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Abstract

This study aims to identify the most tolerant speainder salinity stress from amongst Asteracedé®aaceae. The se¢
of six species were exposed to different conceatraiof Cad (0, 9, 18, 45, 90 mM) and NaCl (0, 17, 34, 85, &Wa), and
germination was measured once every two days. 8héts indicated that percent germination of tRespecies of Asterace
and Poaceae seeds were affected differently bygelsaim salinity concentration. Seed germination vegsiced as salini
levels increase, and longer mean germination tooe®lated to lower percent germination and eagmination cessatio
Both Asteraceae and Poaceaeds had the highest germination rates at 18 n®h@ad 34 mM NaCl, and seed germina
and growth were severely reduced at salinitiestgreahan 90 mM CagGlnd 170 mM NaCl. In the seeds of Poaceae
resistance was strong in the ordeMigcanthus sinensis AnderssonPennisetum alopecuroides (L.) Spreng., anehragmites
communis Trin. In the seeds of Asteraceae, salt resistamsestrong in the order @fendranthema zawadskii var. latilobum
(Maxim.) Kitam, Aster yomena (Kitam.) Honda, andDendranthema boreale (Makino) Ling ex Kitam.. Overall, tr
germination rate was higher in Asteraceae thandac®ae. This study demonstrated thahdranthema zawadskii var.
latilobum (Maxim.) Kitam. is the most tolerant species anat th relationship exists between the salt tolerarfigeercen
germination and the mean germination time in theds.
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7hR W Al A A A AEske dekEA o
SHZ(NaCl, CaC}, KCl, MgChL)& o]2o]a AAA)|
o o] el Aleket Qsjrt $-ef=l1 QleiChoi
et al., 2013) B0 &% 15r2] JEL EoF9]
SR ITHALE IFAAA AEo 428} goks TS
Asksbm ol 2ol Eat B4 wsE op/lgit) &
rzr R Aol et G 7] 2] WEStm|(Houle et
., 2001), 9] O3t A= AR AT UiA
1@3 el Ao} i 02 massict
(Shim et al., 2012)E3] £4}2] WoldA oA <&
£~EYAE FA0] Wolg B L A7) Ao
oA cKlbrahim, 2016).
oAM= WA Aee] A 4 H«l éJH.—‘E:—
7Fed AER vle- Fa517] whitol H4E
25 7R /g Al Aol ﬂrﬂxﬁﬂé
(Kim, 2010). o]e]] A2 ‘?.3 W2 eEet A+t
ool Hoigt=t(He etal., 2017 = TEE 54
= HEe WellA '%47%}0] GRS UEaL
SE 2 Aol A theRt P A e A vhg-S o]
(Jeong et al., 20179 A EE52 AR SA7)A

of| 22 A ERY o 2 &-8-5 4= ¢Jt{Lee et al., 2007).

whehA] @ B o gk FEe vl & olafalL olo]

A glet 455 %-8-5F 1 2 7} QIti(Equiza et al., 2017).

IgelE Eetal, it sl whE A ol gt
7ol et dte = AsirEAY A =0
KA S QA ES R o]FolA %% Hop
2t g Aol 3t A= e -2 f=Fol A
AR Fo1R|F-S tAF O 2 HFLE o] Q‘rE](Klm 2010).
webA 24l 7tREA 2 STV o AEAE
2 o] g5 i 2270 | LEd 20 gt A
T FERH otk oof 2 Aot Al g3t
A AVAA =2 ARl dsdet QIUEE F
7Hx] 9] srof whet BakAERQ] SAf(Miscanthus
sinensis Andersson):==1% Fennisetum alopecuroides
(L.) Spreng.) 2t} Phragmites communis Trin.) 53} =+
SlaAlEel - %(Dendranthema  zawadskii  var.
latilobum (Maxim.) Kitam.), &5-2Jo| Aster yomena
(Kitam.) Honda) A=+ Dendranthema boreale (Makino)

Ling ex Kitam.)5-2 tjAo 2 Exjatol A48 2A}
sto] AA| TalR] Eoko] Eske AAYAIE Aure
913t 7124 55 A|AIBEILA} Sk

2, M= H 2

2.1. SAx=z

211, BX
2 A7) A AP 23R FAH= 20170 7Y
RSB AR QRO AT Mk o)
a7, 20| 5 353 AT B AR, B 0Ao],
{5 3505 5 658 A8l
BT B A2 glo] FA7F FHS ohAl ek,
tﬂ-o}.%o] .?_/\1]6‘]-1:::] 7‘(41:1]—1] ]HE S 14 o 5]&_ og
28 HHCho and Lee, 2014%] 5 A= SolAok
ol AAYH= THARY Zitoln] Wkl AAAof o
Hlo| QU AS AJAKSH= xl-gi 71-46@:}_7_ otk E3h
sk we BEsin] G0l £ vstrlolA A}
o ey g4 e e s ul- Zelo] A2
ThoFst A AlA] o] ALa) 2= ¢l glo Zmulojr}
(Hung et al.,
SA FE 514 grom ol o) msich. Tt
%2 714 502 Qg ol iehea 2% A vg
1 &£3lof Wo| ARR-E| = Al Fo]tiDang et al., 2017).
Ziie fEuet sieh dsAlol AYshe thaEA 2l
Al WaAd AlER dRA BN s s &
AL 71A] 31 QJtKwon et al., 2016).
ORI A 7R 7St A ER S
sl t)E A0l I AlE2 BaEH) QItHJu et al.,
2016) HzE oFETHE ZO| FHR S50 FUG
AT Qo EAB TS IR 24 A EokR
A BRRAL ATAA 877 o),
42 3l Aol B A5 S P 2ollA A
E51] o Ao thigt W 712 742 3L 9lek (Shim
etal.,, 2012)3A] FAk2] #42 Tabled 2t}
2.1.2. MAH|
A 3k(CaCh) G HEF(NaClyS =2 7184
T AR B0 = 7 A 0 2 ARNE= Al A 0]
H(Equizaetal., 2017FAR S I3 EA o2 1960
CAeh e FH Qf5HA| ARg-E o] fltt o] & Ha e
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Table 1. Characteristics of experimental se
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. . Length Width Weight of 1000 Seed-gathering
Family Species (mm) (mm) seeds (g) Time
Miscanthus sinensis Andersson 25 1.1 4.8 2017.10. 20
Asteraceae onmisetum  alopecuroides (L) 1.8 07 18 2017.11. 05
Spreng.
Phragmites communis Trin. 2.7 1.0 2.3 2017.11.05
Dendranthema  zawadskii  var.
latilobum (Maxim.) Kitam. 2.0 L0 33 2017.10.20
Poaceae  Aster yomena (Kitam.) Honda 3.0 15 2.7 2017.10. 20
Dendranthema boreale (Makino) 2.0 0.7 21 2017. 10. 20
Ling ex Kitam.
TS BolF7= ApE S #ofuzf m2o) o7 K13k Aol 4] NaCl 50~100 mMH| A EApdo} =
RED A o] whie] ol tjgk $el7h  Ado] ek, 11 oA Eie 1 o]3te] Pl A A
UL 7|31 Q= Algolci(Fay and Shi, 2012833}t o] 7 stk 71edkS Farstoi(Kwon et al.,
UEELS H 2 A Hof 714 ] ARRE = E2lo] 2016) O(Control), 17, 34, 85, 170 mM(Cont., N17,
o, A2oflA 7H} aupAoui(Equiza et al., 2017), N34, N85, N170E 3 3[4 s== {45 ZAIst
HE RS olehs JREEOl B2 EHS A itk £EUe FEER AmlY 229 5 200 3
a1 QItK(Xie et al., 2016)+t Aol A= ol A 7k A {9, A2 SRk 23102 A A
AL wo] AREE| T Q)= AR A A 259 I3t ZFAHGrowth chamber, JSGC- 420C, JS Research
Z<3($=%= 74%, Oriental chemical Industries, Korea) inc., Korea 2 24 vjjoFs}ict .
7} G EE(== 99.5%, Sigma Co., USA 5= 222 WOIEA ZA
B TS 71 FAG| T S Holoai 3001 £k 201 7HA 0 2 ZABIGL O] E
THLE WIS 2R, To 4 fiZe] 2 mmol FHHS U ol 7t

2.2, A7

2. . I:”Ol.xj-l

o T Hele]4C AL AelE

AFA=d=
2N AN ER O, EH A TS 98] o} Faviht
EF& 1%-&Hof A ARG & 32} FFHAE 7RO
ATt Ak ol At s 7] $fsted, 217 90
mme] petri-dist®]] oJ7}%] (Whatman, filter paper No. 2,
100 mmE 248 21 7t 5L 5@ gHE 246
o, HY2uX|(CRD, Completely Randomized
Design)stict (Kim and Lee, 20148 ol R17HsH =%

o] H3kE T JAl= 9 5%710.3~0.5%zH= ©]

A AFE Zsked(Shin et al., 2010) Caglxg
0(Contral), 9, 18, 45, 90 mM (Cont., C9, C18, C45,
Co0)= & YH| w2 5 2AI5H3ITE. NaCk]
BEE GANE R o R0l U Wohe S

a’o=E

F5F9icy drolxAl Hrolg(Percent Germination,
PG), WolA| (Germination Energy, GEJEw3totd
4(Mean Germination Time, MGE AF&3}4ich
(Ren and Tao, 2004xAR= HBE O 2 A3} O
Ao e S 7|22 sl tHChoi et al., 2006). ti
4T 2AL A ni 2AF B Wolg, NS
oot (Scott et al.,, 1984)=H % Hlolg =
SigmaPlot 12.3(Systat software, Inc., San Jose, CA,
USA)Z Fdl “Lef =3} 53l

1) ¥ol-g-(percent germination, PG) : (N/S) x 100

2) dolA|(germination energy, GE)R|A; 3 713
ol drolgt J71x] o HrolE(%)

3) Htdtold4=(mean germination time, MGT) :
MGT=2(ni/ti)
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3.1, HokE, oAl

3.1.1. Bt

M, 238, 2ol AGA| s w2 Wols,
HobAli= Fig. 11} 2. oA A3z A2lofx=

= 4 skoA Wolstglom, C9 Hz|FtolA
15.83%& 7MY w2 AvE yEplch. g2t
(13.33%)= A &Jgt 2] Helollx= Askds &
L7t wobdaE Wolgo] Wolx|= RS Hoirh
oAM= Aste] AYako] w2 =F 07, B
Hijol A 2] A5 A Al A H} 2| sl A A
o] ShFeEQIaL He] o] RIS E S SPHAA T
T olate] dFES] Aso] 7Hed Ao R Bl
E o KJu et al., 2019k RS o83t ZafA df
oA oA = EZA L} AS3H o] Hat oyt of
AlE Ao At =352 C A 2]ol|A| 2.5%
2 7P =2 A0 Yeyglen, tixet C18 4
2] Lol A 0.83%C 2 FUgH Hokg-S Kol , L
A| Ag|tof A= wokstA] gtk ol= A T4}
C9 Aol 7HE =2 A3} FAksE Aapoict. A
= C18 A -tol|A] 24 & 18U0] A F| 1.679%]
HohgS Bl o), T & Y] Aejtoa= mFE
Hrols}A] gkt

AsPEF A2l oA A NLTolA 15%, o)

W \fiscomt s sinensis
=1 Pennisetum alopecuroides
» | B Phiagnites commmnis

i l | 1i ‘ﬁ L |

Cont. e ci8 45 €0 NI7T N NBS  NITO

Percent gennimtion (Y6)

Concentration of CaCl, and NaCl (mM)

ZTof| A 13.33%, N34, N85, N17gA Z}2F  8.5%,
5.5%, 2.5%4=0 2 7}A51T) o] AlxTt AE =
Az, of7|HE 59 ASHE 5ol NaCl 100
MM 2] oA AshE] o] 2|t} He|7} niztshA|
whestoitt= dakel §A15F9tHShim et al., 2012).
4237 9] 72 N340 4] 1.67%, N88||4 0.83%o}
Stont, LA Mol A ol goteh. 2
el A= N17 A 2jol A 1.67% ) 2ol 4] 0.839%%1
Ao BIF oLt Lhrlx] Aol A WolsA|
s

Habze dUER A g 2F 5714 s=A o
A R 7 dobgo] Pl A Belth
E3), COllA] A} oA ZO8 Hop wukER} 5
oA o] Hhote] glojA] HaFd<:9 MM ol/e] g e

= NaClo] 3 wi= Mok} 2.()0] 72 ehiiek
Ao} S-ASHA|(Choi et al., 2006) N17 2|15 7]&
© = Hlohgo] A 48] 44613 0m N170) A rolgo]
7 945 A 0 2 HolNaCl 17 mvR] AFo] 5o
98] wolo 397 & Zrim Tehed) o)
Al EA| A Na' Ei= Cl 0] 22 u]=F B2 A] AY
Sof| A2oluf L a o) o] o2 A=l HAHo| =
A& gHlsh= 7 o & At Son et al., 2016).
ol FAE A4 & 71 wol woket @t

Ao] FAF =5 F SAeol gt vlE= akEsitet

N \fisc anihes sinensis
[ Pennisetum alopecuroides
10 4 B FPhragmites communis

Germination energy (¥o)

IR EREH

Cont. ce Cis [225] [e21] N7 N NB3 NITO

Concentration of CaCl, and NaCl (mMM)

Fig. 1. Percent germination and germination energyMi$canthus sinensis var. purpurascens (Andersson) Rendle,
Pennisetum alopecuroides (L.) Spreng, andPhragmites communis Trin. seeds as affected by chloride-containing
deicing salts (CaGl NaCl) concentration. Error bars represent thedstal deviation. Cont.; Control, C9; CaGl
mM, C18; CaGl 18 mM, C45; CaGl45 mM, C90; CaGI90 mM, N17; NaCl 17 mM, N34; NaCl 34 mM, N85;
NaCl 85 mM, N170; NaCl 170 mM.
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100 | | NN Dendrmthems zenwadsiii
[ Aster yomena
B Dendranthema boreale

Cont. ] C18 (o] Ca  NI7T N3 NB NITO

Concentration of CaCl, and NaCl (mM)

Fig.
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100 4 | NS Dendranthema zawadskii
Asteryomena
B Dendranthama borsals

Crenmimation energy (o)

Cont. e cis [225] o0 N7 N3 N83 Ni70

Concentration 0f CaCl, and NaCl (mM)

2. Percent germination and germination energyefidranthema zawadskii var. latilobum (Maxim.) Kitam, Aster

yomena (Kitam.) Honda, andDendranthema boreale (Makino) Ling ex Kitam. seeds as affected by
chloride-containing deicing salts (CaCINaCl) concentration. Error bars represent thedstal deviation.
Cont.;Control, C9; CaGl9 mM, C18; CaGl18 mM, C45; CaGl45 mM, C90; CaGI90 mM, N17; NaCl 17 mM,
N34; NaCl 34 mM, N85; NaCl 85 mM, N170; NaCl 170 mM

HIk= X4 5159 § 7Y =2 WolE Helon,
sk Aetolla] A= 2+, C9, C18, C45,
C90<=22 7.5%, 5.8%, 4.17%, 4.17%0t4|S X
Q1 BHA, =g Aol Azt Wolg s £
gk oA Aol oSl ASPIEF Aol A
A= N17, |27, N34, N854=0. 2 8.3%, 7.5%,
5%, 2.5%HotME Ko =AY AdoAs F
3t A Ho|A| gkt o]of AsEA AldA 5
Lol k2 Al 71A] BlahalEe] FApEol EAJS vl
gk A3t ®E HzjatollA] ool Holgo] 451}
Aot zof, AA7F Hof| gt el 7 A e
2 Holth
3.1.2. 23}

ASHEA AVIA 5= Aol k2 -8 %, L5 Ao,
Abro] BholEA] Ag Aak=Fig. 221 2Tt

Askd(CaCh) Ao A +8%x+= C9, C18, C45
of| X 76~77.339%8] H| %] 2 Hohg-S Bl tf 2
T, COIIA] ZH2E 75%, 47% A A= Tt &5
Aoz CAbol| A 30.67% 7HY =2 aha Hylon
C18, =, C9, CoOlA ZH2+ 22%, 18%, 17.33%,
15.33%<=0 2 SRIE|QIct A2 C18Hi= ,Ce:
© & 50~55.33%%] H|n 2] FUstHlole-S Hglon |
C45, COBJ A= 36% =5t} .

ASMEF Aol A -8 x9] Wrokg-2 N17, N34

oA Z+7} 86%, 80.67%] &2 dUde HileH
N85, t=7, N170&0. 2 FA3] #|5lE+= HokS
Bk ol= AEFe] wet 97 w20 daldEr
EFDs (Eco-Friendly Deicers}g]+«= 258 HE9]
oo} 27 s S AlXIth= 7]& Aol F9t
Sh= Z¥SATKShin et al., 2012)Z&FAgo]ofx=
N17, N34jA 31~30%] Wole2 Honw iz
T N85, N170&0. 2 ZF2F 18%, 12%, 4.67%H]| ul
2 G2 Whokgo] AU Aol A= N170jA]
54%% 71 =& AiatE YEhfglon, ol= tha
oflAE FURt Fhe HIch N340 44%, N85,
N170o04 12.67%, 10.67%ro}g-0] et} &5
AYol= thE FAfol| HIsto] HA| A1 WokgE& Wk
A|UF N85 sl AejqtollA 30.67%] o=
O] = A FIE 4 QSIch 53] FE 2o ekt
4 C45 A2je} AIIER N85 A oA BF A
A s AS & 4= AU ol= 5%°] Ak,
HSPHEF T84, He, Alg2]| 2] 79 o}
of ok W= A} vl wskelS o, 0.5%°] Fopd+
I ASREFS 717 mME 2HAFst 3141 45 mM, 85
mM2| ol 4] olo]l RYHel FeRe ke Azt
9 ABFATHKIM and Lee, 2014) 8% 438 |
2B Ao] H et A 20 2 Wolgo| %7 ekt 75}
Tol e TUE Poll et ol Fa Fo=
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W \scanthus sinensis
30 Pennisetum alopecuraides

BE= Plragmites commnis

[

w0

15 4

10

Mean germination time{day)

0 R L

|

Cont. ce Ci8 C43

o0 N17 N34 NS NI

Concentration of CaCl, and NaCl (miM)

Fig. 3. Mean germination time dfliscanthus sinensis var. purpurascens (Andersson) Rendlélennisetum alopecuroides
(L.) Spreng, andPhragmites communis Trin. seeds as affected by chloride-containing idgisalts (CaGl and
NaCl) concentration. Error bars represent the stahdeviation. Cont.;Control, C9; Ca@®@ mM, C18; CaGl 18
mM, C45; Cad 45 mM, C90; CaGl90 mM, N17; NaCl 17 mM, N34; NaCl 34 mM, N85; Na& mM, N170;

NaCl 170 mM.

eks|L} Fetz445 mM), QSREES (85 mM)ol
Apo] oA FApdtort ofele 5102 o SHck

S AR A 5 6% o) 74 L ol
2 Ny, @etENY PE27 Co, Cl18 =

T C45, Cog=e=2  74%, 73.3%, 62%, 50.6%,
20.67%] WolA 2 A= C18H=+ , C9, C90, C45

£20 2 51%, 48%, 41%, 32.6%, 17.33%0Hto}A] .
th o Avs Bk &2E Aol CAR|A 27.3%
ot U] &2 Lo Al 12~20%= A 235t Ak
< RYUKFig. 2.). @SHEE Hz2lollA A= N17,

N34, tjz==%, N85, N17040.2  78.6%, 70%, 62%,

50%, 20.67%] ot E HATH Hl=7-E A5kl
N17 2275 A o2 AERS] s=7F word
5 HopA7E RotAl= BFe A ol A%
Aol A= Aol 2 A HofFal 9lo] o
SPHEF N17 oA vlad] w2 WotAlE et

i
3.2, Hmolds

3.2.1.8{1}
Fardotdae AldA 9] Fe A 2ol met Aol &

UFeHRSAEE. ©A2] 739 XA 5 9 wlef ol Bkl
Hglon], 302 Fok Wolrk A|4E|9ict. Aate
A= F o] 5=t ool ntel wotal4t 27t
She Al HeoL, SaEut Aol Fust
A% Wol4 UgktiFig. 3). oAk C90, N1705
o Wiz Ael oA R Baroldsrt 5
7}5he S Holid), o)t Fpe] 2|91 ol 3 )
%54 297) Bl Aow BerEh Fadotel
S F4 wote] (AL onjshizs] Aot o
SHER St Z/1HA 4R AEdAR Al
ST AL NG, CF 59 o] % 20| oJ3t 9o
29 Fo= Aol oA Ro=(Choi et al,
2006) 314 e} .

3.2.2. =23k

Faate] Pipitolelite APAIS) i ez 2
o1g Btk FAZe| S A F 149 F ot
A9 om, ASRHCACH FE7 £old4S 3
ot Sk A% BUTKFig. 4). 53]
COOSI A= th10] ] 3.181) o] Holw) o}
47} F S| Ptk AT BT £l 20
o o] Wolrt R gl p] TR} o] T
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B D ndranthe ma cawadskii
12 4 Asferyomend
B D ndranthema boreale
B 101
i)
=
=
P
=
= g
= J
3 T
=
= 6 -
=
[
26
=
5
B4
=
2
0 4

Cont. co C18 C45

T T T T

Co0 NI17 N34 N85 NI

Concenfration 0 fCaCl, and NaCl (mlMd)

Fig. 4. Mean germination time ddendranthema zawadskii var. latilobum (Maxim.) Kitam, Aster yomena (Kitam.) Honda,
andDendranthema boreale (Makino) Ling ex Kitam. seeds as affected by ddiecontaining deicing salts (CaCl
and NaCl) concentration. Error bars represent tdngdard deviation. Cont.;Control, C9; Ca8lmM, C18; CaGl
18 mM, C45; CaGl45 mM, C90; CaGl90 mM, N17; NaCl 17 mM, N34; NaCl 34 mM, N85; N&&S mM, N170;

NaCl 170 mM.

H] 3l CO0A| 2|-Lof|A] 2.48] o} U=7} =014 Xl b3
8.832 Hlof 3 olE AlABHTH AR XA 5 42
Rl 42 wols} v, 24 5 162 ¥rol SE513ct
Tz, ZRAOI}FARH et FErhsob e
= apaolels 5716k 2218 melrk(Fig. 4).4

H HIHEF Aol A= 740l = N170 A4 2] +to]]
Al 11.58U 2 FHdoldrt 71
N17, N85, |- ¢~ C0 &2 6.85~7.18 2] v|u A v|<>
3 ol etk o]oh 2 A st B
5% Pt 27] FR510] BAOLASE ThEA)
76 2 HeltiChoi et al., 2006).

4 2B

B AT AR 7m0 ® o) gE A5}
Z4:(CaCh)3 AShHEF(NaCl)e} =R elo] whe
sjabalEel o)), 43, 2] 3} FsfubalEel
Tz, ZEA], A 350] 4} WOLEA S A

BowH, AR Te)] o] HBhE S A
uLS 915t 7| 24 2 2 A48l A} B

¢

Eotom, N34,

BT 2 oA AP O 2 BE A2l TLolA] 4
A p o] Bl 2 okg& Heof Hof rﬂ?&ﬂ%ﬂ
o] 023} Zxjo] Ao 7 AR E3], dskds 9
mM, &3h}EE 170 mMX{ﬂ—‘LEOHHEHPOH}ﬂOI
)9 0Lk 7 oA oA o] oA giek 2
B2 SR A2 A s Bl om debda 45
mM, ASPHEE 85 mMol el Fle el toll A=t
o514 glstet. Zeis ol sl 71y mga e
Helon, d3ds 9 mM, d3HtER 34 mMol4t
sEAE A= HoP} AAE= O SelH I,
2ol A8 330 Hlol EAJL JLE % &H A o], AF
o+ S0 7 dHlolgo] =90} IEAH o R Al
45 mM, SPHEE 85 MM tepEofl Al wholrE 2F
3ttt 53, i Ze ShAole Al=tel| vs) &
< Hokgs Wof Yol At Alos Bt

Sololsiz o} 251} B 5w} ol
% Wb} s, AnAes ool
SANI7L, Bt Ao A Az FA7F YEA
ol 7l AVA| T efR|o] EATE-0 2 BEI Aol
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=8 7Zo7 Btk B AL xR A o] o AR Study using salttolerant plants in salt marshes,
“HGrowth chambei® ©]83F 21534 A3} A Ecology and Evolution, 7(16), 6326-6333.
ol2ojHoma =71xol o A4 27 FEo] Lo Houle, G., Morel, L., .R.eynolds,_C. E., Siégel, D02,
S, 25 A4 A9 5 1Ll mUE LR Uest The effect of salinity on different developmental

stages of an endemic annual pléster laurentianus
(Asteraceae), American Journal of Botany, 88(1),
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