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ABSTRACT : This study was performed to investigate the physiological responses of Oplopanax elatus by water condition.
Drought stress was induced by withholding water for 26 days. The results show that Py ,.x, SPAD, gs, E and Ci were
significantly decreased with decreasing of soil moisture contents. However, AQY and WUE were decreased slightly only at
26 day. This implies that photosynthetic rate is reduced due to an inability to regulate water and CO, exchange through the
stomatal. According to JIP analysis, ®pg, Vo, Pgo and Pl,gs were dramatically decreased at 21 day and 26 day, which
reflects the relative reduction state of the photosystem II. On the other hand, the relative activities per reaction center such
as ABS/RC, TRo/RC were significantly increased at 26 day. Particularly, Dio/RC and DIo/CS increased substantially under
drought stress, indicating that excessive energy was consumed by heat dissipation. These results of chlorophyll a fluores-
cence show that the sensitivity changes photosystem II activity. Thus, according to the results, O. elatus was exhibited a
strong reduction of photosynthetic activity to approximately 10% soil moisture contents, and JIP parameters could be useful
indicator to monitor the physiological states of O. elatus under drought stress.
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HEAEHA| ME HEELFS detd ¥ FaHig

& W3, A oA dojus Fslsiike 9 A1 s8] B 2. ebd U3

3 5o &3 FJHE= o]y oFE v= F83 X R®ol THE2E 2 2 55334 (net photosynthetic rate,
o, 53] 9454 ks 248 A 71Tl Welks 2y Py), 718525 (stomatal transpiration rate, E), 7]
B slo] Azt & 4 e Wgsty AFA Qe o= HAE=% (stomatal conductance, g,), FFA XU CO, T&=
54 FPE 4S B3 2 119 +=29) 7sHsE w (Intercellular CO, concentration, Ci)& ZAFsl7] €8] Foi-&
23 7HHEHA 2T & o] HZ B A7) o]FoA F3 =47] (Portable Photosynthesis system, Li-6400, Li-
It} (Strasser et al., 2000; Naumann et al., 2007; Falqueto Cor Inc., USAYE ©|83l62m™, =4A] LED light sources

et al., 2010; Wang et al., 2012).

FEUEE L] dedEe R A A1 3
AEZ BEFET 9lom (Korea National Arboretum, 2013),

shloM = T2 Y, 713, 9450 A5 9 AR AR
o] &t (Kim et al, 2012). < HFFuF-of ddste] st
2 QB (Zhang er al, 1993), oEhe FEEo] =4AF
(Kwon et al, 2007), eSS B3 AMEH F= (Kim
et al., 2012) 5 7154 &AEA Q] 7hsAdel g ATt o]
Folxlon, el e A v T HAAYS

of g A= A2 o]Fox]A] 2
MY B RUE Q1A R A 5
Aol dist olsll= w9 5Holgt & )
ATtE FREE S e sEEuUe] AlelA
Absted, Al U B 719Re] Tl e}
FS s YA ARE Folr i, 7Ads AS-E Sl
3 SrH

-2 3
gl e 712488 ATt s,

LEAEY I~ X2

S5 (Oplopanax elatusy= 2010 4
PiblA AF sl E718 AES 9 24
2o M AeAZeH 201243 49 64FE 20124
ALAR dAEE Tl FERAEHAE F
L FERE S AP A sEEUe] 2948
Z}zF 1.5+02cm, 226+47cmgor, gL MAG 2~3
A Aok FEAEY 2] Sl whE AJ2)E vk T
2 % 19 (drought stress; DS 1), 7¢ (DS 7), 144 (DS
14), 21¢ (DS 21) 233l 7AAQ1 &= A3} o] LA}
3l7] A Al 2687 (DS 26) S=A3}AL, AFF 2d
(rewatering; RW 2) & thr] A3t Ago] == 7]
ko] F2 FHAAE Golry] fE &45% =%47] (HOBO
H08-004-02, ONSET, USA)E A|’JollAl 1m Eolo] AX|s}
gom ErEsEe AZXZTIH (gravimetric method)S ©]
g3l BEPAE AF F AL o AxAzZ FHe] FAS
Bl sHHEo = ARSI
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o] &3] PPFD (Photosynthetic Photon Flux Density)E 0,
50, 100, 200, 400, 800, 1,000, 1,200, 1,400 pmol * m2 - s™!
o] AR st ol FEE A 21 FHES] f
A 7S 500 pmol - 57, 25 20+2CE {3k 2
A AFE o5 IN7EA] 3ROSR FPAS SR,
FHo] L a8 (water use efficiency, WUE)S 33 EEE
71¥52kEE 2 Uir 3, & umolCO, - mmol H,0'2 YE}
Wk (Lee et al, 2012). &4¥ AFEE o]&3t Kume
Ino (1993)4]°l <]a) F-=3A =4 (Py-PPFD)S YeRN L &
ERARS LCP), U45E (dark
respiration, Ry), TYA4 & (net apparent quantum yield,
AQY), HNFEFAHSEE (maximum photosynthesis rate,
T3tk (Kim and Lee, 2001).

(light compensation point,

PNmaxE—'

A A
22 7] (CCM-200, opti-sciences Inc,
USA)YE o83l sHkE-o =2 ZASIH. JIP 24 (polyphasic
rise of Chlorophyll a fluorescence transientsy> HE4~ &3

HkS- =77] (chlorophyll fluorometer, OSI 30P, ADC, UK)

£ o] &3t 2087F 4E-3AIZ1 el 1,500 pmol + m - s719]
FES 1x27F AL, 50 ps (OFHA]), 2ms (JEHA]), 30 ms

(I, 300 ms (PHANOIAN FEA FFEEE REFo= =
A3t (Oh and Koh, 2004). JIP ¥4 A= Za) 44
22184 W4 (biophysical parameters; VI, VI, ®po, Yo,
®po, ABS/RC, TRo/RC, ETo/RC, DIo/RC, ABS/CS, TRo/
CS, ETo/CS, DIo/CS, RC/CSo, Plagg)ZS AF=dle] A6
T} (Strasser et al, 2000).

4. Y SEIHZ 2 SEEIIE A

d FEEZEA (water potential, WP) % FEEFZ3-
(water saturation deficits, WSD)Y= DS 1, DS 26 ¥ RW 2
o NFEE e E SAsY. WA g4 dHS & AT
(Fresh Weight, FW)2 ZA3}131, 20~25C9] 4L0x dle
2PA1Z] e R A 2edE o] REEhER 2447 o
FES T & X3E T (Turgid Weight, TW)S =
At 2slsde 34 42 80TolA 48717 A=
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Table 1. Summary of chlorophyll fluorescence parameters from chlorophyll fluorescence test.

Parameters Description
Vit Relative variable fluorescence at time (2 ms and 30 ms)
D - . -
:POTRo JABS) Probability that an absorbed photon leads to reduction further than Qa
EDZEOETO/ABS) Probability that an absorbed photon leads to electron transport further than Q,~
¥, . . i}
— ETo/TRo) probability that an absorbed photon leads to reduction of Qx
ABS/RC Absorption flux per reaction center
TRo/RC Trapping of electrons per reaction center
ETo/RC Electron flux per reaction center beyond Q4~
Dlo/RC Energy dissipation flux per reaction center
ABS/CS Absorption flux per excited cross section
TRo/CS Trapping of electrons per excited cross section
ETo/CS Electron flux per excited cross section beyond Q,~
Dlo/CS Energy dissipation flux per excited cross section
RC/CS Density of reaction per excited cross section
Plags Performance index on absorption basis.
2 2 o3
1. /\EE."/\O.II [[}E UD'AI_Q]-?O:! U:|9_} al 7-|7<__|0|| b5 L=
AES AP 49 6YFH S%J 3Y7HA] BT
18.9C, At&E=EE 57.0%, 71557142} (vapor pressure
deficit, VPD)= 2.0 kPa® ‘/]’E]ru'otq 4golA 59= Al7ho]
Aol e} $271900] A3} ol AFL ehllo) 41
zEd27} US FHSIS AoR AzEn. 53 DS
7~DS 14 777 DS 21~DS 26 77+ VPDE 77} 2.1
2 23kPa® TR Al7]] s Blwd =& Aoz Uepdo
W, olmsl EFRAT Ak oA 2 Joz ek
(Fig. 1, Table 2).
TREETE AT whE Bk ol 233%¢0 DS
14 O1FRE] WS Gz olaf ol 2FY PelEe e
e BT 5 9IS, DS 260014 o] 71ARgl9F Tt
PelolA] BRA 9xd o] Uolh F AH
Fig. 1. Changes of temperature (T), relative humidity (RH) Eg2 a7} L}E}LF As & F AT o] A7 BT
and vapor pressure deficit (VPD) during the experiment. Y slare. 2 Ea roen
Data were represented as the daily averages. FHLE 101%= EEteH, off AaTS 53 _o° =
Gl 3o Slsslele A el 5 olFol 4
& s AT,
%= Jsto] FEEEt=

%% (dry weight, DW)<
(WSD = TW-DW/FW-DW)Z At
1996). 4§ FEZHELS o AIF A&

_i_
=
=
E

P ATt (Lee et al.,
9] AFHR-E Akst

F  Pressure Chamber (Model 3100 SAPS Console, Soil
Moisture Corp. USA)E ©]&3to] 43160, FEAER X

of W& Awrge FAEHS
(Version 19.0yS ©]8-3}4

SPSS Statistics Program
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Fig. 2. Light response curves of O. elatus by drought stress.
Each value is expressed as the mean +SE (n = 3).

Table 2. The effect of drought stress on soil moisture contents
(SMC), photosynthetic parameters and SPAD of O. elatus.

Treatment SMC'  LCP Rq Pumsx  AQY  SPAD
DS 1 33.9e 13.8b 0.57b 8.57d 42.0b 8.6*b**
(1.0) (1.8) (0.03) (0.15) (3.2) 0.4)
DS 7 29.2d 12.8ab 0.55b 8.31d 42.0b 8.7b
(0.6) (1.9) 0.11)  (0.14) (3.1) (0.5)
DS 14 23.3c 4.6a 0.18a 6.62c 38.0b 7.6b
(1.1) (1.0) (0.04) (0.07) (1.2) (0.2)
DS 21 18.1b  11.6ab 0.48ab 6.35c 42.0b 6.4a
(0.5) (2.3)  (0.09) (0.16) (1.0) 0.3)
DS 26 10.1a  15.0b 0.34ab 2.33a 23.0a 6.3a
0.1) (1.4) (0.04) (0.24) (3.1 (0.5)
RW 2 33.6e 23.9c 0.87c 3.43b 36.7b 6.4a
(0.6) (5.1 (0.18) (0.69) (1.2) (0.2)
34.9e .
RW 5 (1.4) - - - - -

*Each value is expressed as the mean + SE.

**Different letters indicate values significantly different by the
DMRT (p <0.05).

Soil moisture contents; SMC (%), light compensation point; LCP
[umol m™ s7'], dark respiration; Ry [pmol(CO;) m™ s7],
maximum photosynthesis rate; Py max [pmol(CO,) m= s7'], net
apparent quantum yield; AQY [mmol(CO,) mol™].

"Death.

HolE DS 21 o|Fol Htj
HAEH, Lee 5 (2007)°)
F BARY] 5ol ESTEEEe] Aol wt 27]d=

| Hasitrt B erEol vl A
& FOo7 adhhe A% AR 23 33t
<=%A4=& (Evans, 1987y DS 26
B9 o, 23.0 mmolCO; - mol'2 DS
Zo R Yedt olF AATE F
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ey

al
=

e
oF 40%, 87% T2 ANH S7HE Blou, 9] At
= AE A E] AR AP 5] A Felle ehds] o
AbstoiTt. st FRAdRe] Wske SE: A7t 1Y
He Sl BEE Wake Baou, A § daHe
2 3A 37K AS & 4 AU (Fig. 2, Table 2).

Kim & (2000 WEH ErfEs BG5S 74
w2l Aol SPAD gho] S7HIThaL Rasiglont, shEFEL
o] 7B olehs v

AEE Yebilom, 238 DS 217H
tha HAse AL & 5 UAT (Table 2). o= FEEEE
22 Qlgt Qo] FEFFo] A=A o] £ oprlsle F
FEoTFo] 4T Zer = 4 Ao, Saraswathio}

1 %
Paliwal (2011)7} Y318t Albizia lebbeck 2 Cassia siamea
M= e AFE Bk
AEA oA 7|2

O
7150l o|FAX L ZIFNAE TS ZHJAAE

=T
Atk 53] A5 A FEIEe] AgEHE Aol
ABA s S7MAA 7S frEskal g B Co
gz s mAA Hol FPAHEES] HAE TR
(Taiz and Zeiger, 2000).

TFHEEEH A7 A w VSRR, SAEE, 95

ThEe AWEo R aEe
A~
SAEE,

MEY CO,
7 (SMC 29.2% % 0.6)°14

ER DS 262 DS 13 Hlw3)] 7FdEEs
AT OF 34% FEO=E wlg- wiekow, RW 29X 7%
Axwe} 7|35 TS 752 b3 IHER] Xgt 5e
2 YERTH (Fig. 3).
7] 59 Co, s&=
2 A5AIEHE] COo, TEE

o~z
LN

diF o R dAFT TS RIS

th7]elA dSAIEES] COo, &
b o) ozl A=A, S nr P 2 H AEe
FEAH ] wel 7F3HAEEe os] ZH Y (Franck and
Vaast, 2009). BF5172] SSAEW CO, 55 4] 7154
Tro] 7aet Bk ARo] e AR oA, RW 2¢]
ME DS 1HHE =2 AW CO, =8 B3led, ol

1

o 1=
= 13ggoer Qs JdSAEY ¥l Frow o, BALY

fredol S7relR ot 3ed 2 mA 3EEA] Z3 AJE
2 CO2l EEARI 27 dojuA] Kate] yehd A3z
Az,

FEEUe] RS a8 FRAEY AV vwE ofsh
DS 76 dAH o= FIIsI o, &S] vt Al
H DS 1458 A 7490, DS 2694 7P @ 7k

O~

< YERTH (Fig. 3). ol RFFWTTE oFeF FR2EY
oA B FABHEA UiF-e] B Fol7] S8 o
AF o R FlRol8AES TIHIF Y (Lee ef al., 2012), Al

3 FRAEY2ME 7FRRULE CO, B i el 2



Fig. 3. The effect of drought stress on stomatal conductance (gs), stomatal transpiration rate (E), intercellular CO2
concentration (Ci) and water use efficiency (WUE) of O. elatus. RW 2 is re-watering 2th day. Each point is expressed as the
mean = SE (n = 3). The asterisk symbols indicated significantly different from DS 1 and P values were calculated by using paired

t-test (*p <0.05, **p <0.01).

Table 3. Comparison of water saturation deficits (WSD) and water
potential (WP) in the leaves of O. elatus by drought stress.

Treatment WSD (%) WP (-MPa)
DS 03 "oon
D5 26 o8 002
RW 2 o6 007

*Each value is expressed as the mean + SE.
**Different letters indicate values significantly different by the
DMRT (p <0.05).

A A= AEY CO2l EAFAE} GA] Fol|ER J3HA
3} tgo] Fiolgagol 7had Aoz AZET) (Abril and
Hanano 1998; Singh and Singh, 2003). 53] CO,9] &t}
AollM 998 *& (mesophyll resistance)?] S7H= F3Ad U
At mlg- & FES HRE Aoz dEA At (Flexas et
al., 2004).

3. SELEY A WE Y
TFREXS}EE g9 FEAH

oW, o] FEXUEY =2

ATt (Lee ef al., 1996). BFE17e FEIE

dd0] —0.80 MPaZ DS 10| H]al <F 3.58] ZAEAL, Al

e Aol wet FEEuEL 3BT FREEESEE

dHA
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F oo A= SUkete] FESEF S

T ARoH, ABFE =
At} (Table 2). ©l&= 54
I AP E AGstAE oln &

de JAl] o2 Zow

DS 19 H]s] DS 26°]

4. £ENEY A0 W2 HEL
FA 18] by =40 ofs FE Hel|Al (ABS)=
o[z Ho]=g (energy transfer) S W35 (P680)S

g

EE JEHE vEH, BT Bk 42 et 2oz <l
3t ¥ 2.3 ¥ (pheophytinl] RS WEs|L, A8} 9g3) 7}
e Fall 7] AAFEAIR] QuE $AIXITH (TRo)

o] FGollA UF- A= vRgFAlel ] Katal I
5o FHE WEEH (Dlo), QAS] 3l o]F d#e] b

ZIt} (Strasser et al., 2000). JIP HZE= o]#3gt ouf=]
g9y e] §A48 & HoFEth 7R 2710 Yehs O-1 77k
& A 119] WAl Quel Bl (Qu ) eIvWIshaL, JI
7HE Qa0 S ALl Bt S whdshH, 1P
plastoquinone pool (PQ pool)e] =2# 3 3k ol gt}
(Stirbet et al., 1998; Oh et al., 2009).

Fig. 4914 w4l WHo &3 VI, VI &% DS 2104 Z7}8h
nom, 53] vI¢] S FEHX AL & 5 Al =&
VIE Qa9 AAtskso] ol Hapddo] AsiES on]siH,
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Fig. 4. The effect of drought stress on relative variable fluorescence (VJ, VI; A), fluxes ratios (®po, Yo, Oro; B), relative activities
per reaction center (ABS/RC, TRo/RC, ETo/RC, DIo/RC; C) and relative activities per cross section (ABS/CS, TRo/CS, ETo/
CS, DIo/CS; D) of O. elatus. RW 2 is re-watering 2th day. Each point is expressed as the mean £ SE (n = 6). The asterisk
symbols indicated significantly different from DS 1 and P values were calculated by using paired t-test (*p <0.05, **p <0.01).

AR ESEA] (oxygen-evolving complex, OEC)2] H|E
Aslet= FA 7Y Zth (Wang et al, 2012; Spoustova et
al., 2013).

Dpo, Vo, LTI Qo= B3FHE-2] 7 @Al gt oy
A 7o) v& 2 P ov|shs AS R (Strasser ef al.,
2000), Z=7143FeEgolA HNIATES el Oy
FEZEY 27 7P AT DS 2604 2% RS BE
Ou}, Qa olF HAY &89l Dy ¥ Yo olET} Thi
Sk DS 215 E 1942 HAE HAT (Fig. 4).

gAY dUA] 5529 ¥skE YEehli= ABS/RC, TRo/
RC 28]3L DIo/RCE DS 26014 Z71=E9e, ETo/RCE
2358 oha HAaE FES BT (Fig. 4). ABS/RCS] S7F
£ AFEE EAlshs wheFo] BolA] whgSAle] RE
Hog nZgdedS YeR™ (Spoustova ef al, 2013),
TRo/RC % DIo/RCE| F7He Fall FWH] 243 el

QEAYe)
Aol ey wel eSS 2= ouAg € 5o
2 e duA 2F Srkke S & g ik 59
DIo/RCe] F7h= A dde] LA 24 dde] 3l
o, FEEEH NN ATRE of7jodA|e] fo= Qg

e Fo|7] 95 Ae= o & F (Falqueto et

al., 2010). =3+ ETo/RCY HAE Fé Qu0 3 o|F %
Al 1] WFA (P700YS EAA7]7] 918 AR ge] A5

CE o % 9lr.
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Fig. 5. The effect of drought stress on density of reaction
center (RC/CS) and performance index (PIABS) of O.
elatus. Each bars is expressed as the mean £ SE (n = 6).
Different letters indicate values significantly different by
the DMRT (p < 0.05).

0

AT oux] 59| WHslE Yehl= ABS/CS, TRo/

CS, ETo/CS, DIo/CS2] 74%- ABS/CSE 94l Wsls 1
o)A 29ko1}, TRo/CSS} ETo/CSE DS 260014 tha 7HAast
of GRAT FA 1A == oAyA| et HAAHGRE A3l
A= AUA7E BF 2SI e 202 YERtT, €2 1
HAR|= H)33}8H o|UA]e] 224 (DIo/CS)S E7HES 1o
=t} (Fig. 4).

A g e o] WheFA U= (RC/CS)y= DS 26004

—
.
felHow e AGS wel MBI WMgEAe] Be
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oio:q (Fig. 5), -85
Asto] FAsle} 22 &4
(Rathod et al., 2011).
PIABST: FE YRS o]&al A} 2WAE (electron
carriers)°] A== FHAA oA HEZES ov|atH
(Holland et al 2013), ;}74] 1% H]'—"—%ﬁoﬂfﬂ A3 &4
2 A wre=Ale] AA Y
]‘:11]7]' Felelgos ¥y
?ﬂ;% ARG Yol AR} olF 52
Tk FA 19 NGRS (Dpo=Fv/Fm)E
SPIiE X A FE LA At (Strasser e
al., 2000; Boureima et al., 2012; Wang et al, 2012
Zushi et al, 2012). 53] Pluyss FRAE#AZS %7} 2
BUHY sl 2 AEZ AM-EY (Van Heerden e al.
2007), FEEE#H 20 wE} Plagee hEe Zlow dEA
St} (Rathod et al., 2011; Wang et al., 2012). WHF5
o] Z9ol= DS 217H Plags’t DS 19 HIs) °F 26% <+
o2 FA 7FAFR e, DS 2604 oF 14% FEo 2 7HE
siokth, o] AAFE B3l oF 60%7HA] 715 IES she
Aoz Ykttt (Fig. 5).
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Fsletagol o] 83k7] flal 23
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