simmz s FEsTa Aketa JriuHEErEdTA,

F5Bo 1olF %
2016). FFEAL] 71€7= AguA Al 1/300~1/600, 7AWl Al 1/500~1/1,0000] A gstm, &
WA HrlfdeAl 0.3~1mis7h nkashoka A sk ek e o) 5 27168 T4, 2016).

Al fFAEL MYMamning)FHOE AESI, FEAMNE GAY X7)E1E A8

1
WA g V=B (4.3

SAEE B AFgAIEH BAVE e AsklisAg 2o 2

Z = F LY &
7158 A, AGA, 54, REIA, HEI]
TAS FTF
AsHE . FUX, EY =3 Z3IYEH PVCH, 25=H

ATl SA G = A TR AFFHZRE 57 20cmeo)/d
A LA Ag A3kl 10~30mm/dayo)
FdA wdZlol FAE ARl 06 7 1.0m, sHEElA 0.8 7 1.0m
FrdAe 4 H4974-& 50mmeo)t

FTUA 7171 ol u A Al 1/300~1/600, 71AI=RAA] 1/500~1/1,000
FrdA R i d(Manning)3-214-8 HA, 10%F4 A2
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{Table 2-17> A|&tdA < 2 FBZAMEHE A sE7|ed 74, 2016)

h/2r a B H] a
0.50 0.9895 0.62996 0 = SeHm3s)
0.55 1.15917 0.65473 o= ] H(m)
n = XEAF
0.60 1.32962 0.67558 A
I =71E7]
0.65 1.49699 0.69251 V= 82mls)
0.70 1.65696 0.70541
0.75 1.80486 0.71404
0.80 1.93448 0.71799
0.85 2.03932 0.71653 h
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HI3E Agastache 2 7|54 2 ATY CHZ XY 7|2 74t l

A2d Av=ule 3 At
1. 528 754 84L 538 AAF F5 AL

7}. Agastache & FFH S 27

W =58 Agastache cana, Agastache foeniculum, Agastache rugosa (spike blue), Agastache

o

rugosa (spike snow), Agastache rupestrisol| t3F HS-S 7= APk

D AF 2 =
& T World Seeds, Paguignan, 34210 Aigues-Vives, FranceolX x5 Fulste] u£8& o

A (240, =UR S o]l &3t g FF o 807/ TAE ol&3std FFsnh 27T ol A
Hlol & 2% 24+1TC () or 18£1C (), 35S olg3ste] B4= 180 xmol m%s? A3
2<% %71% Hoagland 1/28&<40 A4 (13]/2Y) At 6573 SHSRH. ©]F, NFT H4&
A& F5 FAANE E2E 24 (E)olA 473 AEista 9, 9%, 9493, 97

SPAD, A+ AT AEeT, Akt AFT d=d 52 43U

L=

o

<Fig. 3-1> €2 FAAN A287 F3F WS 75

nE & SHo AFI FEFS 5/ EFoF Agastache cana, Agastache foeniculum,
Agastache rugosa (spike blue), Agastache rugosa (spike snow), Agastache rupestris.o]$l. o™, =z}
A 8] 7o) A ol AR om ol 9 S8 B FFo| AV AT AYA] s
Bl Z= Zo|A A foeniculum GJo A% AL vj$ Aoy, AIHAS Aoz uf-¢-
Z7kstg ot A, canadl A9 19} wiElE Ase 2 s Fgkou Aol we &
< A5 Bt wEbA AAH R A rugosaolM 2] BEd U0l d¥H R YE
o, AYAIL B, =, AR Foleks Mol ul¢ sl A4 o AekE

-139-



l LESR OiH| MHIE 1aE SAIHES AAHL 0|F 0|82t ofF A=/ H 715y AF Mx7IE WY

12 10
“ } nith 40 = |eafllength
e iy 1 leat width 4
 i— r;:lllengm ,_I__T_ —— T = 10 4 eat wh T . 8 _
5 31 i 30 E E | LT E
= S L o8 &
S— -C | :
< = = <
? =2 2 84 5
5 ° g 3 i B
£ = -—
E = E 4 5
2 L. | o L
ﬁ 10 10 8 9 . - r_‘ ,
T o ¢ . : 0
o ffz- & P @
& > >
& JC RS & & _ & _& G;F @q‘?
\°é} v e w \f La
ad -

<Fig. 3-2> Agastache %] FF4d =434 HZ2% <Fig. 3-3> Agastache & E&¥ QA7 =
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o

#9]
Ehlom 26) olge] olE Btk YA F4o] W RO BErEE, A foeniculum GIe]
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Ao AT R AEFTE A XS AS A} o9 FARHA UEEd Al rugosa
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<Fig. 3-6> Agastache & E5H A4H AAF 9 AEF &
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™

Agastache & 7154 €2 &4

(1) phenyl propancide Al%-2] rosmarinic acid, tilianin, acacetin®] T FH3 = U 2 EAF &=

Zgko] 7' EZ=Z phenyl propanoide Al%<2] flavonoideo] <3} tilianin¥} acacetin®
MAsE o, S, Fulelglx Fo A3E Aty RuEQth ofo] whEhA, gk
tilianinz} 79] HFEZ<Ql acacetin®] FHFS 29| %ﬁﬂllﬂ_‘ﬁ Zo] m¢- FQoshy, w3 FgFe
Zzo}glaKrosmarinic Acidg ohg F-i3la JdEd ole A3 atsiAloln FulolH s 2
3 gteglol A8 FAGR) e dAE RS AAANA F= A8o] UenE IF
= Asl & =+ Atk

TGS rosmarinic acid & A. foeniculum GJ9} A. cana®] &&o| 7Hd wkom o

o2 A rogosa®] FFol =9kl A, rupestris®] S M W2 #E UEHoU, AEA 15

o
& 4o o

of

3 gfE Joz kst H9- A canaZl 7P wka, o202 A rugosal o] 7 =4
et mebA 715 s T cana i rugosa FE°| A3E ZloE ALRETh
12 10
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(a) &= rosmarinic acid =G FZFF) (b) =249 rosmarinic acid =2 EAD)
<Fig. 3-7> Agastache < %<8 rosmarinic acid =
&4 AESF 3 tilianin o) A9 A. rupestris®} A. rugosa®] ko] thE EE3} nlwEte]
FojHog wekowl, HEAY FF| B9 A rugesad) BS e FEF vimstel AL 4n)

ol B 75 108 o] IFHFES 7IESHATH

&9 AES o acacetin $HF9] 739, A. rupestris®} A. cana®] 7A-$ ¢ H& ko] A
S}, A foeniculum GI7F 7F =41 Uehom Al rugosadl H-$ &
o, A EA S 2493 A3 A rugosad] sheo] Ef EFE3 n|ws)
=3tk

o)Fe] Aol A, Agastache 49] 7154 =4 E& iEEHY F2 A rugosa’t 7MY &2
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<Fig. 3-8> Agastache & #%'3 tilianin¥} acacetin &

= R8s Ege BYeE 54 84

7} B B3 % 583 JA0 F B4

(1) =2 pHeF Fol2A 29 (CEC)
71&98 =EY dlrE AAeta AEE wg & oA B3 HEA O o] EYF
NEE BAZ A3 B9 pHE 578-6.24 FFoZ Uehgon, o AEAS 2 7 o2 &
ol vi-e- whEAR pH 9 FEolgtal @ g lon, CECO A Ede] &2 Ads™e v

B Ao® Egielst e AEdA Zdol2 A4S CECEe AR,

WA o] 49 625, QAN A4S W 63002 UEh} QbAulSel mE CECRES #
ofF o Ael7h GTke AL & 4 i, EH WAH wEHe] A9 Holrh Ui 2L Wy
ofhA Bl olshA el akiel WA WEsbA ekgiths Ae & ¢ ok

(2) E<e] ECe ECe
Bk AES} B dA HE (FE 1HE Wyl Fo] AU|HAEE o ==
o A WA Hie] B 072 wteon, dAue Ao HA nEA Y B 25 0.89
2 % A= =4tk 01% dAvE A & 7HAYE st =4 UEhd ZloE AgdTh
ECe?l 4% B¢ AVAEEE SAst veidst, drvls B4 AgTolA 1022 7H
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l LESR OiH| MHIE 1aE SAIHES AAHL 0|F 0|82t ofF A=/ H 715y AF Mx7IE WY

= Yebgten, A vl A v Bl 0.87-0.892 A FASHAl UERg T
ECe¢t ECqte] Bl Uetue AL BEA wE zlolet B4R ol nsd T2 Aol
A A EE AR T2 S QR A= ECaE o]83tal FAOY USDAoA & ECed| #h<
T2 o]gstal Ut

CTable 3-1> E9o] QhAuFo} WA 7o 2 Eofol Bel opd 54 240D

Soil treatment pH CEC (cmol+/kg) EC (dS/m) ECe(dS/m)

Non-culvert
CRZLE)

6.24 6.25 0.7 0.87

Culvert-Mul
(&A= 23)

5.78 6.45 0.89 1.02

Culvert-Non Mul
(FAu vIEAD)

9.96 6.16 0.89 0.89

Q) EXY F2¥FH f71E TFF
B FEIFE vdAu s MM 7 A JElen oy o] {2 dAuTE &
T Aok oF vl F3 A= oF 30-35% AE UERow, fU1E Y A9 AMgd & A
UAo L, Al AAH R F}A, 53] AL & A o A UEhA AE
g =& & Ao AsHTh
E4S YeRYF& sand, silt, cay9] vl 2+ o3 Zo] YEgon, 25 sandy loam©
2 FE AT

N

i

{Table 3-2> EoFe] AAuS9} B3 5o w2 Eoko] B¢ 38" EA B4(2)

) water content organic matter sand silt clay )
Sail treatment Sail component
(%) content(%) (%) %) (%)
Non-culvert 87 231 64 30 6 dy |
. i sandy loam
(H1AP)
Culvert-Mul 21.9 2.78 60 32 8 dy 1
) . sandy loam
(AR =1%) /
Culvert-Non Mul 19.3 2.46 62 30 8 dy 1
) X sandy loam
(kA w1 ) y
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Fl
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B = ATl SR 450 TR e 0179 39 FEF ANTUE A
L wie 700mm obefel R BAo) MAAWA EBHF F 500mm B FF

]
-
FHPoE HXste] AFsIP o HEL 8m HHS R 3FS AASIATh

W 23 7o AYAYC e FF A 24

(D ZeFe] v 9 S5

olrlo} FHIALZRE HYF TAE Fulste] Hdo & FEE o]8ste] 3§ (1603, EH1
Efo)E& o]&3lo] Agastache rugosa 117H& ofabdlgl SHA oA 53R TE28T oM 2¢zt
Wol & 2% 24+1C (H3 18+1T () 7S 7HYste] 249 8424 Ao B
A A T AAAFR A 128q] A (13/19) T8 A2ste 573 SETh (oM4k
A S5

A AT Ak HE3t =l AT Al oA EBAF HEA AHgE F 12m
4ol Tme| o]gol A2 20, 30, 40cm A 2o R FABIATHEE 7L). Ad 4ol B2
gk Ao] 7hEo R BT dEEe] AFAA(TR)E BojoA HA 159 138 FES #FE
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Z, 947, SPAD, HH, sh<r, AR AT =S, At

W, 4%, 8%, 12F, 15FA0 ASRAE AT 1%
[e)

(@ 2% 3 HEA A+ () BAAT o4 HF (© HIEAAE T ol4d =g

<Fig. 3-11> BAF5Fol e FdFo A5 AE
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<Fig. 3-14> ¥EH % A4 F 125F) <Fig. 3-15> HIEA g HAA 2 FH]4 F 125)
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<Fig. 3-16> ®IE A3} B3 gjo] wE Fgko] 24 2 Fupdo] W3}

FA 7} v Xl ek Fake] Ao Wl fojH oz Aoyt YA gtk A I 43
FHE 15FE A4 24| x3EE AFES Bon o Im /e 2% ZolE JehAdch
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4 vWjeEF EG 219 A FFY 7N FHY HRHA2H =&
) 714 v= 2 2R A ge Bue) 4%

(D EB A& 2 Edns A
FE2XNEH AT AR AKX Alo] E(http://m.nongsaro.go.kr/m/mo/mob/mobk/kidoContentsFile
View.mo;jsessionid=EIWAEMnhmCUougBUloppXz6m113zl1zC8AWddd9L7m1cvFai697ZLyot JHHNmhm
ae.nongsaro-web_servlet_engine2?kidofcomdtyNo=14490)ol| A #| &-5l= wllZ2&e| AR HBE
Jldro 2 dke] EH] 2,000kg/10a, BHE A0k 7E S 247t 12:16:10kg/10a Al &71F2S 2
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W vl EE 204 AT FFo dFYL Jle A

(1) 57 Weshol oe Au 84 94

Eoks EGS 44 2 H5HA 54 5o Aolrh U] we] =% HEH A%, B

o) 4R 2AL o) WA} Wk BAA ZWe| A T oW =L HE F4A

Mg ALste] EFo] BARUL e AsAE o] SAon WAt ANHT} e
2 Eekfalo] Bol dolui Yrke Mol

13 o] =
EostdS B, =EdoiE Hj4&Eekz| oA EC/F 1.26dS
I

{Table 3-3> =52t Athol|A =3} we] xjo]H

4 = Kl
A% A2 A, A
B Rt e
EdTx U oF I+ Sl 7
B T s ORF e Sl B
] 512 Abs}
pH s =
FE] AdTH Wit 7 e
AruA3 FaEsAYd e U
ALY 4k S b=
nEe s AR Rt B
A Ao] g NH, NO,
AN frefl=d e Sizds
Hol e Fe® Fe’
g3k e Mn* Mn' , Mn’
freke] e H, S S SO,
A= 7Fs E7ts

* Eiichi Kohno, Yoshio Ogawa and Shingo Iwata. 1995.

=ollA el A, M3t T2 FAE FEoA dE FiuL steo® SEHEHA s A2
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Sl
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CO,
NO, ~
SO, ~*
ok

L
LU =
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=

=
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<Table 3-4> EFHEe] (3D 3 =) =

E el A

==
T

o)
Ho

%%leﬁoﬂ/\i HZ S, Fe+2 ’ %7]/\]-

to] 3tlo 2 fasiy) Z=Em |} A

-

P =X pHe 4%

J]

250 9

7

45 H

K

Fe™* | Al
e
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ol
A
1
M

o
m

SFSAT.
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1A

-

A
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T
T
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AEEN F
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1
M
T
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Y 35
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M=

il

dl=d A

9

_pH
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- %

0 Auj=

4
!
M
ol
oF <4
_Eﬂnﬂu
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"W
™ o oo
W fooro
ol Ho o
F oz
W T T
ok
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4
Qﬂ
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. okeAE AWE AT LA FE FH =24 A

Q) ks A4 v
Aske] AL3 Zwkaler AHHPHS Penman-Monteith Z241S 283k Aakslgom, FAO
Penman-Monteith 341-& AF&3IA T A& &FE A7 HFAO)N A 7] AREHE oF 20 T/
o] S FAS AAS F 1998ARE shte] FaoR FYsted ARESHIE AAE A

kikeKreference evapotranspiration) 4] Penman-Monteith -&-2ojm th33} o] FTA|HE T

AR, = G) + p,- ¢y~

ANET =

1‘5.
A"’Y{l + I'aJ

o]7]4, AET = latent heat flux(#<€ <4, MJ m? day™), Rn = AHZE2)FEHANA £538H4 3]
He odUA, G = B E (sl heat flux), (es - ea) = 719 =719t F-=3Hvapour pressure
deficit), pa = LAI 7143t FBHFhr|EE, cp = th7]9] HlA(specific heat), A = E3}=7]%t
I3 exxAe 7187, y= AHA Apsychrometric constant), rs = EWA&H(bulk) surface
resistance), ra = &2 * 3Haerodynamic resistance).

2D AEHEM m-2 day-1)2 th22] #AE o] &8ty FAHmm/day) 0.2 HikE 4 9t
e mm/day) = 0.408 ZHE-a<4MJ m-2 day-1). o= %) ojux|ete] AAA U=

%, U
Hdek & A7 o7 oUAE Fuxtd(latent heat of vaporation, A)olg} dtv, F
AL 729 ot dF 29, 20 TAlA A= 245 Ml/kgldl, o= 1 kg 52 0.001 m3<
52 29 A71UE 245 MO oUA7H BAFL oJulch Bebd m2d 245 M9 oluA
2L 0001 m EL 1 mme & FRANG 3, 1 mme| FLFL 245 M/m2sh o5t
A4 245% rolE FUES 78 4 o

- THAY ras Uy Ao Aldkdnh
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- Zh—d]
Zo]z

r, = T 2(2)

oJ7]1A, ra = FEAEs/m), zm = FTEZH =olm), zh = FUEE =4 =°)|(m), d = zero plane
displacement height(m), zom = roughness length governing momentum transfer(m), zoh = roughness
length governing transfer of heat and vapour(m), k = von Karman’s constant (=0.41), uz = %°] z
oA F<&(mfs). o3 FF2 ZEo| 3 FHAE rax F=9 AR hme} L9 Fx9o =4
o] 2 mE AREsie] vl AdstA AlLtE 4 Aok A= A h = 012 meka st F&5
FE9 FAEolE FAEEY 2 mal Y, 9] BAE o]&ste] 2 m EoldA e rag 7&
At = dm) = 2h/3, zom(m) = 0.123h, zoh(m) = 0.1zom, zm = 2 m, zh = 2 m. @W&}A ra
o A3 2o

LR

208

ro= (m/s)  2(3)
EHAE rs= e Ao 2 AakHAT
r, (s/m) = LA[ 214

active

ol7]14, y1 = bulk stomatal resistance(7]-&* 3} of the well-illuminated leaf (s/m), LAlactive
active (sunlit) leaf area index(mz(leaf area)/m(soil surface)). YHAAAFLADE ZrEo we}
A W F ok LAle dubgo =g 2o Agsiy Frlstd sy gy A 713

o
2 ghe JHAE, BE 359 g 2t ABo] Wrk J1FAF 1 /Fek B 5Pl B
& YL wou} AR PR B Holsk A o2 YA Yout FBts P ¥
Aot el g A £ 9tk

LAlactive = 0.5 LAI

LAl = 24 h, he EF4=9] =] 012 m 3-&
y1 =100 (s/m)

w2hA, 1s = 70 s/m

Zukabo] AHAXE mEIE7] 95l FAO: Zuhaksre AbAs)
surface)S AFE3t Utk E3 FAEE o FFES OO = s|HG= 7|8 5

FAE(@lfalfa)S A8t o thEAES] 7|EHlA F
o] & VEFASTINF 2 AASHAHETo R FETh x4 Eo] ofd

Zbakere ) Sakakekol] 2HE A4 (crop coefficient) S F3te] T3tk FAOS] AE71= 7]

rlr
N H}J
q«
@
@,
@]
3
@]
=
o
@]

-157-



. NEES o KHIR

128 SAHESH AAHL 0|F 0183

o8 K2 L 715y

MZE HZ7IE HE

“Z29] 71(=0)]) 0.12 m,
el NEAEr = Holsek

S
=

N

715k

= z10e

o

G
A

x3 7|E

o},

Holl 712k

2o

it

m

o]

1%
td
30

0.408A (R, — G) + ¥ T

A =12 HETo)S Alakslr] 98k FAO=
1]

+ 273

FHASHrs, surface resistance) 70 s/m, ®WFARE(albedo) 0.2321 7}

Penman-Monteith 3213 321 (2), (3), (4
3o} FAO Penman-Monteith o5

LA O
o 1=

112 (es - ea)

o714, ETo =
A (MJm-2day-1), G =

WkaFHmm/day), Rn =

713 A 5
Ed g

AP 771 (), u2 =
es-ea = E3}=7| AeHkPa), A =
a8y dA7EA AP of
Z7FA & FAO Penman-Monteith

[r

Zskal FHRkFS =43%thd FAO Penman-Monteith 32

E9stal FAOS] A&7F 1

3k = A= o R

1.

o
7 %-o = z}%ﬂ] “~(crop coefficient) &
w3 Zol 7

PN
T

Ke = ETJ/ET,

o714, Ke= ZHEAIS, ETc = 2&9)
& Skl
FAO Penman-Monteith 3412 AF&
[ =N q._?,] 3;:__8__ 17H'é

=T =2

A8ty

olN

==}
=

- FAO Penman-Monteith -] 2]

FAO Penman-Monteith &2] 2]

° A+ y( + 0.34u,)

m =ololA F&m/s), es =
Z71¢F 2H9] 71L7)(kPa/C), v=

o ZEo A7l Wt LAIRF 71E}
3] w&ell 32 (D=Z 1/}1;}141 Penman-Monteith &4-& AM8& 87} Qo

ke A4, 18 al ETos= 2 = Alkkd

7] AhME drles,
9919 AEs} Bastth 7 gAEE wEA

21(5)

ATEBEDN A w55 FHHE oy

<4 " =(soil heat flux density, Mim-2day-1), T = 2 m °]ol|A]

Z35}=7)9HKkPa), ea = AAZ7])9HKPa),
A5A 45(kPalC).
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o o MR
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£
i

A

ggros Patel 54 Ame| 3%

9,)]\
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ol of
tlo 1>

0

21(6)
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ET, = 71&%A) 5 &4 F(mm/day)

Ry = AFEANN =53 F2 5= YA (MIm?day™)
G=EY¥ 9 <% Fx(soil heat flux density, Mim?day™)
T=2m goldA LBE7E (C)

2m =
U = 2 m ZoloA Fm/s)
e = X315 7] kPa)
e, = AAZF7]HkPa)
(s -€y = E3}5718F AEF(kPa)
A = 2719 29 7]-&7](kPa/T)
y= AFA dkPalT)

Aol MFE olo] R o= Tatelol Itk F BW o WEE TiEW L& %

& Auiesrt ASEcE 9ot Bdel A % Ha e Fe ddgEE Ue F 1

9 JIIOE o] BRI BRAALE T AFAPINGE 5 T ©)F of
[e)

- 71 AE - i RSA

o B9)<Lat(N)> : 3637,
. ¥ I : 6830 ELm

<Table 3-6> % #&8 Z-8<12HPenman-Monteith)

T ' WA H A (ha) TRAM(mm) CRnEs BAERY
s 100.0 40.0 054 3= 09¢ sk=

{Table 3-7> Z&EA|4=(Penman-Monteith) 125~ (Type 3)

T & | 14 2€ 3¢ 44 5¢ 6¢ ! 84 94 10¢ 114 124
& .00 .00 .00 .00 .00 35 .80 9 9% 00 .00 .00
< .00 .00 .00 .00 .00 35 9% 9 87 00 .00 00
3} .00 .00 .00 .00 35 .90 9% 9% .80 00 .00 .00

WHBLFHLD) - THNE 147mm
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[+] ] & W B W
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oFgAtEe e o W asHs A, A Ao A ARAQ] FE 35
ojof 3h=H], o]& X

AEBNA 'S BEZQ] BARES flel Al 716 s @
WA 2E s AR HEoE & Hofs FIgth
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<Fig. 3-27> mlo]aZAEEH 7|4k AF5T7)A| 2=I(P.Ashok, 2010)
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1.5-2.0kg/ciio]H, e FHE dolz2 24T 71 =t 10emd ool wet ol 10%
zZ

<Fig. 3-30> H&&A7N HA

AsHNE Aol W d Ho|Z2RE BEY FO= Fo| 2must =] A &<
saohs WHoR, B 9yspr} & o]FojXal fr]Eo] ol o] Fiko] wE B
&3t 2ol Tk Am@fl vl Wedgo] 2 o] wAT AFF Ho|Z2RE o
A7MA o] 21 getesH ARt ol dE|al Eo] @o| EAHY, Futo]lZ wjdd] =

=3 Feol Wyl 47] el ards IeREE A4 fddt. ASWlE
HOo= olFI7t oE R o vl o R4 €E5e 2VIE
Hrgel SEos Ao Fo| ibo] ofZER 1nd 10-20L FE= FEIT &

=
o ST Fedgo]l Bod A2 fAEY| 4B FevelZe Vg A iRt

A

Fig. 3-31> A E55 A B T2 228

ARt FAE 353 adelv Aol o] &&= XE FE& FHstazt

B o A= wiFES Ste] Eo] 21 STWIEE s dFgelt ol &
2 FEY BEREse ol&ste AolBr FARUGE EYHIA)S el Adslok st=
o, ESAAE AZ3 38 2ol ol BV Az =, UF FHold 5717}
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- S M 25 4 A9 %E AD A JPAI v Fgo] F4E] w1
U olg g AA YA} Bash
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l S22 UH| MHIE 18 SXHESt AIAHL 0|F 0188 A& M= & 7Isd AE HM=7IE MY

5. dwF B suish Fule] AY 27 £2 9 WA vEAY YA vz

(1) J_].& =1 0 q
GhsolA FufgH Agastache rugosa A4S I8 240F ¢H wiA o F 63 HFon, &
T 24+1C (H3 18+1C (), F5 70+10% AT AE2FH SHxHE WAt 18
i 29 270 ¥ Hoagland &4 @zl(lfcl/loa) AHelsted 557+ S REIAT

<Fig. 3-33> &34 A=dat W2 A5 =25

2018\ 4€ 3¢ oA ¥is AP ® HE3 =olA F 1m, 4ol IZ2m 75 sy © EPHIE
“DO-PRO” & control, 0.581(250g), 18](500g), 2uli(1kg), 4¥l(2kg) vl O = Eko| |3t
22pd = Aol mE™, A4 A 30cmellA 7 F2 S-S Edve Al ot 2018
44 189 30cm 4 EH IES TUSH EAHE AAFon SEH )
AT Altks AT FA0 BAHH. 75 stu & 30cm A=
1% sty & 12075 A2sidon, 48 42 107522 F 1200578
]

hd °E‘/\l

FRE
Z, 2ol 40%

o

1
ZAF A4 SPAD, A|AHE-o] A= 2 A

= A3
SearT, A4 1657 F 89 14U 27 et
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<Fig. 3-34> 23 3l wi=&F A2 2E

@ AT ¥ A5 23

N

(@ =Y 73t

i

<Fig. 3-35> A4

(@ 84 71+

<Fig. 3-36> 4
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83 A2t 0|F O|8st

iE oxl

o8 K2 L 715y

Plant height(cm)

PRI HEH PR o] 4 HE ASS vaEigs W, 2 vEA ke {93
A Zpol7h FA HolA] etk B FRbolA miEA 73t Bop SAY Qo) Jjert &
B A AU Fom ERISES w & Aol= HolA| KT

100 100

—r i —re
) mmee o] EmE2

C/Ix20

[ x40 ‘g [ x40
80 3-_2" o 1
40 é 40 4

&
20 20 1
0 04
4 8 12 16 4 8 12 16

(@ 2 7=

<Fig. 3-37> %

94 12% ¥

@ 2 73t

(@ 71

ot}

weeks after transplanting

2% vla(Ey 73b

<Fig. 3-39> A4 3 7|zt w2 7n) w54
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Y FEG HA F3ho] F o 2 Aol Fhoy A o3 Aol HolA = 4ttt
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. Convol I Convol
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@01 Emiio w01 mxio
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@ 71H] =8 4 Bludd 73b ) 71¥ =48 G5 HaEESY 73D

<Fig. 3-40> A2 & 7|7be] @& 7] F=d g v

165
3 73 Bk g At dAdoR O Be 2g #U 4 A
0 €0
N Control . Control
Cx05 /x0s
. x 1.0 . x 1.0
C—x20 —x20
. x40 = x40
-] [
[a] a
< <C
o o
(77 %]
20 30 4
Q 0
4 8 12 16 4 3 12 16
weeks after transplanting weeks after transplanting
(@ 71¥] =¥ SPAD Hl2(E3 77D (b) 78] =¥ SPAD ®lw(HEA +7b

<Fig. 3-41> A4 & 7]3kel| wE 7|8 58 SPAD Hlw

T EE 2 4008 AolE WAT F Ytk ol 9¥ L% B FEAF 2L /) 2]
FAE ASolE A%4 FFol W} s AS 753 F U
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weeks after transplanting
FEE AR AT vu(Ed 73D
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<Fig. 3-42> 4]
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2 20
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e
‘g’ 100
£
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o

4 8 12 16
weeks after transplanting

(b 7|9 =2 AGE AT HuCEd 73h

78] =¥ AGE AAF vl

B F 16574 45 AR HATES 24T A tAFes u]g.cq o] 5=
RBATo] S7tehs e BT sHARE dejH oz widA 73k F4 & 165 71¥] 2] &
oA g 7] FERG & Fe B

=3 B P vEA P 25 G4 F RIANE AAF] ST 16F A=
O ol AAFol SUkeHAl stttk webA wizge AW we FFAVE RF AEE 2
T&& s Zo] FH T Aol ddEd

v > 4 8 12 16
weeks after transplanting weeks after transplanting
@ 7] F=9E A AEF vaEA 770 0 71H] F=E A A= HwEY 73D
<Fig. 3-43> 4] % 713 W& 7] = AGE HEF v
9 Afol= vRPVIAE A4 & 477 71H] wjdzte] & A7t glovt A F 8%
l"i—Ei 7]Hl o] wors HETo] Tlske FAIE HAAth shANE b wRl AT o) H]
B TR A F 16500A 28 77 e FEEY foFoR w2 Ae 1T Atk
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o 200 -
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A1d dFNEY e
1L AFAE AL

W =3F (Agastache rugosa)s EZ3| &3t fEluel AHA=R &=olA= Korean mint=
Iz Zd%ﬂ‘#l/‘ﬂ A F1E B WA AEolth B5 ofAobd Exde w98 U
oA T2 GREAPAA opE AL A= e E‘rkﬂ*& ZHolt}, oEH HE HAY
Enka i N UH NIZEeHo R gof Hy, Fog T S2E] vEUE Sl FrAE 22

o
=
o v Z2ell= F A8 monoterpene®® Tt ofyel theFEk phenylpro panoidE #-fstal Utk

_l-[n:

Phenylpropanoid= #lAldle] &4 37HE Ho e 22 AlET2IF B AEZERETF
=]

(C6-C-C-O02 THHE WARTIGHE] F4. ohppe 4o ERA veidth 3
S4B F2 L-sdgepd gudolelolde] ofs) A4 Avaomre 1 FEALt
3 TR 5 4% AdTEsheo| S YR Bde ALZEREAel 23l o

ade olw oA b BFHSA FHE LEASGEO|t EF AdZTohwolSE WA
SEREAL P FAZAE HB2Y A REshy ok

flo

Hjz3Fo| 4] phenylpropanoid & 7F¢ ®Wel F3ta T=g aFo] dsE OxFE =
rosmarinic acid®} tilianine]th. Rosmarinic acide= ZZv}el(Rosmarinus officinalis) N =5
B Aol7] "ol £ olFo=z EEIHlamiaceae)®} THE AEAA ALtEE Tl
phenolic Al5¢] =42 4He}, &4, okzmbel B oA, AZ7H BHE 5o a3 7HA
At Rosmarinic acide] @4kst w82 vIElY] E Hos FHojd Ho 2 d#x o, MxE
Jolud wstdA] a37F Hoju HrldA s AREZA(ELHH) == e Y452 ol &5
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Ho o

3 Qo ma Aol 2P AGEKEINS] 8ol W ZuA FUALeE rosmarinic

acide] AkAAHS FT7L WA QY Foll ek
FFARFHATY WA AT F) YA MR o] SUH3 Ao Hol
the AHde Az FRAT AYddl MY AT SuhsE A7 AE duos
=543

AP A W2 o] 2223 Sehniols Al 'Yelohd(tlaninye] ZelsEE
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A2d QT3NS 2 At

585 W2 & 196° Co) ANPLE ol8sfo] 77t FAT F v B AALe o] g
4513, RNA 32 2 DNA $4e F38 = qRT-PCR B4& A o Nms
=

1l
=
2He 9% AR

U ddZ2dkolE AT £F9 A4E 4 R U¥ 24 oY FH

e

Al A=A EAske HEYZEgrolts AF =#<Ql gallic acid, catechin,
4-hydroxybenzoic acid, chlorogenic acid, caffeic acid, (-)-epicatechin, vanillin, p-coumaric acid,
ferulic acid, sinapic acid, benzoic acid, rutin, trans-cinnamic acid, quercetin, kaempferol= 33}
sk & 15719 2de AAsAaL, & =259 F5 2 HPLC #4412 #fste] Li et al, 20109
oAt &3 2ol =W e FEstith
53 ABAEE -19%6° C o AAALF ol ste] SAskY aksh APkS o] gate] RF
T AN R A% F 100 mg & BHS $ 15 ml tubeol] ¥ETh 1 thE, 2
Y3 vortexstal 60° COﬂ/H 1417t &<t sonication g ¥ AR S T3l A
SHS 53k FIIF AAE 23] ¢ wHESt] FPsial NE FTAS IS5k A F
2

mle] 80 % methanol (v/v)S Y11 #3435}
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o
gt & HPLC A& vialel Fste] HPLC 4 FHIgt 2E 242 ’%‘%J‘%QE T
sl Hx = FFzHAE Fr|EFTE HPLC #2428 UV-Vis detector, autosampler,
OptimaPak C18 column (250 mm X 4.6mm, 5 xm; RStech; Daejeon, Korea)”} ZAgE NS-4000
HPLC systeme ©]&3}d 33t}

BAZAL ofgfo] ®e} FrKTable 4-1D. F 157}%]91 Adzevrolt EHE9 EFFS
Sigma-Aldricholl 4 Fulgt & 57}x]9] F=2 F4% & HPLC #4& T3l area #& 5
R olF olgst offo] HAFAHS AP ARrEINS FS3sItH<Table 4-2>,
<Fig. 4-1>).
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<Table 4-1> HPLC EA1¥

NS-4000, Futecs

HPLC .

(Daejeon, Korea)

OptimaPak  C18-51002546
Column . .

(250mm x 4.6mm Id., particle size 5 ym)
Detector 280 nm

Column temperture

30 °C

Mobile phase

Solvent A (0.2 % Trifluoroacetic acid), pH 2.4
Solvent B (Methanol)

Fow rate

1 ml/min

Injection  volume

20 ul

Time

98 min

Gradient  conditions

0-1.0 min, 95% A

1.1 -4.0 min, 95% - 85% A

4.1-9.0 min, 85% A

9.1 - 14.0 min, 85% - 80% A;

14.1 - 24.0 min, 80% A

24.1 - 54.0 min, 80% - 70%

54.1 - 55.0 min, 70% - 55%

55.1 - 65.0 min, 55% A

65.1 - 75.0 min, 55% - 44%

75.1 - 77.0 min, 44% - 40%

77.1-79.0 min, 40% A

79.1 - 80.0 min, 40% - 20%

80.1 - 90.0 min, 20% A

90.1 - 91.0 min, 20% - 95%

91.1 - 98.0 min, 95% A.

{Table 4-2> FLdZ 2R rolE

REFE 08T WYY

No Compound Retention time Calibration curve Coefficient of determination|
1 Gallic acid 7.9 y = 32.55772328x + 0.160117794 R* = 0.999964255
2 Catechin 16.1 y = 7.889742787x - 40.24235366 R*=10.999881991
3 4-hydroxybenzoic acid 17.7 y = 16.42050168x + 100.7973874 R%=0.999686017
4 Chlorogenic acid 18.5 y = 17.79533436x - 70.35135552 R? = 0.99992958
5 Caffeic acid 22.1 y = 39.98286487x - 65.70752695 R*=10.999891287
6 (-)-Epicatechin 24.3 y =8.521761941x + 4.57165651 R? = 0.999975384
7 Vanillin 25.3 y = 48.09526377x + 156.7032126 R% = 0.999803677
8 p-coumaric acid 33.1 y = 60.93255724x + 266.0343572 R? = 0.99988943
9 Ferulic acid 38 y = 36.30012827x + 304.8329201 R%=0.999715343
10 Sinapic acid 39.9 y = 16.45250242x + 35.5884087 R*=0.999914162
11 benzoic acid 44.1 y = 7.525240872x — 37.38700057 R* =0.999702659
12 Rutin 59.1 y = 8.09714215x — 105.546569 R* = 0.999542863
13 Trans-cinnamic acid 64.9 y = 91.68315852x + 141.8036262 R* = 0.999944399
14 Quercetin 67.7 y = 15.39260829x - 284.3200406 R* =0.999581652
15 Kaempferol 75.2 y = 16.54754485x + 16.16885977 R*=0.999140587
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<Fig. 4-1> ALz 2ol EFFo AZulETHY

. 2xntad, Qelobd, oY B B BF 24 9 Y
NE AFAT A 2] hEHS
ST, § BASe) 2% 9 HPLC

of &YW W BAWNS FYsATh

grolE F4Q1 Exrkgi4l "Ejohd, opARlE
-8 13t Park et al, 20169 ZAS o533 2

A

<Table 4-3> 2=n}&ak ggjobd, o}7}AEl HPLC B4

HPLC NS-4000, Futecs(Daejeon, Korea)
Column Prontosil(C18, 250 mm x 4.6 mm, 5 wm)
Detector 340 nm
Column temperture 30 °C
Mobile phase Solvent A (0.2 % Trifluoroacetic acid), pH 2.4 Solvent B (Methanol)
Fow rate 1 ml/min
Injection  volume 20 ul
Time 60 min

0 min, 55% A

15 min, 55% A

5 min, 45% A
Gradient  conditions 25 min, 20% A

5 min, 20% A

2 min, 55% A

8 min, 55% A
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FEHL IA AW Adz2arols AlF B F2HH FYsA F3stA A, crude F
Z9S 0.45 xms syringe filter (Acrodisc, Gelman Laboratory, Ann Arbor, MDS E3}e] o3}z
gt & HPLC A& vialel ¥t HPLC £4-& &vlghth 2 742 JHtEo g aste] 33

| 2 ZFAAZ F7)EFY. HPLC 42 UV-Vis detector, autosampler, OptimaPak C18
column (250 mm X 4.6mm, 5 xm; RStech; Daejeon, Korea)7} ZAgt® NS-4000 HPLC system<

o] g3te] it EA = <Table 4-3>¥ 2tk

F 3 749 EdE9 FFFS Sigma-Aldrichell A Tk & 571%|9) F==2 3]4% & HPLC
=4& Fold area #= JSIAAL °olF ol&ste] offe] AHIAE sl ARrED
S 3E3A T (KTable 4-4>, <Fig. 4-2)).

CTable 4-4> ZZrlalsk, Delobd, olbAEl EZES o8& AT

pul fd

No Compound Retention time Calibration curve Coefficient of determination
1 Rosmarinic acid 8.7 v = 26.78085603x - 348.0896843 R2 0.999837263
2 Tilianin 16 y = 45.14516505x + 258.2080476 =0.999463016
3 Acacetin 40.9 y = 48.32261048x + 718.3574998 Rz 0.993331538
B

— C\ Clarity Lite\ WORK1\ DATA\ PCH\ Agastache rugosa\ 170918-Hi =

1.57 -
1.0~ \
\
o —
\
|

L AL I

0 10 20 30 40 50 60

Time [min.]

<Fig. 4-2> 2=vtd4h dejold, op7HA®l %2 A=ErnEIH

3EHA| Spike-2\ n8 - Detector 1

|'>|

Voltage

16.0; 2

2. w2 3r)dgd 9AE RNA 33, (DNA &4 2 qRT-PCR £4]

23 sPpdg dAE 8 § JHELE o] 8st] 4% AEE Plant Total RNA Mini
Kit (Gene-Aid, Taipei, Taiwan)& ©]-&3te] RNAE FE3I9 0k 18]a &3 22 RNA O
3te] ReverTra Ace -«-® (Toyobo, Osaka, Japan)E ©o]&3}] cDNA A4S 33k
gRT-PCR £4-& $#3}o] gene-specific primers7} o}efe] Eo} o] #|=}sl ).

qRT-PCR #4L& 2X Real-Time PCR Master Mix (BioFACT, Korea)& A}M&3l3aL, CFX96
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Real-Time PCR System (Bio-Rad; Hercules, CA, USA) 7]7]& ©]&3}ls, 5 uM cDNAE template

Z 0.5 uM gene-specific primersE AF&3ke] 95 C 15%

, 54 T 40

cycle B¢t ZZ 319t} reference geneC &  Actino] AR&E ih

{Table 4-5> qRT-PCR& ¢|g} Primer list

zx, 712 C 20=

ZZ0 A 45

ArActin F ACCTCAAAATAGCATGGGGAAGT

ArActin R GGCCGTTCTCTCACTTTATGCTA ol
ArPAL F ACGGCTCCAACGGTCATAATAAT 108
ArPAL R ATCCGCTTTACCTCCTCAAGGT

ArC4H F GTTCGAGAGTGAGAATGATCCGT

ArC4H R ATAATCCTTGAACAATTGCAGCC b7
ArCHS F GACCAAAGCACCTATCCCGATTA 151
ArCHS R TTGGGTTCTCCTTCAGGTACTCC

ArHPPR F AAGGGGATTAGGGTTACCAACACG

ArHPPR R ATTCTGCCCAATCCTATGATGCC 200
ArTAT F AGGCAGCAGTACCAGCCATTCTT

ArTAT R TTGACCATGAAAGCCATTGATCC 163
ArRAS F GGCGAACTACCACACGCTGAG

ArRAS R CGATCTCGAGACGGTTATTGTCG 161
I S EX

T2 3 9 FdxEasols
Institute, Inc., Cary, NC, USA)-<
w, 43l (b

skod 253k datai= SAS enterprise guide 7.18 T3t R o] FYEHS L, FAEHoZR
Bl 8=3F datax= MeV(MultiExperiment Viewenell 9@ = o] Correlation matrixS A4 &}tk
ul. Fatslgd 24
- 3 (reducing power) £
ko] Hod FEE9 FUY =49 ou|= 2sld EF S FYATIEE A9 g
A EEA b 4 o, B A3 A= Rejiniemon ?(2015)«] e T4

potassium ferricyanideE 2.5 ml¥ 2H=Z H7lslal, &3S 50C ol H 20%

A% E2E4A datar= SAS software (version 9.4, 2013; SAS
o]-8-3}o] Duncan ‘s Multiple Range Test (DMRT)E
o] g3l p <0.05 FFANA Fo|F=S FIstAth qRT-PCR ¥ HPLCE %

Sasi9 .0

HESAIZT ©



. NESS (fH] AMHIZ TES XM AALT} O 0|23 I8 XSTH U 7|SH AIE XIS T

EgE] 10% TCA (trichloroacetic acid) &< 2.5 ml 7Fste] 1,790 XgellA 10 &<+ HAE
slo] AHs) 25 mlol ER{4 25 ul, ferric chloride 0.5 ml® &§3}1, microplate reader
(Molecular Devices, Sunnyvale, CA USA)E ©]&3t 700 mmollA FHE=E SASATE A4 Yl
Zwl =z HEW C RFF< AMgst] 2 F9d F25+9 Sd¥3 vusiith

- DPP =]

H =

F=E9 w5 DPPH radical &7 &3 #£42 & ZA35k= Bloise] WS okt WFste &

stk 1x10"M DPPHS} v548 FE28S 7 d

W2k & E radical 5 =F ELISA Reader(Bio-RAD, USA)E ©]8-3t4] 517Tnmell Al =43ttt
FZro 2= HE C £FFS AMSSHY ¢ 798 FE52 8393 nlasiiith

l‘%

A% B

- H202 293 &AF 4

FEE9 =3 H202 22 274848 Frank Ngonda(2013) o] WS ARE3FITE 96well
platedll Al A58 80 L, 10 mM H202 20 L&} 14F &5 (pH 7.4, 0.1 M) 100 L& 4
37ColA 1083 HESAIZ T HHgo] $a® o 1.25 mM ABTS 30 «Le} 1 U/mL peroxidase
30 yLE Y3 &33E 37ColA] 1087 w8471 the ELISA reader(Sunrise, Tecan Co. Ltd.,

Austria)E ©]-8-3}o] 560 nmow FR s =AYPh A dxFozE HEM C TZZ S A}
=} H]

- Superoxide A2 &A% 4
ek noy FZEo| Superoxide radical 2434-& Nagai 5(16)2] Sunil 5(2014) WS 7]
o= NBTE o]&ste SAsAh obdAitdel &2 NBIZF = A#iollA hydroxylamine
hydrochloride®] 4tstel]l ojs] /gd4ika girdo] WAste AAHoA dojdtt. FHO S/
ImL, 24mM NBT 100uL, 0.lmM EDTA 0.2uLE X7Ist s, FE2ES T54E=E 77 42 3
ImM hydroxylamine hydrochlorideE &3¢ Al F7}sE o5 25CAA] 15 s
+ 560nmell A SA sk slthe] AhE2lo] ot HIFAH o R AAeS vl A4S

A

Superoxide radical scavenging activity (%) = [(40 — A1/A0) * 100]
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2. 72

7} HPLCE ] 83 I3 FHdE 7|sd=4d &4 A=d A

gk Au) & syl FEste ¥E dx & E Y, £7], ¥E REE V)eHEZ

(phenolic compound) &% W3S ZARBIAY. 7|SAHAEZ B4 dxm2utE 129 HPLC:

High-performance liquid chromatography)Z ©]-&331.2™, 137}4]2] phenolic compounds% A

of BA% 4 gl T2 AS o] gte] BAS s tKFg 4-3>. I AR L, A= E 57,
el

S
=71, oA F 7S TIeAEEd S B4t e 2AE AT

5573, knamplon

g2
8
—— e ), e n
3, chlomgenic
e 41514, calliic acid
——— 5503%.4p i
!
=iy
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=

|

r;
'>

l\;

=
———
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<Fig. 4-3> 137}#] Phenolic compounds Standard Peak Chromatogram

k>
k3

F FlMe T Y TIsdEd S keampferol ol P =hom Tgels

chlorogenic acid, caffeic acid, rutin, ferulic acid =22 3g&Fo] =4 UelgtKFig. 4-4, @».

NS

FF doME EH} FARE BEFS BoH, T A 7Is8EE 5 keampferol ol
7H Ekom g-g-oll= chlorogenic acid, caffeic acid, ferulic acid, rutin <=2 3teFo] =4 U
E}Mﬂﬂﬁg 4-4, (b).

g VoAM= F 7R 7154 EZ S keampferol o] 7P =koH T--oll= rutin,
chlorogenic acid, caffeic acid, catechin hydrate, trans-cinnamic acid 2.2 ¥+ako] =4 vhebyt
UKFig. 4-4, ©>.
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HF FeodMe F 9 TledEd T 53] FR FdFe] 7HE w=3hen tE 652 =4
< 2% FaEo] AATKFg. 4-4, @D

Flower Leaf
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Chlorogenic acid Caffeic acid Ferulic acid Rutin Keampferol Chlorogenicacid  Caffeic acid Ferulic acid Rutin Keampferol
(a) &3 Zo A Phenolic compound &4 A3} (b) &3k 29| Phenolic compound ¥4 23}
Stem Root
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Catechin hydrate ~ Chlorogenic acid Caffeic acid Rutin trans-cinnamic acid ~ Kaempferol Catechin hydrate  Chlorogenicacid  Caffeic acid Ferulic acid Rutin trans-cinnamicacid  Kaempferol

(c) Z3F Z7]9] Phenolic compound 4]

)
%

(d) Z3F ®e 9 Phenolic compound 41 43}

<Fig. 4-4> Zdk2] phenolic compound #4724 3}

Y. LC-ESI-MS 4 & F3te] &<l" 3¢ phenolic compound

o Fgko] R 754 EES gRIg Ay 9] HPLCOA 1" 77}
& & = e, tilianin= i—.“d & Atk LC-ESI-MS #4118 o] &
of shelwl Fafol| HFH phenolic compound AF= ol F¢} 2rh

oll
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<Table 4-6> LC-ESI-MS #A & o]&3ste] &<ld 3ol = phenolic compound

Name MF, MW, Ranin) | [M-H- 1;1::};

1/ Catechin hydrate (Catechin). Ci5H140g 290.27 20.4 289.5 All

2/ Tilianin CooH2o01 | 446.41 21.9 445.6 All

3/ Ferulic acid C1oH1004 194.18 27.5 193.6 All

4/ Chlorogenic acid. Ci6H150q 354.31 32.5 353.3 All

5/ Caffeic acid. CoHsO4 180.16 35.8 1794 All

6/ Rutin. CorH30016 | 610.52 77.9 609.5 All

7/ Trans-p-hydroxy cinnamic methyl ester | C;oH;oOs 178.18 31.6 177.7 All
8/ Kaempferol CisH100s 286.23 82.2 285.6 All

ot ko] B 893 (reducing power)e] Hlm

o
ferrous(Fe2n 2 M&st= ghdeEs F35 o= Yehd Zo=w, A3 &, 9, 7|9 &
& <Fig 4-5>3} o] ReER 433 Ajol7} gl Aoz Yehyth

A7EA 2915 2ol 7P & 98 e HYon, WDEY] ¢o® YERon, B FFE9)
FE/F EolASE BUEE HEHOoR BoAE 0 Hol FEAEAHYLS & 5 UNoH

=2 =7} 100ul/mL o] w g o] Fedhs A EA

1
%
e

=
T
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g 009 —Leaf
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<Fig. 4-5> #3Fo] B9 F-¥(reducing power)e] Hlnl
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o ZedlE HUES BRe) WEel Ao BA] F70) Hlste] e Fe UEE Ao
2 pesodt
olge]

FA ARG F Qe A 2 go] HsF BFL GFOE HATE AAe]
= e

Farsl A=A o840l wg- wuaL & ¢ Stk

2. Z3o] 29¥ DPPH )2 &A% Hl=m

ZgFo] Roj¥ DPPH 202 &7% vlwE <Fig 4-6>9] 3y B4 H83 A

=9 (B0, 100, 150, 200, 250 ul/mL)ollAl A= ATE <Fig. 4-6>2 A=
DPPH &}tz 47%<¢ 2R d, @438 (reducing power) 4238} 72 Aj71A]
o] M =& XS R

£33 Qo] A, w54 fds A¥E™ 100u/mLE 71Ee® we G434 &7l 57t

=
e & T Ao, 2719 A9 150 u/mL 7HAE Aol A4S HolA ¥yl 200 ul/mL
OJIHEE AT /IS & & AUtk FUH(reducing power) E4A3}e} FYUsA DPPH
A LAGAAE A7HA B9 BT 5 YEFHOE £AF0] Eois & F AUUTh
100 +

£ 90 -

= 80 -

2 70 -
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= =—TFlower

% 50 -

S 40 - —Leaf

E 30 - = Stem
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<Fig. 4-6> ko] £ DPPH gitjZ &7% vl

o] dPAFNA M FHEE AL ¥ FEEY F57F 150 ul/mL o]dd w kst
EFAFQ VE CoF A9 FARE i g3k 40809 = 11%)<S Btk Zeolth 34, A3
T4 A s =l 250 ul/mL oAM= 40% ©]sK39.2 + 1.2%, and 16.3 = 0.7%)%] 4A
24 Fo vt ml-¢ B B34S UYEhileS & AATh

of mv
N
o
o

o
f
uied
o
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ol 3o FHE HO, BHE &A%

A A ABAHH hydroxyl 2t Z# 22 SG4ATS 1E3-4d 0] UH—C% Fo} 3t 4‘_@} Sebll
Edolgta & 4 o} AU Q] superoxide dismutase(SOD)7} 2 gty
WM3lA] 7] 31, catalase= hydrogen peroxideE A|Ash= AT ?'&E‘r. 13y} glutathione trans

ferase®} glutathione peroxidaseES T HAAo] ES ZgTdozHn FANAE 5L =3
SODell s A9 peroxideE AAsH= Faksl 7179 2

R, #oJgro 24 oxidative stress Z=H-El
AE BHodh= 71%5S 7HA Atk AT A& ela =3 oxidative stress= Mol 4
g Eske] necrosiset apoptosis27HA] X" 4= ks SHCNAM A FitsiAl o daEe
m- ofEle dveta & a0 ok
ko] F9d H,0, 2t 475 vlae <Fig 4-7, <Fig. 4-8>9] 4tstay 4o 4
|3 23 Lg% (50, 100, 150, 200, 250 ul/mL)ellA = ATk F-9H HO, gtz
27%%¢ Avnd, @493 DPPH g2 2745 42349 7R = A7k 5-91%
M = B4e Eou 3y} DPPH sio2 &7se] Axel viad o i e
nyoh A 2719 A9, HAuls =< 250 u/mL M= 30% olFte] A£A%S HPow, <l
z719 FE=2 HO, E‘rﬂ?é_ Sl g ZolE Holx Gtal, x| Aeol= 408
+

NI
o O

B3

80 -

60 -
50 - —Flower
40 - —, eaf
30 - —Stem
20 -
10 -

Ascorbic acid

Percentage inhibition (%)

50 100 150 200 250
Concentration (pl/ml)

<Fig. 4-7> 3] 798 H0, &z &7

Bl Z3Fe] 29d Superoxide B £2A%

ZgFo] Bopd M4 g &A% Bl B 50, 100, 150, 200, 250 ul/mLe] F=r ¢
NN FPLFR o MELET A= Th Fig 4-89 AAS Edlo] B AL grZA
2ATE AHEY, $dEy) DPPH &t 274%, HO, &7A%A ¢ nzAZ A7bA) 5-9)
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l LESR OiH| MHIE 1aE SAIHES AAHL 0|F 0|82t ofF A=/ H 715y AF Mx7IE WY

T Fol MM 2 ZAS Byon, HEEd 250u/mL ¢ = 388 = 11%°] &AAFEs BN
om, A =79 Al A7 23 £ 1.4%, 20 £ 0.6% o &A%< BT

HQD q
éiSD-
g 70 -
;; 60
E a0 - e Bl e
240 - e | el
g 30 —Stem
E " / o A scorbic acid
B0 -
() +—= : ; ; |
50 100 150 200 250
Concentration (pl/'ml)

<Fig. 4-8> Zako] KW Superoxide &tz 474%

AL Wl 2% 37EE 9AE ddzEvrolE AT =2 AEA #dE 74 2E 24

AdZzevole AT 52 =S 28 Ak oAt bzelH, id =dE
= Ao e, A%, Ayl Bold Bt ohiet v 34, &5 9 FE9
<5 5 844, =24, A= stressoll 27t 4w HIghe HolM T8% Jles ®

(Bennett & Wallsgrove, 1994; Dixon & Paiva, 1995, Kumar & Pandey, 2013).

A
K]

E

o

FAEE 224 W ke AdZE29rolE Al 4o AP BE= <Fig 4-D9 &
o Fzo AFEZQ A2 dS phenylalanine ammonia-lyase (PAL), cinnamate 4-hydroxyla
se (C4H), 4-coumarate:CoA ligase (4CL) I} £ 49 ALA1 8-S vlo} gofsh Hdza
ol AF EFAES AFAES g FHEZHESQ trans-cinnamic acid, 4-coumaric acid, 4-co
umaroyl-CoA) FAdgth olggt FIMEES 7122 sty #Alsil 2R, FgiRE, vt
d, Feedd, gad T Odst ddzEgolE Al EdE0] A

zzuigke] Ao gad, frkd, SEtEeols, AEE ARt ddreaolt AlF =4
T OGS AdzEnrolE Ale 229 PSS A% SXHEAEEE AHEEE 4- coumaroyl-
CoA<} ElolZAl o2 HE tyrosine amino transferase (TAT), hydroxyl phenyl pyruvate reductase
(HPPR)Y] BEAAE-S wWol dE F(=4<] 4-hydroxyphenyllactic acid”} rosmarinic  acid
synthase (RAS)¢] 2h-g-& wro}l wWh3-3}a] 4-coumaroyl-41-hydroxyphenyl lactic acid-S $HAd ghct

vy 2=ulglake 3-hydroxylase(3-H) €} 37 -hydroxylase (3 -H) &A9 Zhgol <t
caffeoyl-4-hydroxyphenyllactic acid ¢} 4-coumarotil-3,4-dihydroxyphenyllactic acid Apo]ol] <=4k

-202-



A% Agastache & AISS 0|23t 7|54 AZEEAIE l

s} gkl oJsfiA g ETh

2 AFoME 2 sddE dAE HdZE20ols 74]% =4 *Na“é w4 FAAke 2
d WsE ARl T zlelE A4t ekt S
3718 19659 JAFALE o]8std FZHI F RNA F= 2 cDNA 5&"% gyt =
qRT-PCR &4& A =3kt

a9 2¢9F o] w3 HEZENolE AT EF P ZTExolE AP HAst=
AAEL w4 ety 1 FollA Hdzamsrolt A 7P 71821 32+ PAL, C4H,
CHS®| #xd# o& 9l z2=uldqh Aol dofsh= 44 TAT, HPPR, RAS #dzte] & e
quantitative real time PCRES o]&3}a] 1 3ol HALE 3Qlsty o A& Livak methodZ
o] &% FNFFE FASATE

_{

éﬁ:
_101'
_1Tr
N
r*°
>
_1

rkﬂ
o’m
w
g
X
Lo

Jo

L-Phenvialanine L-Twvrosine

PAL l
TAT

U acid

Y
C4H A-H ydrooy phenylpyruy ic acid

3 & Manoly-CoA 4-Coumaric acid
HPPR
4CL
CHS v
Naringenin chaleone
4-CoumaroybCod 4-Hydrocyphenyllactic acid
CHI l
Naringenin
RAS
ES
A-Counmroyi-4-hvdroxyvphe nylactic acid
Apigenin
3-H
Adindl
: Caffeoyl-4-hyvdroxyphenylactic acid A-cowmaroyl-3 -dihvdroxyphenyvilactic acid
Acacetin
GT l 3-H 3-H
Tilianin Rosmarinic acid

<Fig. 4-9> sz =ylirolE gl St ol (22rkeddt, dejold) AFY 4 A=
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CFig. 4-10> 23 3p7]0e 367
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<Fig. 4-11> Expression of phenylpropanocid biosynthesis genes in different stages of flowers in Agastache rugosa

<Fig. 4-11>0] W= wj=3F sprdd 19A oA PAL, C4H, CHS, TAT, HPPR, RAS -+x=}+9]
Welo] AriHlnle] 7]Eo] H= 3uAIY A Boh 247} 11.05, 14.16, 59.66, 15.49, 13.39,
1183 W2 p<0.05 2 FolAl FrAe] Wdo] e AR Uskyth el 26, 3u
ANAE fA W] frelezolAl Zpol7h Gl AR heksT

-204-



H|4% Agastache & AlZ

mjo

<Table 4-7> wjz& 3}7|dd GAE rosmarinic acide} flavones &2 £4) (mg/g dry weight)

Compound Stage 1 Stage 2 Stage 3
Rosmarinic acid 945 + 0.18 a 594 + 0.05 b 549 + 0.07 ¢
Tilianin 566 + 0.51 ¢ 11.02 £ 037 a 969 = 030 b
Acacetin 0.97 £ 0.03 ¢ 295 £+ 0.06 a 239 = 008 b
Total 16.08 £ 0.60 c 1991 £ 039 a 1757 £ 043 b
", Not detected

<Table 4-8> wWjx3F slr|gd dAE FHdz2arolt A% B2 B4 (mg/g dry weight)

Compound Stage 1 Stage 2 Stage 3
Catechin 0.14 £ 002 c 017 £ 000 b 024 + 027 a
4-hydroxybenzoic acid 050 £ 0.03 a 0.26 £ 0.02 ¢ 0.32 £ 008 b
Chlorogenic acid 176 £ 0.05 a 116 £ 002 ¢ 141 £ 003 b
Caffeic acid 011 £ 002 a 0.12 £ 0.00 a 0.10 £ 001 a
(-)-Epicatechin 020 £ 004 b 0.72 £ 002 a 055 £ 017 a
Vanillin 011 £ 001 a 0.04 £ 000 Db 0.02 £ 001 c
p-coumaric acid N.D" 0.08 = 0.00 a 0.08 = 0.01 a

Ferulic acid 0.14 £ 0.00 ND ND
Rutin ND 040 £ 001 Db 0.49 £ 0.00 a
Trans-cinnamic acid 011 £ 0.00 a 0.07 £ 000 Db 0.01 £ 003 c
Quercetin 464 £ 0.06 a 170 = 005 b 151 £ 019 c
Kaempferol 014 £ 001 a 013 £ 001 a 014 £019a
Total 785 £ 002 a 485 £ 011 b 488 + 020 b
", Not detected

{Table 4-7>, <Table 4-8>°] w=m ojF-E2| stage 194 Catechin, 4-hydroxybenzoic acid,
chlorogenic acid, caffeic acid, (-)-epicatechin, vanillin, ferulic acid, trans-cinnamic acid,
quercetin, kaempferol, rosmarinic acid, tilianin, acacetin®] & 1271¢] HL=Z 239w o|= AlF &
Ae 3l 9 A3, stage 29} stage 390 4+= catechin, 4-hydroxybenzoic acid, chlorogenic
acid, caffeic acid, (-)-epicatechin, vanillin, p-coumaric acid, rutin, trans-cinnamic acid,
quercetin, kaempferol, rosmarinic acid, tilianin, acaceting *Z33st= F 14719 ALz 29 co|=
A E4E < 9 Aot

TA A S 2, phenolics (4-hydroxybenzoic acid, chlorogenic acid, vanillin, trans-cinnamic acid)&
2 stage 19llA] stage2 T+ stage 304 A= Z47+e] HA ko] diste] 1.88, 1.52, 6.52, 8.07+}
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2 OjH| MBIE 1as SAHES AAHL 0|F 0|82t o8 A=/ H 7Isd AF Mz7IlE WY

—

uﬂ
}olI

=2 S YelhgE Zloz selddnt. Altr), ferulic acide] A$-olE 27 stage 1o Ak
22| 73ttt HbHoll, p-coumaric acide 22 stage 29} stage 3ol AR B = AL, caffeic
acid®] &2 stage 1,234 FstAl ztel7} gle Ao = ettt

HiAol,  quercetin, rosmarinic acidE A€k ©hE flavonoide ol (-)-epicatechin, (tilianin,
acacetin®] 32 stage 204 7P =950, stage 1914 I=H HA gkl vlske] 247; 3.54, 1.95,
3.039] =2 Ao=Z Yelgtth Catechin} rutine] &3Fe stage 3914 7P =3ko™, stage 10114
A== catechine] hafol] Hlske] 1.714), stage 2914 #=F rutin ol wISte] 1.23v] =tch

| |
-1.0 oo 10
&
2
-
2
2 % g‘éo
§ 7 e 242
E g : 2EiEE
- S 28 E -
g% 8 ¥ E 5 o
2 8 E & E g 28 g3 8
= g .’Egec'ﬁ'g,-a __.gfjg = g
§EE 2 5 <& 22 e BAdRpddE
SEgfdsgrEEg A8 2 7D
FERCRE R NS
L e R i S T & - O A =

-0.4771384

0.2614308

0.4771384
0.2614308

1.0

Catechin

(-)-Epicatechin

Ferulic acid

p-coumaric acid

Tilianin

Acacetin

Caffeic acid

Kaempferol

Tyrosine amino transferase
Chalcone?synthase
4-hydroxybenzoic acid
Chlorogenic acid

Vanillin

Quercetin

Rosmarinic acid

Hydroxyl phenylpyruvate reductas
Trans-cinnamic acid
Phenylalanine ammonia lyase
Cinnamate 4-hydroxylase
Rosmarinic acid synthase

<Fig. 4-12> fAALAT EAshe 71 AdadA 24

QRT-PCRE &3&te] #&3 ddZmvrols AP 9 SThiolt A dd Fx7k9
T Aok HPLCE T8 B &4 & AbololA A4S SASE ol&ste] ZaAdAE
o

AR AREEH O R IR Al AEAT (o] -1.0<r<-0.7d o, v F3 o o
A, 0.7<r=-03¥Y wi, s =9 AFLdAA, -03<r<-01¢ w, <3t =9 FLAAE e
1,-01<r<0.1¥ wl, AEBA §1L, 0.1<r=<0.3Y¢ uw, ok o] AFAA, 0.3<r=<0.7¢ i, %
g ofo] A, 0.7<r<1.0 "¢ 3 do| FAAAE vERAT

<Fig. 4-12>9} o] ddz=Edwols AT W {32 Fd F PAL A2 ¢
4-hydroxybenzoic acid (r=0.88287, p=0.0016), chlorogenic acid (r=0.76201, p=0.017), vanillin
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(r=0.79359, p=0.0107), quercetin (r=0.8785, p=0.0018), rosmarinic acid (r=0.88317, p=0.0016)2] &+
gyt 433 73sk oFo]l AHAAE YeRUa, C4H 38 A= 4-hydroxybenzoic acid (r=79442,
p=0.0105), quercetin (r=0.78793, p=0.0117), rosmarinic acid (r=0.79915, p=0.0098)2} A33] 733+
ool AAAAE, CHS FAA Td-& 4-hydroxybenzoic acid (r=0.71806, p=0.0294), chlorogenic
acid (r=0.80494, p=0.0089), vanillin (r=0.82766, p=0.0059), trans-cinnamic acid (r=0.70193,
p=0.035), quercetin (r=0.82284, p=0.0065), rosmarinic acid (r=0.81263, p=0.0078)2} 43| 733+ <
o] AAAAZS VR &, ABEA LS stage 1914 stage 29} stage 394 Rt} ml$- =&
HdzEvrols AR #Ad =7 FdAEe o3P stage 1ollA tHFEe] phenolics
(4-hydroxybenzoic acid, chlorogenic acid, vanillin, trans-cinnamic acid) ] 3F&Fo] stage 29}
stage3oll Al Btk 2 Ag AgsiFH, 7] #-d FdA] o5 Fdd
Z2}R o= (quercetin, rosmarinic acid)e] Aol o] &EHUSS FET 5 A siFETH
FARIAIE, Tyrosine®.Z FE] rosmarinic acid AjAde] #HHS= HPPR /A=
4-hydroxybenzoic acid (r=0.92151, p=0.0004), chlorogenic acid (r=0.92049, p=0.0004), vanillin
(r=0.94363, p=0.0001), trans-cinnamic acid (r=0.81206, p=0.0078), quercetin (r=0.98234, p<0.0001),
rosmarinic acid (r=0.97381, p<0.000D<} 7433 A ko FAAAE YHepUT ATt
rosmarinic acid gl ZHA o2 Fost= RAS F4A= 4-hydroxybenzoic acid (r=0.8176,
p=0.0071), wvanillin (r=0.74078, p=0.0224), quercetin (r=0.82566, p=0.0061), rosmarinic acid
(r=0.83697, p=0.0049)¢] =& 3k ¢Fo FHAAS Uepdith v, TAT #Axke] 745
o= Zt7te] =243 A3 AHHAE UEhA gv 2o E 1A
o, T, F, B4 F= Fx3r

2o AEZQ AP Eoln &5 2 FARE AHEE FYF oz Audtiun et al,

b

wl| %3F (Agastache rugosa)< Korea mintz}al &)™

< WEW TR ety % AR
37 A Uehyel, gEdvc] axE A 9gol U8 vk YrkTuan et al, 2012 Oh
et al, 2006). oleld AL ATl BASE ThrR WA B BEe) V10T A A7

of M=, WxFe HUEZauvols, Jl2EkolE H Huko|EE BRI e 2 AUt

2 sk Qlow, B3, Mzl BAHE MdzevheolE AE BAEL 37, Fulele
[e=]
v

3}8td AF Ao waw, wix3 317)94 HPLCE %3} rosmarinic acid, acacetin, tilianin
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J&Fation (Tuan et al, 2012), LC-MS/MSE ‘&8t caffeic acid, rosmarinic acid®] &4& &
QA (Desta et al., 2016). Alt}’l, UPLC-qTOFMSE %3}¢] chlorogenic acid, caffeic acid,
p-coumaric acid, ferulic acid, rosmarinic acide] &A1& &< vp7l Aot (Zielinska et al., 2016).
F7FH O 2, v x3F M azu)| A o] methyl jasmonate 2] & GC-MS #4-& T3] ferulic acid,
p-coumaric acid, 4-hydroxybenzoic acid®] ZA7} g vl om, FF (2T Aol A
catechin % (-)-epicatechin®] & w3+ &<l ® n} At} (Seo and Shin. 2014).

HEzEgrolt A 3 ol Y #d 7R W3- stage 104 stage 2
¢} 39} vty T3] T, o] Ak, thFE-E-2] phenolics®} quercetin, rosmarinic acid®]

=23l stage 29} 390 BIgt] =A UYElue Z 02 AN HAC & ATFAHAES ZA S}
= AR d97F RaE vk 9ok Tuan et al, 2012 ®ix3F 7|3 (&, ¥, 7], Dol b=
Hadxavicols A HAZ /A (PAL, CHS, C4H, CHI, 4CL) ¥& % rosmarinic acid,
tilianin, acacetin E& &g £443F9 1, CHS, C4H, CHI 9] FzAF &3 o] oA o2 7T
Hl&ked A3 Tt 12918}ke] rosmarinic acid, tilianin, acacetin & $FgFo] thE )@l H
st w2 Zolgt Adsiitt Avrt wixE MEajAlel 0, 1, 10, 50, 100 um¢| sE=
Methyl jasmonateZ 2] A 50 umellA] C4H, 4CLolA] T2 %% 2glo Blste] fAxt wao)
=7} skdar, 182 213k rosmarinic acid g Al 50 umellA HxE JeERATH Kim et
al., 2013). AFSHAl,  wlEEF AlEZujkAol yeast 9} silver nitrateE Z+ZF 0, 100, 250, 500, 750,
1000 mg/Le] ®=¢k 0, 1, 5, 10, 20, 30 mg/lLe] ¥= A& A ¥%=oE29l PAL, C4H, TAT,
HPPR, RAS fxizte] & gl Edo] S7hsle e Hion, %Xé FTEAA AT H=
A9 S W% AIZFe]E2Q1 PAL, C4H, TAT, HPPR, RAS 3 xle] wd 4 EFo] F7lsl= &
& HATHPark et al., 2016).

rJ

B aTE Mage 3] %2 33 F /154 BU FFS 2L 54 BA 3
4718 o83 /%54 B ALL gistel FARYOM, /LD WA stage 1o] B4 B

o] & rosmarinic acid @ t& phenolicsﬂ stefo] T2 dAHT o m g 3halkal 84

1] AT A= vl %3S ko2 3 phenylpropanciod BA1HE AEA o
stgom, e BEAPHS Agastache €9 A|EES tiate® 24 9 uj
= F =z

Abell Z8-2 AolH, B yoprt 75 A el A =&l

W23 29 Ax &% z7d] wE Phenylpropanoid ¥k Bl S 9sle] SAAZR7|A P
Z

FAR(-70° O A8 dz=7]o4 25° C, 50° C ¥ 80° C9] % 37Ty =54 AxE 3¢
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71 A3}, rosmarinic acid S A% &5V} EU1EEE w2 oA FAsE AES YE
o YasAdx=(-70° OAl 2.95 mg/g dry weightZ 7} =2 & BT kAR acacetina}
tilianin Fe WMIE Ax o5} Z/18452 wjzd ZolA =18 AgS Yehidh
acacetine W&zt Hlwste] 80° Coll Axd 79 0.66 mg/g dry weighto= of 2uje] o+
o] F7FstRom, tilianin® @&zt viwste 80° Coll =T ¢ 3.11 mg/g dry weighto =
of 1.5uRe] gHFe] F71sklth

AeAz gU4s), 18 AES dEEe &R} At tilianing s, T, FLEH
7t 9l acacetin®] FeFol F7hE Az WL QTAA e Axrt fFesEom, of WHe

2 AzE uxF 25 kst Aol HARA Aoz RIS

Rosmarinic acid Acacetin
350 - _ 080
= i = 070
T Eer = 060
2 300 J 2050
B 150 - E o0
=100 - =020
2050 l 2010 j . i
0.00 - : ; : 0.00 - . ; .
ﬁﬁi‘f? ’t«@ 4?? ﬂi:j? ﬁf}?‘j? ’?::f? j? 1’?
%° o & & %° & & &
(@) Rosmarinic acid () Acacetin
Tilianin

mgfe dry weight

Slanminoins

cooooo o
T

(0) Tilianin

<Fig. 4-13> Wiz £ =z &% Z1lo| ©& Phenylpropanoid 37 Hla
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< CHHl XBIE

188 SAHE

ot AAELL 0|F 0183

g HEMH H 7Isd MFE MXTIE

Ald A7 A3 2 Hypbg

L 771 24% H7}

7y, 733 37t

ARER AAF 7t A3 24 &
O 2% AsiblalsaAzy A IN92e 83248 A3 2 Dekn APA3E DIsiee e |
HAF AA L AFANF 71E DN HEZH o 6715 F85to 2 5xE 100% 24T
FEAAS Age MIED AYY 1 ol /1T AR B4R R
O R N3 24} o gl PIBAE AT BE7VASl A8o) A BAZ Aol ol selriE A
< 5% AN A g3k o] Jou A § Aol e ARge] o] Mg A 100
3= Ao g welA Al AL 100% 243
N 3 71E 72 A 55 B4t A7IEE ARl Aeale. =3 A
{8 2 sk w 15
O dg wHeld AT 8 EWN T 1ee) mHg 23 olgsiel B4 A9Ed) 492 e Al 100
<} 00‘37]‘5 o]%\l‘ 7H}1\j7]€ 7H% Ol—fﬂ— u—q_a_/\_] 23 71 hyR=] 0, o)
o 04‘%—‘—'—%‘1‘ 100 (] %A&]ﬁ‘:}-
O 7] Asln 2 T4 AA 4| Ak 2 #4437 J7E dFAPEAAM AAstdon, AdZTE o 100
7} 8 71enE galo] 24 P1ee) $54E IS
= 12 | THEAE AL 7l HlFUAE 53 J44S MR8l 344< Pond=
Olond £ 18T B AT 2 W o\ gato) 4 A% 3 WISFE 18T & Y= A2HE T4E B 100
M AZE Az
ATETE 100% 2AT
O AshhmlerAnzEle] s23 Fesasy 248 ANSIRon olF §3 Ashlale 3ol AZuAS
=4 %7} AR A AIEEE 100 A 10
O ol A 9} @ Bn maa o D719 BUSR BU rase @t AR, @AY % 23
T g A9E Bsl] HE dAMA IS A mEl AREEE 100% 2 100
A A At
[elh =2}
O =747 23) Hest ddsA| FENFNES AT AT A B4 2 A BAE AAE S mebA
9% 54 24 2 B4 N B 0% DA 10
O AT WA AT EdA RS Balo] AN BT 4 gl AUEEE 2 IATES )
WA HEgE Az el mE A el Brksle o ESEYsids 100
B7} 9 B weh AREES 2R
] 3T a Z= dl H
O ABE ZUHE AT 2 EY gz opa7e) 29 mUEgS s 98 mebd BEE 1006 24 | 100
N 537}
O 229 754 BAS =3 A4 T—%?j{)@] 578 E5(Agastache cana, Agastache  foe-niculum, Agastache rugosa
Zz u (splke blue), Agastache rugosa (spike snow), Agastache ru-pestris®] A5 2 7] 100
o= LANEA gk BNATE ulelo 2 A A 73 80 T Aus)
O = 83} EYY Eeisishd] B4 EYY =d, 3154 S4pH, CEC, EC, Ece, 783, #7159 B4 5 &
By 23} 100
s a3} Bkl Ao Aoy 2 g2A2)(10,20,30cml e 2HE AYS{(EH, &
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Ernal: suparkaion. o kr

Absiract: In this sty o totad of seven different A grobaeterinm rhizogenes
siraing were cviatluated for teelr abiliny o cansform the plust Ageetache
rugasd amd o produce the secondary metabalite rosmanne ackd, All the
strains of A, rhizogenes e, 13333 15834, A, LBASIOE, RIG, B12060
and B1601 strains rested bere in this smdy, were able 1o induce hairy root
formation in beafl’ tasue explams. The soain Aded the highest rae of
infecrionn (b 0£83%) and the soain RIGDO had the lowest rame
(8% 6=6.9%). The highesa frequency of hairy roots per explant (13621.43)
wid foumd for sivain R1601 aud the allest voot length (204617 mun) was
found for strain 13333, We also evaluated dry weight and level of
rosmarinic ackd in the hairy roots amd found that the highest growth
(31004046 me'lask) was occured afier infection with strain R1200,
while the highest production of resmarinic acid (682438 mg/g dry weighth
wiis moted wsing sirain 13333, Ow stody showed that 4. ehizopenes siraim
13333 was the most effective of the 7 tested strains for production of
trmnstornmed reod culhures as well as resmarm ackl m ibe hoary roots,

Keyworils: Agastoche Rugosn, Hairy Root, Rosmarinie Acid, Smain of
Agrobacterium Rlizogenes

Introduction

The emamnental plant Agastache rvgose (family
Lamiaceac), also known s Korcan minr, B neainly
found in Fasterm Asia and is widespread in Korea,
Japan and Chinn as reparted by (Kang er of, 2003;
Lielifskn and Matkowski, 2004% In recem wvears, 4
rugars has become one of the species of chidce for
medical research due o s interesting physiological
and pharmacological prepemies (Wilson er af, 1992;
Song el al,, 2000 ; Shin and Kang, 2003; Jan o o, 2000}
mxd alsa have snt-mflsmnaiory ad anti-a the mogenic
properties (Min o af, 1999 4. ngoio postcines
properties of  potentinlly  grear  imporamee  for
devebopment of dmigs against diseases such ns cholern
and for ether medical conditions sch as vomitmg and
for the weannent of disorders in inrestine (Kim e af.,
20b1 5 Clane aof e, 3005; Lee of of, 2008; Lior af, 2013

% Scence

Publicaticns

A, rgoasa slse hos gse in food industries as 0 ocan
act o a flavering agent and add a spicy flavering 10
food (Hong e af, 2000% Presemly, there is
caofsiderable interest in Korea on exploiting natve plant
species lke as persimmon hardy mubber and wild
mlberry used as efficient foods (Han, 2000; Park or o,
2003 A rugoss leaves may possibly be of use in
high-standard nseful foods especially for tea, cakes and 50
o, The leaves can also be wsed to extract o fragrance
regent for perfumes. Thus, 4. rgors exhibits a vanety
af valuable propertics with economic and social benefns,

Agrobacterivm rivizogenes (family Rhizobincene) is
a well-known gram-pegative bacteriion, can nduce
himary roed ai the place of contamination in plants, By
nsing hairy Roet Iidoeing (Bikplasmids, 4 rlizogenes
transmitied  T-DNA into plamt cells 10 bring imta
beinghairy roo diseases (Hamill ef ol 1987). Now a
day A, rlizegemes hns been used to mduce hary roots

21007 Woo Tee Ferk, Thewe clas HBamnn Bmkar, Sen Kyueg Voo, N 0 Pk, Dowg Seol Parks aesd Sepun Pt Thay
o acori arhcle T erkaied uraler o Cresfive Comermenn Arbabon (ICC-HY 15 homae
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Abstract

Agastache rugosa Kantes, a perennial herb in the Labiatae Gimily, s ubiquitous in Korean fields
and 15 used as a wild vegetable and medicinal herh for traditional therapies. We measured the
concentrattons of tilimim and acaceting in hydroponically grown 4. mugosa plants cultured in
nutrient solutions of vanous electrical conductivities{ ECs) for four weeks and sprived or not with
different concentrations of methyl jasmonate (MeJA), The total acacetin content of 4. rugosa
shoots anged from 41,17 mgplant at 1.0 dSm to 50.00 mg/plant at 4.0 dSm™, but did not differ
significant by betwesn treatments. Tilianin acoumnulation in 4. rmgosa st 20 and 4.0d5 " was 966
and 8.64 mg/plant, respectively, values significantly greater than those observed at 1.0 dS m™. The
combined effect of MelA application and the EC of the nutrient solution influenced the production
of both tilianin and aceetin in appreciable amounts. The highest observed levels of tiliann wene
275 meeg" at 4.0dSm, 240 mgg at 2.0 dSem, and 162 mgeg ' at 1.0 dS-m after application
of 20 pM MelA . Similarly, the highest observed levelsof acacetin were 33,81 me-2 a1 4.0 dS-m™
and 20.85 m_u,-g" at 20 d5-m™ after application of 10 pM MelA. We also evaluated the growth
parameters of these plants, All growth pammeters were affeded by the EC of the nutrient solution.
The greatest leaf length and width and the longest petiole, internode, and stem measurements wers
observed at 2.0 dS-m™, but these values were lower at 4.0 dS-m™. All mot parameters in@eased with
increasing BC, peaking at 4.0 dSm™. Our results sugpest that high BC notrient solution together
with MelA application provides optimum conditions for plant growth and accumulation of tlianin
and acacetin in hydmponically grown 4. rugasa.
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characteristics of GFRP clamping plates P e
for improved movable weirs e O SAGE

Ri-On Oh' and Chan-Gi Park®

Abstract

In this study, the durabilicy of movable welrs was improved by replacing steel elamping plates with glass fiber-reinforced
polymer (GFRP) material. Because the clamping plates of movable weirs are always in contact with water, the service life
of weirs is reduced due to corrosion, Other environmental conditions also degrade movable weirs, such as exposure to
continuous inundation, dry environments, repeated dry and wet conditions, and chemlical environments. This study
evaluated the absorption, fracture, and long-term aging properties of GFRP clamping plates for improved movable weirs.
Absorption Increased with immersion time in 807C tap water, sodium sulfate (Ma;S04) solution, or calcium chloride
(CaCly) solution. However, the total absorption for 50 days and 100 days exposure was low, less than 0.50% and 0.62%,
respectively. In fracture load tests, the GFRP clamping plates showed the largest reduction in strength after exposure to
the CaCl, solution; 70% and 67% of the control load were retained for exposures of 50 days and 100 days, respectively.
After exposure to both tap water and the Ma; SO 4 soluton, the GFRP clamping plhtes showed residual strengths of 773%
and &9% after 50 days and |00 days exposure, respectively. The GFRP clamping plates showed 74% and 71% residual
strength after exposure to repeated freeze—thaw environments for 50 days and 100 days, respectively, and 80% residual
strength after exposure to all other environments for 50 days or 100 days. Boch vertical and horizontal cracks were
generated before fracture after exposure to an environment Involving direct contact with molsture. Without molsture,
anly horzontal eracks were generated before fracture,

Keywords
Absorption, Fracture, GFRP, clamping plates, Improved movable weirs, Long term aging

Introduction

Movable weirs, developed in the 1980s, are used to control the flow characteristics of rivers or obstruct flow to retain the
required water levels via variation in their height and/or position.' ™ When rivers are controlled by fixed concrete weirs,
silt tends to deposit upstream due to the reduced flow velocity: this generates problems such as flooding, water flow
capacity degradation, and water pollution.* Also fixed concrete weirs lose most of their functionality over time, Therefore,
fied weirs are increasingly being demolished and replaced by movable weirs.” There are different types of movable
weirs, such as rubber weirs, tipping gates, and hinge-type gates. In recent years, there has been an increasing demand for
rubber weirs and improved movable weirs ™" Rubber weirs are eco-friendly structures with no leakage of pollutants into
rivers, However, the strength of rubber weirs is insufficient” Improved movable weirs resolve the shortcomings of
rubber weirs and tipping gares,®'" using a combination of airbags and a stainless steel gates™ * (Figure 1); however, steel,
used in almost all of the components other than the airbags, tend to corrode in river environments (Figure 2). One of the
steel components in question is a clamping plate. Steel clamping plates are installed inside and outside of the airbags
(formed of rubber sheets); these plates play an important role in solidifying the airbags to the concrete base when the

' Deparmment of construe tian materials ressarch team, Resaareh Instinste of Technalogy, Contech Engineering Co. Ltd, Seangnam, Republic of Korea
1Bepurunem of Rural Constructian Enginesring, College of Industrial Sclences, Kongju National University, Kongje, Republic of Korea
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A Study to Determine the Rainfall Erosivity Factor of Universal Soil Loss Equation
using Recent Rainfall Data
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Ulmiversal Baril Lizes Equesion (17511 he heen widely mad o estnste potentia] soil o heouire ISLE & o simple and relishle medhod. The nam Bl
enmivty fador (R faior) exphaoms rinkl] choederisio. R @dom, cied o ge Dullktn on #e Survey of the Exmsion af Topsail of ge Mmisry of
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Improvement and Application of the
ArcGlS—based Model to Estimate Direct Runoff
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The Long:Tesm Hwdmlngic Impua Assesment (LTHIA} mode] & o guick and saighiforwend s vk ol o esfmate died mnedT and nonpoim
somoe palhdfion. L-THIA wos ongimally gl d a5 a speakhet application, (A5-hwal versions al L-THLA hove been developed i ArcView
I ond mperaded 0 Ax(ElS 9. However, o muor upgrade wen regoinad for L-THIA o operte in the armend version af Anc(IS and o provide more
aptas in rumd] ol NPS esimmeton. An opdeted LTHIA misfasd with Arc(ilS 100 md 1) hes been developed in e sudy = o Ax(ES
Desdoion Tool The mode] provides a meer-Fendly . imterfoe, ey acces 0 the modd mommesen, and on miomaded wadershed definetion proess. The
madd allows we of preapision dea from molipk gaee lootos e ihe wiiershed when o waleshed & boge smsh o heve mo= fon one
predpinton guge saton. The mode] esimated smul dinact smoff well br ow sudy ares ompred o seqemied direct amo f in te alitetion and
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| . Introduction

Langd use changes are influemtial to wydmlogic phenomenon
m a3 watershed; m other wonds, they result i chaness of rumaft,
sreamilow, and groumdwater rocharge. Urbanizanon, which is
a common [anduse change ond which inceases mmpervions
airfices, canses icmased nnoft and shoner time © peak
nmnff, The imercased nmotf and shorter time to peak Tunoff
mosults i not only decreased groumd water meharge but also
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increased non-pomt avrce (MPS) polluant loads Furthemmone,
they conribite to dvanstneam flosding and affect. municipal
waler supplics  Themtor:, minmizing the  digurtones  of
urhanization {e.g low impact developmen, L) may be
mequred to ensire safe, sghle water supplies. A maodel to
simulate the mpact of bndike changes withoat profound
imowledge of the mode & needod, which & capable of
vonsidenng different levels of mpact of each landuse, for city
managers, plnners, and water respunce profesaomals,

The Limg-Term Hydmdogie Impact Assessment (L-THIA)
maifel has been weed to estimate lomg-emm impacs of drect
nmoff and MPS molluon, L-THLA, requnng a modest etfort
to prepare mput data, estimaies nmoff wEmg the Natonal
Resmrees Comervabon Service - Curve Mumber (MROCS-CN)
method @wi a polhgant coctlictent {Event Mean Concentration
EMC) approach 1o estmate polluamt lomis (Bhadun et al,
000, Chot et al, 20, Jeon et al, 2013; Kim et al, 3000;
Lim et al, 1999, Pandey ot al, 2006; Tang et al, 2005). The
WROS-{N method 15 an empincal watershed-scale appmach to
cstmak event/darly ditect nmott L-THLA was ongmally
implemented as a spreadshest applicaton, ad was imegrated
with GIS m AxView 3 (Lim et al, 1999 and laier with ArcGES
9 {Kim et al, 2000]. Lim et al, {1999) developed an L-THIA
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INFLUENCE OF ROOT CUTTING TIME INTERVAL ON GROWTH AND
ACCUMULATING ANTIOXIDANT IN AGASTACHE RUGOSA

Vu Phong Lam’, Un Sun Jo, and Jong Seok Park
Department of Horticultural Science, Chungnam National University, Daejeon 34134, Korea
* T: +821092440285, email: phonglamdhtaybac@gmail.com

Agastache rugosa is one kind of perennial medicinal plant commonly used in Chinese
herbalism. The aim of this study was to evaluate the effects of root cutting time interval on
growth and accumulating antioxidant in A. rugosa. Six-week-old seedlings were transplanted
on nutrient film technique (NFT) system with Hoagland solution of electrical conductivity of
1.9-2.4 dS‘m™ in a greenhouse which was maintained at temperature of 13.2 to 31.0°C and
relative humidity of 42 to 82% during experimental period. The plants were grown for 4 weeks
as a control without root cutting and five treatments for root cutting time intervals of 1, 3, 5, 7,
and 9 days before harvesting and evaluated growth characteristics, such as the fresh and dry
weights of shoots and roots, leaf area, number of leaves, leaf length, leaf width, stem length,
petiol length, internode length, root longest and SPAD at 4 weeks after transplanting. Tilianin,
acacetin and rosmarinic acid contents in A. rugosa grown for 4 weeks after transplanting were
measured. The fresh weights of shoots, leaf area, leaf width, leaf length, shoot dry weight,
root dry weight and number of leaves was significantly decreased when cutting 50% of root
length before 9 days harvesting compared with the control and other treatments. Tilianin and
acacetin contents in A. rugosa increased at 5 days and 7 days root cutting before harvesting
but rosmarinic acid decreased compared with other treatments. These results indicate that
cutting 50% of root length before 5 days and 7 days harvesting enhances tilianin and acacetin
contents, the medicinal components and antioxidant activities of A. rugosa without decrease
in biomass.

Keywordé: Root cutting, medicinal plants, growth, Agastache rugosa, tilianin, acacetin,
rosmarinic acid.
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JAPANESE STEAMED GLUTINOUS RICE IS INFLUENCED BY FERULIC ACID IN THE
CROSSLINKING COMPOUND OF THE CELL WALL
Yoshimasa Tsujii, Katsumi Takano
Dept.Appl.biol.chem.,Fac.Biosci. Tokyo Univ.
196tsujii@nodai.ac.jp

Steamed glutinous rice maintained its grain shape, unlike rice cakes, and the texture of
the steamed rice grains strongly influenced their taste. The cell wall polysaccharides affected
whether the shape of the steamed rice grains was maintained; we focus on the phenolic
compounds that crosslink the cell wall. Phenolic compounds exist in the arabinoxylan of the
cell wall polysaccharide, and ferulic acid is the main component that crosslinks the
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In-vitro antibacterial and antioxidant properties of flower, leaf. and stem extracts of

Agastache rugosa

Chan= Ha Park, Sangz Un Park®

Dgpt of Crop Science, Chumgnam National Universiny, 90, Dachak-Ro, Fuzeomg-gu, Dagieon 34134
Republic of Eorea

The phenolic conpounds 1o dufferent plant parts of Agazrache rugosa (4. rmugosa) were determumed woang Ligud
chromato graphv—mass spectrometny (LC-BMS), gh performence homd chromatography (HPLC), total phenobc,
anthocyamin, and favonod assavs. Also, antibacterial and aphoxdant actvities of the methanel extracts from the
flower, leaf and stem of A rugoso were determuned In thiz study, LO-BS anaylws showed that a totzl of eight
phenolic compounds; namely, catechin chicropeme amd. cafferc aced, srans-p-hydroxy cinnanme methyl ester
forubic acid. fhiamn mote. and kzempfero]. were 1dentified i 4. rugosa leaves. HPLC anaylmis showed that leaves
contamed the hgher amonunt of phenolic compounds than the other parts. However, the total phenchic, anthocvamn,
and flavonold contents were hugher m flowers, Purthermore, methano] extrzcts of fiowers revealed that hngher
anficedant and annbactenal properhes.

Thes work was supported by Korea Institute of Planmme and Evaluanon for Technology m Food Amnculture.
Foresory and Fizhenes(TPET) fwough Advanced Production Technelogy Developmeent Program. fimded by Mmistry
of Azncultms, Food and Fural Affar={(MAFEAWI16115-3-02)
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Effects of Higher Electrical Conductivity on Growth,
Chlorophyll Content, Photosynthesis, and
Accumulation of Bicactive Compounds in Agastache
fugose.

-5

ﬂanrrrum of Homiculiural Sceerice, Chungnam National University, Deseon
134, Harea,

The aim of this study was to determing ihe proper electrieal conductivite
(ECTaf nuirient solution (NS far accumalating binactive contpounds in
{gasterche rugene, Four-week-old seedlings were ransplamted in a
rutrient film technigue system with Hoagland NS having 2 0 dS-m™ EC
curmg fous weeks. Twenty eight days after transplamting, plants were

Il Hortic. Sei. Technol. % 15ugel 11l October 2018
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treated b Gour BC bevels of 1O, 2.0, 40, and 80 d5-m™ for 15 days,
Lirowth parmmeters were measinnd, and rosmarinic acid (FA), 1ilianka,
and scacetin contents were aralvesd ot 5, 10, asd 15 days afler
treatments (AT Leafl gas exchange parmmeters were measured ar 7
and 12 IIAT. Leal width, shoot and oot fresh weaght, sbem lengrh, root
kength, shoot and rsat dry weighe, and leaf rumber were sigailicantly
decreased ot B0 dS n . The maximum values of SPAD and Fv/Fn were
obtaired urder 4.0 45 m™, An increase in BC level scoompanied with
decrease of leaf ms exchange parsmeters. AL S DAT, RA camert was
obtined the ighest value in whole plant ac 2.0 % . Tilianin consent
wwas obtained the highest value in leaf and flower ot 20 35 -m™ and in
stem ot 4.0 d5m’ Acscetin coment was obisised the highest vakue in
flower ar 4.0 d5 m' , m stem and leaf or 2.0 d5-m” . When ingTeRsing
levels of BC, RA content was significantly decrensed, bui tilianin
coment was signaficantly increased in whobe plant at 10 DAT. Acacetin
comtent was significantly increassd ot 140, 2.0 and 4.0 @5-m'. A1 15
DAT, A comeen was sherined the ighaat vilise ab 200 d%-m' i rook
andat 4.0d5-m'" in leaf. Tifianin cantens was obanined the highest value
at4.0d5 m™ inroot and a1 8,005 m™ in stem, lent, and flower. Acacetin
comtent was ohtadned the highest value ot |0 dS v in leaf and 28 4.0
a5 m in fower, These resulls suggest thal EC level of 2.0 and 4.0
#5-m' is proper for sccumulating chloroghyll comens, high level of
bicactive compounds in dgatache ruposewithout decreasing plant
prowil

T I0-T%1-1 222, jormseakidicnisiky

ME $HS-R2UT Y #70| BHl( Ocirmum
basificurn)| 4%, g2 g U 88 g3
OjX|= 9%

Effect of Substrate Vaolumetric Water Contents and
Irrigation Amount on Growth, Physiclogical Responses,
and Secondary Metabolites of Ooimom basiifeusn

S, YzE™
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Suyun Mam', and Jongyur Kim'™
'Doparment of Blasystems and Blatechnology, Karea University, Seoul (861
Kores, “Divition of Botechnologqy, Korea University, Seoul 02841, Koean
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Residual Strength Evaluation of Drainage Pipe for the Mulliple Land
after Sea Water Environmental Exposure
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Permeability Coefficient Evaluation of Drainage Pipe for the
Multiple Land by Installing fronl Filter Layer
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Field Test Evaluation of Non-Excavated Drainage Pipe
Method for the Mulliple Land

Hadl®, HolE™, HFEET RPN 2 BE|re R g et
Sang-Min Jeon, Mi—Sol Kim, Hyung-Jin Shin, Sang=5un Cha Hyun—T o Kirm, Chan—Gi Park

2 I

el o A Hn e e A gl Aakaiy] HeaL A% ke Sl HEES, 24 85 Hof Tuld
TR E S Alsle gkl 2T Tark Aok B dgtels s HA| M) o] Dk Mabal ok Ty
8 HE R s WABHEEL AEARE QAR 13 W HEY 288 L aEke] A s TEARE M g
S d R AR WG Wy B3R FoReh) flahel S AW Ak M RETL ATHATE At 3
BT ALEAE PHEY Gl Rt f T e AlslpAle e AAuE RS 9 Dl Sem b
W+ Hmm =g =2 AbRsl gl en], Egbe) chub Al s asta] 7o) Wi SRR E Slgick Lay
WA Al F Bt R 8T fate weeiE SAntdd B A1 nE A 9] 42 Az
ARF et §r 2] gt thadie EekE VR 2 itk wtebe W) A2 F Aspillset A ol Relnm
Hi= Al o gl B AR obded 4 S el et 10 mep FES SN A HE D 44
o0 2oRRE Gt A ek alebae) HE abE A o] flE B9 A s S a7 ol
UYL & i)

AlMBO Al HESE T2 W A Tl SET YA E9R fl)

AT A FUSHAEL NYo SUSUEAGANBANY BB S AT A A5
A2 el o Pl gE (TG 116iKB-03-53-W T 1)

A

~ gy ed il degtubal SLARA o Eamall ¢ wisthahlsl D immeer,com

K
Aw g Em deteil SALGE - Bl | SFjinmver.com
b G e B deop olial snelal 0T Bl difingiekr.orkr
swas g SR ol R el S TEmal ¢ ChessEhenguac kr
B !7‘]‘?'r D EAANE - S T Tl sl 06 R el
sreens el gl BT w740 H T W - Bl © cgrarkakongi ki

Bl uflsl ASWRs 165

—-237-



532

CHH| XHIE 128 SXIHESt AIAHL 0|F 0188 A& X=X & 7Isd AE ME7IE MY

%

- 2018.11.02. &f

SAHEE FSt FEE oA S| WHEs
s ® WEE YX|En
Trrigation Water Supply and Re-chlorination Prevention Effect of Non-Excavated
Drainage Pipe Method for the Multiple Land
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Flexural Strengih Properties of Drainage Pipe Acconding to Temperature Variation

FREHEY, IS, Hanites Zimipgree
Mi—Scl Kim, Sang—Min Jeos, Sang-Sun Cha, Hyun=Tag Kim

g X

el s et EENE AUl f19 b dhal o] Sleda) Al mha A o) 2| AHEElE g B
3] St d Wl ol HAEAL qlt PVC AU TRAL AT Ak Aol Tha) S aw ZHEA |
g=L o [ e o R B ﬂ“‘ we| o Adtslel flis S dideelol Boh Seld ukalel 4w
= AR OF Bl L@ 80, b H7 0 Sk oolo] el A st olsh thEo kg ‘#-‘Fliﬁﬂ-l
TR A= gl 6 Ed]'ﬂ{kl-!_- W ol #gshy] #% FET L] A oSG 519 A8 b
SRS AR S tincshill oor® 4T fake) (A W abL ) e el 7} g1 TRl ol
F 15ke] Litherkmd 2] B & ol @5 on), o3t St delac g daisiaich a5t fa9t ghag v 2a)| #
Hod NaClE o3 ol Rl W e ns Saan ¢|ﬁﬂ‘r5'.<r+ AR 20T, 40T, B0 R Zlskelen, Agle
2, 109, 20, 309, mfu SOEL 605, 00 W 100904 heF T WG rbalglt A R Laate kg Az
o SEHTS RS Gk Ut 2Rl LdE YR Tt ofzhy Sobabach 2R b= Nagy-g
el bl et Jl.'—l et 21 UhEp,

=0

HuEW : BB 57X AV SUBL DRSS WYLk MR

| B o Ee sUSEAFTe ANES B AR e AR o WO e g
VS wep g H R, () N6068-03-53-W 1011}

el - QRIS A SR YT - Bl : chassEoogiu.ae ki
oo glalal  Smcpam Sentlol T chana « ool ;K 5 I imaver com
b iy --%*lf}-ﬂ-_?' Wtk 2kt - Bl ; wig ] I¥iimner.coim
LT £ B AT T x,]r|'r . 11<,-|u1 T Bl ;s IO .

FrRmalal d@uag 1

-239-



l LESR OiH| MHIE 1aE SAIHES AAHL 0|F 0|82t ofF A=/ H 715y AF Mx7IE WY

O 15A=17)

- 18.12.17. YEMUAHE w8ATE = 98

S SRS TIgTRAD
4. ANEAEF FYEE MEgan
_ — af & ok 201512% 9% Ao w e
PR mLs R R ¥ | 4% &bl
SR G P s o bl et
fem) (d=/mi (ds/m) Ldsim)
o= AR = E =S . e F
(EehAl) aled 4) gl T 11-17 | 8~12 13~18 Apad Al g
G 47 190 mmo+ | EHER) shada 3~4 11~13 alafef B
(D)) 2z A fi 11~13 | ohfdes=
A il A+ & kil 1118 a3 3=5 Mg geam
(AR2) | +FHme | s0els T o2~7 | 510 | shpumns
74 ; 70 o 58 | Arqu=
B Shmm 3 500l 5t 8~18 3~7 1 AL T
i Rl 10imm T 916 28 T8 o) q B
(Cwhal) 4] selsp | 1~6 | 7~13 | spjaen=
e | Slmmd : | (g -
el g 70 1417 2~3 34 A 4
e (kb
O HEA Adsiga a3
20 , :
L 0 1§ g P I 4 o
= 28 1= = A =P M == -1
15 . : A5 I
'E' HEtA] Ashiia |
Frm : A ey oy i
B 10 ——H-1-E
T . ceiies Ho1-
o ——-2-E
LH L\.._,_.g.. e - o . H-2- |
g 5 . I 9000 I .25 O O .
ACEX 4, Tlcn 7Y, W | 2 Tl 2 9 s
‘60 | | o _:F-g----.|.. .:: i
I ——
0

678910111123 456789101112123 4567 8 9101112
2014 20154 201641

—-240-



ML LEE FAELS Al 2E: Bgs
A ¥H V1eER % 2%

UA: 2018 1249 149

LES 47 dedy A G
1 _{,} 9 | 5oz | SHaar /%4:
N ) i %":L‘E.lﬁjﬁ_ f'W”‘?
3 ] U 2 (1A "*’}i"“} | U 2
Colane | o | wny (L
W gy | s | =2E
lama] - |an [
L N B AR Ly
8 "jj_‘“ufi,, il TH 4 E?/I!ﬂ‘.]r._
5 %ﬁlw‘k Y AL ,;Iir"-'"iﬁ'“";._
n (U aal] 0 el o] Mo
. o]

—-241-




* YEEQMF : 19E2-CBIOC-1BA4-4FBIF
A 2017 - 128181 &

A s = A

3 g AAR
Ad 9919899 069 19Y
93 9 codigd (dhap
st e ke

3 ddst
dst a9y @ 2017d 099 01Y

o 91 shdel AREY.

A9 A FPPUD.

2017 109 11¢

T U uF

=
SHIOS,
2T
it

=
1%
6
30
B
ol

£ FWAME "http://cnu.icerti.com/icerti/compare. jsp"ol W&t FHA o] wFHES
st 294 d8dz 2 REAR AT ASUT (AFL2EE 90 o)

—242-



of

Fo - A= AA)

2201 E (@ XD83-CB41-782A-9D90 (W

M

) 2019 — 1013018 =

3 9 o A F P A

3 3 HI=

PRY JS SS | 19923 11 13
detddd 20174 349 29
= I ) sk EEE
slelsrole gl 0193 24 259
= 4 7 9 FPIAT

$1e) Al ZrFhCH

20199 29 74

F F W 3 =

SIS Bl 4T ARGARAUSE DERAE HU Bt FU4 0o R F9A o9 0E ol 0T

oo, 813 ot % cert.kongju.ac.krol A Qo=
5 s

€ 3T 4L 2FAR NE 0097A

—-243-



l S22 UH| MHIE 18 SXHESt AIAHL 0|F 0188 A& M= & 7Isd AE HM=7IE MY

O A3248(1x)

- 18.10.24 YIEIMUARE : HHFA o 1FI77HA ] 17548 FE&AESs o AL
9= AT 24 B S A A <t

R

& 22432 o X Hol | wm-Bom AR

3650 LML - BIUL

Olg-LHO:l %DI_II-”OI_I- . + N =
HOME > Lol ojeLle -~ =oigot

d=7| M=) 4
VMR T0P MESH DE Mgl (s THAT 9 H2ZNE
i Zolste 4 YaLt
= HIZ7) gk Z2I317] S5 31270l Ei= EQINFHENEE i-pin FIHHEL,
BelelE 58 5% el wesn,

ksl

1 t
=R x 6783 O[TIAIRA 214 APSRIKEE 12i6]0] 24sj0] A7) BRILICE

gaEo ,
2018:05-27 [ ~ 20181127 [E] FR | VRE | g elE | W
offabu Mo -RI
Dotk Al s ﬂ zu Q

=

(-]

18=2l

HHIEM

=

Nt S

Lio| e e O tesas essiuc @ 27l olde| 7|EA Masivn, () Mairizdid 25EIRie 2 A R

55314 63M QUSH 1w s v | =@
O tdzy Qsvzy Ozsq2 O o @ s=H
WS

H= Helzize AgY 48 FH usEse

ZHET0] DRTPHAIS| Sl

1 Elngo SUSMNER 181024 | AetdA] o

244~



- 18.10.26 A7 @9

ECE T

x2| 7|z SETEE 72T EY Wy REgd

et 0l %= =X 063-238-0448

Mo 2AB-1810-009519 =g 2018-10-26 180046, . ...
chyjlje 1. HEshA L[k Aot Hojof ZAER|H SsESMAIZES| HohhE BT 2

2| 722 HaAE 7ok H|eto| izl Chent 20| 2|5 Eg Lo

2. A&7 = T sAI0] A SEE THEITEHR] 3 HA7[HA 22 daiil = Ul
g22 HekiFdeU

3. TOPHIAM Mgkt Ui & 2] E 3 Al
off Cioh A=t Z20t= DS 2L L

ro
2]
o
1o
N
i
>
0
oir
o
o
2
i

7t R0 = MESAIE S S5 Jli2E S 28 282 %510 s¢
YRS P79 EY MIEET 8 7= S Mo E et RS
~19y2 FToH 20, 0HREH =24 S5 el

LL sETSE0M= X2 501 018 5! 2o 2t BE M%%’ H29Z=H|2
29 YA M2 2N S0 Rt HE MUEE IASETSE LA A
2018-132)E S50 B 5 135150 Oiet Rul7s EL Y=o HuidE S ASst
A A UCE

O 2L 2 5 A8522 4EYst & LEd et g7t= O[F0AIA] g0t
EER|O Al 7hs 2t8&E0] tigt Mt ERetL|Ch ot oFg A= o)
LUSHRS T2 AISEOZ AISE 2iX] 2 glo] (HENE el 3% &=
HEatE MS0| ojaE UL mebA 2] HEs 718 2edo| O &
E}EJ]_I[I.

oh 2018492 IE s T &E (€S 90 U42AE 5 4= AHi/tsds 8
E 30 220, = {HsX] 28 A=0| PAztE AL ofgAkE Al 28Rt 58 =
Of Al Higtitete H= BIEoHEE stalla Lt

4. 212t 22 ARE 752 HEk2 SAl +=8%H Z3th= " 22l 0[815t0] A/
Hi2tO, O|5{0] 22AE 2 sEUERE G280 4718 E+2H063-238-0750)01 A
CITAIE dodoi Beh Eeldis LD ZARULL

—-245-



Polymers and
Paolymer Composites

Article
Palyers and Polyaner Compastes
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Fracture ?.I"Il‘d long-term aging ‘ R ot i
characteristics of GFRP clamping plates DR 1011779739111 00ATE
for improved movable weirs © ®SAGE

Ri-On Oh' and Chan-Gi Parl®

Abstract

In this study, the durability of movable weirs was improved by replacing steel clamping plates with glass fiber-reinforced
polymer (GFRP) material. Bacause the clamping plates of movable weirs are abways in contact with water, the service life
of weirs is reduced due to corrosion. Other environmental conditions also degrade movable weirs, such as axposure to
continuous inundation, dry environments, repeated dry and wet conditions, and chemical emvironments. This swdy
evaluated the absorption, fracture, and long-term aging properties of GFRP camping plates for improved movable weirs,
Absorption increased with immersion time in 60°FC tap water, sodium sulfate (Ma,5%0,) solution, or calcium chioride
(CaCh) solution. However, the total absorption for 30 days and 100 days exposure was low, less than 0.50% and 062%,
respectively. In fracture load tests, the GFRP clamping plates showed the largest reduction in strength after exposure to
the CaClz solutior; 70% and 67% of the control load were retined for exposures of 50 days and 100 days, respectively.
Aftar exposure to both tap water and the Mas50, solution, the GFRP damping plates showed residual strengths of 77%
and 69% after 50 days and 100 days exposure, respectively. The GFRP dlamping plates showed 74% and 71% residual
strength after exposure to repeated freeze-~thaw environments for 50 days and 100 days, respectively, and B0 residual
strength after exposure to all other environments for 50 days or 100 days. Both vertical and horizontal cracks were
generated before fracture after exposure to an environment involving direct contact with moisture. VWithout moisture,
only horizontal cracks were generated before fracture.

Keywords
Absorption, Fracture, GFRP, clamping plates, Improved movable weirs, Long term aging

Introduction

Movable weirs, developed in the [980s, are used to control the flow chame teristics of rivers or abstruct flow to retain the
required water levels via variation in their height and'or position.™ When rivers are controlled by fixed concrete weirs,
silt tends to deposit upstream due to the reduced flow velocity; this genemtes problems such as flooding, water flow
capacity de gradation, and water pollution.* Also fixed concrete weirs lose most of their functionality over time, Therefore,
fixed weirs are increasingly being demolished and replaced by movable weim.® There are different types of movable
weir, such as rubber weirs, tipping gates, and hinge-type gates. In recent years, there has been an increasing demand for
rubber weirs and improved movable weirs %7 Rubber weirs are eco-friendly structures with no leakage of pollutants into
rivers, However, the strength of rubber weins is nsufficient™ Improved movable weirs resolve the shortcomings of
rubber weirs and tipping gates * " using a combination of aithags and a stainless steel gates™® (Figure 1) however, steel,
used in almost all of the compents other than the airbags, tend to comode in river environments (Figure 2). One of the
stes]l components in question is a clamping plate. Steel clamping plates are installed inside and outside of the airbags
(formed of rubber sheets); thess plates play an important role in solidifying the airbags to the concrete base when the

! Degartment of construction materids reserch team, Research Institute of Technology, Contech Engineering Co. Led Seongnam, RepubBic of Korm
*Degartment of Rural Construction Engineering, Collepe of Industrial Sciences, Kongiu Mationl University, Kongiu Republic of Korea
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