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ABSTRACT

This study was caried out to investigate the effects of C. japonica, D. morbifera, D.
macropodum, 1. anisatum, Q. glauca and R. indica To investigate the photosynthetic ability,
chlorophyll content, chlorophyll fluorescence analysis, and physiological environmental. The
photosynthetic rate, cancer respiration rate, stomatal conductance, and rate of evaporation
tended to decrease as a result of drying stress in the no-water condition for 28 days. L
anisatum, Q. glauca and R. indica showed a low rate of less than 40% until 28 days of
no-treatment. The total chlorophyll contents were decreased in the order of D. macropodum>
D. morbifera> C. japonica> Q. glauca> M. thunbergii> R. indica> I. anisatum. Chlorophyll
fluorescence analysis showed that there was no change in the qP, but after 28 days no Fv /
Fun, Fo, R, NPQ 1ss can be a useful indicator for quantitative estimation within a short
period of time with a marked reduction rate of PSII quantum yield OPSII in the rectified
state by continuous light during the nominal adaptation period. In the case of I anisatum, Q.
glauca and R. indica If water management can be carried out at intervals, it may be possible
to plant trees in trees and landscape trees.

Key words: Drought-Tolerant Plants, Photosynthetic capacity, Chlorophyll fluorescence

LM E o 5 Qs wEolE @ e Sl dorl 71eHst

2 @A G2 EREe Ad9E0] 28E e 9

20417 Akdet Bl mAjSkE A 10091 A A FE7] migoltk ol 7S RHskE d| 52
Ht-2E 0.78C st e, ¢ 1007 1.0~ Fofl dieh wAol HFHL 3lom, At T
3.7CE Z7Ke Ao d&Eck(Stocker ef al., 2013). o2 2lF0] v= HAER AEYIAN(AXR, WYY, 12,
) AJEEAeEE ol Ml 7H wEA| 2 A2 8 FFE) ol izt B EIE EoAaL QtHYu
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ot al., 2004). S-eEhe] A 30W7E AT e
(Korea Meteorological administration, 1981~2010)
& 1,308 mm, AlA| Bt 5 Hatel 973 mmiE
o} oF 13w} 7} gov} cRzo] of 5ol zHo]
Slo] mEAR) & T} o2l AHolet. S3l 2017
Y19 1R 6% 30U A e gnke
224.4 mm= FHEYH] oF 48.5% ZFolu, o]= X]‘/}‘
1973 o] 7} ool 7pEo 2 Wyl v
(Korea Meteorological administration, 2017). O]Xﬁ?j
7V g0 e RS el FEE, A
AoehA] dejal EAESHA o S-S Aslieitt
(Wang et al., 2012).

SEnzon QIg AR 2SS qlo] WY, %
7] AR} 2R BRI RS W ago) 7w
A B 259 A, AEZ A7) 5(osmoregulation)
APAL AE ) F kel A2 ol 5 §usiol
ATAQl A2 7|A]A] EltKTaiz and Zeiger, 2006).
gt A s Ao B S8l Tkt Al

AerS 7HAAL glom, o]efgt F8l2 A& ¢F
FEAEHA A9 e, 71y 2 5 AW eEEEY
ROl AES Eol= 7Rk Akl ofste] 4=

WAALS YEFHTHON et al., 2005).

Wagdel we AEe A s @ 48 712
Fd 2 sty 71eER, ¢

Fol-8a&o] W3l FA oA dojuh= B35
% A2 BE0 £ T ARE gste] At
Asy=]ar QltiLee et al., 2017; Yoo et al., 2012).
53] 945 FEs SHS A VI Hske B
Elggsto] Al 4= Qe ek A4 e
o s AlEAe] ARt Aol TRt A7) oA

ojm], FA M| 22} 7| 5HsLE W=l JHHSHA
ST = Qlo] FT sfeollA] WS A7} o]FolA]
1 QJcK(Strasser et al., 2000; Naumann et al., 2007,
Falqueto ef al., 2010; Wang ef al., 2012). 2-2]L=}o]
HE At WFAHE(Yoo ef al., 2012)2 H|Eolo] =
9 WE{(Lee et al., 2014; Park et al., 2017) thAS
2 IdEL YRS AL Ea) v|yEZF 3ol ot
£ AAAER LIS AN v} ot 2t
7] FlEslo) te GpEadse] Aoz B}
ol #eE At Hol ME A K Kang et al.,
2009; Choi et al., 2013; Shin et al., 2014), i]-ﬂﬁ_ol
o Tk Ale)H vhe 5 ARG 2] that 1T
L L B R
S0 o i AR HE Fa B
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2.1. SAIR=

® Ago] A8 o) ARIIsE Su
(Camellia japonica L.. C. japonica), AT
(Dendropanax trifidus (Thunb.) Makino: D. trifidus),
=AY YIS (Daphniphyllum macropodum Miq.: D.

macropodum), S (lllicium  anisatum L.: I
anisatum), SNV Machilus  thunbergii: M.

thunbergii), Z7VAU5(Quercus glauca: Q. glauca),
AU Raphiolepis indica var. umbellata: R.
indica)s 7452 3UA HE 15 EXS TAAER
ol gBiich AT MEL wErAHeol A
(L1, viv)S 33t wides &2 SekaE SR A
B 118.97xBHE 72.98% 0] 201.66 mm)o] ©]215}o]
st Abolesd] Ava feled
(35°09°48.5"N 128°06°02.8"E)of| A 37R€7t <=3t}
& 7R BAHES shick. 20174 89 590 w71

K1Ado] Hof gz vl eAE §7 20174 99 527k
] @19l A E £33l AR AEYAE s}
Sk Az AEdA A 45 BF 430l 2UPe
27y C. japonica(42.61.2 cm, 53+0.7 mm), D.
morbifera (50.4+2.5 cm, 7.8+0.8 mm), D. macropodum
(61.543.7 cm, 6.6£0.6 mm), I. anisatum(62.1£2.9 cm,
6.3+0.4 mm), M. thunbergii(63.6+4.1 cm, 5.0+£0.7
mm), Q. glauca (68.6£2.7 cm, 5.9+0.4 mm), R.
indica(62.9£1.7 ¢cm, 5.5+2.8 mm)$% o, J- AT
10~157 %k

22. 7|AKIE U AZSE

Ado] 2 el= 717He] 8 RIS Yol
93| £ - &= 2% 7|(HOBO H08-004-02, ONSET,
Massachusetts, Boston, USA)E Z|A4oA 1 m =0]9
AAste] 1080 713 =S sl Ad7IRE
SoF BjdeAl Y 2x:= 23 49.8+1.27C, A
19.8+08C, HF 289C gov, Hrxe FHu
95.4+2.6%, A 24.5+0.9°C, Bt 54.8%, LAES X1
624.1 W -m?, XA 107.8 W * m?, B 2814 W - m™
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v EF Az AEdA0] W2 AA e B olejel 2 Ao 77te] dEa Bke T
7] §5te] TrAE] = 1Y(DS 1)} 28Y(DS 28) (Arnon, 1945; Mackinney, 1941).
e Il Bud Pk BASAT Eot 5
o 5 &
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Chlorophyll a(mg - g"' fresh w.t.) =

o= [e] OH O UO> = 1= OO0 X
TS S 4 2 S-S flsto] AdEgt (12.7 x Aggs - 2.69 % Agss)
Qlo. o 9~10A] Alo]|& 3} ew, olg] 7ol o = Chlorophyll b(mg * g fresh w.t) =
ANA 71 AAS 4 gie R AIRE F5FY (22.9 x Agsz - 4.68 x Aws)
Total Chlorophyll(mg * g fresh w.t) =

23. ERLESE (8.02 X Agss + 2020 X Ags)  (Eq. 1)

140l A% AEdA0] whE AL S5
9J8) BAARES oY Sotom Beleck Ay 25 BEY WS
Fof| W pFH SRR Make XE 7P T A S5t Hsgt A1) AR oS
oA 20 mm HojZ Z|HE Multi Function Soil Ao g2 &8 35k =47)(Li-6400, LI-COR Inc.,
Moisture Meter(HMM-200, hy-sys, Seoul, Republic Lincoln, NE, USA)E 0] &3}e] A3 &%, 4935
of Korea)2 o]-8-5to] §&|pitghefo] 0%l =g} £k, 73, AT 55 SAs FHd
= A7 i 2 10A]0f] sHkEc 2 S4sH3I & A Fes 492 24T 4 9l LED 3¢

(Li-6400, LI-COR Inc., Lincoln, NE, USA)E ©|-&35}

2.4, ZMA Gtk o] PPFD (Photosynthetic Photon Flux Density) 0, 50,
S §HeF 24 DMSO(dimethyl sulfoxide)S 100, 250, 500, 800, 1000, 1,500, 2,000 pmol +m 2 -5~
o]-83}o] 2&3H= Hiscox and Isrealstam(1979)2] 1t O] 9408 Fpol 5 Frof M Hhe2 S75lt
He ARSI 2 5 E STHAOIA o AlE A ofF 7o F Fofl A W F=ot e =

71(0.785 cm)Z o] g5l et o, A3 Qe 600 umol -m * -5 9] FieofAe] kS o] 85te] F
Hiscox and Isrealstam(1979)2] ®Ho]| u}2} DMSOE A T =S ARt Fd S4719 A

FEEUR o] gsto] PEAE FEFONTE FEUS Aol FY=le 3719 32 500 pmol + s, &%
UV-Visible spectrophotometer(Nicolet Evolution 100, £ 25C, s 60%= d7gstar 2)7]9] ggwst
Thermo Electron Co., USA)S ©]€3}o] 663 nm 2 QIg ggo] fles st &3k CO, s&=rt g
(Ao 2} 645 nm(Aeis) ©] THIONA FHEE SHslo] B WS FRA F74710) €O injector systemS

Table 1. Summary of the major Chlorophyll fluorescence parameters(modified from Gorbe et al.’s data, 2012)

Fluorescence parameters Definition

F, Minimal chlorophyll fluorescence intensity measured in the dark-adapted state, when
all PSII reaction centres are open

Fu Maximal chlorophyll fluorescence intensity measured in the dark-adapted state during
the application of a saturating pulse of light

F'm(Fm Lss) Maximal chlorophyll fluorescence intensity measured in the light-adapted state during
the application of a saturating pulse of light

Fy(Fi 1ss) ChlorophyIl fluorescence intensity measured at the steady-state after subjecting the
sample to non-saturating actinic illumination

Fy/ Fn Maximum quantum yield of PSII photochemistry measured in the dark-adapted state

Rea-Fo/ F=(Fn- Fs)/ Fs  Chlorophyll fluorescence decrease ratio. In this case, F; is obtained after illumination
with continuous saturating irradiance. Rpq is an indicator of the photosynthetic
quantum conversion and is correlated with CO, fixation rates

OPSII Effective quantum yield of photochemical energy conversion in PSII

NPQ=(F- F'm) / Fn Stern-Volmer non-photochemical quenching coefficient
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fABES STk B W =

= =
d=4 P EA4L Handy FluorCam(Photon
Systems Instruments, spol. Sr.o., Drasov, Czech
Republic)& ©]-8-5t] oFA-5(20427F A1 2]) el
4] Quenching kinetics analysis B o2 =435} ch
(Barbagallo et al., 2003; Genty et al., 1989,1990). =
A A B4 W SRS o) ST Qe
AMg-519ict. o]uf Handy FluorCam®] B4 x742 3}
3544l (actinic light, red LED): 200 pmol m™ -+ s,
1433 (saturating  light, moderate light): 1,250 .
mol m?-solgtt. =4=E dolgl= Gorbe et
al.(2012)°] AAISE ®fo] oJsf A5kt K Table 1).

27. 87 24
SAESE ZZIQ1 IBM  SPSS  Statistics
(SPSS Statistics Program, version 14.0, SPSS Inc,

USA)E o]&3lo] UYEALE A (one-way analysis of
variance): OL8BIL 7F 2I7be] 4014 DMRT
(duncan’s multiple range test) 5% ==& AASICE

III. Z#x} 9 o3

31 B4R

Tk H2) A 33.0~39.4% 5220] SAREE W9
U A HEste] §ASERES S
SAGRFFE BE LT FH o] 7|
Aoz Zasiglon, 10% ofsto] =gsh= AR
D. macropodum 7} 1842 713 wgrom, 7 t}2-0
2 M. thunbergii 229, C. japonica, Q. glauca, D.
macropodum, D. trifidus, R. indica, I. anisatum 52
2594 o|& =2 YEPItH(Fig. 1). D. macropodum 2} M.
thunbergii = TR SA| A=} BlaLsto] ooz
£ SASES Hoj(Table 2), 82420l 1%
ofslo] mdsh= Ato] WhE Zlo = TeEth EF
o] Zhat 423} Bofo] ot Zuitoz <lat
ZrA~olH(Million ef al., 2007), -4~ *2] & &4
Y] e AE, W] wet ey o]

1B

Table 2. Variation of the photosynthetic characteristics in the condition of no irrigation

Chlorophy II a

Chlorophy II b

Chlorophy II a/b  Total Chlorophy II

Species Treatment . B : .
P (mg - g (mg - g ratio (mg - g")
DS 1 3.96+0.23¢ 2.68+0.10a 1.48+0.08def 6.64+0.30b
C. japonica
DS 28 2.45+0.24d 2.08+0.36b 1.234+0.38f 4.54+0.31def
DS 1 4.76+1.46b 2.01+0.24ab 2.33+0.39a 6.77+1.71b
D. trifidus
DS 28 2.45+0.04d 1.63+0.05def 1.51+0.06de 4.08+0.21ef
DS 1 5.43+0.26a 2.82+0.15a 1.92+0.07bc 8.25+0.41a
D. macropodum
DS 28 2.20+0.16d 1.81+0.03bede 1.21£0.08f 4.01£0.18ef
DS 1 2.80+0.08d 1.84+0.02bcd 1.5240.04de 4.6440.10cde
L. anisatum
DS 28 2.56+0.33d 1.66+£0.06def 1.54£0.15de 4.21+0.28ef
DS 1 2.20+0.17d 1.74£0.10cdef 1.2740.11ef 3.93+0.21ef
M. thunbergii
DS 28 1.34+0.09¢ 1.51+0.03f 0.89+0.05g 2.85+0.11g
DS 1 3.45+0.21c 1.82+0.04bcde 1.90+0.15bc 5.28+0.23¢c
0. glauca
DS 28 2.26+0.07d 1.54+0.55ef 1.47+0.33def 3.80+0.54f
R indi DS 1 3.46+0.20c 1.67+0.03def 2.07+0.12b 5.12+0.23cd
. indica
DS 28 2.65+0.48d 1.55+0.02ef 1.71£0.15¢cd 4.21+0.28ef
Species(S) sk otk sk EEE
Treatment(T) Hksk sk Hksk B
S X T kkok kskk kkok skskk
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LA F AP, BA, WAL §7] 7], EORRR
Sol  2JsfA  HHAStcKBousselt et al., 2011;
VanWoert et al., 2005). Egert and Tevini(2002)+= 9
A ol Bl =250l olFoIAA] o, 90%

ojge] Eo] TUEHIL J2 3.6% ol st

o{(Iglesias et al., 2006), 2Ed|
o] 8EAL =T, F It WEgAto|® vl =A| et
U= 2lx}o|tiHan et al., 2009
4 A7 |700] Zof4E 2l
a3l ABE Bgow, 45 % AZHUL o4
= ZA5}tHTable 2). Chlorophyll a®] Z7|s=e
D. macropodum7} 5.43+0.27 mg + ' 2 7P =9ko
W, O U292 D. trifidus 4.76%1.46, C. japonica
3.96+0.24, R. indica 3.47+0.22, Q. glauca 3.45+0.20,

o [HT
e

ol

)
i
H1

0

;i

g B
o
ot
<
A

10,
_?L
EY
o

I anisatum 2.81£0.08, M. thunbergii 2.20+0.17 mg - g
fom 2AEGITh Rk 289 A RE BA|5%o|
A Fadshk= Aoz YElg oy, D. macropodum
(17.5%)%} D. trifidus(10.9%)= AtjHoz =0 7}
28 HYcrhk Chlorophyll b9 =7|31fkS D,
macropodum7} 2.83£0.16 mg - g' 2 7} =9rom,
°]% ¥38k= Chlorophyll a®} frARRE B3-S H Ak
Chlorophyll a®} b3ee] Hl= Fakg= 7]7to] Zojd
5 astelen, o|2|gk A= Chlorophyll a 9%
9] Z427} Chlorophyll bot ZHaHr}t 217] wjolch
T T G5 TS Fol Agle] Be Ak A
TollA fastglon, aFE HILE AR 23t D.
macropodum®} D. trifidus®] 7AE0| U] A =of 4=
HEsto]| w9 vzt Aoz ZAEQIE A]45# 9]
Ax7h A5 e ARtk Ak W O
oA Zro} & 4=~ QItKim and You, 2010; An et al.,
2008). &+ Ao A H HRE QIRE Qo] J54 7
o Aae 9] Aa T At WAL Aok S5 A
Z=2 Hejo] Aikero] ZashiA Aa g7t 4
QAL o= Qlaf} o] fEar o] AT Ao
HAHAEHKim et al., 2014).

-

Table 3. Variation of the photosynthetic pigmen in the condition of no irrigation

Photosynthetic rate

Stomatal conductance Transpiration rate

Species Treatment (umol CO,.m?.s™) (umol H,0.m?.s™) (umol H,0.m?.s™)
DS 1 4.51£0.39def 0.017+0.004¢ 0.420+0.153ef
C. japonica
DS 28 2.89+1.14f 0.240+0.075¢ 0.188+0.087¢
DS 1 8.03+1.98ab 0.164+0.083a 1.958+0.735bed
D. trifidus
DS 28 3.42+0.42ef 0.029+0.007¢ 0.362+0.085ef
DS 1 7.95+0.53ab 0.165+0.033a 2.599+0.086a
D. macropodum
DS 28 4.33+0.93def 0.046+0.011¢ 0.548+0.105¢ef
DS 1 5.82+1.07cd 0.072+0.019¢ 0.873+0.130e
1. anisatum
DS 28 3.79+1.70ef 0.029+0.006¢ 0.739+0.160ef
DS 1 7.95+0.52ab 0.183+0.005a 2.330+0.296ab
M. thunbergii
DS 28 4.78+0.36def 0.044+0.016bc 0.461+0.144ef
DS 1 5.36+1.02cde 0.104+0.054b 1.441+0.628d
0. glauca
DS 28 4.46+1.11def 0.052+0.021bc 0.404+0.107ef
DS 1 9.30+1.12a 0.176+0.035a 2.284+0.304abc
R. indica
DS 28 7.06+1.01bc 0.066+0.004bc 1.761+0.188cd
Species(S) sk Hk Hk
Treatment(T) wEE HEE ok
S xXT NS kk oKk
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g5 A HH ofy] B9 B
7oA A Al Aozt vehde 53] 3t 712
of B2 HE Fof AlE S A7 = dlol
EtH(Chaves and Oliveira, 2004). FA|$EE2] 2o
A ST R S VISR, TR
T2 Az A=RE F3UE AolE Hlow, 7
S BASEE 4% Ul AxAeRt ATAEE &
Astodc. Eak WY SEE SF 9 A% A
Sek AolE EArk(Table 2). J9H4 £== DS 1
| & R indica 9.30+1.13 ymol CO,.m”s"' & 713
=Qtow, I t20= D. trifidus 8.03+1.99, M.
thunbergii 7.95+1.37, D. macropodum 7.84+0.53, L.
anisatum 5.82+1.10, Q. glauca 5.36+1.02, C.
Japonica 4.51£0.39 umol CO, .m%s" &0 & vyehyt
t}. DS 28 & Q. glauca(16.83%)%} R. indica(24.1%)
2 Aolgt mE SFolA] 30% o4k e LEs)
Hadhs A= Hlow, I FollA D. trifidus7}
57.3%= 714 3A A4Sk ety og AR A
Efas AE0] 78S BES =8kl G5 W CO,
SES A7 BAAS A, Ee HHo
2 g gAE Asfiste] Fd s AN
(Gimenez et al., 1992; Cornic, 2000).

7 AERE 34 Ay DS 1949 ols 7|ees
DS 28% AL D. wrifidus 81.9, M. thunbergii
76.2, D. macropodum 72.2, R. indica 62.8, I
anisatum 58.5, Q. glauca 50.0, C. japonica 43.8%
O 2 P Hrof AR HRkes Uil 7]
SR EEE F S Wigdo] mie- =7] el
7| SRR} I S A(H 2 RS 7
tHLim et al., 2006)= A-A3 LXKt

AlEE o] HES oA ol aeS =
o|7] fJ8ll 71&= ol A Srrth SAEES
H Wo| ZAA]ZItKRichards and Condon, 1993). &

<
[e)

e A

I

f

AEelAE DS 19A4E 7|EC= DS 289 ¥

ASES A 27 B SEnth 58 S
Bom, D. wifidus?} 81.5%= 7P =4 UESTh
I o202 M. thunbergii 80.2, Q. glauca 80.0, D.
macropodum 78.9, C. japonica 55.1, R. indica 22.9,
L anisatum 15.4% 02 UERITE ES SARKEE 9]
Hae i mhE g o F5olu 49 =
sl2 AiE 4= LeH(An ef al, 2008), 7|5 A==}

FASTY gat B U Y FEREOR QT

p:d

2E A7 AEEA A2 U ol E01E57] thi
O|tiPrice et al., 2002).
DS 289 F¢He] % A WSS AR At
=2

=y ¥bd D, wtrifidus, M.
macropodum+ H|7}2A] = 28 7|7 B9 Hat
2= 28.9C, Fit LAl 281.4 W - m” oA =
Az 2EY 20w iAol 2 AR A
o} o]x§ AlEE eAEE 9 FAKSEE Ajol= A
=, @ 791, Ak 2o] Foll ofsiA 7187t o
230 9Rabdo] of3k xjo] o] LrehdrHCooper
and Qualls, 1976; Shearman and Beard, 1972).

thunbergii, D.

THREEE oA B HaE AR fEskar
9144 © & RuBisCO9L 2 FiH4 24 aaol &
43} 9 Fo)A| =4 (Photoinhibition damage)S %
F5l7] Wi FFA R AE2] Aol X|HA Q] 2
29 el e)E 2Re-8 sl Aoz adEA ¢l

thMedrano et al., 1997). & d-Lo|x&= DS 1441
7102 DS 28¢ & 5 IS4 IR Aol
£ 24517 S8l 271%8387&(F,), Fu/Fu, FA L9
Fopea FAE(Qrsn), FFHTFH Rra), HIESH
g2 2E(NPQ) T= FEHSES AEsilch
(Table 4). FALSl= 714 el 84 #AHE0]
ST 5 oUAZE WSS 0 R o] 5s] o ] L
TS oJu|5l=(Bolhar-Nordenkampf and
Oquist., 1993) F, /-2 DS 284 & 8.6~22.3% A
Sk S Hof 7xe) ozt AEAE W A
2 YepPgth I FolA D. macropodum7} 22.3% =2
7 =2 A4S Hol 9V, I anisatum 8.6%F
| < AaER UEh ol A= 9%
W sdet FFer yehton, Fils § ¢
FoFof H|d|(Rysgaard et al., 2001)3Fc}= o
SRS
Rl AE(HE )04 2] vl pEdel el
HFw) 2 HEFFEE)NA 71918k PSIT 2|ty
A PEES Ul 83 ¥l F/F.gke o
2y AxAE 717 F31RE Afo|= Uebitth DS
= A AEHAE WA koL, DS 28U &
D. macropodum(41.1%)> D. trifidus (36.4%)> M.
thunbergii(33.5%)> Q. glauca(21.7%)>C.
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SN SN SN SN SN SN SN LXS

ok Hkk ok sk ok sk sk (L)1uounear],

ok ok Hok *% *% *% *% ()sa0ds  OdN
910°0F€0°0 910°0FS0°0 q9e0’0FS1°0 By0'0FSH0 910°0FC0°0 920°0F90°0 9T10°0F€0°0 8C Sd
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Fig. 1. Changes of volumetric water content according to unirrigated period. Vertical bar means standard error(n= 5).
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