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ABSTRACT

Background: This study was conducted to investigate the effects of NaCl concentration on the
photosynthetic parameters, chlorophyll fluorescence and growth characteristics of Crepidiastrum
sonchifolium.

Methods and Results: As treatments, we subjected C. sonchifolium plants to four different con-
centrations of NaCl (0, 50, 100 and 200 mM). We found that the photosynthetic parameters maxi-
mum photosynthesis rate (Py max), Net apparent quantum yield (@), maximum carboxylation rate
(Vemax)> and maximum electron transport rate (Jy,,,) were significantly reduced at an NaCl concen-
tration greater than 100 mM. In contrast, there was an increase in water-use efficiency with increas-
ing NaCl concentration, although in terms of growth performances, leaf dry weight, root dry
weight, stem length, and total dry weight all decreased with increasing NaCl concentration. Fur-
thermore, leakage of electrolytes, as a consequence of cell membrane damage, clearly increased in
response to an increase in NaCl concentration. Analysis of the polyphasic elevation of chlorophyll
a fluorescence transients (OKJIP) revealed marked decrease in flux ratios (®po, Vo and @pp) and
the Pl performance index in response to treatment with 200 mM NaCl, thereby reflectings the
relatively reduced state of photosystem II. This increase in fluorescence could be due to a reduction
in electron transport beyond Q. We thus found that the photosynthetic parameters, chlorophyll
fluorescence and growth characteristics of C. sonchifolium significantly increased in response to
treatment with 200 mM NaCl.

Conclusions: Collectively, the findings of this study indicate that C. sonchifolium shows relatively
low sensitivity to NaCl stress, although photosynthetic activity was markedly reduced in plants
exposed to 200 mM NaCl.

Key Words: Crepidiastrum sonchifolium, NaCl Stress, Performance Index, Photosynthetic Activi-
ties, Polyphasic Rise of Chlorophyll a Fluorescence Transients

ol st BPH FRESE ofdA WEE 22 5 5 9
T} (Parida and Das, 2005; Hopkins and Hiiner, 2008). &
& Na'o} ClI 728 EA o]eo] 89102 018t o]e=x
oﬂoko] g#?ﬂ_i G :@L}d ;QOH kﬂJ_uLo] _,__}\]— 1::1 Jr‘%})\—]
s2jo] 7hael 28 a7t UehiA Ho] Aol At A
e A 2AaA7A Bt (Parida and Das, 2005; Hopkins

OC}: _1;4

Corresponding author: (Phone) +82-33-248-6736 (E-mail) songim@korea.kr
158] 3kt 594k 8} 14 / Professor, Department of Forestry, Korea National College of Agriculture and Fisheries, Jeonju 54874, Korea.

FY s
7Y g4 5

FAF] 8} 3.4 / Professor, Department of Forestry, Korea National College of Agriculture and Fisheries, Jeonju 54874, Korea.
Z30L / Staff Assistant, Department of Forestry, Korea National College of Agriculture and Fisheries, Jeonju 54874, Korea.

SZHFEY WA} 3 A9] / Post-doc, Korean National Arboretum, Pocheon 11186, Korea.

Sy e A sk 2

& AFA} / Researcher, Gangwondo Forest Science Institute, Chuncheon 24207, Korea.


https://crossmark.crossref.org/dialog/?doi=10.7783/KJMCS.2020.28.1.1&domain=http://medicinalcrop.org/&uri_scheme=http:&cm_version=v1.5

Ol -

and Hiiner, 2008; Park ez al., 2010; Kalaji e al., 2011).

d ZEH 2 tigh AE vhe-S B2 8%l o3 zlolE
Uep=d], 53] ARl Akt de] JEA F4S T
g BT 719 BTt AE Fho) ArbEES] el gk
Ak 9 S AAsE d F23 240t (Hopkins
and Hiiner, 2008; Kalaji et al., 2011).

LB 7] (Crepidiastrum sonchifoliumy= =3}7}ol| &3l=
AENFEA o] Al fEluEelr s d25E sEHde U
B2 23, /ool B3 § A% BEe] B3 glon,
el A9, A%F, Y, 119, F7] 5L A% Fgow
o]-8-=lo] gt} (Kim ef al., 2010; Chon and Kang, 2013).

TE7)e] ok)E g5 et AFAE AHEH, Young
5 (1992)2 2Ew)7]e] Zelrico|= B Zo)lX cynaroside
7t & FH2HE s 724895 Yepdtal s, Yin
S 2007y HPLC #4& &3l asu7|o] F83F 5 7H4
3}5+ 29l chlorogenic acid, caffeic acid, luteolin-7-O-B-D-
glucuronide, luteolin-7-O-B-D-glucoside, luteolin® 2|3t H}
Jom ol EHEL It F U Y S Ad slew
BT (Chon, 2010). F3 Ho] AA F=E Y
(Kim et al., 1998), A EF AAS DA} /i 2 A
W7o 2 Qlgk 7hM| 2] &3S XTI (Bae ef al., 1997,
Lim ef al, 1997), ¥, &4s} (Kim er al, 2010; Chon
and Kang, 2013) &3¢} tlEo] 91920 AES JAlst=
(Shin er al., 2016) 5 71573 2F2=2X 9] 7HA7F &2 A&
2 7= AL ek

e s 719] 7)Aol Bk Aol wlal Ajuzzdo]
W HEE] AEH A gl gtk A A gle Ao
2, O SN vehde A B A ieE =
AbetaL ol 88 = 71 AF Zash Aol

F 2ol ] AL FHHE 1S ARG sk 5
A=A et AujHAe] 71E 28-S sl vhFeE =30
ZYE T Qo™ (Hyun et al, 2010; Lee and Lee, 2018),
=0 ARl gk WS Hlaahr] S8l F= NaCl AE
E3 WA Aol Bol o]Folx gttt (Shim er al, 2012;
Choi et al., 2013; Heo et al., 2016; Lee and Lee, 2018).
arEm71e] 7 ARl Aso] e R HER
A =] gl WM A FolE 4= glon, Hulgh
oM 2 AZEARE (Chon, 2010) 7AW sl w2}
2 EY do] 12 SN Ase] TheAds AR A7
A7t HiE b= ok 2 A9 2] dFo s ookt
715735 7HAL o, Hukgh s doME A5 S 9l
= IE7E ddeE o 2EH 2 g A 3 ARk
&S ARt ol &2 Edeol tigh Al eS¢
o}r A} sl
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1. 92T X NaCl A2l

Ao AV8E ZEW 7] (Crepidiastrum sonchifolium)=
Pl 7 24dolM 20199 49 1Ll HEsto]
22 3 49 27¢ 948 4E (Horticulture nursery media,
Punong Co., Gyeongju, Korea)E ©]&3t =] 15cm, 273
10cm XES] F4lo] 1 24 o]AAZ] AE ARSIt &
2EYAE fEE7] Yl NaCl 552 FA48F (0mM),
50 mM, 100 mM, 200 mM2] 4 TAZ ZHsle] 69 3UHE
74 134714 6 7+ 5 3 3] 100 /pot] 2% 5 A7 FH
T8ttt

NaCl ﬂﬂoﬂ U}% EY le;sg} EC1;59/] f(]—O]—‘E"_T ZAFH|
Al BEAE 953 §F EYS AFHs FaAHoH,
50 me H]Ael A7 242t 5 AS FHate SRS 25 mlE
71l fEIEE 1 AIE B 3838 AL §F pH & EC
meter (portable pH - conductivity, orion 4 star, Thermo
Fisher Science Inc., Waltham, MA, USA)= £413}3it}.

2. BEM =M

NaCl A2je]l whe Fd w2 79 169 Fhe 34
Z747] (Portable Photosynthesis system, Li-6800, Li-Cor
Inc., Lincoln, NE, USA)E o]&3sle] 2435190, 4= H3}
(0 pmol -m?-s7 - 1400 pmol - m?- sl &3k FukS A
(Px-PPFD) CO, % (0 pmol - m2- s - 1400 pmol - mol!yel
gt AFAEZH CO, W FA (P-Ciye AskaLl BH3H

(light compensation point, LCP), s=%A}4=& (net apparent

quantum yield, @), ZFFHEE (maximum photosynthesis
rate, Py ma), AU 7FE2EA3} % (maximum carboxylation
rate, Vema), U AAHAYE &% (maximum electron transport
rate, Jpa), UAFSHE (triose-phosphate utilization, TPU), &
& & (dark respiration rate, Rp), °]-& & & (water use
efficiency, WUE), G5A3272] CO, °]8 488 (intercellular
CO, concentration/ambient CO, concentration, Ci-Cal) &
S T3H T (Kume and Ino, 1993; Kim and Lee, 2001;
Sharkey et al., 2007).

ol ¥FE ¢ =42 R FY I7VIHFE 600
unol - s, £EE 25T, AEEE 60% - 70%S FAIEIS

[s}

pmol - mol!, ZHAIZRS sF=o) Fguke-o #EA T P
o wa}t 10 - 20 ¥ 7407 FAlsk =
B3 4 BEE 1,000 pmol - m?-
AR AT 10 2 ool gkEslit)
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Table 1. Summary of chlorophyll fluorescence parameters from

OKJIP test.

Parameters Description
Fo Fluorescence intensity at 50 pis
Fum Maximal fluorescence intensity
Fx Fluorescence intensity at 300 ps
Fv Variable fluorescence (F,, - Fo)
\ Relative variable at the J-step
\ Relative variable at the I-step

®pp (=TRO/ABS) Probability that an absorbed photon leads to
reduction further than Q,

Probability that an absorbed photon leads to
electron transport further than Qu’

Do (=ETo/ABS)

Yo (=ETo/TRo)  Probability that an absorbed photon leads to
reduction of Qy
ABS/RC Absorption flux per reaction center
TRo/RC Trapping of electrons per reaction center
ETo/RC Electron flux per reaction center beyond Qx
Dlo/RC Energy dissipation flux per reaction center
Plabs Performance index on absorption basis.

3. Y= B U USL HBYIS 2N

AE4L FFE SPAD A 7] (CCM-200, Opti-Sciences
Inc, Tyngsboro, MA, USA)E ©°]&3t =Alstlon,
OKJIP 4 (polyphasic rise of chlorophyll a fluorescence
transients)S F=2 FFWrS =A7) (Plant Efficiency
Analyzer, Hansatech Instrument Ltd., King’s Lynn, England)
£ o]&3le] 20 £ S ARl el 3,500 pmol - m? - 7]

= i= o O
FES 1 27 AL, 50 us (O @A), 300 us (K oA,
2 ms (J @A, 30 ms (I ©Al), 500 ms (P TANY] FS54 F
FACE ZARE & Ukt I3 H4ES 2319} (Strasser

et al, 2000; Wang ef al., 2012).

4, A-II\IUI-__I Olo o=ct =X

NaCl HzJol] w& A|x=ke] S =s 2AFel7] 93l o
2 REFS ZASNPOm, QAL A sais) o AR
15 me ©] F7<pol ol 25T =20 24 AJ7ke] At 3 EC
meter (portable pH - conductivity, orion 4 star, Thermo
Fisher Science Inc., Waltham, MA, USA)S ©|-&3}o] o]
FES A3 (C1), JEHiY7] 90TColA 1 A)7F 30 &
B e F, 4 25T §o9) L0} ksl 9
THA] ol fEFS SgsIdltt (C2). 24 AT wES oy
o] o) 93] ALkt (Blum and Ebercon, 1981).

Leakage of electrolytes (%) = (C1/C2) x 100

=t (o dF 42 54

Fig. 1. Comparison of C. sonchifolius grown under different
NaCl concentration after 6 weeks cultivation. (A); 0
mM, (B); 50 mM, (C); 100 mM, (D); 200 mM.

5. MZEEM FA}

NaCl Aglel] we 44585 Doty flal Fed d43
ol B ¥ AIR4 ¢, £7], s sk 7] 4ol ¥
A Ax T 55 st F9E dx
(DS-80-5, Dasol Scientific Co., Ltd., Hwaseong, Korea)ll
48 N7+ B9k 0CE Axsle] Z2AVEII AL, ?ﬁ Azo| wat
TRE RV AFHAHE ASH)H ASH] (leaf weight
ratio; LWR = § 715%/F A5HE ﬁ]*}OPOj‘:]'

B AFe Al el 10 THERO R slgle
™, SPSS Statistics program 19.0 (SPSS Inc., Chicago, IL,
USAYS o]8-3f0] UYRAHEA (One-way ANOVA)YS 415}
Sdch 2+ A z7ke] #2942 DMRT (Duncan's Multiple
Range Test) 5% <collX AAISIATH (p < 0.05).

9} ¥ oz

1. B pHy;5, ECis & 012 7EE Yig}

NaCl Ao w& E"J pH;. 59} EC.s& Zt7 AdRd, 7
Aol A7k zpole Flolgd W SAlske Fholo]
NaCl 7}l wz} Ol%ﬂﬁlﬂ?—o—ﬂl oz} &7t @ﬂoi pH
7} wolxon, NaCl 571 S78l e 2pole fle
UeRdt) o9} g7 B EC,s&= NaCl 8] F%7} —0—7}-6;
TE F4 S7Fste] 200 mM2] 1%5—% 223k A&
= E%u 2% EC H$] 2.0 ds-m" (Sohn e al., 2010)%.
o =& 9F 2.7 ds-m'9] #S YERT (Fig 2).
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65 "PH1s OEC s 15 (A) 2. gd Us
2 . NaCl Aejol] whe 24 F4e] wshe Table 201 bk
0 | O [,, = ThLCP) A% fel@ Auh vhehi BUAR, Py,
o 55t é " |, E D, Vemao Jmaxs TPU 52 ZARFHSQ] FA] A= NaCl 200
: ) mM M)A e A Hele oz ekttt S8 2
a 50 | & DREEe] 79 50 mMelA 1134 pnokm?- s'2 71
s | q] o e @ »}EMJ~H1 1)) 200 mM xﬂﬂ%«l 4 50 mM
[ 09 BT} oF 54 ) W 211 pnol - o] EAE Ao
s e bes aen @ ehich, mEaslo) 2e A og 01 S2)#e] 79 NaCl
50 mM H2) Al S7H9) Aaiiss 2 /) EdERe]

100 - (B) a7 Yepdtly B 37E vk dth (Lee and Lee, 2018).

_ wf d 2Ee] F3 T8 FH|AF (rubisco)e] A4 wE 7}
? | 284318 2 ZEZ 92 0|94t (ribulose-1, 5-bisphosphate,
s 0l RuBP)] A4 =7F #3e] ols) A4sl=u] (Hopkins and
.| Hiiner, 2008), RuBPS] A4 &5 Y 80 od] )|
R 3} (Hopkins and Hiiner, 2008; Ryu ef al., 2014). 15
g wny M712] 73 Venao Jmax 2 TPU BT NaCl 55271 S7184
+ = . = Pasle AT BEd 53] 200 mM HelTolN 57
) ’_1_‘ 8] 7haate] FA Tl A At YRS & 2
50mM 100mM 200mM T;]. o]a{-&]_ 7:1:,1].‘:. 200 mM x«]g].;l.oﬂ _9;5HE] o]g_/] __‘_. @—7:“

=

Fig. 2. Effects of different NaCl concentration on pH.5, EC; .5 ZRl ECys #tol 2.7 ds-m'Z w9 =2 A= JA7F UX
of soil (A) and leakage of electrolytes in the leaves of uk 2 Aol I3k Na2| B8] 277 gL = 93ke njHs
C. sonchifolium (B). Each value is expressed as the 16 !
means = SD (n = 3). "Means with difference letters are 2> 17T} (Seo er al., 2008).
significantly different by DMRT (Duncan's Multiple Range AFTUe Co, 5EE Yoz 7|ZHAET| 94 s AR

Test) at 5% level (p < 0.05). 97, ABATES] ae CO8l H4 Akt 2] 7t

o

22 7Lt} Cho$t Kim (1999)S & ~EH A } R okl
4 Al oigk -85 Ay AEE ZEE Ut (Yao AW FREERAES i J]Fe] HdEy A sEe 1
and Liu, 2006; Heo et al., 2016). ZLEW 7] (Crepidiastrum 27 AFE 7HARTAL sG], e 7o Heelx
sonchifolium)®] 74-%- NaCl 22l5=7} Z71gel wel ¥22]  NaCl 2] %7t mobgd we} 7|gdxEse} 7| g5itEs
o vl 50 mM A= 11 H, 100 mM XHE]TFE 24 7F FElE RS Holw glon, o7 <l JSAEFY
Hl, 200 mM AZTE 4.5 W2 FH ol fEFo| F c p O8EEY Ci-Ca' YoAaL, o8 aa2 driF
7¥ste] o 2E# 2 mE AlxEte] Fazt ARS & 7 A OE FUieke AEES YERAL At (Fig 3). ol AAE
AT} (Fig 2). S8 ZEW7]E NaCl 200 mMe] E& § 2Ed2oA 7]

Fukge] rag A% g%l Co, B At Voot

Table 2. The photosynthetic parameters of C. sonchifolium grown under different NaCl concentration treatments.

PN max LCP (0] Vemax Jmax TPU Ro
(umol m2s™H (umol m2s)? (mmol mol")? (umol m2s")¥ (umol m2s1)? (umol m2sH®  (umol m2 57

OmM  9.400+1.100° 13.000%5.400™ 0.050=+0.010° 103.200+20.200° 147.400+12.900° 10.500%0.900¢ 16.800%1.300¢
50mM  11.300+0.900¢ 12.600+1.400 0.053+0.010° 105.500+14.800° 149.400=30.800° 10.400+2.000° 14.300+6.800°
100mM  6.400+1.400" 12.800+5.300 0.037+0.010® 53.500+15.100° 89.100+15.300° 6.600+0.900° 6.800+1.300°
200mM  2.100+0.200° 11.600+7.600 0.023+0.010°  5.700+06.900* 10.900+11.900° 1.800=1.000° 0.800+0.800°

PN max; maximum photosynthesis rate, ?LCP; light compensation point, ?®; net apparent quantum yield, *Viya; maximum carboxylation rate,
Jmax; Maximum electron transport rate, “TPU; triose-phosphate utilization, ”Rp; dark respiration rate. Each value is expressed as the means +
SD (n = 3). "Different letters indicate values significantly different by DMRT (Duncan's Multiple Range Test) at 5% level (p < 0.05), ns; non
significant.

Treatment
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Fig. 3. Effects of different NaCl concentration on stomatal transpiration rate (A), stomatal conductance (B), water use efficiency
(C) and Ci-Ca™ (D) in the leaves of C. sonchifolium (on PPFD 1,000 pmo-m™s™). Each value is expressed as the means + SD
(n = 3). "Means with difference letters are significantly different by DMRT (Duncan's Multiple Range Test) at 5% level (p < 0.05).

Jua®] FAT A7 B §HE @A) WolmalA €2 AUtk (afarinia and Shariati, 2012).

o 2 9T} (Fig. 3). Dpo= 27138 shgolN ANYASES 2Jrlatn, Oy
3 YoE Qu o1F AAADS vehdth Ek Pl v

3. US4 Haws 2 il

1745 P 2EY 2 A EZ ATl HAolA oA BE
AEA FFEAL Fehikgo g 5 A<t Hat &8 ou|git}. o]gjg AR E B3N FsehEe] 7} T

= AURA ] B3RS B8k, 23 7] of gt oyiAHe] Hl& B FFTE 52 & F don
T JleS AEFHoeZ HoFM (Hopkins and Hiiner, (Strasser et al., 2000; Holland et al., 2014), ZLEw|7]2] 7
2008), 53] OKJIP 341> 37 1ellA 9] oA 359 ¥zt 9 NaCl 200 mM AHZFollA Dy, Opo, Yo 2 Plpst 2
o MAprgAe] $9 5 ohFst ARE AlFste] oest & Al FHdke AR yeht 39 7]l Alzkg ot gl
Efzo] mE YA RS el tiEA<) 954 39 o7|ES & 4 UL} (Table 3).

= EAWolt} (Oh and Koh, 2004; Kang er al, 2016; ol¢} W W54 & FEe HoluA &= 34 1
Lee, 2018; Lee and Lee, 2018; Lee et al., 2019). A ZHE R, 4E 2AEE oUR], AA[AGE A

OKJIP 4g B3l AF&st Fduss Avud, dAvkde sixe odux]e] ¥skE YeRl= ABSRC, DIoRC, TRo/
2 NaCl 200 mM AHZ]FellA 7P & ®isks Bo=d], 3 RC ¥ ETo/RCi= NaCl 200 mM X2]7ollA] foldo=z (p
N&F5E By A3 284 5898 Jehlle FuFoe 2 < 0.05) S718iie), ol2ish dates 2843489 vhe-34
A 239, Folfy, Vi 2 Fee fFH2Z (p < 005)  ©] BolAA Fof Yehhs 232 A7 4= St} (Table 3).
7k A4S Bk (Fig 4, Table 3). 53] Fy/Fool 7+

e B BE vhEie] STkl s YAk, V4. G54 Sl S
o} Feol S7F= A EEA (oxygen-evolving complex)2] AES Tk | Z2EYZL 34 FolA FHH K

HIEHdstR Q13 A oA 271 AAREA] Flw= Qa o1F  Ca™e] F57F AslEle A0 AEd Nao] ez Qs
AAAGo] AsfES oJusl=dl (Wang ef al., 2012; Oh er  ©]2 =X} o] B9, o 2Ed2 FES 93 oux]
al, 2014; Lee, 2018), NaCl 2] F=7} =0l w2} Fy/ AHe] 7t Fo= A} wdo] A Attt (Ashraf e
Foe #astal Vb S7kshe 43S o= a2 vt al, 1994; Bea et al, 2003). L5 7]:= NaCl E%=7t 57t
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Effects of different NaCl concentration on Changes of OKJIP fluorescence curve (A) and radar plots of fluorescence

parameters (B, each parameter is expressed by mean of the ratio “NaCl concentration/0 mM”) grown under different
NaCl concentration treatments. The asterisk symbols indicated significantly different from 0 mM 1 and P values were
calculated by DMRT (Duncan's Multiple Range Test) at 5% level (p < 0.05).

Table 3. The chlorophyll fluorescence parameters of C. sonchifolium grown under different NaCl concentration treatments.

Treatment Dpo" ¥o? Dpo” ABS/RCY Dlo/RC” TRo/RC? ETo/RC” Pl
OmM  0.82+0.01" 0.56%0.062® 0.47£0.05> 1.39+0.13% 0.25%0.04" 1.1420.09° 0.64+0.02® 4.69+1.93°
50mM  0.83+0.01" 0.61x0.03® 0.51%0.03"° 1.23+0.06> 0.21%0.02° 1.02+0.04* 0.62+0.02* 6.31x1.36"

100mM  0.82+0.01°  0.59+0.06° 0.48+0.05" 1.33%£0.12° 0.24+0.04*> 1.09+0.08° 0.64=0.04* 5.18+1.78"
200mM  0.74%£0.11*  0.49+0.09° 0.37£0.11° 2.24%+1.00° 0.68+0.62> 1.56=0.40° 0.74+0.04"> 1.99+1.35°

"®pp; probability that an absorbed photon leads to reduction further than Qy,

29, probability that an absorbed photon leads to reduction of
Qx, Yso; probability that an absorbed photon leads to electron transport further than Qu, “ABS/RC; absorption flux per reaction center, *'Dlo/
RC; energy dissipation flux per reaction center, ®TRo/RC; trapping of electrons per reaction center, ”ETo/RC; electron flux per reaction center
beyond Qx, ¥Pl,; performance index on absorption basis. Each value is expressed as the means = SD (n = 5). "Different letters indicate values
significantly different by DMRT (Duncan's Multiple Range Test) at 5% level (p < 0.05).

Table 4. The growth characteristics and SPAD of C. sonchifolium grown under different NaCl concentration treatments.

Treatment Shoot length Dry mass production (g) TR reztio LWE SPAD
(cm) Leaves Shoot Root Total gg) &g

OmM  70.50+4.70 1.80+0.30° 2.00+0.30° 0.90=0.10° 4.70+0.60° 4.17+0.72™ 0.38+0.04" 38.10%3.10"

50mM  55.00+2.50° 1.90+0.20° 2.00£0.40° 0.80+0.20° 4.70£0.60° 4.77+0.70  0.40£0.04> 41.10=4.10°

100mM  47.70+3.90° 1.30+0.40° 1.90+£0.40° 0.80+0.10° 4.10£0.70° 4.05+0.64 0.32+0.06° 41.60=3.20°

200mM  26.40+6.20° 0.70+0.20° 0.80+0.20* 0.40=0.10° 1.90+0.30° 4.13%*1.07  0.39+0.07> 31.10+5.00°

Each value is expressed as the means = SD (n = 10). "Different letters indicate values significantly different by (Duncan's Multiple Range Test) at
5% level (p < 0.05), ns; non significant.
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