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Abstract 2.0 and decreased with increasing salt concentration,
whereas those in turnip leaves waswere high both in the

BACKGROUND: The present study aimed to examine the non-treated control and atthe EC 1.0-treatment. But, tThere

crops capable of growing and adapting to the external was, however, no statistical differences among the

environment and various stresses of reclaimed agriculture treatments.

land for the development of high value-added agricultural CONCLUSION: The degree of salt tolerance of crops was

utilization technology based on reclaimed land through examined, and the limit EC iswas expected to be 3.0~4.0 dS-

standardization and empirical study of cultivation m’ as reported to date. If the soil improvement is performed
environment for cultivating crops. and irrigation systems are used in the actual reclaimed land,
METHODS AND RESULTS: Two crops namely turnips the EC of supplied irrigation will be low, and desalination
and beets were selected for the salt tolerance test of soil effecttreatment by the lower EC of the supplied irrigation
environmental conditions on reclaimed land. Turnip and on the soil will lead to more favorable soil condition of the
beet seedlings were planted on the soil collected at the rhizosphere and cultivation environment offor the crops
'Seokmun' reclaimed land. There are five treatments such as than those in the port experiment. Therefore, monitoring the
non-treatment, 1.0, 2.0 (control), 4.0 and 8.0 dSm™ of EC. salinity, water content and ground water level will enable
The contents of betacyanin in beet roots was highest in prediction of the rhizosphere environment, and setting up
control and decreased with increasing salt concentration. irrigation management and supplying irrigation will lead to
The GSL contents in the turnip roots waswere highest at EC crop cultivation results that are close to normal.
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vl SE WA vlE) A ow AAAF B
sl7]el o] & sidsty] flsto] IHHAE A HSTHGo, 2014).
A= 7ol v}, 34909 55 21 55 widle 3
= &oll, MEA s B oJnjsit)y. 1HA= Aekrl 7t
A H9lell Qlar, AR O] o] Tkl e ¢lo] KA
T @AYo R s Hol B¢l 9 %7t mokA AHE Al
Hjo] o]e]-go] WrKKim ef al, 2011). B %o Na*3} CI
7} @o] EAst AE2 d AEYAE Pl I AEHA
= o] 54, FREEAY A, o] F 9 FEY
AAe o3t YIEdHe oIt Munns and Termaat,
1986). E&fol d77F HstA JAEW 54 o]kl <Jgt =
A e B I fhre] i FEFTelst o
Rt B4 Atel FA AshethLutts er al, 1995;
Volkmar et al, 1998; Lee et al, 2008). & »Ed e &
W AE AL WHls AvtEo] vk 9 EQF] AR
= 5o A Y9 7 F5E Welski(Parida and
Das, 2005), 2}=8 Na*, Cl-o] 21&a] W2 S5=d AE
9] Na*, CI' o] &1} ohja} K', Ca™ o] 59 IS
Wafjste] A o o] 2E1rE st Hasegawa et al,
2000; Rodriguez et al, 2005).

HE(Beta vularis L) 3 ‘2 2 253] <dgte]
A2 g Q257 ol (Chenopodiceae) 2] T3l 2to]
otk HEE ZEe7t vl 75 wv|Ey) vlERlo] F4-
sto] vkl 7] foldhe = 7 e A=OltiYi et
al, 2017). Z-&2] W3 d(saline tolerant) 2]E0] A&3H=
A oA Tk o] JEs Ad T e AEY FEolth
AN A= S 210 5 ofe] 7HA a9l Ak o4, =
A5 el Ak grow gogd & qlvk 2= Ui A
L=+ sensitive (S), moderately sensitive (MS), moderately
tolerant (MT), tolerant (T)Z T-23FaL 1 o]l = Au
7} Brbes 202 st vl Ex MT S3(UI9A $)el
THAhn et al, 2003). 584 HAA291 HEF 2 (betalains)
< $Hekal Stk MiERIRIS A AAQl HERAoRd
(betacyanins) @} =g A4Ql HEFT A (betaxanthins)
°o 7 7450 9lrkSlawomir, 2005). THA] HIEFA oPA-S- |
Eld(betanin)@  ©]4HIEFd(isobetanin) &% UFofZItt
(Florian and Reinhold, 2004)(Fig. 1). T2%2¢1 HeRhd
& FdEAREt opel AksE 28] EtHChung and
Byun, 2009). %3 HleRd A4S S HIE HE-S v]A]
2 BERT A5 W8t Phythium debaryum®l A3740]
T 8-S s s B S, Aok A At
Holl AWML H7EZR o] FHlHGabrela ef al, 2004).

Y Brassica rapa L.)© %711]5 |53} Brassicaceae,
ARkl o] FafjatolEolnh. Fadetalobel i EAIe]
iAot @A) fejvetelr = sk A9 At 5,
o]xe] ol AAF T Al wheh vhekst o Ay

i glow, 7 oy B v o due SEHI )
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Fig. 1. Chemical structure of betacyanins of Beta vulgaris
L. (a), betanin; (b), isobetanin (Florian and Reinhold,
2004).
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Fig. 2. Enzymatic desulfation of glucosinolates. (a),
glucosinolate; (b), desulfated natural glucosinolate (Kim
and Ishii, 2006).

t}. = W5 F(Brassica rapa)®] He)7b vigist Z1o g
S7o] stal Fo| Wil w8k vhE ALt |
Bang et al, 2009; Jeong et al, 2013;
Lee, 2006). 57} A& gy E40 SFFA =Y 0]
E(glucosinolates, GSLs)E ™ $Hskal QITtHKo et al,
2017). =75 MS S9N Toho= #irya, 2=
U9/d(saline tolerant)> Z=2] A7 AYAHES a4 5
of ofdgkS 4] ko o AEH A A F SlE FEA
o] Ages gtk
GSLst= w53t =59 24 dpRbER FlHB
oleracea var. capitata), ‘+(Raphanus sativus), 71 50l
Zo] =o] ltHCartea et al, 2008)(Fig. 2). dA9} 35 3
okl Qe i Aleln] FARE: R7]6l w7t EH
(Fahay et al, 2001; Park et al, 2017; Kim et al, 2011),
ok 200% o)At &A QItKClarke, 2010; Kim et al, 2015).
GSLs¥+ =452 1 7]&7%0l BD-glucopyranoses 2t

1 %len, 7%F olu:-AHalanine, methione, waline,

r
b
o
T
ul
9
=

leucine, isoleucine, phenylalanine, tryptophan). S %€
A3 Elth(Fahey et al, 2001; Halkier and Gershenzon,
2006; Jeong et al, 2015). 2J&2] ZAlo] Wy nfgh 5ol
date] EEjFow &4 u, GSLst A=Al del Qe
myrosinase2] 7}l 2J8to] isothiocyanate, thiocyanate
9l nitrile 52 AAITE GSLs= TEAY AtollA] )<t
= frdele T AAAA Fre A3 BaEglon,
FHE olg} 2 ofy 7HA ok, AeE A4S vehlie
oz RuEe]l @2 Y A7t JFEI 9tVan
Etten et al, 1969; Halkier and Gershenzon, 2006). L
oA GSL &3l A=<l isothiocyanates= &%= Al@ls}
v AAS 7 Qlom 11k, St Foll it 9ls e
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Table 1. Nutrient compositions of (A) Japanese Enshi nutrient solutions and (B) EC values

(A) Japanese Enshi A and B nutrient solutions

Nutrients A solution (mM) B solution (mM)
KNOs 3.0 3.0
Ca(NO3)2 *4H,0 4.0 -
NH.H,PO, - 1.0
MgSO,+7H,O - 2.0
Micronutireints Concentrations
ppm g/L
FeEDTA 3.18 24.00
H;BOs 0.52 3.00
MnSO,+5H,0 0.50 2.16
ZnSO,+7H,O 0.05 0.22
CuSO,+5H,0 0.02 0.05
Na>MoOy+2H,0 0.01 0.02
(B) Control EC values by adding NaCl
Treatment JapaneseEnshinutrientsolution in de-ionized water (ml/ L)Y NaCl treatment (g/L)
Non-treatment (EC 0.3) 0.00” 0.00”
EC 1.0 5.00 dilutedfromthecontrol®
Control (EC 2.0) 10.00 0.00
EC 4.0 10.00 1.75
EC 8.0 10.00 3.45

¥ The stock solutions are made up at 100 times.
Y Only used tap-water.

9 diluted 2 times from the control (EC 2.0) with de-ionized water.

ohe} AAgeIikEel e #01E Fth(Zhang and Talalay,
1994; Talalay and Zhang, 1996; Halkier and Gershenzon,
2006; Lee et al, 2014).
ARG A A A A A el
Satod 2H) A Al FsE 4T e %
Aoz < el tistol MT 54l BIESEMS &
=5 G APste] NaCl A2 S5(EC #% 719l
27} thAREESL HERA o 7k GSL Fgel] A=
ARSI olejd dEle el wE A=l T
1410“* Az A el A4 B v d < 9)
& ke 71 ARE B89 A7 ek 9
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7im)Ak(formic acid, HCOOH)< Samchun Chemicals
(Gyeonggi-do, Korea)°llA] T-4J3t3ITth Acetonitrile (CHECN),
methanol (MeOH, CH;0OH)-> J.T. Baker Chemical Co.
(Phillipsburg, NJ, USA) 7= AH-8FIt. Sodium acetate
(NaCH;0,:3H,0) ¢} ethanol (EtOH)<> Samchun Pure

Chemical Co., Ltd. (Pyeongtaek, Korea)ellA] 7-3}3{th.
H¥ F7%1E2] DEAE-Sephadex A-25% GE Healthcare
Bio-Sciences AB (Uppsala, Sweden)Zl& AHE-3}3111, aryl
sulfatase (type H-1, EC 3.1.6.1)8} =FIA = 0E X5
2! sinigrin (2-propenyl GSL)< Sigma-Aldrich Chemical
Co.ollM 7slaiSiet. HlEpAlobd €] 5541 HlEhd (betanin)
£ Aldrich Chemistry Co. Inc. (Milwaukee, WI, USA)
<, Sep-pak Plus C18 Cartridges= Waters (Milford,
Delaware, USA) 75 ARE-3FSIth

aj
AR (Z3 Al S 7] SAReT 7

AF o] ZEAPRHAA ESF 2.34 kg)< oF
| Bk AR vl B FR(37.8%), EY &%
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EE AR ES 55, s 5070E vk dkelal,
717} 100, 98%2] HolHa& YRSt 95 § 79U(7 DAS)
o] HIES} %= FETE(13X13X15 am®, (HA] B
2.34 kg)°ll o]2lek3le}. 7F X EE= Folls X wupr} 1
AAE TAA AeES FUsH i) o4 F By
G2 9 Ao g A% ASEATA] BSE sk Hat
S5 23°C, #F 180~205 umolm™s', #HF7] F/ok
11/13 h, 5% 9~12%%1 g4 AlE 33k

U= 2ol xletof st MI|MEE (EC) 24t =H

AT 4558, UlE7+ EC 2.0, A3+ EC 1.0,
EC 4.0, EC 8.0°.% Ftato] AAlslqleh A e+ 7%
=(EC 0.3), ¥ EC 2 A2 AN (Kimiharu ef al,
2010) 7|# 0% FM[hETHEC 2.0)] NaClE H7}ato]
EC 4.0, EC 8022 %43}3, EC 1.0& 84]33]tHTable 1).
3 A HIE, $F AlEE 490 st dEAdA
Wl 15 234, T 473 Hsiglth Faket A5 A
T ASTEEE, 9%, AF FHE S8, 44Uz
5 kel wppapiE 2as) efgick

HIEFAIOI =& & EM

HEAIE(100 mg)E dFete] 2.0 mL-eppendorf tube
of Y1 20 mL 2555 ¥il 5% 39 W5EN(vortex)
5t & 253} 47 (sonicator) 2 15%-7F Al 253 A
?(sonication)E 33tk 1 thy A4E](15,000 rpm,
4°C, 15 min) 3+ %, Sep-pak Plus C18 CartridgesS &3} A]
A FEES A Sep-pak Plus C18 Cartridgesi= V]
g 2.0 mL 100% "EF(MeOH)Z 843} A7 3 2.0 mL
ZTE A ATHE 92 T 5% olEHS(EtOH) =
F Ao] o whauhE w7b4|(8~10 mL) Fo] Fol AEE
LEAZY 5% A& 045 pm hydrophilic PTFE
syringe filter (%74 13 mm)E oj#3t &, Is57|=
EtOH°] ¢513] A= m7h4] sSHARH 55 AEE 1.0
mL EtOH®} 1.0 mL 575 ¥ol %< v HPLCE 2
A vialtgel go} HPLCZ 43181t

HERA o 2402 Synergi 4 u POLAR-RP 80A Z#
(250<4.6 mm, 4 um Phenomenex)S 23+ 1200 series
HPLC (Agilent Technologies, CA, USA)E AH&-3t3itt.
A 208 1% 9P(detection wavelength) 538 nm, %
(flow rate) 1.0 mL/min, ¥ &%(column temperature)
35°CE AAste] F43k3ith A8 A5 7971 (automatic
injector)& AHESF] 20.0 uL FYsIHE ol Bl
solvent A[water: formic acid, (99: 1, v/v)]$} solvent B
(acetonitrile, CH;CN)E AHE-3FItE €0l 59l solvent
BE 7|02 AABII F 2589 4 Alzto] AQFHS)
t} Solvent Bt A5l 0%% A&t 15874 20%% &
7IAZL F 208 7H4] 40% 2 F7MAFER 20.1%00 0% 2 H4
3] A 2587 0% FAAIFTE A E ZF A

& SPEFEAR] Betanin® -5 Al{Kretention time,

RT)o] ]
% 7} WlEpof

— =

T8 11, HPLC ¥4 W& (area) = 7152
382 91 A astel AR

HL

GSL &= % HPLC 24

GSL F% % HPLC #412 ofg] =5 Faste] A3
skSitHJeong et al, 2015; Kim et al, 2011; Lee et al,
2014; Kim et al, 2015; Park et al, 2017). 4 7Azx9 &
2 Al 100 mge A @ste] 2.0 mL-Eppendorf tube®] ¥
1, 70%(v/v) boiling MeOH 1.5 mLE 4o] 7535
(vortex)3tSith AEEd & F272(75C)A 527 =
(crude) GSLsE FZ383lth ©]¥ 2.0 mL-Eppendorf
tubeS ¢414-2](12,000 rpm, 4°C, 10 min)33ly, w2 ¥
7Fe e AldiHtest tube)ll AT 9 & FU3t
A 23] o wEgste], F 33] el 7 Aeds A
o] gsisith Mini-column (1,000 pL pipet tip) F%1-&
DEAE Sephadex A-251 w570l 50jA] fEojFe] W
S 277 A9 wAUzE tsell sodium acetate (0.5
ME Fol H Fei= &/ 3tste] AH8-8131t Mini-column
< o] RS EAHer uwd vd &43l¥l DEAE
Sephadex A-25% 5 cm7}g A& ¥ GSL & FFE(crude
extract)2 pasteur pipet® = ZH3IQIth FEEC] whAL
71 25 2 mLE pasteur pipet &% 2SI 271
oF WA U7 HA mini-column ©F € S paraffin film©.
Al @A ¥, mini-column®]l aryl sulfatase
solution 75 pL& Y& ¥ 9 ¥ ##5 paraffin filmO=
2okt 53 mini-columns 16~18A1XF F<F 7ol %
2] & %, 2.0 mL-Eppendorf tube] % 0.5 mLE 33
HHEgte] §-&3lth 8% A% AlS+= 045 pm hydrophilic
PTFE syringe filter (%7 13 mm)& ©]%3t $, HPLC&
2 vial'gell Hol HPLCE #43k3ich

GSL #4< Inertsil ODS-3 column(150<3.0 mm
LD., particle size 3 um), 7F= AHL Inertsil ODS-2
Cartridge Guard column E(10%2.0 mm LD., particle
size 5 um) (GL Science, Tokyo, Japan)e AH-3t3lal
HPLC(Agilent Technologies, CA, USA)E °©]&-3to] &4
ol 4 27 1% 3Hd(detection wavelength) 227
nm, T (flow rate) 0.4 mL/min, A¥ <%(column
temperature) 40°CE 27g3sto] #4813tk Al5& Abs
%7](automatic injector)E AH-3te] 10.0 uL FHATH
o5 47 solvent A(Z57)%} solvent B(acetonitrile,
CH:CN)E AHE3kitt 80 Gl solvent BE 7|50
AABIAAL F 2789 24 ARl 22 ¥l Solvent B
A 287 E 0%2 A7) 7420 014 10%2 S7F
A1713L, 1650l 100014 31%2 F7HAIFTE 193¢l 31%
5 AL 218714 310014 0%E 74, 273800 0%E
FAIAIZTE ZF GSL A2 & 7719 A3 Wiy HPLC
9 LC-MS #4215 ¢} 7] 333k 7819 AF5(Chun ef al,
2016)5 Faste] Fgskglal, SFEFEZS] Sinigrin®
HPLC 33 W&(area)s 7I- 02 7} GSL A&<] 97 W
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Table 2. Leaf response of beet and turnip to different EC
values

Non-treatment Control
(EC 0.3) ECL0 (gopq EC40  ECSBO
Beet *
[ L [ = «o| B « B ”
Tumip * * *
— e e B o B -

42 wlasiel s

ﬂd
2
H

S

EAEN

HPLC ¥4 A= Microsoft Office Excel 2010 ©]
gato] ZF Aol it =Fe] gk vkl REHANE
Tk SAAE =2 73S Windows$E IBM SPSS 22
Statistics = AMFSIITE /22 0.05 olst2 AAsk%a,
Tukey A4S A&l oS HSRAdrh

#a ¥ o
HIE W 22 4%
EC 7 Aolo] M § AEdAR g nEg 59 o)

EC #ho] &5 oo] ¥ emeAY oy

19174(22.5 cm)°llA] 7 #tthTable 3). 52]2] Zol=
EC 1.0 A375.4)°14 7 2913 EC 4.0 437435 cm)
oA 7 Fokek ele] Al FAHETH39.6)14 E%a,
)] AAlFS EC 1.0 23 7423.8 g)ollA 71 =9kt <)
o] 8 EC 1.0 A3H91.5)001A, ¥ele] +Edh=ke
EC 1.0 A87(84.2%)°Ix 714 =kt

(Brassica rapa L) 949 Zol= EC 2.0 o=+
(33.3)°A 7% Aglom EC 8.0 A37425.8 cm)olld 71
ZHotciTable 3). ¥2]9] Zoji= EC 2.0 tZ7+8.8)°14 7}

Table 3. Plant growth of beet and turnip

% 719131 EC 8.0 AE747.9 em)olA 7H¢ Zghe). ole) A
A5-E EC 2.0 tET(55.2)014 7P H9kar, 3e)o] A%
< EC 8.0 4387202 g)ollAl 7H =Skth 9le] 8=
EC 1.0 A8793.4)0l4, ¥ et EC 1.0 A%
(86.3%)°X 7V =Stk 78 & AR Ao ot
EC #k 4ol w& Wss AvEsith vES}) &5 A%
& EC 20 tizxTolA 7P 3tk B23e Aes 5
¥ NaCl sEA7} &5 Bzgee] g%l F7k3
HAghajanzadeh et al, 2017). A} ZJefellA A& A
2, 1%, 9 2EfAs B2 ohorst Fe 3 AEHA
o] :=ZE¥rHAlonso-Blanco et al, 2009; Hwang et al,
2017; Choi et al, 2013). 9 AEHAE AHF0ZE A=
o] A gl i ek ke 55 st (Ao Es
A RE A o i S fFEsinz o AEd)
AE T AEYA 9 s 3ItSobhanian ef
al, 2011; Lee et al, 2014; Hong et al, 2015). A|¥>
T AEYA V)R] SRR S Sl hasigla
(Jeong et al, 2015), AL WA TE sk S Hal
THLee et al, 2017). A=A glsto] st AYL 22004
Aeet AYRTE AGo] o vk BES HeltHHwang et al,
2017). E9FE- BC #ho] 2575 tiAd oz as Ao
E Hol i AEH AT YIS 7IHE AoE Alsdrh

PN

HIE L HELA[OHE =

HIE U WP ohd S HPLCZ ¥-43 A3}, 2579 o
EfAlobd(betanin, isobetanin)E w2]33ITHTable 4, Fig. 3).
AT, EC 1.0, TIET7HEC 2.0), EC 4.0, EC 8.0]
oA F HlEp o ke EC 2.0 th274(327.46)$} vlwa}
A=, FAEH425.29) 4= oF 1.294 #3431, EC 1.0
A8 368.41) 1= thETHELF 1.128] EtHTable 5).
EC 4.0 J874262.55)9} EC 8.0 237421657 mg/g dry
wt.)ollAs izTtel Bjal] oF 1.518) wiekt) 7} wekrjohd
e 3k W9 betanin (161.16~292.59), isobetanin
(54.09~75.82 mg/g dry wt.)°.Z YEFTE Betanin 3
& FAE7(324.08)°14 13k YEREaL, EC 8.0 AdT
(161.16 mg/g dry wt.)ellX #HA gk LERASITh Isobetanin

ook

(=4)

Leaf Root Fresh weight (g) dry weight (g) water content (%)
Flant Treatment l((egr%lt)h V{églt)h number 1??1%:)}‘ Vzclgnt)h leaf root leaf root leaf roof
Beet Non-treatment (EC 0.3) 24.5£2.3a 7.7+0.3a 8.3x0.4a 4.9+1.6a 3.3x0.2a 39.6+8.9a 19.7+1.3a 4.03+0.93a 3.45x0.1a 89.8+0.38a 82.4+1.25a
EC 1.0 25.6+0.8a 8.3+0.6a 6.8+0.8bc 5.4+1.0a 3.3+0.2a 38.9+5.4a 23.8+4.8a 3.26+0.30a 3.77+0.9a 91.5+1.09a 84.2+1.32a
Control (EC 2.0) 26.2+2.1a 8.2+1.1a 8.0+0.7ab 5.1+0.5a 3.1+0.5a 37.4+10.7a 19+6.4a 3.3+0.90a 3.07+0.9a 91.1+0.46a 83.4+2.07a
EC 4.0 23.4+1.1a 7.4+0.5a 7.3+0.4abc 3.5+0.3a 2.6+0.5a 27.9+4.3a 11.9+4.3a 2.65+0.55a 2.15+0.7a 90.5+1.36a 81.7+1.10a
EC 8.0 22.5+t1.6a 7.1+0.6a 6.3+0.4c 4.4+1.0a 2.4+0.3a 25.8+5.2a 13.7+7.6a 2.67+0.29a 2.58+1.3a 89.5+1.02a 80.8+0.78a
Turnip Non-treatment (EC 0.3) 29.4+1.9ab 9.7+0.9a 6.3+0.8a 8.0+0.4a 2.5+0.3a 41.4+13.0a 16.2+3.5a 3.19+1.42a 2.44+0.46a 92.5+1.0ab 84.8+0.7a
EC 1.0 32.0£3.1a 10.7+1.6a 6.0£0.0a 8.7+0.3a 2.7+0.4a 48.6+14.5a 20.1+7.3a 3.25+1.11a 2.73+0.97a 93.4+0.3a 86.3+1.la
Control (EC 2.0) 33.3+1.3a 11.6+1.6a 6.8+0.8a 8.8+1.1a 2.0+0.6a 55.2+2.3a 14.3+4.5a 4.05+0.22a 2.56+0.75a 92.7+0.5ab 84.9+1.8a
EC 4.0 27.8+2.2ab 10.2+0.6a 6.0+0.0a 8.3+0.9a 2.8+0.5a 42.4+79a 16.9+2.9a 3.15+0.64a 2.51+0.54a 92.5+0.8ab 85.2+1.0a
EC 8.0 25.8429b 9.3+1.4a 5.8+0.8a 7.9+0.7a 2.5+0.4a 32.3+5.0a 20.2+6.7a 2.8+0.6a 3.1x1.2a 91.5+0.7b 84.8+1.3a
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Table 4. Betacyanins identified in beet

Table 6. Glucosinolates identified in turnip root and leaf

No.” RT” Trivial names Chemical formula m/z [M+H]
1 10.902 C24sH27N2013 551 (389,505)
2 11.876 CosH7N2O13 551 (389,505)

Betanin

Isobetanin

a) No., the elution order of HPLC analysis. b) RT, retentiontime
(min).

(@)

(¥

Intensity (mAU)

’ (b)

Rentention Time (min)

Fig. 3. HPLC chromatograms of betacyanins separated
from beet root. (a), betacyanin standards; (b), control (EC
2.0). Peak numbers refer to the betacyanins: 1, betanin; 2,
isobetanin (see Table 4).

e AP (101.21)004 Hagh, EC 4.0 A4(54.09
mg/g dry wt)elA HA%S LeEplsich FA25¢k EC
8.0 A¥TE A<lst EC 1.0, 2.0 4.0 AHTelx= FA14
TR Stk AES o, Ax 2Eds 53 22 0|4
=4 A~E#A $7(abioic stress environment)©l| 4-5-3}
o] YA olejgt ~EHA Aol wF HIS w S
ap7] 913 o7k AEAIAA teke AEgetad
& &4 A]71tHAlonso-Blanco et al, 2009; Davies, 1995;
Hwang ef al, 2017). WEbAobd SHg2 7% AE#H A0 ¢
AEYA JES S 1 S7Fekil(Bothe, 1976; Hayakawa
and Agarie, 2010; Jain and Gould, 2015; Jain et al, 2015;
Nakashima ef al, 2011; Wang ef al, 2007; Jain and
Gould, 2015), 3HAAEE 72 ¥ NaCl & AE =
A Br5 E710 e 24F tiAkEES] vl obd 9] o]
S7FlSIAIRE, QoAM= AdiaA7E ST (Ribeiro et al,

G

Molecularweight

No.” RT” Trivial names o Responsefactor®
(m/z)
1 10.76 Progoitrin 309 1.09
2 11.56 Sinigrin 279 1.00
3 12.15 Glucoalyssin 371 1.07
4 12.40 Gluconapoleiferin 323 1.00
5  15.49 Glucobrassicanapin 307 1.15
6  16.38 Glucobrassicin 368 0.29
7 17.05 4-Methoxyglucobrassicin 398 0.25
8  17.40 Gluconasturtiin 343 0.95
9  18.63 Neoglucobrassicin 398 0.20

9 No., the elution order of HPLC analysis.

P RT, retentiontime (min).

9 As a desulfo-glucosinolate.

9 The international organization for standardization (ISO 9167-1, 1992).

2014). Cl-& =& FEolA Wekrohd S Aslislr] uf
2ol Amaranthus 352 NaCl 5% A2 E 4 &5
HlERAohd g4do] 7HA3lItKElliott, 1979). ¥ ¢ ollA=
EC #to] 5575 e obd ke Fhasigith

&2 L GSL &

& W GSLsE HPLCE #4138 Aot #e] Yelx= &
8&+2] GSLs (progoitrin, glucoalyssin, gluconapoleiferin,
glucobrassicanapin, glucobrassicin, 4-methoxyglucobrassicin,
glucona sturtiin, neoglucobrassicin)E 25, o W
oxE oA gt 8F el sinigring TElA F 9F
72 GSLsE #ulsl%ltTable 6, Fig. 4). -3 ],
% GSL -2 EC 2.0 tl27419.53)¢9} vlwsils o], F
A2]7+(18.28)°M= <F 1.06M], EC 1.0 A35+(15.09)+= 1.29
v Skl EC 4.0 A397418.33)SF EC 8.0 A&7413.03 1
mol/g dry wt)= tiZ 7R} GSL gHego] wokeh 13w,
ZF ARl 3R SAA frefxk= flSitHTable 7). 2F GSL
3 o W9l progoitrin (0.49~3.16), glucoalyssin
(021~0.33), gluconapoleiferin (0.44~1.49), gluco-brassicanapin
(1.46~3.98), glucobrassicin (0.32~1.04), 4methoxyglucobrassicin
(0.33~0.60), gluconasturtiin (7.63~10.96), neoglucobrassicin
(0.94~1.78 umol/g dry wt.)o2 YEITE &7 SlofA,
% GSL %2 EC 2.0 tI27+5.01)3 H]aslslS w, 4
76.36) M= <k 1.264, EC 1.0 A3 746.41)= F 1.27
H] 3=9}tHTable 7). EC 4.0 A374.91)¢ EC 8.0 A+
(3.65 umol/g dry wt.)ellA= o275t Wkth 53] EC
8.0 A&3.65 umol/g dry wt.)olA= oF 1.374) 71 &t
SHARE HEj el w7 b E QLo EC grell whe GSL ##-2

Table 5. Betacyain contents (mg/g dry wt.) in beet root treated with different EC values (n=4)
No.”  Trivial names Non-treatment (EC 0.3) EC 1.0 Control (EC 2.0) EC 4.0 EC 8.0
1 Betanin 324.08+103.84a 292.59+53.02ab 254.14+36.01ab 208.45+31.32ab  161.16+33.08b
2 Isobetanin 101.21+48.35a 75.82+12.77a 73.31+8.21a 54.09+9.31a 55.42+13.40a
Total 425.29+148.29a 368.41+62.86ab 327.46+34.36ab 262.55+39.60ab  216.57+42.93b

® Peak numbers refer to the betacyanins listed in Table 4.
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i 2 2EYAE XAl A3t 5 FUSERE i AEY
:ZZ \ & A GEs s % thMunns and Termaat, 1986;
400 ‘ Sobhanian ef al, 2011; Lee et al, 2014; Hong et al,
2015). B 22 ARA2olA NaCl 2ol weh GSL 3

2 FA27NaCl 0 mmol/L)FE 60 mmol/L 7= 7+
425107} 80, 100 mmol/LefM= 7 WERsaL, 3UAtelA
? 5o 5, 79xE & FE T 3 o], o= NaClo] 2
) o] gl wet ol Yol A7)7] wiitelgta yst
AHGuo ef al, 2013). AYo] & AEHAE O] 4
WSrE F743] B2 49 GSLsE 431 tHBrown et
al, 2002; Jeong et al, 2015). & A7-elA] EC Fleol W&
B GSL 32 A1 A7t A, &7 99 & GSL 3
- & EC gho] &5 #AasiSitt o] A3k Na'7 CI'7h
Yol 9 AEYAE o} S Elde] Agf, o]0 g 4
TE2 Aol g JEdtHE doA FREFTEN} U
e} 24 AAto] A Astd Zlom Algdtt of2|gh AT
Ao BUA = 9] I AE e WA W AE 7]
ol TefAeld ZIigtkar AzbEn A ARe] ZHAA|
EkS o &% Al APl A=) U AEE A
Rentention Time (min) oy, 3 ECEE A7 BaH 3.0~4.0 dSm™ FEL
Fig. 4. HPLC chromatograms of glucosinolates separated 2 ol woh AA AN B N 9 BeAAEE
from turnip root and leaf. (a), external sinigrin standard; ol g3k, FFEHE FU9 EC7F Y1, B AIAYE
(b), root control (EC 8.0); (c), leaf control (EC 1.0). Peak sto] 7] EokzAT AHEo] AMAS XE A 27
numbers refer to the GSLs listed in Table 6. WO ks A Aow AlRHL) Wl mep] o o
T, Ak w2 EYEE s HH 29 o] oS
FAA A 9 ZF GSL A g Wl progoitrin 53 ol W FATES HAAste] LIsbd Ao 7t
(0.20~0.68), sinigrin (0.21~049), glucoalyssin (098 ~2.17), & AEA A} Ak
gluconapoleiferin (0.13~0.40), gluco-brassicanapin (0.13~0.83),
glucobrassicin (023~1.00), 4-methoxyglucobrassicin (0.10~0.41),

Intensity (mAU)

©

O
Q.
)
!
[t
S~
>,
_‘,L:L
e
(o3
o,

gluconasturtiin (0.37~0.72), neoglucobrassicin (0.66~1.33 Note

mol/g dry wt) o & Uepsdth 79 Hejgl oS v & The authors declare no conflict of interest.

Agl 2 A3, EC 2.0 tizolA Al =577t 77} &
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Table 7. Glucosinolate contents (#mol/g dry wt.) in root and leaf of turnip treated with different EC values (r=4)

root leaf
a .

No  Trivial names No?ét(f:egt_g)‘em EC 1.0 (%%ntzr%l) EC 40  EC 80 Nor(‘étéegfg;em EC 1.0 é‘&“tzf%l) EC 40  EC 80
1 Progoitrin 3.16+2.19a 0.76+0.23a 0.68+0.68a 1.10+0.83a 0.49+0.24a 0.68+0.60a  0.61+0.13a 0.60+0.13a 0.24+0.02a 0.20+0.06a
2 Sinigrin ND” ND ND ND ND 0.49+0.42a 0.38+0.44a 0.21+0.07a 0.25+0.03a 0.21+0.22a
3 Glucoalyssin 0.33+0.13a 0.28+0.22a 0.27+0.28a 0.21+0.04a 0.24+0.17a 2.17+1.21a  1.86x0.61a 2.01+0.34a 1.38+0.17a 0.98+0.35a
4 Gluconapoleiferin 1.49+1.00a 0.44+0.18a 0.57+0.26a 0.87+0.34a 0.71+0.20a 0.40+0.39a  0.1420.10a 0.13+0.09a 0.18+0.13a 0.19+0.16a
5 Glucobrassicanapin 1.65+0.39a 2.83+2.39a 3.98+1.68a 1.46x1.04a 2.37+1.60a  0.26x0.16ab 0.20+0.10ab 0.13+0.06b 0.83+0.15a 0.64+0.53ab
6  Glucobrassicin 0.64+0.13ab  0.73+0.27ab 0.94+0.24a 1.04+0.29a 0.32+0.09b 0.46+0.19a  1.00+0.69a 0.57+0.20a 0.26+0.09a 0.23+0.08a
7 4-Methoxyglucobrassicin 0.45+0.07a 0.42+0.15a 0.60+0.14a 0.43+0.19a 0.33+0.07a  0.24+0.09ab  0.41+0.19a 0.27+0.10ab 0.19+0.07ab 0.10+0.01b
8 Gluconasturtiin 9.19+1.28a 8.60+4.26a 10.96+1.32a 11.46+4.10a 7.63+2.46a 0.47+0.09a  0.47+0.05a 0.43+0.02a 0.72+0.35a 0.37+0.08a
9  Neoglucobrassicin 1.36+0.44a 1.02+0.54a 1.53+0.40a 1.78+1.41a 0.94+0.39a 1.19+0.33a 1.33+1.47a 0.66+0.18a 0.86+0.48a 0.73+0.59a

Total 18.28+2.45a 15.09+7.09a 19.53+3.24a 18.33+5.08a 13.03+3.50a 6.36+2.74a 6.41+2.14a 5.01+0.41a 4.91+0.49a 3.65+1.08a

) Peak numbers refer to the GSLs listed in Table 6. ” ND, not detected.
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