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Purpose&
Contents

Watercress was selected as the highest nutrient density reported by the

US Centers for Disease Control and Prevention. Development of low-income
farming system using nano-bubble in order to identify the functional in-
gredients and pharmacological effects of watercress which is five times
higher than lettuce and to increase the production of stable and functional
ingredients

- Development of growth management technique from watercress seed
germination to seedlings

- The optimum environmental conditions of watercress (nutrient solution
temperature, temperature, light condition etc.)

- Development of ICT rhizosphere control technology using micro nano
bubble

- Development of watercress functional substance enhancement technology
and ingredient analysis / review of pharmacological effect

- Development of watercress deep flow technique system for maximization
of land use efficiency

- Development of ICT smart farm based enviornment control manual for
watercress

Results

The seeds of watercress were germinated in the order of absorbent cotton,
gauze and cotton. The watercress was grown well at a temperature of 20+
2°C, humidity of 70+10% and light intensity of 200+20 pmolm™s™

The content of glucosinolate in OTS, HES and PBG was highest in OTS
treatment

Growth of watercress was high in W10, R3B1, W2B1G1, and glucosinolate
content was significantly higher in R3B1 treatment under various LED light
treatments (W10, R3B1, R5B1, R10, R2B1G1, W2B1G1)

The seedling transplantation in the greenhouse increased the yield by 55%
compared with direct seeding

Growth and glucosinolate content of watercress in moving bed were higher
in Control and EMF treatment

- The yield and glucosinolate content of watercress according to transplant

distance were highest in 14cm treatment

Glucosinolate content of watercress was highest in leaf

As a result of analyzing the physicochemical properties of microbubbles, zeta
potential was changed according to pH, and bubble diameter was the largest
at 10um

Microbubble treatment decreased the growth of water cold, but glucosinolate
content Increased

Growth of watercress increased with light intensity of 20h-160umol, and
glucosinolate increased by 39.6% at 24h-133umol

Glucosinolate content of watercress in UV-B treatment(4h, 1.55 W-m™) was
increased by 33.7% compared with the control

ICT-based smart farm was built and watercress production water hydroponics
system was developed

Development of ICT smart farm based environment control manual for
watercress




- Examination of applicability of new drugs as natural material using watercress
- Technology transfer to companies through watercress+nano-bubble+ICT smart

farm technology packaging of technology
- Provision of small-scale stable production system for urban to rural returners

- Production stability throughout the year + foundation of industrialization of
functional materials

Expected
Contribution

production
system

Keywords watercress micro bubbles smart farm glucosinolate
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1-1. |7 =23

1-2. 57029 984

7F A=43A

- =W o](Nasturtium officinale)= ¢ ¥4ke] AN =2 vzt Ao drhv =570
A MAEkE Azkskate] thdA A 2EAER ol 20-40cm AE A4

- EYole dHo =z “9E Iy A(watercress) 2 AT fHoE T Ao«
A &(cresson)” 22 ¥ & 4 FA Aol Eygo= AnAE o
Azt Ao 2 FASI JAT HALE Wol] AnEHT YA G2 HY

- 20143 v]= W E A o AlE|(The Centers for Disease Control and Prevention: CDC)ell
A A digk S =Y & e FAe #FYF A &(powerhouse fruits
and vegetables: PFV)E A A3l7] $18l, 477] F 5o tialx Z=28] tiv] JFae] vl
< gotsldEd, 1 F Evdol(watercress)7t 152 319S(Di Noia, 2014)

- Y44 dX(nutrient density)® AlFo ZEREF IdA FFE St B4 29 E
Wol(JE A 2)7F 477HA] #L 3 A4 F 7P FUd4a 2L E(nutrient density)7F 7HE =

e AFoR Gagon, MF, AFH, AAY, FFF Fol JFo| FRF ALTE 1t

©
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WUTRITION & WEIGHT LOSS

Watereress Tops Ranking of Nutrient-Dense Foods

CDC compiles list of "powerhouse fruits and vegetables.”

1 Walercress cruciferous 100.00
2 Chinese cabbage cruciferous 21.99
3 Chard green leaf £9.27
4 Beet green green leal B7.08
5 Spinach green leal B6.43
6 Chicory green leal 73.36
7 Leaf lettuce grean leaf 70.73
B Parsley green leaf 65.59
9 Romaineg lettuce green loaf 63.48
10 Collard grean cruciferous 62.49
11 Turnip green green leal 62.12
12 Mustard green green leal 61.39
13 Endive green leal 60.44
14 Chiva grean loaf 54.80
15 Kale cruciferous 48.07

[Z2281] CDC(R BT FTAAENANA TEZ Ed0]) FFHE «2

* el AEle tete] AU o olo} WEYe] ofE of ATNAE AWHOE AG FT
Ao el ATHA ) HAFE WO HEG 7 100Kl SoiE 17744 Fa FPAE

o FFe 243492

- PFV (powerhouse fruits and vegetables: PFV)= -4 A% 98 7+
A#Eo e AFoE BRSO, 15 rARB R =
HFYFE Holok sh=rtol gk ARFZFT HFS ¥ o FHE

AAE FAROR AT ke

aol b AEsiA
ANA Ldrke] A4}
FsoF sh=7kel o

- EYolrt A Uit AES Y & Jde= A FIH A& (powerhouse fruits
and vegetables: PFV)Z ¢ #HA|HA IrUlo| T A&F AH|7F sy = AAHoly 7}

Aol BT oA 0/\1;<40]14. S Zo
- gh=ele] Ewold o A @ ke AR 2] sh7 <
Al el A Asks= = H A=) =

°z #8931 98
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["“H]g' 050 = 104 33
0.5
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Fig. 4 HPLC chromatogram (a) and MS spectra (h) of desulphoglucosinolates extracted from hairy roots of N. officinale. (1) Desulphogluco-
brassicin; (2) Desulpho-4-methoxyglucobrassicin; (3) Desulphogluconasturtiin
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- Zgd a2 d9ste] At HERE WEA & Tl Fofof &

- AHgskE &2 ARl #438te] pH ®sto] &S XA = =& A8kt

- G 1024 onfoff 7= FF

- A== 20T oz FASE

- A=AV 28 Fdo] FFT Thedo] AR FAR ZRlste] FHeH HFE

- B He 29 B3I FH dEdEo]l F5Y F eBE AEA dFE ¥ PR S
A Az Fdes s &

[¥] Hoagland 4 =4 =

%]_ A z;s;-.ﬁ_ % NO3—N NH4—N PO4—P K Ca Mg SO4_S
me/L 14 1 3 6 8 4 4
ppm 196 14 31 235 160 49 64
(N4

- %8 A7E AEol me e o] AUAA ZAY AL W &x L AFF 27

of NG

[Z315] 8] % A 2g
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2. WA FF(E, EAH, ARl & Lols A
- A &, EXWE, AZE 23 0.1g9 EYol FAE Z Aol 9Es
growth chamberoll A 337+ Al

[2R16] &, &AW, AZE °]&F o] IFTd EeH LopdH

- &, 2AW, A=E o] &3] My Lole S ST A H(35.5%), BAH(44.5%),
NZ2@9.5% = BAMIAZI>E £o= WolEo] m5o &<

100

—— o
X 80 I (=
: M¥
®
= 60 -
c
2
.g 40 - _____9________—3
£ A
& 20
0 : . .
3110 317 3124
& gx4 A=
117(25%) 152(32%) 168(36%)
3¢ 109
109(23%) 147(31%) 132(28%)
132(28%) 167(36%) 191(41%)
3¢9 179
110(23%) 197(42%) 152(32%)
186(40%) 191(41%) 199(42%)
349 24¥
146(31%) 226(48%) 174(37%)
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3. Mg FF(QL2T}, IFxYUA, TolFUD)d wE EYo] A§ 9 glucosinolate
dF £

- EYolE dH ¥Fsle 2% 20°C, %% 80% F% 160 umolm s tzAA 7F3t
$H T wgae o =sH0TS), 3 /\](HES) Sol=W=(PBOE Al &% 18+
2C, % 70+£10%, 3= 180 umolm s, EC 1.3+0.1 dSm™& 337+ Al

138171 Z+Zke] vl gy =40 wE E4ol Auj 43

- OTS, PBG, HES A |7 Atolell A o] =43} SPAD= frolAdo] HolA| %+

- AR WAFH AEFS WSy FHE FoAo] HolA] &S

- OTS AT AE AT AT F9F o2 HESY A+ Btk E3tou, PBG

£ folA Aok WA 2e

- =T

T =4

o g @
AE% 9 glucosinolate 3

ool

glucosinolate] &FeF

= OTS AggolA Foldom wgkom, zb A7

FE OTS A 7oAM M =4 YeElst+=
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16 80
E 121 60 |
2
:g a
c 8 E 40 1
K 7
£
S 4 20
(/]
0- 04
oTS PBG HES oTs PBG HES
= % . SFW & e
2 w3 SDW 2 B a —
- St ~—
o~ | L et
S 90 S o6 06
° S o
3 2 v
£ 40 143 2
0 > <4 0.4
() o 0
e Q
= 5 =
0 20 T2 9 w2 0.2
o s ©
£ ) o
(7] (14
0 0 0.0
OoTS PBG HES
2 4 o 100
5 Hmm Gluconasturtiin c
- 1 Glucobrassicin 2
g ey B Glucosiberin c 80 -
o 30 1 Glucohirsutin o
o E mmm 4-Methoxyglucobrassicin © =
- E’ B 4-Hydroxyglucobrassicin 2 c
25 © & 60
S o2 o8
G—
0= )
o9 8 g 40
o E o =
2210 =
)] 20
1] ©
o °
[ 0- [ 0

oTs PBG HES

oTs PBG HES

[Z418] Wi FH/l e =] =%, SPAD, A3H AT & AEF, AsH YAF
g

Z glucosinolate ¥, 4| EA 9 glucosinolate 3%

Root dry weight (g)

=i
=
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. LED3%& A #](W10, R3B1, R5B1, R10, R2B1G1, W2B1GDd| W& Eyjo] A& %
glucosinolate 33 £4

Eyols o] BFste] 2520C, £580% F=160 mmolm sz NA 557 §EH
% LED & =3 W33 (W10), A4133 (R10), *—‘l‘ﬂr A &3+ (R3B1, R5BD), A A,
A =253 & (R2B1GD, A3, AA4Fa 543 &9 (W2BIGDY 671 A2+
ZA3 £520+2C, $570+10%, #5180+5 mmolm™?s™, EC 1.3+0.1 dSm™ (&o}2

_3\\1s—

R10

[1”19] Z+2te] LEDZA ] BE &) A 43

w R10 A FollA FolH o=z =%

Z, AEE AT 2 55 AETE FoF 2olvt s

2 AEFS W10 AgFolA 7 #3ker, R10 A T4 23k
AEZF &9 g o glucosinolatedr &S HPLCE #4113 A3 W10 A4 14.09umol-g* dry
wt., R3B1ol Al 24.06umolg™ dry wt., R5B1ol Al 13.32umolg™ ry wt., R10614] 14.79umolg™
dry wt., R2BIG1ol A 9.84umol-g™' dry wt., W2B1G1ol A 10.17umol-g” dry wt =
R3B1A 2] Foll A =32

2] EAF glucosinolates &2 R3B1 A2 FollAl E=kew W10 A2 79 724 Aol

°©
IS =y

il
ox
Ho
A\
o
i
o
PN'
rlo
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(wo) Yyibuaj Jooy

(wo) Yybua| wals

A A
“-56 @rﬁn P

o

(B) 3yBam Aup jooy
o o w = L2 |

- 0.0

- RFW

=1 RDW

8
2
6
0

" (B) Emﬂmg ysaid jooy

(B) 1yBram Aip jooys

10

[=] [=] o

180
2
6

-

(B) 3ybiam ysaiy Jooys

(=] ©w b o~ (=]
' L L L I

(=]
(=1
o~

(uejd/iowni)
sjuajuod Ajejouisoan|b |ejoy

30

T 1
(=1 (=) o

(am fup Byowrl)
SjuUau0D Ijejoujso2an|h jejoL

E, AR

&, 2%, 9%, 4

=

&F =40 e E40]

# g & glucosinolate 3%, 4 &4 9 glucosinolate 3%

- 23 -



5. FE&FF7]o ©E EYo] A& 2L glucosinolate F F4
+580% FE160umolm-2-s-1x7o A 253+ &
= Az 4-3EF(Daily light integral; DLDS $Y 34 11.52 mol-
m>d'g2 g3} 12 h-266 ymol (333F~7] 12/12 hour, F7Z%= 266 pmolm>s™), 16 h-200 um
ol (333~7] 16/8 hour, Z7%= 200 ymolm%s™), 20 h-160 umol (33~7] 20/4 hour, J 7=
160 ymolm™s™), 24 h-133 ymol (343>7] 24/0 hour, #F7Z%= 133 wmolm™2sHE A QG3} S
- 3d AP JHF Aol 24 HA (R: 630, 660 nm), A (B: 450 nm) (B4 FLED,
Korea)?l &34 tho]l =2 ALg3te] 334l 8 3 241 = (PPFD: photosynthetic photo
n flux density)v]&& 7] R7B3 R:B:G = 7:3:00 0.2 A3+ F2 3 vjgH-2 Hoa
glandE AF&3te] EC 2.1+0.1 dSm™, pH 7.1+0.72 FA3HS. 25 @ £5= F7 2
0C, ©FzF 18T, 60+£10%= 353+ A|ui gt

rfo
bt
S
e

12 h-266 gmol 16 h-200 mol

20 h-160 gmol 24 h-133 (mol
[Z321] = 8 FF7]0) wE ] A&

Fr 8 FF7] Al mE 794 A7t A=
Z<2 20 h-160 pmol A g]F-olA E=kom 24 h-133 umol A ] FANA Fka
| LT W FF77F 23 FE7F 2 AU 357177 &3 BRIV =
g TR JFe ASo] F7Hth= B (Koontz and Prince. 1986)¢} “guts= 2
(3]

- AGRY AETS AT AATH viIZEAZ 20 h-160 umol A 2 ol A Egkom
24 h-133 mol A 2] -oll A %5
- FE7F ¢ a FFII7F 2 ATl A obrMul 2] AETol St NHE e AT

(Vlahos te al., 199D ¢} Avte= AFE AU
- HEL FHY 454 3 BT E FF7] A g2 /54 Zol7) gl FH
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o
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o
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2
fu)
et
of
o
fz
i
rlr
o
b
K-y
of?
ot

S WYE AR WA} AS

882 FAAE 2 VFHER Ui AdYgs BEd mE AolE AYsdS. FF

BEL BET SIS SIS

24 h-133umol * 2] 7% 12 h-266 pmol ATl w3l FFAdE°] 70.2% TF43HA =

BEI EEFE S| U FFAPAEC] A oE 23 (Kang et al, 2013)9F A

HE = A3E dlS. ol Kang et al.(2013)¢] AFolAE 48 A 1000 ymol - m? - s
ol%

ol t
o AlgHelq R L SHSAR £ AT 2 Aol BE D BN B =
1 !

= 7}l R +. 24 h-133umol A 8]+ 12 h-266um
Aol Hlsl 7|3 HEE7F 53.3% A, Bl dEF 0.1g ¥ glucosinolate
SheFS 16 h-200umol® 24 h-133umol = 2 ol A Z+zF 24.64umol-g™!, 25.10mmol-g™*
2 Zgkor, 12 h-266umol 3 20 h-160umol =] 2] el A 19.61umol-,g™ 21.54 ymol-g'=
L BES FFT) e F FEANOD e FEUF 111, FF7I|VF FoHEdS4E
Ao (Kang et al., 2013) =4Wol9 23t AH4F=E glucosinolates &2 3
F3 FFI17F BAAFE ST S
g FF7)d wet @9 g & glucosinolates §aFe] Hdl 28% zol7t W, XA
?1 g9 glucosinolates &< o] &3t 2 &4 glucosinolates & F& T3
< w 20 h-160 wmol3} 24 h-133umol A 2]l A Z+Z; 22.76umol/plant, 22.15
umol/plant &2 =3k o™, 12 h-266umol3} 16 h-200umol A €] -l A Z+Z+ 16.30umol/plant,
19.00umol/plant® ¥tom, Fx W FFr|o wet 2 EA o glucosinolates
gheFol Aol 39.6% #Fol7t W

32
o

N
-~

of
O

v

-

ﬁr}lOﬂ@OlNMLlom

e
of
k)

32
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150

Stem length (mm)

E

Shoot dry weight (g)

Chlorophyll Fluorescence (Fv/iFm)

Stomatal conductance

100 -

50

1.5

12h 16h 20h 24h
266pmol 200pmol 160pmol 133pumol

1.0 4

0.5

ab
ab

0.0 -

1.0

12h 16h 20h 24h
266pmol 200pmol 160pmol 133pmol

0.8

0.6

0.4

0.2

{mol H,0m>s™)

=

12h 16h 20h 24h
266pmol 200pmol 160pmol 133pmol

Chlorophyll (SPAD value) Shoot fresh weight (g)

Photosynthesis
{umol CO,m™s™)

0.8
0.6
a
0.4 b
< c
0.2
0.0
12zh 16h 20h 24h

266pumol 200pmeol 160pumol 133pmol

20

s
a

=
=]

3]

60

ab

12h 16h
266pmol 200pmol

20h 24h
160pmol 133pumol

20

12h 16h
266umol 200pumol

20h 24h
160pmol 133pmol

12h 16h
266pmol 200pmol

20h 24h
160pmol 133pumol

[Z2722] = B FF7)d 4 £ 2%, AT AT
% HEZF, SPAD, Fv/Fm, 3R E, 71 TAES
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Total glucosinolate contents

(umoll/g dry wt.)

40 30

EE Gluconasturtiin 12
@ Glucobrassicin E
[ Glucosiberin 3 25 | a
[ 4-Methoxyglucobrassicin e a
30 4 Wl Glucohirsutin o
O
a a o E 20 b
b 8 b
20 - b 2 & 15
= o
o E
0 = 10
=
10 - o
g
<}
-
0- 0
12h 16h 20h 24h 12h 16h 20h 24h
266umol 200pmol 160pmol 133pmol 266pmol 200pmol 160pmol 133pmol

[1™23] = 2 FFr]o] mE EYo] &9 g 2 glucosinolate 3,
2} EA 3 glucosinolate &3F

- 27 -




6. £Ao|Ae] AnpAust o) AAH o] 7
- WE LE 24T, $E0%S) L0l BWolE rde] MEse] 57 §E F EER
ol4jshe] 277k AW o ATt g LM RAE 3go] Huste] 7377k A
st Aul AT k] AgE AAF 9 glucosinolatedt & Bl
[2R24] Ed0o] H3H 3} o] HA(P IE AW =g
- AGE BATE A7 o4 A2 70.05g FATE) 1.9kgek A A= TH0.1g SAE)
1.71kgeolR o™ ©@¢] g F glucosinolatedtFS HPLCZ B4 A3 o] 2 A 2]+ 15.5umol-
gl dry wt, 292l 22.26umolg™ dry wtE 2o g oA kS
° e 8 “ mmm Gluconasturtiin
2 1000 s T
5 o — 304 1 Glucosiberin
% 800 - : E = Gluconapin
3 &> b
£ 600 - 0T 5 |
] iz a
= 400 S g
© 22 40/
2 200 -
» o
0 = 0
Transplant Direct seeding Transplant Direct seeding

[2825] Zat 2 o] 4] Auje] wE Edo] AFH WAF, &9 g I glucosinolate 3F
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7. o] &4 HZ=oA A A=A g EWo] ASEA 2 glucosinolate FFE-4

- EYo)lE o) 9Edle 2% 22+1C, % 60+10% F% 170+10 pmolm™2s'1z=7A
oA 43 X & Control, EMF (electromagnetic fields, & =}7]4), MB(Micro-bubble)
TESIY 2% 21.15C(5:71:23.34C, ©kzH15.38C), 55 48.48% (553+:43.32%, ©FZ+:62.0
7%), EC 2.15+0.1 dSm(Hoagland), pH 6.65+0.2& 457+ A

- ‘ = Diae L
| gl ‘ J— =
;F G = 2
. | , 5 Wi =

Control

[Z2726] o] &4 vl=dA AAZ|ZHEME), vlo]22 WE (MB),
=T e 249 A5 43

- 2%, 4%, 44, 9F, AGE AT 2 dEF, ASHE AT 2 10552 Control#
EMF & FollA ko, MB Aol FoHo=z ke

- @9 g & glucosinolates &S FAEE BkS wf AZto] F7HEell wel Frhste 7
FE HIS

- AT dFe 1FAAE MB ATl 7HE w93 3FAAAE #994 2ozt
Ao, 452t A= Control, EMF A ] 7oA &35, Plant © glucosinolates 3F&-2
353, 45 =% Control, EMF A& T4 =32

- o]& MB A9 At wlo|ma2HE YYA HEZ]A
st AAE 2HE wEta Eole A& 7R 3

- mtolAE WES ARE AFsHA &str] Hste] F&xdo] g AW Al Al

Hold =z dds 19

>
e
o
(3
ox
gh
&
T
o
o
o|N
A}
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Stem length (mm)

[Z2927] EMF9 MB Ao & 9] 2%, <%, 44, €F, AZF BAZF

Shoot fresh weight (g)

Total glucesinolate contents

100 500
| ____R=IN
a 2 == AL
80 - a a Lano
£
b E
60 % L300
§=)
b =
40 - - 200 2
=
[=]
(=]
20 L 100 &
0 0
Control EMF MB
150 15
a | E=ail
a A SOoW
120 L12 o
a -
a =)
80 Le
=
fnd
60 E ©
e
[=)
o
30 3 =
0 0
Control EMF MB
100
 Tweek
a EEE Jweek
80 1 o a [ dweek
i 5=
E b
> 60 a 5 =
e a
o
S 40 - a
£ b
20 | C
0
Control EMF MB

EMF

MEBE

Control

AAZFE L AEF, &9 g F glucosinolate 33, 2EA 2 glucosinolate ¥+

60 60
BN
| i R
—_ a a 2 a —_
£ £
E 40 0 g
= =
5 5
@ =
%= 20 - 20 ‘®
(3]
o =
0 0
Control EMF MB
20 2.0
. RRY
= =71 RDW
= =
= 15 | 5 = L 1.5 2
= o
=) =
2 £
= 10 4 10 =
s =
- a 2 *.;
S 5 b 0.5
S =
0 0.0
Control EMF MB
800
8 B Jweek
E B dweek
z
=
[=]
=
[}
&S
e -
£33 =
o E
o=
—
o 100 -
=
L]

2 AEBF, AHE
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. AAZ|ZEMF) 87} Ao A8 2 phenolic compounds &&ol v X g
FAA N HAALZE M7t FFY] sl riXs dFH A EF = S g5
Zo HEdgo A FFS AHnauz Ay AA

A5 F P

54 14dU=F 1) 2017 6€¥ 129¥ (453 EMF Az))

vl &F<l: Hoagland
EC: 2.0£0.1dS/m

pH: 6.3+0.2

Lx: 22+1C <5 H+#23.15C

%5 60+10% (53} 25.2C, ©Fz}k: 19.5C)
3% 170+ 10umolem2es™ B 70% (F3F: 60%, ©kZF: 85%)

FE:
B 2443 AEA g
(EMF =2, thz7)
2] Control, EMF
*EMF(electromagnetic fields, 2 2}7]%h)

1eH2 Hoagland #j F<}(EC 2.0 dS m™)
Tl FAs FFste, 2EEE A2 FFE
PZS

A &, Bes &Y (ZHo] 5em)

ol @ FAAM FAE LE, FE, COp FE, 8ol 2AR BHA Ao A 2
of A 27)9) Au) AR XE NE WBAG @A FAololN BAHE 0T F
o) 14%)

[ZH28] SABAN A2EE o] &3 E22A A =)}
AA71% B BAE A AT} AT ($)
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1800
1600 ———
1400
1200
1000

Rutein content (pa/g)

S m R

Quercetin content (pg/g)

al [1]!

Trans<innamic acid content (pgig)

A o ~ * 3
& g

al
& o

~
&
:P‘é

[229] Wi gl AAXAS AEstd 2530 A E22A 439
rutin, quercetin, trans-cinnamic acid content.

A 27 T AF F, A5 ASdde SAHSE foF AolE HolA &S

A4 25 F, rutin, quercetin, trans-cinnamic acid o] hET9} Blwste] FojFoz
¢ = %S YERS

v, A4 45 o= {1 Akol7h HolA oFy

FFel AN AYe A5 27 A7H 2Eg2s Fosta Oz A% 23 gt
dhEol ST & = e, I ARV AU AL&E B F 2AH AR BE
ARZHG- o] ALgEo] OA ZAasHeE A4S YeEhdga A EE

174 Aoz #4& ANt & 6 AAT Hs e 32d 487t s

- 32 -




[Z330] 453 359 8% 25 HAF(HAZ71Z EFM), %5 (H=7)
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9. A4 7144 wE EPo] AHHF L glucosinolate ?}Et LS|
- EYolE o IEde &% 22+1C, % 60+10% F%E 170+10 pmolm2stz=7

)

oA 257 S8 T A2 1A wak 14cm(1445), 20cm(72—r) 31lcm(365) 2 FE5)o
2% 19.67C, €% 63.54%, EC 2.06+0.06 dS-m‘l(Hoagland), pH 6.65+0.22 453+ =)
% 12 &g 1 3 3533 9 A OP@l 2=} 48k

[ZHA31] 4 A0 ;& o) AS

20cm, 3lcm = 2] F-ol A %OLOU% l4cm A TN A %2 7<]"pj il %% 3lcm A
g oA 7 Eqker, ldem A FolA 7Y Wk

- AA FgF2 ldem A FAA 7H w=3korm, 3lem A FolA 7P Ede A=
@9 g F glucosinolated & HPLCE A3t om A3 27|12 Uro] 7|3 s
RS e S

- 919 glucosinolate &2 ldcm X g ol A 32.18umol-g™ dry wt., 20cm =] 2] ol A
26.64umol-g™! dry wt., 3lcm A& FolA 26.63umol-g™t dry wt. & ldcm A& FolA
ojHo g Egks

- £7]9 glucosinolate 3-#-& l4cm A2 oA 8.87umol-g™! dry wt. 20cm = 2] ol A]
7.00pmol-g”! dry wt., 3lcm g Foll A 10.33mmolg™t dry wt. & 31lcm A g FollA 9
Hog =9kS

- AA a=32F3 glucosinolate $FFS PSS wl F2HA ldcmryb B 82 Y Ao
2 A

- 34 -




200 30

150 -

N
(=]

100 -

Leaf number

Stem length (mm)
=

o
(=)
L

14cm 20cm 31cm 14cm 20cm 31cm

20 60

50
15

10 - 30 |

20

Lateral branch number
Chlorophyll (SPAD)

10

14cm 20cm 31cm 14cm 20cm 31cm

800 160

600 - 120 4
80 - b

200 -

Lateral branch length (mm)
8
o
Shoot fresh weight (g)

(=}
i
o
L

14cm 20cm 31cm 14cm 20cm 31cm

[2332] A4 HFe me 12 8 g9 =%, €5, FA, SPAD, FX 4|, A5 BAZF
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Total glucosinolate concentration

Total glucosinolate contents of leaf

c
40 - ° 20
I Gluconasturtiin frer I Gluconasturtiin
B Glucchirsutin E — B G lucohirsutin
L“.‘ = Glucos iberin E - = Glucosiberin
= [ 4Methoxyglucobrassicin o = [ 4-Methoxyglucobrassicin
a 30 - B Glucobrassicin o E‘ 15 | B Glucobrassicin
o § o
9 s
Qo 20 - E g 10
£ o S
= E=
- 3 E
] o
9 10 98 5;
5 5%
s
0 - £ 0 A
14cm 20cm 31cm 14cm 20cm 31cm
£
40 Q
7 20
a s
30 2
s b b £ —~ 15
2 2
o c 3
5 82
20 o © |
2 g2
g 2e
= 10 | g 5
= 5
8
2
(=)}
0 g ol
(=]
14em 20cm 31cm [ 14cm 20cm 31cm

[1333] A2 2239 & 1x 8 EYo] glucosinolate 3+

23 3 A3} 24 Dot WA BE FoH o]} g

3lcm ATl 7Hg =9ko ™, 14cm A 8l Foll A 7H k=
45 AEZ2 31lcm A FolA =90 ™, 14cm, 20cm *] 8 Fol A &
Zo 14cm Ay TFAA M =gkor, 3lcm A8 FolA TP G

EF &9 g F glucosinolatedt#S HPLCE ®Astgom A3 272 Uiro] 71aAd
ke vwade. A9 glucosinolate 3FEFS 14cm A 2] Foll A 50.20pmolg™ dry wt., 20

cm ATl A 69.94mol-g™! dry wt., 3lcm A& T4 62.75mol-g™ dry wt. & 20c

m Az TelA FoF s w%=

%7)9] glucosinolate ¥S 14cm A 2] Foll 4 11.20pmol-,g™ dry wt. 20cm = 2] F-oll A
10.15pumol-g™ dry wt., 3lcm A2 Foll Al 8.43umol-g! dry wt. & 3lcm Azl FollA &9

oz hohe

Aol e 1A HAHe] FANAL 12-15em Axe] BHoR HAshe Aol ]
S Gl Ao BUHY, 18 4 F 343 AE £3 Fol& A
Aol & Ao ARy
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Total glucosinolate concentration

Total glucosinolate contents of leaf

Lateral branch length (mm)

Shoot dry weight {g)

of leaf (umol/g dry wt.)

(umol/g dry wt.)

1500

1200

900

600

300

I

14cm 20cm 31cm

[2934] B4 HF o] & 22 8 E40]

100

80

60

40

20

100

80

60

40

20

(=]

a
30 |
b
20
b
10 |
04

14cm 20cm 31cm

B Gluconasturtiin

N Glucohirs utin

3 Glucesiberin

[ 4-Methoxygluccbrassicin
B Glucobrassicin

111

14cm 20cm 31cm

a
ab
1 b

14cm 20cm 31cm

Shoot fresh weight (g)

12000

9000 -

Yield (g)

3000 -

Total glucosinolate concentration

Total glucosinolate contents of stem

800

600

200

6000 -

.

of stem (umolig dry wt.)

{umol/g dry wt.)

a
| b
C

14ecm 20cm 31cem

N
[=]

(3]

[=]

[3,]

(=]

14ecm 20cm 31ecm

FA o], AJFE AT R A=EF, TIF

B Gluconasturtiin

B Glucohirs utin

[ Glucosiberin

[ 4Methoxyglucobrassicin
1 I Glucobrassicin

A

14cm 20cm 31cm
a
a
J_I_l
14cm 20cm 31cm

[Z1¥35] A2 2140 & 2% +& E4o| glucosinolate 33
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10. ol 2= Be) EFsistd SHBA

¢ electrical potential (mV)

EAAEGAY SHAE o g5kl 1Y gol VAR vio|IE ME WYL Sl 1
QA MESE SHS D MEED) AGANE SHAL

s B HEF X2 =X 7| (Solid Surface Zeta Potential Measure
ment System) [ — =5 -0 &

[Z2¥36] () AAA 7WEq Micro-Bubble Ay 7] 2 &4 AL

-60n 1400
-50 12001 =
— 401 T i —;E‘ 10001
L] L ‘i 'l — ]
S LA = 800
-30 . . . E
S 6007
-204 2
E 4004
z
0 ! 3 ! ! ! 0 . T |T|J_|I_L T T 1
10 20 30 40 50 60 10 50 80
Diameters(pm) Diameters (pm)

[19837] HEA R BE Atz d3 TYE HES Y7BY &%

oS M2)E ol gtel wAE MY HZ FEE o 10 m AFNA Y B
PEE HGOor, Y AR mie] BAHE Aog BAHYoM, EWel Aud
= 30004 45 mV Ee] WelA Aol BAgle] BAHE Aoz BAHYL
2]t A3+ Takahashi (2005)7} 233k njo]la &2 Y Eo] T WAL= AEE
Do) By EASE TS fAE HUE deRile
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-140

200
~ -120 .
- - T -
E 100 " Pt ls - 160
:g -80 4 3 £
] 120
3 +l E
S

= -40 # e
L v g w0
E 20 ® 2
E n® =
- od L =
s —— Z 40

+20 4 a8t [ ]

+40 . : : . 0

2 4 6 8 10 12 0 10 20 30 40 50 60<
pH Diameter (jum)

[2H38] ¥el pHel wE Atz ds 288 HES Y4739 £X

Fefo] pHell W& Aetzelde] ghe %,MW -100mV7tA] wj- B9 EA DA EHE
Aoz yeton, o3 ofZe G Fiol2 e F4t3} o]0 IS4 0
2kM 2 kel HHﬂﬂb Aoz %EP%

AFEAH
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11 HE 94 33 2 T35 A2" A

=

[Z2H39] DFT/NFT Ajuf AN28& 7|Wes nlojlma2wE B R T35 A=" 75

2o A o] Fo] Hof 3}m, 7}‘”%011 H}’il«l ‘HH‘E—L}’@ ”XH a5 7}
HERZ Hol=o] o]t HE TAo] §A 255 FA7]7] HE
FAol 225 HAAsHA -l & F Ae =P AV 2o

£9 ‘%*ﬂ—zr 15 7tHd o=z AT AS 1 &3+ FAEHEA °k‘?ﬂ«l 25 s
(Park and Kurata, 2009) 7} ¢lo} 2213 sjele] S FAAI7|E= A

2
o
v}
r[r
[11
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12. 5 E Ao & EYo] A5 ¥ glucosinolate 3 4

- EWYolE g IEdle 2% 20C, €% 80% F%E 160 wmolm2s iz Al 253
<3 % Bubbledt Non—BubblefﬂFJi TESIY &5 22+5C, % 70+10%, F= 200+
5 umolm™?s™?, EC 1.24%0.02 dSm (227} vjgked)= 377+ A )

g

- ey . Non-Bubble
[23840] HE Aol mE EYole Auj Ad

- Bubble®} Non-Bubble g7 AS%=4 ZAx ZA2 Non-Bubble A& FolA Fojdo=z

Aoy 2%, 9%, 9%, Xl*”"i— AT L AEFT, AstF AT 2 d=55S A
T 794 zol7t /I

- AEF &9 g 9 glucosinolated#-< HPLCZ #2413 ZA 3} Bubbleo) Al 20.61umol-g™!
dry wt., Non—Bubble°ﬂ A 11.10pmol.g™ dry wt.Z Bubble A g]TollA %S 2EAT gl-

ucosinolates = T3l Bubble A& F-olA H=HS

- 4] -



Leaf width (cm)

3 . Sl [ NN

. EZzRL - i = LW
E 30 § B

4 b et = 4
£ & &
5 20 ‘E‘ E’
= £ c
L L o
£ 21 = o= 2 2

=]

3 10 0 ﬁ
0 (14

0 0 0 0

Bubble Non-bubble Bubble Non-bubble

16 1.2 15 0.10
o~ 5PV — B = RFW
= = SDW o U == RDW °
£ - 0.08 <
£ 12 | E = £
= L0s D D0 o
$ e ¢ 0.06 G
£ 8 s 2

£
4 e v 0.04 £
o ] ’

E 104 o E= 05 b
- Q - s
Q 9 0 0.02
Q = 0 02 O
£ 7] (14 14
[7)]

0 0.0 0.0 0.00

Bubble Non-Bubble Bubble Non-Bubble
30 300
8 mmm Gluconasturtiin A
5 —= Glucobrassicin 5 a
= == Gluconapin c
8 = a =1 Glucobrassicin 8
o = 201 = Glucosiberin o € 200 -
s> 5 S b
© T ° e
Lo £ 3
B = % 2
82 10 8§
fEn gm0
o~ o
= e
P P
0 0

Bubble Non-Bubble Bubble Non-Bubble

[Z2841] HE Ao B EYo] 2%, 2, 83, §F, ASF AAF € AdEF, A3+
AAZF D AEF, 9 g F glucosinolate &3, 2] =4 3 glucosinolate F

- npo]l3 2 WE AT dx2TE vud A3 AgRe] A8 Frtel Ui #9F
= TAEA A

- nfol 32 WE Aol wE glucosinolate S °F 95% ZUE o] FolHoZ wl$-
S JEH A=

- mlo] 32 HEe 9% A FUay}

=7 SUE HE AP A 29 deade v
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13. UV-B A glo] m}& EwYo| glucosinolate & #4]

- BEYo]lE g wEsle 2% 20C, 4% 80% F%E 160 molm2stzAdA 257
SH 3 34 A= HAF 93Fo 44 A4 (R : 630, 660nm), A4 (B: 450 nm) (A

SHLED, Korea)ql w4 tho] o =& Ag-ste] 334l &3 %<4 =(PPFD: photosynthet
ic photon flux density)Z 7]% R7B3 R:B:G = 7:3:0)02.2 A &34

- 35 9 337 AHEs B3] 12/12 hour, FHAE 266 molm2s'2 HASYES. A
29 & AWM (HB-301S-3, HANBAEK SCIENTIFIC CO., Korea)Z &7 UV-B A& & 3t

-AW Y AL 2% 200, 5 70%=2 A} AS. UV-B Agl= 20W UV-B &3
(G20T10E, SANKYO DENKI, Japan) 6715 ] &3ty UV-B ZAZEE 155 Wm*= %

Rs. UV-B A A7 0 (control), 0.25, 0.5, 1, 2, 4, 8, 16, 24 h2 A& 3}lH =

a)

4

-lN' [ do Jz

S G |

[1¥42] UV-B Hx AH

- A Ao A UV-B £AEE EWolE FA7Ax 3 HPLCE ©|83}o] glucosinolates &
A AdeE g2 2kS. EYo] HAESF 0.1g & glucosinolates &S 0.5 he} 4
h AgelA 22t 24.83 mmol-g™, 26.20 mmolg ' & 7} =9tom, 16 h, 24 h =gl
Al Z+zy 13.54 umolg™, 14.76 wmolg' o &2 7} ke
- f7]ZHE o] &3 UV-B Al Ao} Zo] T A oA = glucosinolates &# o]
71l R o u 16413 o]l FAAIZE A8 E S wl+= glucosinolates $FaFo] 7HA3)
A3 (Wang et al,. 2011} o] Ewo]e] glucosinolates $H&F & A] 16A1ZF o] d2] A 2ol
e 7hasg e

- $t-do UV-B 2A17F A ElE& T3t W3 Glucosinolates?l glucotropaeoline] F& 3+ <

rr o\




N
-

2 #=3 AFZAFH(Schreiner et al., 2009)9} o] Evo] w3k 0.5 h ¢ 4 he] &
48] & &3l glucosinolates FS F7HAF . EW¥ol= 05 h ¢ 4 he] &2 A& &
& glucosinolates & F7IAFH . AdH AEFTH &9 g glucosinolates TS
| &3l 2] &A1 glucosinolates S-S T3t HI WSS W 05 h, 4 h, 8 h 2 &l
A Z+Zy 24.15 pmol/plant, 25.49 pmol/plant, 21.56 umol/plantZ 7} =3ko ™, 16h A ]9l
4] 13.16 pmol/plant® 7} k&, & A UV-B A8l & T3t glucosinolates 3
&ol 33.7% F713IA S

[e)
=
=

o

=

=] 40

prr N Gluconasturtiin
E I Glucobrassicin
+ [ Glucosiberin
g [ 4-Methoxyglucobrassicin
Q - 30 B Glucohirsutin
[ =l

o3

Q

m E

+= T

Lo

0 =

£ 0

@ E

Q —

=2

o

©

]

(=]

=

Total glucosinolate contents
(umol/plant)

Oh 0.25h 056h 1h 2h 4h 8h 16h 24h

[1743] UV-B A& A3t mE EPo] ©9 g I glucosinolate T3,
A EA 3 glucosinolate ¥3F
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Ao & Eo] A5 2 glucosinolate 3 4
3l 2% 20C, §% 80% F% 200 ymolm2stz=H oA 35F3F
5 20+1C, % 70£10%, F%= 200

14, mpo] 2 W &
- BYolE gHel 3F

< Control®} Micro-bubblex] 8] & F&3lo] &
5 molm2s™, EC 1.68+0.03 dSm*(Hoagland), pH 6.66+0.2% 233+ | ul

I+ Ho mo

<Control> <{Micro-bubble>

[Z2344] vlo] 2 2B E Ao wE ol Au 43

[Z2745] mleja =W E T AF AR

- Control®} micro-bubble A+ L= A3 A3 2L A8 Fo2& Zolz}
A=, I, §F 2 controll Al FoHom Aon, e AYFE FH Aol7t

H=
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Leaf number Stem length (mm)

Shoot fresh weight (g}

A=

SA = controlol Al oA R Bdks. FFA4YFH 54 FRE A8 794
zhol7F YA, ARE AAFH AEFS controldl A FF oz Ehe. A AA
=3 AEF =3 controlol A FoZog2 E9he

AEZF &9 g F glucosinolated =S HPLCE #2413+ A7} controlol Al 32.61umol-g™

dry wt., micro-bubbleol| 4] 40.00pmol-g™ dry wt.& micro-bubble & FollA E¢ke. A&
AP glucosinolates ¥eF-e controloll A 9.66umol-,g™t dry wt., micro-bubbleo] Al 7.76um
olg™ dry wt.2 control 2] T4 =9k

l

80 200 30 30
P} L 25
60 t150 E E =
E E 2 - 20 E
= = :E
40 | 100 B ?15- L15 B
2 @ =
T %10 L10 &
o @ L]
20 4 L5004 s
5 L5
0 0 0 0
control micro-bubble control micro-bubble
15 15 50 10 E
- LN A = SPAD &L
=1 LBN ['7] % Lt
12 -12'2 5 40 Los o
- [T
g g 5
g 4 La = o 30 L0689
[3] o [ ]
§ = g
6 - 6§ 220 L 0.4 E
™ g =
= o E‘
3 - L3 ..2 % 10 t02 §
5 5 2
0 0 0 0.0 E
control micro-bubble control micro-bubble
4 0.5 2.0 0.10
- SFW m RFW
=1 SDW o e == RDW
o4 & D 0.08 %
34 = = Ly o
£
£ 5 £
o3 g © 0.06 .8
: 2 2
2 - = 1.0
2 u &
02 B @ 0.04 §
- -
1 B % 0.5 | g
o1 5 8 0.02 @
0 0.0 0.0 0.00
control micro-bubble control micro-bubble

[T1746] vlo]| T 2HE A9 E}-E— g4 2%, 24, %, €%, 45, FAF, ARE
BAZ 3 AES, At AT & AEF

- 46 -




Total glucosinolate contents

Total glucosinolate concentration
(umol/g dry wt.)

=yo] @9 g9 glucosinolates & o] AR W E Ao TolA FYH o= =4 e
Yo 2y, A EA AA /% glucosinolates S Ao xpolE st tlRT

A B =4 UEE=

Eyolof gf¥ glucosinolates oA gluconasturtin®] $Fgo] 7Fg =2 @S YeERS S
60 60
N Gluconasturtiin )
== Glucohirsu.lin E
50 1 g i:zx:z;ll-lucnbrassicin ‘2 50
- I Glucobrassicin o -~ a
QO -
40 | o 3 40
ol b
30 | 2 o 30
N =
o0
20 A 5 % 20 A
o —
10 | E 10
5]
[
0 - 0
control micro-bubble control micro-bubble
15
12 4
a
g
© 9 b
2
°
£ 6 ;
3 i
0 il

control micro-bubble

[1347] vlo]Z2HE AT o] ©E EYo] &9 g & glucosinolate ¥,
21 EA 3 glucosinolate &3
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15. o] 398 7|54 B2 24

[®] &Yo] B9 glucosinolate $+H3F

Glucosinolates Leaf Stem Root Flower Seed
Glucoiberin 0.14 + 0.01 0.24 + 0.02 0.10 = 0.02 0.43 + 0.01 0.79 + 0.75
Glucotropaeolin 0.08 + 0.04 0.03 + 0.03 0.16 & 0.02 0.36 + 0.05 0.33 1+ 0.10
4 Hydroxyglucobrassicin  0.11 £ 0.02 0.09 + 0.00 2.94 +0.17 1.02 + 1.56 0.08 + 0.03
Glucosiberin 1.00 £ 0.03 0.79 + 0.01 0.86 + 0.10 4.91 + 3.64 6.75 £ 1.58
Glucohirsutin 0.42 + 0.00 0.33 + 0.01 0.49 + 0.05 2.01 = 1.39 3.18 £ 0.79
Glucobrassicin 0.40 £ 0.02 0.53 + 0.03 0.96 £ 0.06 0.75 = 0.02 0.13 + 0.03
4 Methoxyglucobrassicin  0.19 £ 0.00 0.78 £ 0.04 0.69 £ 0.03 0.17 = 0.01 0.13 + 0.01
Gluconasturtiin 33.77 £ 073  25.20 = 0.72 7.56 + 0.26 73.90 £ 0.93| 56.68 + 7.45
Total 36.13 £ 0.84 2798 £ 0.86 13.76 £ 0.71 | 83.55 = 7.61 | 68.07 = 10.73
- Eyo] B9 =E glucosinolate &S A A gluconasturtiine] BE X2 oA ek
o] 7 =2 A= deofo] HYoHW, 53] oA M w2 FFe EAe OE gluc
osinolate ¥F&2 ATFEFFo] H R om, F glucosinolate &% ZAA 7HE =4 UEGS
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16. o34 &Y FAA A" AL

:_.-:} P - i - ‘.I‘l

[1348] AlF24 |54 HE Az}

A #HF0l=7ts A ®HF0l=sts it F20| 57t

¥+ > -+ > ¥

|

L=

[1749] o] T4 vl= 4

A

=

- o]

Jo‘.ﬂ

A WA= #JH9- 25% FAY T UEF F54 EYE ol&sty AFsA e, 1
g3} o] Qo welr] Hlx Alo] Y Exrl Au EFol2 AYA 5 Y
- AA WX 7Y ) AAEE BT 377 AV HEE B 270 FE AuEite
2 o] &o] 7t
- G524 (Z 6.5m x Z2o] 100m) 7|Zo 2 AWWE Z 1.3mE £ 57t AX7s 8K
9 EEE 0.6m E A4St E AuiEE 30 groll AX7F BVl A, WES &
WA A3} sforgt e HiER 1.3m A E 4d 2Asta BEEE 1.3mE olF

o= WE F glom Aagol of 10-15% J== F7hE & 9

oo
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17. ICT Armle}t 7+&

[Z2753] AMAdLSAE OF
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18. ICT &mEF 7|dte] Evo] An fAFA S wimd /Mg

1. =k

=417

\ > Ztgol 54

E'H0|(Nasturtium officinals R. Br)= MXSta} CHAM MM E

£ Ao FEMER “YE 22| A(watercress)"2 22| X[ FY
HME ZHAHO "I | & (cresson)” 22 O B YT T4 M

St otAloF S5 TF AMX| 2 MR 20| T2 ROj|A XHE

0|9] 7|5’d EF & 5tLtQl Glucosinolates

o
Siof, Y 4ES AMsts =2 & 71X US

= A4 B7te] Hl xuf 71E2 24

1200mm =0| 200mm HEE 1™

=2
=

A AZSto] HIEQk0 FAHS A
= 240 M5E oM F X2t
orel ) 7H4 S W 2

E150(2] #F 21K THb) A2
BE, X B 2 X)0N,
£2 0|88 AL Ao A A2

A AT FH0| B

=2
=]
[e]e]
=1

2z
2
=

9|

Al

27T NAEE 0|80l B
Fzg0| 2250 HEE 2
HoyEm 22 HAoZ X g

, SEO| HO{MA (RAF2tD A

FE7| Sloh ADIE B 242
Hof 71, oto| A2 Lb 1

Y3 oo ¥5 DEY B0l

=

2. Oi5EH|

<ER ¥ HEEH)

- Bxte ofojot ZRON A5E Bt 7o)

- +R20| AEHEIE M 4A1Zh

-IEN 888 AUs F (| 208 AE,
AR TE 7H5)

- 888 UU2 QUER e HE AR

-HEo| 11 9B ¢AW A7|E 2E A

- vie BE E4 AL A

- 1E% BEGOE HO|Bej0|E FY|

DB A A QA 7HE (RESA)

<@ oE

T+ ZH|>

<ESXt o>
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=8 SZAA Type [FA SEAA Type

[FEE2] EfY
ENO.

FSC-1520 FSC-1512 [FSC-1020 FSC-1012
P Sn o i 104 R}
o B o o L 052 L
e ReRY BrETAYIS S
1.EY B4 AN, B2, 8E BE 4A
A2 Tts
o QM (RN K HAY
aug LOQAEMISTHBNARMA] o wesoorninEolm
TP St o A8 s égmw ol2lol 7| AN ABE 4
O UQIMIA CHE AFRA| HAQ AN L | BT
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T EERICEE Tt RY)
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X EE £ TAS RS0 fote AT B BREA St AE
XEB(RA)S & EE HIEY RF02 TR XS SA0 BT
SE F2 0| 7152 A8YtY Bt o2 By £ AL Ch

(k4) U SSEFHA St A dUjol BFasR - 55, CO:5)8
AxRst 2 YR E FHSUCR YAA 2EER 0 2= FA

P
=Y

» A& (Channel): & 522 2} $&=0 lFE Hute] E2(HHA)OIL
AL A 2= M E 422l SR OIEL|H 0 A 8)E olojg Lot
A Ee s£HY 22 2E5TY, s 2 F5H, 4 d2 258
SAHES +YHE~ 1AL |§ W, 12022 25 H=0f uhH FOf

= .

g

X A

SUE TN
(15,2832 45)
SEW(E7|av)
o | Rt

)
HBA

<] ¥

1

' TRMM 16707k 7

*EA 2B el .-
|4 LICHR @3S :35P). OlE{ull 18— X}
Seiaus sgd e o, Lo & e E 7|HEX|

SR

[HEg ZE8)

- 58 -




ADIEE AL O

ADEE 32|

% HAA
* 20| 12

2{9) YHCIS ZFE| 3121(10.201K), EXIATR, U HOIX)
U0 HA|SiE WBO| CHELICH

BAIA ZE

#

PR

e 9 Zue|

JHI HFE| HAHB2|

v farmsys kol
HRE 2

% HAIA Blwww.farmsys kool HAE ADIER 391

HAKO| o 2SS el

BITHAEN BHS1

10. SEEEHIN

M2 #FHO7Is

= HAAE ST SFH o M8 ~ZEQOJL HXE AR
= AZ0 Mujzds #asts A2

= Hote7iel 4E SFHME HB8Y 4+ 20 21712 FojA
2 S

= XtEEI|E Nm 7| EE AHENE REF 20| FUS(F/Y)
o= XA3&e 77|78 Mofste ZEME 1070 HS

= FAN, tH7|, B S+ Z'0] ON/OFFO| 9|3l =35 HX| &=
TS7171E& Hofste SEME 1070 NS

= REMES 2o EES MEE £ oon MM X|H =
£ Bod 88 9 AZEE XFsto] #HaElg 5 UAS =

@ @2vio

[ (4] Smarramote- o ver 2 bt o

CUEN comet Joscomea ] cois ] e}

Bra303

[@1ms ozma oonw Qams oswe Coww o7aw Qume osmw omu] 7
7T .

21!
2o N 10+ SETME) >+ EEEENE]
s

= =T Sizteme)  wEAnG) | EesER)
waw [ree Slfor Hl[s0]
iz [0 lfos [ 10=]
S e |
o [T =[S H[w0s
suze [/ =][21 Sl[0o =]

T
T ——— g ]
[ e R e e N

[reasnzumsr=z i [seneris i

s |

[ n=aun zemsas is
[CuszIA BeREs A8 [JuEenA nssnce e

AEHH N e DRSS AEHTALD

- 59 -




BAA U S MMZ, AY, SEAE, E4 0|4 52 Bl0|E EA

IETE ETEEE
BTN EEEE EREE
[az2nln=au]ssau]

ok Ok T

SHREMM S  2017.03.02 15:45:09 BE Fv-3.1
1 2HEZAN 2 2HgFAN 3 SMSFMA 4 FMEFAN

0 ppm | (¢ (Cc02) —=== ppm

-2 ®oj ON-OFF H|0{
0
8000
0
0

60 R ES ok

BA= " slH  gojm=E, Hoj=, SEZ A

BA (=]

of #3 [onorF HOl 8| 2+ESEE
L EEE]
CiE g2l O 3lE O 4AllE O sAlE OsdllE O TAHE O eME G odllE @ 1Al

712
%

,;"‘ AE AT EE Tl &t = F =18 olxial

[ i [ e |
s [ E E = NS =
s [ E[ B —
wed [ R B E =
E =

—AIZHEIOf

Ha

EENENe SRzt AR

j
[ &5 E-I & f2lAl2H

—SY¥ "ol 2= = T
[ BRELASRIESIIS AS ARA SEASIS AE [ 2EREIIS AS

s
[ USZRA SeaE2s A8 [T USZA FEsH22 He [ 25324 Sass A2

B B

=
1 ']
LIE g

- 60 -




HAI2 gzl 235k mojme, o=

S

(%5 || =2 )| mw | aa
[ osus s o
/ ‘éil]‘Lﬂ}iLf&J]
I £
[ELN

T
2= J‘&I! L0

\]

ﬁ .%E 7]‘ = J “7%ﬂ ]

s wn) ew) )

; %E?I- )s'IIQ-I

0. EEEFHIo]

———
—ON OFFRIl————————

_JJ \,L_ﬂf_ﬂ L)
(== | *E_E Lan )
BT BT
HJEJJ == =n
Ims ) == =)
I ms ]| | == lan]

ENESETY]

AL AR QHEEH 7|

27y, £71¢

4, 7|24

Hil 23 Al’l 243 =8z8

X GMCIS HEE 4T 5

SAHEHES =2

SNTE(Com

@@tﬂuﬂ o

- 61 -

10. SeregH|of




10. SHeEH|o

EAIA CIoJE =3| 3tH [lo|E| Zto| T3] (REE, CO2EE: ¥, Y, A, & MH)

= ccrv

@ @aguom

1< Hole HLEF

10. SeiEFEHof

HiolE] Zte| =3| (REE, CO2E: ¥, &, Al

i J‘\—N‘\\P : NV \"\flk ARk

00:002018 18,07 1756 16,4 15:32 1420 13,08 1157 1045 09,23 06:22 0710 0S'56 04.45 0335 0223 01.11 2359 2248 2136 2024 1912 1800 16,49, 15.37 1425 1313 1202 10/50 08126 1826 07115

1% Hloj 2L EE

- 62 -




Relative values

HEE 24 255 018 77|

100 2 @AlLlo] @ &

90 { — Temperature <1E 24Ul 255 ek

gg . e RH SAN 2E: 12E, XD 25 45

70 | - A X &E: 30-40% A1 &5 60-70%

ol CEHIE AXY BAHR T HSET HE

40 - - AX2E NS FHAT HBEOE M g
30 | X|sh7] fIsiA 122 B2 2 dFoto] HEES F
20 | Het,

10 1 - hEbH|of BEE S0 A HEY R 522

0 QX Bas

1 4 7 10 13 16 19 22 25 28 31
2017-01

Relative values

ARY MUY 255 078 S1EY|

1?8 [ — 'I};zmperature <78 24U 25k Hals
100 H SEH 25 22F, X 25 40
28 | - A|X &5 40-50%, AT &5 90-100%
2o ] CoFR7lE DROHEOIRID 2 22Tt R0F AThE
o0 | SE 0P, OIS EE 90% BER XIS X
o| =2
50 | | £3
40 1 - FU REO| 452 AEAMS ZES A7
30 | FUAMEO FUE Yo7|7| 20 Sl REE
20 | FCHet F=0f RfHist= 20| 2%
10— zz xS A HF A1eE 458
1 4 7 10 13 16 19 22 25 28 31 of K|t

2017-07

- 03 -




Relative values

AZY 24U 255 108 2/712

128 —— Temperature <108 24Ue| 2&5% Hal>

e RH SAN 2E: 125, A1 25 8%

70 - X & 40-50%, |1 & E: 80-90%

60 - - E7g2 0j9 iR sHe HSE

501 - FULEE £V|25 8 W3 4SAAFD o5
40 1 7HHM SE8 =4 |RXAMAFTE HEo| o
301 - ozt BFAHo| Qo S| Folg He x|
20 1 oF A2 4-58 92 SN0 T2 227 3027
10 1 R @5 223 F= Aol T2

0

1 4 7 10 13 16 19 22 25 28 31

201710

E2s

¢ 249 25& Hofst7| I, 1Y HEL WS 3-4THAIZ |X|SH= =AM PYHE ZHS 0| 83f0F &

BAETL S s S ™R ET} 7| EELL 3-4E O 4 52 ZZM #7180 25 E £ UEE B

LYEI R SR FR0ls 7R BHEXUNM &71H0| 75 2 = AEE MEs|or &

+ €O, ¥ Z2 HECR HFS:E A0 F5. 52 F==UAM 2FSE0AM 50ppm 57t SRS 3L
AEEE0M 50ppm 2

A2 AE0| FZE A0 M2t HH Zod 227 #Hohy| R el FEH| FoH 52 220N FRY 50|

1, AX70| F2 0= 2 BEd 225 YiXoz Worx|7| EY

¥

o
F27] 240l THHfolN FelMeR 400W/m? Ol&tel ZANME 23RS WD 227} 305 MEE FS LYol

2EE YUIMo= Waof 2ok 12 WolE I8 + U2
- BhY7| DRIAUNME 7H5 BI1E AR okn, Yol 2EE W0 BFY0} F (£7] AIB Al 2 4% BR)
© OB WWERE 28 HIFY SV H2AG 23 20| 754 EW0| SUHEES HoHH F2

- 64 -




11 . KHHH A|AE 7)5t

semi-ErH

m g5 Wy

T e

TARHE] A2 W

x| xLOIETHs PR x| E OIS S

11 . KUY A|AE 7=

EHE2A (Z 65m x 20| 100m) 7| =22 AHiHE =
13me & 507t dX|7ts stx|ot, B2 & 0.6m 2 A
Arstoj = THHIH| E= 304 5ol HX|7t E7ts5tA L, H
E9o| 22 GsiM A5} ofofgt.

et BEE 1.3m RE|E 404 AX[SD 222 13m
E 0|542R BE £ U Mibdo] o 10-15%
ESE + A

AR 0154 8K

<31ag 3 AAAY>

!
oS >

4> 1E Ho
>+

HEAY

oo [=]
e ZX= AAZHHEGBOcm)E =10 Kb
20M BEE IS
B 0
=

z3etelol Y|
JER

> >

rir

|EE
—=

=2t rr Ho
>
my 0= 4y 1>
Al S oy Jot o0
>t
N
~
¥ af
m
o

=
|7|5|, 2 &
O 2 ON/OFF Al

12 s Ao 2o ool >
i
0z
=

Mo gu oo o ol 1> g2

;
02 rr ox 1A > oX IR

y
=)
[
Iy

- 05 -




O M A% HF=t

H A ABY > <HHT| +O}0|I 2 B SAIZHK|>

<HHX| O 4] HX|> T p——
<HH7|ES 0|23 Xuj7|& E5E>

)

<HEd Mo A28 3>

FHRTEY THs, SHET| ARET 45 Ts YUREES W0 4% Hot B
tA| 2 Hglo] f0I0| k|l= 2F90| SETE|= MAETH H oA 8

i

2718 or
£ RS M U0l K| e, MANTS OHX| 2=
O ZZE ZHOM 232 &5 T

- Yool ECE EES J|EC R S| £, oHEI| WAl e
- pHE QoHo| ZMo|l Mt HBFSHR| F2 HAY TA0| £7| B4 QUSt0] A5t AHO| YoM, 7.0S M| Moz TH
- YUREE FUSESL ARSI FUSE M54 FUSES W0 1S

37| ShE7|
g of exp
EE L i Z|oH
2E(2Y) 5°C(Of) 28°C(F) 18°C(Oh) 32°C(F)
= 50%(F) 90%(OF) 50%(F) 90%(OF)
CESalcAn=S) 200W/m? 400W/m? 200W/m?2 500W/m?2
co2 400 ppm ~1000 ppm 400 ppm ~1000 ppm
SN EC 1.2dS/m 25dS/m 1.0dS/m 2.0dS/m
LY pH 55 7.0 55 7.0
YA 2 22°C 27°C 20°C 25°C

- 00 -




| ERSTE D-06
41 BEIHE
T - =g .
(A%) A AT ) AT FPHE
- T2 ot A FEZFA b3S Ve
- 1FE Bl ALE 9% - AFTA YA BE dols XA}
dAzA 79 2D 754 100 |- =49l HA S4xd 4
=4 Fd ZHHH7]€ 7 - ZupAfuf o} o] A Afu) xpo] 4
1d s 714 B FUHE AR Avivls A

(

O EAR A D
100 |- HE 9A vy 9 FF A= 7

- HEo o7t E‘%Ol A 23 24

2016) | plojgmuemy Be
TEA 71& A

(

Lo E A 3 o B Al
L Bgole] A5 AR B4 100 | Loz §% 7led EEEE v
Az We 718 =4 4
Zyo] 0|54 W= EAolg a8 Fuisks AT oA A A
DA »~® 7)at
o] 83t Al =4 Au 100 —Tn = i
o A}iﬂ R i g 2o agd B e AR

2017)
- ICT 2=mtER

SAA ] Wi A 100

7
7150l Aska Aujr)Ee Mk - AH7EE o] &3 FAA A=EE o] &8 A
Z27] (B4 & 1-25)9 E4¥0]9 glucosinolate o] ZhE S 1F &), A5+ H¢
ZYAEFY 7HA B o] 3-5u7HA FHIHAS — FAA
Au) Z1Ed AL Al 71sH B FEFSUC 7198 Ae dud

=g A = A= olsH WAE T en o3 WAE o] &d A5 dEad
AM 1E2 AuHESE o AXE = 3 EE2 AHe $33<= 1.2mE A9t I3t
A A = dojA BigE A e AdEso] 10-15% Ax ded - E A4 4

AT Al AN el DAY WY Pl Z1hE

(¢

ZUAT A AME 5 R o= gl ARA BRAA ALY BAR e

A 8=

- 67 -




D-07

2
=

5 74 A Al glucosinolates 2]

=

1-1. 483}, 243 AYJCledA 3)
Al

58 g+tdde] EEA

—

o}
o

A

;oL

ﬂﬂ_

o

Ay

F S A7

1

- 7l€old W& HAY

- A3 A

—
file)

e
ey

X

!

S

GH

i Al D)

A

o
H

(2018 - 174

3
Sl

, AR, TR T 73t A8 =

o

1-2.

p—

i

B

Ho
Ho

ez &g

=

shef 7]

=]

3

T T AYALE FEAY T

3, FF, =

- =90l ¥48g Sl Auulrde AR eBR o
1-3. &

-

!
o

)
%

;0E

—

AW B AL

Ny

- 68 -




ol

6 AFAHolA FET AAASI=dE

r

| FTHE \ D-08

- ZA| Y8t FA3s= GreenSys 2017 St&thd] 24
Fo HolAAA NHAFHANLH 7sd EH] FF FHE A
gk wrErt 9l9lom, E3] abiotic elicitorE 83k 4] &2 2
g AFAHIE Bo] BEEHIYS (B2, AL, LFE, 2EH 2 2% AL 7148 &

Ef 2z A, &2 ajdaAdA B =4 A 5
AEFE AEFRAA F=2 Aists A=d FAF THAA By HIZode &
=

- 09 -




!
o
o

ol
)
!

ol

gl

ke

K0

D-09

e
o

- 70 -




J=Se8EAIA 0 S

ior
|
™

Mr

ke

K0

D-10

o

To

o

- 71 -




=X ol

oF AN AA Aol m

Kr

<l

D-11

ojn

To

o

- 72 -



108 g Ae s HFAHA

| EREE \ D-12
‘?L'E]:‘ }\]'A]'O:]l?‘ = 7] /\]_5—]_
L |G=®= . rd o | =EAARA | Impact | =EAAY | (EEARF| L
e 0 =g sy 9F | o] : <
Ty | FEREATIRH | an | Y lesmma) Faor | /Sessy | me | ST
7€ FEAP | T ©
De novo
transcriptome
analysis and
e glucosinolate =um | = g
1 | =% profiling in Zgd | FAA = 2] 3.729 | 2017.05.23 = SCI
watercress
(Nasturtium
officinale R. Br.)
Analysis of the
growth and
glucosinolatecontent
8l< | s of Nasturtium N
L =1}
2 1k | officinaleaccording Bkl 2017.08.21
to LED lights in a
hydroponic culture
system
Oy AE YR .
s T = =y 2017.08.2
FHQ FEFS
4 | B3| ZVA7= AE | =E9Y 2017.11.16
Al 71 &
.| o1md m=Es
5 | e wew A B Fa 2017.11.22
T EU AEAN S

- 73 -



[S31]

Jeon et al. BMC Genomics (2017) 18:401
DOI 10.1186/512864-017-3792-5

BMC Genomics

RESEARCH ARTICLE

Open Access

@ CrossMark

De novo transcriptome analysis and
glucosinolate profiling in watercress
(Nasturtium officinale R. Br.)

Jin Jeon'", Sun Ju Bong'*, Jong Seok Park’, Young-Kyu Park®, Mariadhas Valan Arasu®, Naif Abdullah Al-Dhabi*
and Sang Un Park'”

Abstract

Background: Watercress (Nasturtium officinale R. Br) is an aquatic herb species that is a rich source of secondary 1
metabolites such as glucosinolates. Among these glucosinolates, watercress contains high amounts of |
gluconasturtiin (2-phenethyl glucosinolate) and its hydrolysis product, 2-phennethyl isothiocyanate, which plays a
role in suppressing tumor growth. However, the use of N. officinale as a source of herbal medicines is currently
limited due to insufficient genomic and physiological information.

Results: To acquire precise information on glucosinolate biosynthesis in N. officinale, we performed a
comprehensive analysis of the transcriptome and metabolome of different organs of N. officinale. Transcriptome
analysis of N. officinale seedlings yielded 69,570,892 raw reads. These reads were assembled into 69,635 transcripts,
64,876 of which were annotated to transcripts in public databases. On the basis of the functional annotation of N.
officinale, we identified 33 candidate genes encoding enzymes related to glucosinolate biosynthetic pathways and
analyzed the expression of these genes in the leaves, stems, roots, flowers, and seeds of N. officinale. The expression
of NoMYB28 and NoMYB29, the main regulators of aliphatic glucosinolate biosynthesis, was highest in the stems,
whereas the key regulators of indolic glucosinolate biosynthesis, such as NoDof1.1, NoMYB34, NoMYB51, and [
NoMYB122, were strongly expressed in the roots. Most glucosinolate biosynthetic genes were highly expressed in
the flowers. HPLC analysis enabled us to detect eight glucosinolates in the different organs of N. officinale. Among
these glucosinolates, the level of gluconasturtiin was considerably higher than any other glucosinolate in individual

Background

Nasturtium officinale R. Br. is an aquatic perennial herb
that generally grows in around clear, cold water. It is pri-
marily found in Europe, North and South America, and
Asia, where it is commonly known as “watercress.” In
some regions, N. officinale is considered an aquatic weed
and is consumed as a fresh salad plant or soup garnish,

* Correspondence: supark@cnu.ackr

"Equal contributors

'Department of Crop Science, Chungnam National University, 99 Daehak-ro,
Yuseong-gu, Daejeon 34134, Korea

Full list of author information is available at the end of the article

( ) BioMed Central

Keywords: Nasturtium officinale, Watercress, Transcriptome, Glucosinolates

organs, and the amount of total glucosinolates was highest in the flower.

Conclusions: This study has enhanced our understanding of functional genomics of N. officinale, including the
glucosinolate biosynthetic pathways of this plant. Ultimately, our data will be helpful for further research on
watercress bio-engineering and better strategies for exploiting its anti-carcinogenic properties.

— i i SSENTII—

or used in other recipes [1, 2]. It is well documented that
N. officinale is recognized as a valuable traditional medi-
cinal plant, because of its numerous health-benefiting
constituents, such as vitamins B, C, and E, pro-vitamin
A, folic acid, carotenoids, glucosinolates, and many min-
erals, including Ca, Fe, I, and S [3, 4]. In particular,
watercress contains high amounts of gluconasturtiin (2-
phenethyl glucosinolate), which is hydrolyzed by myro-
sinase to produce 2-phennethyl isothiocyanate [5, 6].
This latter metabolite has been demonstrated to sup-
press carcinogen activation through the inhibition of

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http//creativecommons org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Cornmons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http/creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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the mineral composition (K, Ca and Mg) in both seasons. Irrespective of the cropping seasons,
increasing the salinity concentration in the nutrient solution improved the quality traits of sweet basil k|
in particular the antioxidant activity, vitamin C and total phenols. Irrespective of treatments, caffeic

and ferulic acids were the most abundant phenolic acids in sweet basil. Finally, sweet basil grown
during the spring summer season exhibited the highest values of caffeic, coumaric and chicoric acids
and the lowest nitrate content compared to those recorded during the summer-fall season.

P-11-04
Analysis of the Growth and Glucosinolate Contents of Nasturtium Officinale
According to LED Lights in a Hydroponic Culture System

Jaeyun Choi, Jongseok Park

Department of Horicultural Science, Chungnam national university, Korea

Watercress (Nasturtium officinale) is a perennial aquatic plant belonged to Brassicacea,
which contains a large amount of the functional component Glucosinolates. This study
was conducted to analyze the effects of LED light combinations on the growth and
glucosinolates content of watercress when year-round produced in plant factory systems.
Watercress seeds (Asia Seed Co., Ltd.) were sown on a water-sprayed rock wool medium (Grodan,
Kiemplug standard tray) and grown in a growth chamber at a temperature of 22 °C, humidity of
80%, a light condition of 175 + 25 umol-m?-s” photosynthetic photon flux density (PPFD), and
a light/darkness ratio of 16 h/8 h. For each treatment, five weeks later, the twenty-two seedlings
were transplanted into compressed styrofoam (93*64 cm), under deep flow technique system.
Watercress was subjected to the following light system conditions (treatments): W10, R10, R3B1,
R5B1, R2B1G1 and W2B1G1 with 180 + 10 umol-m*?-s™ PPFD. The Hoagland nutrient solution was
used and the seedlings were cultured for three weeks at temperatures of 20 + 2 °C, humidity 70 *
10%, EC 1.3 £ 0.1 dS'm, and a light/darkness ratio of 16 h/8 h. The growth was examined and the
glucosinolates contents were analyzed using the High Performance Liquid Chromatogram (HPLC).
Fresh weights and dry weights of root were shown to be significantly lower in the R10 treatment.
The results of the HPLC analysis were showed that the content of glucosinolates per 0.1 g of dry
weight of watercress was 14.09 umol-g” in W10, 24.06 pymol-g” in R3B1, 13.23 pmol-g” in R5B1,
and 14.79 ymol-g” in R10, 9.84 umol-g™ in R2B1G1, and 10.17 pmol-g™" in W2B1G1. Among the
contents of Glucosinolates per the plant of watercress in various treatment, the R3B1 was resulted
as 149.96 pmol/plant. In watercress culture systems using artificial light, the growth rate and content
of glucosinolates were shown to be the highest under light condition R3B1.

P-11-05

Effects of Various Ratios of Red and Blue Light on the Growth, B -carotene and
Lutein Contents of Kale

Keisuke Kamiya', Wakanori Amaki®, Hiroyuki Watanabe'

"Tamagawa University, Japan

Tokyo University of Agriculture, Japan

Kale(Brassica oleracea L.) is reported to be rich in carotenoid pigments, which are phytochemicals
with antioxidant activity. Previous studies have shown that carotenoid pigments in plants is influ-
enced by irradiation with red or blue light. However, the effect of irradiation with a combination of
red and blue light on the accumulation of carotenoid pigments has not been clarified, yet. This study

— 218
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