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Abstract. This study was conducted to investigate the effect of different NaCl concentrations and treatment timing on
growth and bioactive compound content in Glehnia littoralis Fr. Schmidt ex Miquel. In the first experiment, seedlings
were transplanted and grown during 30 days into a deep floating technique system (DFT system) on Hoagland solution
(EC 1.5dS'm™ and pH 6.5) with 40, 80, 120, 160, and 200 mM NacCl in a greenhouse. In the second experiment, G.
littoralis was grown during 50 days into DFT system, and treated 50, 100, 150, and 200 mM NaCl at 5 and 10 days
before harvest (DBH), respectively. In both experiments, non-treatment was set as the control. Plant growth and
photosynthetic characteristic, total phenolic contents, total flavonoid contents, and antioxidant activity were measured.
When NaCl concentration was higher than 80 mM, growth of G. [ittoralis Fr. Schmidt ex Miquel was decreased. In the
second experiment, growth characteristics, such as number of leaves, leaf area, dry weights of shoot and root were the
highest in the 50 mM NaCl with 10 DBH. The photosynthetic rate was observed the highest in the control and 50 mM
treatments, and significantly decreased in the NaCl concentration of more than 100 mM regardless of NaCl treatment
timing. In addition, visible leaf injury was observed in the NaCl concentrations of more than 100 mM. The total
phenolic and flavonoid concentrations were the highest in the 200 mM with 5 DBH treatment. However, antioxidant
activity was the highest in the control and 50 mM with 10 DBH treatment. In conclusion, these results suggest that the
application of 50 mM NaCl with 10 DBH on nutrient solution will be effective for cultivation of high quality and
bioactive compound content of G. littoralis in a hydroponic system.
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AL 2~H L}o]gqﬁzﬂxko =5}
RS 2 Ao S0 ROl S} 3 T, 4, 4
2J5hy BRHES) 27} 50 FHHS kS EAlo] Liehiet
(Bernstein, 1975; Kim 5, 2019; Shabala 5, 2015; Termaat
2} Munns, 1986).

gt ¢ 2Ee o] dfa WAL TAlE ABE QS
cIek o, e DAl 459 B @ 2
(40mM NaCl)& 2 7+s1= shA oAl = &A
(Choi -5, 2013; Kim ‘5, 2019; Matthewﬂ-Hasegawa, 2013;
Termaat2} Munns, 1986). GAYAIEo= 771 Panicum
bisulcatum Thunb), 711SX(Solanum nigrum), V}230)(Digitaria
ciliaris), X)X (Abutilon theophrasti), 7893 Glehnia littoralis
F. Schmidt ex Miquel)5-¢] 3]0 vlg-Eo|L} 22 ¢, NaCl
5 GRAE ST AR Egfol| A o] FAEAES] A 2
| sRHE, Aol et At HeY = o YthKim -5,
2011; Lee 5, 1999; Lee 5, 2010; Lee 5, 2020; Sohn-g,
2009).

HHES ZE1EA(CFDA, 1999)0] K15, j2o] ofe &3}
g A]sio] gl ejel e A0 A Lk 4ot
O 2 AME = SRR ol = WIS (HSE, =S Saposhnikovia
divaricate Turcz.), 07| SUE(RIsA S, A5 Peucedanum
Jjaponicum Thunb.), 18] 31 ZAE(RIRE, EAM, W)
QITHCEDA, 1999; Choo S, 2008; Song =, 2014). 7
HES eluel Sl B ol F2 AP} A}
(Umbelliferae) 2] N2 Glehnia) G ER, U2 &
7h ol A 37 QLo ZebA lom] Zeke AT o]
ok QI3 Helos BE, 2915, WRIHHE-S SHe coumarin,
polyacetylene, saposhnikovan A, sesquiterpene 5-2] 2F2] 4]
ANE 7H SfekEe] fhrE o] Qlof ofHl fET = A=
A1 95101 B okg 0 g ALESHHChoo 5, 2008; Lee,
2020; Um 5, 2010). A =2 7)1 54 A4 2 15717}
A A0 2 =] ar QIA|eh Aok, A, f e At
7} & o]FoiA| AL Qlof Auljte]E Fet A4t R e
SFHE ek 2R T E A ZHHEE AALS: 93] ol L)
I Q3% AAo|tHChoi 5, 1997; Kim 5, 2008; Moon 5,
2010; Song %, 2014).
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*E‘%JE 1ol S SARE 3 Y7l i= T <eSFA(Farmhannong
benomyl, FarmHannong Co., Jinju, Korea) & AMg-3}0] 4%
2F% kA, 5°ColA 10557 A G- A sty 135
& AAR FAE 1285 Z8 1 Egf|o](S4em x 28cm x
4.8cm, Bumnong Co. Ltd., Jeongeup, Korea)of| -3 gt A%
Z|(W x L x H: 30mm x 30mm x 40mm, Gafatec Co., Ltd.,
Korea) & %71 8ol 1715 1 914 mgleich, whe 44
el AldllstaTalel Wsld A% A Al
(C1200H3, FC Poibe Co. Ltd., Seoul, Korea) Yol A S-H.5}
Aom ZYPo] FHT o5 A el Aol 73 Al
3}tk Hoagland v]j%Fo8(Hoagland and Arnon, 1950)2 =
A S0l 25 ZA0m wAlste] AMgIsT. le] EC
1.5dS'm™, pH= 6.52 Z2A3to] T33t3ch

2. NaCl s&E % X2| Al7|

= 213 W NaCl 24278 22 ARgaklch A
o 22k 5gix 0w ANsigon, 3 A A AE
SRR 717 B0k A NaCLs 28 31151 93] 428
ek 2020 39 6 o]l HpE3 HE 24 o] 372020
59 25Uof AA] g = ufjoFoiof NaClS Z+2t 40, 80, 120,
160, 200mM === 25} 2020 69 24 UA7FA] 3047
Atk

S vl AT 0 NaCl Hel} 0] 4834
2 SRghEol vAl= P GRls] s 3= Sl
2020 59 25 Jof] wEst ZAHEES H ¢o] £33%H2020d

6 30 AAl 31112020 8 19U7HA] 50 St Afjul
SFAT: 2 A NaCl 2 2= 210 20] 3 H 20209 8¢
103} =8} 5 A2l 2020 82 15¥9f 50, 100, 150,
200mM 5= 2 NaCl-& ZHz}F *2]5k3ich

3. M8 U MalEysEe
3.1 JAE £ 2K Al NaCl R2| SZ0] T2 STHAE 1)
RSN F4Y M 0R BE NS S3ko 24}

S0l BET A -8 1 B4 A 2 Lol g

R gk SRR Hel G 65 FA] sl 714

909 P, G U, s Zgelelm, e 2t

SR A3 F Lol B AL 4z R v

70' F2 HB.9 o] 3 2(CD-20CPX, Mitutoyo Co.
Ltd., Kawasaki, Japan)E ©]-8-5}0] 4514t} G54 hF
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A AlEol M FHOl NaCl = I A 2|A[7]of wE Ao A5 2 AeledeRtas) &

L A=4 =%7](SPAD 502, Konica Minolta Inc., Tokyo,
Japan)& o]-8-5}o] £HA 5] A7 < 3ol A 788kl aL,
WAL A =27|(LI1-3000, LI-COR Inc., Lincoln, NE,
USA)2 2712 A|2Jgt olo] wanke Z7gaiele. AR 2
20 AAAI(EW220-3NM, Kern&Sohn GmbH., Balingen,
Germany) & o] 5}0] ZA81A =0, ABEE70°C -2 7
Z7](Venticell-222, MMM Medcenter Einrichtungen GmbH.,
Planegg, Germany)of| A 72 A17F o|AF A A2 9] RAE,

A5t A YR

O

NaCl2jo]l n}2 A2l sl 4 wg shels] 918 502
A2) g Rael 2 AukE 670) 1E QJo|Aj] A|2tH el 73
Hwg 2Alsto] Mg Uehygich slshrt Lehta o
2 207, dFo] UERt 912 17, 3 wblo] A1 Qle
o] A7 Q2-37, Mol AR AL A=
Q47 AIE QL SHOR ARSI A ZARE A3 |
FHEUE I OR Saslon, BT XY F65E
Skl Algelo] fiohg WS AACIRASS, PP
Systems International Inc., Amesbury, MA, USA) 2 344
omu s AAE S 9L S

% w5l & Sehn o] = o] F 242 Ae) P
£ SR Aastel ZAfslglon], RdLR FAAY
ZARRE 0] 2 A2 WS I1(NF-140SF, Nihon Freezer Co.
Ltd., Yushima, Japan)o]] -72°C 9] 2= 2 HI35}ci7| 2k
ApApdke]] Eajjst & A& 0.4g o] 2mL 2] 80% methanol-S- &
7¥8to] 2mL FHof G ar oF AdejollA] mHt7]of 45° 7)o
A1E.2](15,000rpm, 25°C, 10min)3, AFZ08S =30 A}

ut

=

—

2319tk & ¥|=$ES Folin-ciocalteu’s reagent ¥
(SingletonI} Rossi, 1965)2 U HEslo] =461 1 Bg
FeA R 735nm oA B E 575|254 129 Gallic
acid equivalent(mg) 2 JEYIc) & ZetH 0| = 3RS
Kumaran¥} Karunakaran 9(2007)2 Q5 HE sk =4
sl om Hig-o] i Al mE g g = A 41 5nmof| A S =
£ =A45}o] A EH| 1g% quercetin equivalent(mg) 2 LERY

il
il

52
)

BAEs} 2RAd8-2,2-diphenyl-1-picrylhydrazyl(DPPH, Sigma-
Aldrich Co., St. Louis, MO, USA) free radical scavenging
activity method(Yamaguchi 5, 1998)& U+ Hslo] =4
sl om Hhg-o] i Al w5 g A = 517nmof| 4] A
NO| FF=E 57d5to] 1g% trolox(mg) = F 3T

A2 Al 1270414 39HES] ) o 2 vl R|s}el o
™ L2 6 7NAIE ATt ARSI SANEAZSAS =
2 1(SAS 9.4, SAS Institute Inc, Cary, NC, USA)S o]-&-
5to] EARZA(ANOVA)S AAIBHAL, Bt 7 Blae |
9] t}=4A(Duncan’s multiple range test)2 ©]-&5}] 5%
fOzolA 7 A2 2 fOE AFseink et
SigmaPlot 225 T 3(SigmaPlot 12.0, Systat Software, San
Jose, CA, USA)S o510} Uik

Zn W o

Glehnia littoralis Fr. Schmidt ex Miquel
Sown: March 06, 2020

Treatment: May 25, 2020

Photo: June 24, 2020

NaCl concentration (mM)

Fig. 1. Growth of Glehnia littoralis Fr. Schmidt ex Miquel as affected by different NaCl concentrations at 30 days after transplanting.
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Fig. 2. Survival rate of Glehnia littoralis Fr. Schmidt ex Miquel as
affect by different NaCl concentrations at 30 days after transplanting.
Vertical bars represent the stand deviation of the mean (n = 6).
Different letters above bars indicate significant differences by
Duncan’s multiple range test at p < 0.05.

APel= ZARE 27 EE 91 0 H(Fig. 2), 160mM NaCl-2
Z]2] 8¢, 120mM NaCl-&12¢, 80mM NaCl2 16 JHE] 11
A= 7NA1 7 e =31 A 4] 28 AAjof 200mM NaCl
of| A1=29.2% & ZHA|HE AE5F3] OLH40mM T OmM of| A=
TAFSHE ZNA7F UrERA] gESke). wheba] AR =7 Al
A] B &FeH 2 NaCl 5= 7+ 80mM o] 4 wff ZHHg- Kol ¢+
A3k e Ao T,

Table 1> 745 4] 30U A2} A5 vehd 2ol
o}, 2 212l 40mM A 2] 519} Bl al A 80mM o]/
NaCl #2]olIA] 01 Q1A o] k4517 Al ek
NaCl A g]of| th2 FH ] EC 2 80mM NaCl Z| 2] A
Hit 9.3dS'm’ 2 =A% 9)=t|(data not shown) Jang &
(2019)0] HIZFHEC 8.0dS'm™ o AFol| 4] ZAE-2] A5 A3
7F Uebgths Aaet Blssgt ako| ik o|ef 22 A=

- 2QF - I - B

NaCl #2)7} 4|27} ofole] 4-bwel o] Jake Fof 4:
B F47} 74w Ao wekEn, Park 5(2010)0] A3
Y94 $52) NaCl 3553 A4 9hS 3 §A13t ko @ 1)

ehte

2, HUE +AXHH] Al =& ™ NaCl 2|0 ME 4=
AlS 2)

=20

421 350 Aol 252 ol LR 71A1 A 9)3E Fig.
39} Fig. 4] YeEAH:. =2+ 10 2 NaCl A 2|ofM=
200mM NaCl #|2]of| A 3.499] -2 2]Q] 7pA] 2] w|fj7} LIE}
Yo, =2 5% A 150mM NaCl & g]oj|A 3.32, 200mM
NaCl #2jof| A 2.142] f-22{Q] 7HA1 4 wjsl7} 2heke] )itk
(Fig. 4). A2 Bl 4= B o] & s=& =01t
T HElEe A AEe 22 Weliitl(Marschner,
1995). & A oM = 152 NaCl #| 2|2 GF} 2] =1 v
glido] WolHlaL, o]Alo] Ao AR AEHI AR 218510

—_

P B2 9% B UOA Yol AR} ehd 2
o= gk

A F 50U A HFYE ATE Fig. 5 vt
Tk Aol NaCl-& H et uf tht e SomM

NaCl A2 A] 9410.77cm, 73 13.87mm, |5} A=
6.78g W AAE AEE3.11g0 & Z7} &¢It (Table 2). 1
Y & Tt oA HA ASo] A s e TR E G
=t 53] 25U 7 200mM A 2]of| A A AHA|S0]
4.05g, 7&=50] 0.69g, A|51-2] FA|F0] 2.07g, AEF0]
0.60g 02 714 Ikt SPAD = o 27} 8- 1094, 5
Z B 50mM NaCl #2] 2 100mM NaCl Zg]o|A 713 =
kL, 42102 A 200mM NaCl % 2]oj|A] 713} WokrhFig.
6A). GHZAL 5=3}+52 A 200mM NaCl Z2jof| A 713 3
UERITHFig. 6B). T AEH A0 gt 4159] 9hg-2 4]
=S58 S OA L e 2 Foll whek oheFstA| e

Table 1. Growth characteristics of Glehnia littoralis Fr. Schmidt ex Miquel as affected by different NaCl concentrations at 30 days after transplanting.

NaCl Petiole Leaf Leaf Root Root Fresh weight Dry weight
. . No. of .
concentration length length width length diameter (g/plant) (g/plant)
leaves
(mM) (cm) (cm) (cm) (cm) (mm) Shoot Root Shoot Root
0 (control) 9.88 a* 7.70 a 1225 a 15.67 a 1720 b 1342 a 19.01 a 1030 a 297 a 120 a
40 8.60 ab 6.70 b 9.18 b 9.00 b 2235 a 1042 b 10.88 b 8.85a 1.80 b 1.12 a
80 7.00 be 392 ¢ 4.68 ¢ 6.00 be 1438 b 820 ¢ 3.80 ¢ 220 b 0.55 ¢ 031 b
120 7.05 be 353 ¢ 352 ¢ 417 ¢ 11.05 ¢ 838 ¢ 2.56 ¢ 1.50 b 0.39 ¢ 036 b
160 595 ¢ 3.70 ¢ 392 ¢ 333 ¢ 843 cd 7.36 ¢ 319 ¢ 1.81 b 0.36 ¢ 0.40 b
200 6.68 be 263 d 253 ¢ 233 ¢ 628 d 425 d 0.85 ¢ 0.50 b 0.15 ¢ 0.14 b

“Mean seperation within columns by Ducan’s multiple range test at p < 0.05 (n = 6).
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Glehnia littoralis Fr. Schmidt ex Miquel

Sown: May 25,2020

Treatment: August 10, & 15,2020

Photo: August 19, 2020

Fig. 3. Visible injury score of Glefmia littoralis Fr. Schmidt ex Miquel as affected by different NaCl concentrations with treatment timing at 50 days

after transplanting.
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Fig. 4. Visible injury score of Glehnia littoralis Fr. Schmidt ex Miquel as
affected by different NaCl concentrations and treatment timing at 50
days after transplanting. Vertical bars represent the stand deviation of
the mean (n = 6). Different letters above bars indicate significant
differences by Duncan’s multiple range test at p < 0.05.
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Fig. 5. Growth of Glehnia littoralis Fr. Schmidt ex Miquel as affected by
different NaCl concentrations with treatment timing at 50 days after
transplanting.

MEAZHSS|X|, M30H H2= 20214

Wrh(Giuliano -5, 1993). 27 & FEollA Al52| o] =g
o] 57KOsawa, 1963)F1L, A5 T7]7FNaCl 2 2|3t 4
F0] A5-o] F7KKim ¥} Hyun, 2011) F{th= A+ 237F 9l
S, Bolu2}Polle(2004)-2 A4 2] NaCl =27} A2 2S
AHIBIAZ AL M| i S =50 M2 E AT B
It} Kim $(2019)-& GAYAIEQ Y E A (Suaeda glauca)
7} 50mM NaCl | 2joj|x] A5o] F7FsFalrtal Halskgl=
o], o= 2t siRbALo) Agsl= A A= o] A 2ol
2|4 o = 2Islet Aufefal sheir) o] 23t AvES Edl Hi
AEHAVE ZEof] AR gt = A2 ofyH
(Shannoni} Grieve, 1998), &5t AEHAS £ 2H= AY
S5 A = U5S ¢ = Slrk mebA] A9  NaCl
A 2|7} W50 S-S SX16k= S HAR AEY AR A
o, E3] 5231102 A 50mM NaCl Z2]7} -2]4 A
axEolgit

A1=0] 9 HAT CO, 532 21521 333 5l
el gefR|w o= AE Aol Rk wlX]1(Gimenez
55 1992; Peng 5, 1991), 4% NaCl2 A =20 25+
Wofetar AlEAl| L o] 7| | Aot oA e 717 2Hde A
3i5}o] LstA)S 714A] 71t (Shannon ZH-Grieve, 1998; Termaat
©}Munns, 1986). & A¥of|A ARF2] 7| $ A E e i
2 oju] 2=8F102! A NaCl 150mM Z 2o A] 56.22%, 2=8}5
A A 100mM | 2]of|A] 50.76% ©] 5212 91 Zha~7F Liehstet
(Fig. 7A). ZAYF2] 4= o §-a&2 =t tfv] ==+ 10Y
1 NaCl 50mM 2| 2]} A] 47.58%, 2=8F52] 7 NaCl 100mM
AeollA] 31.40% 2] §-0140) 2k27} TATISIChFig. 7B).
B E2 i tiH] 210 % NaCl 50mM =] 2] of| 4]
45.76% 2, 4035 A NaCl 100mM = 2 of| A 57.81% 2]
FrolA ol a7 Uehdti(Fig. 70). ofof 22 gehd A3
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A5l -

O] ZhAE= Lee 5(1998)0] 45t Ell(Nicotiana tabacum
L. cv.NC82), =8| F|(Lee 2} Lee, 2018) W 175w 7|(Lee 5,
2020)014 ekt Ato Ak om o AEd|Az A
A f o] o] rfsiA F24] = o] AEo] 47 HEldo] Hof
A|3L, 333Hg 71 EAd o] As = Sle= AlAkRITh

A 250 LA of] -0 F wlmat e o] & ok
NaCl -5%=7} 57l et At 4 0. 2 obsl onf 535] 4=
25 A 200mM NaCl & g]ol| 4 7P =9 tiFig. 8A L}
8B). AEFAR FFHY 7197 A 0= AEshA] FekH
AEA| el &4t S s =), o)A S4EE= 24
oto] AEA2E Ttk 5 A Asiich whebA 4]
XA eRbEE st 4lsl Ho] 712k FAISh=
o, o|e} 22 e dsietE S| S7k= Hel(Hordeum
vulgare), ~T|OPNE(Mentha spicata L.), %¥Z(Leymus
Chinensis Trin.), EF(Thymus vulgaris L.)2] Aol A Bl
E Ak Bistgani 5, 2019; Choi%} Chiang, 2017; Kim 5,
2006; Shim 5, 2018). WE7FA & 2 A9 of| A = 70959
% ol Fehnieo] = Bee] S7HHE ARelglonk B4
3} S Aid o g HAastglthFig. 8C). o= 423
(Synurus deltoides), 7}="0"570)(Atriplex gmelinii C. A.
Meyer), 2AZ(Cakile maritima) 9|4 SHA| 5 oA+ AF
SpaE a0l o AhAkat elo] 145to] Ll et o
XS Amor 5, 2006; Bae 5, 2003; Lee2} Lee, 2018). twh
2}x] 200mM NaCloj| 4] Ak} g 7Hae= -] 3itst

o

AR - o3l -

PN

(ol
Y
ot
o
oXx

80 [ WEEE 0 mMNaCl (A)
C— 50 mMNaCl

= 100 mMNaCl
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60
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]
=
=
=

40 |

20

250

200

ad
150 |

Leaf area
(cm?/plant)

b-e Cd

100 |

de
50 L _iﬁ 2

Control
10 5

Davs before harvest

Fig. 6. The SPAD (A) and leaf area (B) of Glehnia littoralis Fr.
Schmidt ex Miquel as affected by different NaCl concentrations at
50 days after transplanting. Vertical bars represent the stand
deviation of the mean (n = 6). Different letters above bars indicate
significant differences by Duncan’s multiple range test at p < 0.05.

Table 2. Growth of Glehnia littoralis Fr. Schmidt ex Miquel as affect by different NaCl concentrations with treatment timing at 50 days after

transplanting.

Days before NaCl Leaf Crown Root Fresh weight Dry weight
harvest  concentration length No. of leaves  diameter ~ diameter (g/plant) (g/plant)
(A) (mL) (B) (cm) (mm) (mm) Shoot Root Shoot Root
Control 8.55 b-d” 6.33 a-c 947 a-c 1040 bc 11.64 ab 425 b-d 2.05 be 1.09 ab
50 10.77 a 717 a 11.86 a 13.87 a 1471 a 6.78 a 311 a 145 a
10 100 9.17 ac 6.83 ab 11.16 ab 11.47 ab 1325 a 5.01 ac 229 ab 1.00 be
150 7.50 c-e 5.50 a-c 6.93 cd 9.01 be 7.29 be 3.37 cd 1.19 cd 0.67 ¢
200 7.87 c-e 5.00 be 728 cd 8.94 be 6.37 be 4.44 be 1.35 be 0.84 b-d
50 7.10 c-e 6.83 ab 10.09 ac 11.24 ab 10.79 ab 6.07 ab 2.06 ab 1.11 ab
5 100 10.05 ab 6.17 ac 10.00 a-c  10.14 bc 12.62 a 4.58 a-c 235 a 1.08 ab
150 623 e 5.50 a-c 8.22 b-d 8.07 be 6.67 be 343 cd 1.21 be 0.78 b-d
200 6.73 ed 4.50 c 5.88 d 7.60 c 4.05 ¢ 207 d 0.69 d 0.60 b
A ** * NS * NS NS NS NS
AxB ** NS NS NS NS NS NS NS

“Mean seperation within columns by Ducan’s multiple range test at p < 0.05 (n = 6).

NS, * ok s

106

Nonsignificant or significant at p < 0.05, 0.01, or 0.001, respectively.
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73 A ZselA] 9Fole] NaCl 52 B A Al7]o] me ] A

60 (A) e 0 mM NaCl
7 50 mMNaCl
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Stomatal conductance
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Da}s before harvest
Fig. 7. Stomatal conductance (A), water use efficiency (B), and
photosynthetic rate (C) of Glehmia littoralis Fr. Schmidt ex Miquel
as affect by different NaCl concentrations and treatment timing at
50 days after transplanting. Vertical bars represent the stand

deviation of the mean (n = 6). Different letters above bars indicate
significant differences by Duncan’s multiple range test at p < 0.05.
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Fig. 8. Total phenolic compound (A), total flavonoid compound (B),
antioxidant activity (C) of Glehnia littoralis Fr. Schmidt ex Miquel
as affect by different NaCl concentrations and treatment timing at
50 days after transplanting. Vertical bars represent the stand
deviation of the mean (n = 6). Different letters above bars indicate
significant differences by Duncan’s multiple range test at p < 0.05.
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