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Abstract. This study was conducted to investigate the physiological responses of Bupleurum latissmum, endan-
gered plants by light condition. We investigated photosynthetic parameters, chlorophyll contents and chlorophyll flu-
orescence under different shading treatments (Shaded 50%, 70%, 90% and non-treated). Results showed that net
apparent quantum yield (AQY) and chlorophyll contents were significantly increased with elevating shading level.
However, light compensation point (LCP) and dark respiration (Ry) were shown the opposite trend. Especialy, non-
treated exhibited photoinhibition such as reduction of chlorophyll contents and maximum photosynthesis rate (Pnyax)
also variation trend of stomatal conductance (gs), and transpiration rate (E) were decreased to prevent water loss.
Photosynthetic rate (Pnmex) @nd photochemica efficiency (Fv/Fm) of 90% treatment showed a drastic reduction in
July. Thisimplies that photosynthetic activity will be sharply decreased with along period of low light intensity. The
50% treatment showed relatively higher photosynthetic activity than other treated. This result suggested that growth
and physiology of B. latissimum adapted to 50% of full sunlight.

Additional key words: chlorophyll content, photosynthetic activity, photochemical efficiency, shading treatment
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1. SAAE & LetAxH
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AE AT BEZNA rREESE AE(LDE o] &
5t AFFEEE (LR 40cm x A& 40cm x 0] 50cm)ell
AEAZ 2348 AAE(B. latissmum)E ARSI F
AzEL BI AABS BT 3835k ATl
sl FAET)et AlselA Aikslke AN ARgEhs
o] &3le] 50%, 70% L 90% xFEA T ZHzt AX|skar
20123 49 194 20123 7€ 20€71A] AEEE 10
AR 2GRS st B2 Hslel] wE ARk
S 2SIt

Ago] FaE)= 4€0lX 79714 255 S47](HOBO
HO08-004-02, ONSET, USA)S Ao 23HE] 2m Eolo z+
7} AAs, t7] & =9 AUl wsls st
Av} 7)o 49 185°ColA 59 19.8°C, 62 24.0°C,
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23 Ao g S T4 718 AL o] A7) Anfg
A L4 FFHW) wme 2 AzHETHFg. 1).

2. 2 3
23 )0l whE =334 (net photosynthetic rate;
Pn), 713552 E (stomatal transpiration rate; E), 7133
S5 (stomatal conductance; g), FSAEW CO, &=
(Intercellular CO, concentration; Ci)YS ARl 93|
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Fig. 1. Changes of temperature (T) and relative humidity (RH)
during the experimenta period. Data were represented as the
daily averages.
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Li-6400, Li-Cor Inc., USAYE ©|-8&3lom, 585E 7
Y71 v 15~209 Atelo] B g A5

SAA TS AR S98ACl FAE LED light
sources ©]-83sld PPFD (Photosynthetic Photon Flux
Density)E- 0, 50, 100, 200, 400, 800, 1,000, 1,200, %
1,400umol - m2.s%e] gdAlZ ZHslgon, ojuf T&
| 34 238 e 9 272 500umol -s7,
255 20+ 2°CE A8l @3 104578 Ho7HA] 3
HkEo 2 FIMAS STt o8- a & (water use
effidency; WUE} 51 CO, ‘=% PPFD 1,000umol -
m?.s'2 fAsle] ZARIGeH, FEoldagS &3
PIEEE 7IFSAEER e %, S umol CO;-
mmol H,O 2 YEPITHSImZ} Han, 2003; Sun et 4.,
2009). S4¥ AEE ©|83lo] Kume and Ino(1993)4]
of o3l F-33d=d(Py-PPFD)S UiERNo] FXR/$H
(light compensation point), ¥&8(dark respiration), =
UAE-(net apparent quantum  yield), HHFIAIH
(maximum photosynthesis rate)2 TSFATHKIM Lee,
2001; Kwon &, 2009).

FeE 31391 1,400umol - m?-s'®E FX% H, 4
S CO; &%= (Ci) Wslell tigh B we-& S5}
Py-Ci =418 ZHAdslal CO, XA (CO, compensation
point), 3338 (photo-respiration rate), T3l G -S(car-
boxylation efficiency)s T-8FAtH(Farquhar et a., 1980).
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3] (Fv=Fm-Fo) 2 B3}8hke B (FVFm)S B3
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ZAFSIITH(Choi2}t Kim, 1995; Demmig and Bjorkman,
1987; Cho 5, 2008). O-JI-P =4 (polyphasic rise of chl
a fluorescence transients) GA] =4 FFks S47]
(OSl 3P ol-&3t] SAsIeH, 2083t 48 A1
ol 1500umol - m2. 5] FES 127 FAVEIAL, 50us
(O, 2ms(IHA]), 30ms(IeA]), 300ms(PEANelA 4
54 PPIEES BASITHORSE Koh, 2004). |54
geke SPAD =7%7](CCM-200, opti-sciences Inc, USA)
£ o83t Ao, ARgAEd wE SAREAS
SPSS Statistics Program(Version 19.0)2- ©]-83}53tt.
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Fig. 2. Py-PPFD curves and Py-Ci curves of B. latissmum grown under four different shading trestments during the experimental periods.
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Table 1. The Photosynthetic parameters of B. latissmum grown under four different shading treatments during the experimental periods.

May (Shade level %)

June (Shade level %)

July (Shade level %)

Parameters
50 70 90 0 50 70 90 0 50 70 90
LCP 22.6¢ 18.1b 11.7a 11.7a 25.3b 13.8a 12.5a 15.3a 252c 21.8bc 139a 17.4ab
(2.5) (15) (0.5) (1.8) (2.9 (2.4) (15) (3.0) (2.9 (2.4 7 (2.3
cc 44.7a 43.9a 49.9b 49.5b 140.6d 85.4c 74.0b 53.2a 106.4c  58.4a 62.6a 74.2b
21 (0.7) (0.49) (0.9 (5.1 (29 (4.9 1.9 (1.0 1.2 .1 (5.3
R 096c 083 058a 0.6la 0.65ab 0.50a 050a 0.74b 088 1070 063a 06la
d (0.0) (0.2 (0.0) (0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
R 1.56a 1.68a 1.57a 2.04b 1.76b 1.77b 1.31a 1.86b 1.62ns 1.59 1.54 1.70
P (0.1 (0.1 (0.1 (0.3 (0.1 0.3 0.3 0.2 0.1 0.1 0.2 0.1
AQY 429a 458ab 49.4ab 52.1b 259a 36.4b 396b  482¢c 35.0a 487b 454b 352a
(6.2) (4.2 (15) (3.3) @7 (0.4 (1.8) (2.8) (1.9 (4.0) 7 (2.0)
CE 349ab 383bc 3l.5a 41.3c 12.5a 20.7b  17.6ab  35.0c 15.3a 27.3c 24.6b 23.0b
a.5) (2.3 1.9 (5.0 (0.5 (3.0 2.7) (4.0 (0.6) a.5) (2.5) (2.8)
= 6.2a 6.8a 6.4a 9.4b 2.5a 4.8b 4.7b 6.4c 3.9a 7.5¢ 6.0b 3.5a
Nmex (0.4 (0.9 (1.9 (0.4 (0.2 (0.6) (0.6) 0.2 0.2 (0.4) 0.2 (0.6)
SPAD 9.5a 11.8ab 13.8b 27.2c 5.5a 9.7b 15.0c 31.0d 4.3a 9.3a 24.4b 38.5c
(2.3 (3.3 (2.9) (1.6) .3 (2.0 (2.9 (3.2 0.7) 1.2 (3.0 (13.1)

Each value is expressed as the mean+ SD (n= 3). Mean separation within column by DMRT at 5% level. ns is non-significant. Light
compensation point; LCP [umol m s, CO, compensation point; CC [umol(CO,) m™ s}, dark respiration; Ry [umol(CO,) m™2 s,
photo-respiration rate; R, [umol m2s™], net apparent quantum yield; AQY [mmol(CO,) mol™], carboxylation efficiency; CE [mmol -

mol~Y], maximum photosynthesis rate; Pyma [WMol(CO,) m2 s,

E 9] d#A] JoH(Kwon 5, 2003), 70% %
90% 2FFA et 5€ETE 6€d tha 7HAg Ao H
3l F2RgAE]Tte} 50% XFgAE T v SN A
< UEhfo]l Fogt 9 AURE A4K717] 93k ol
A AES FPstaat FoFol SR AeE AT
gz B3lsAle S48 Hkdshe SRS

A5 e oM g8HoF FIIS ]
3l FxpgElel] visl xREAET A EolRl As
I AAJT}. T3 ehA11 G- (carboxylation effciency)
AFUe] Co, B9o] B ol co, 1A &
rubiscod] & T= S WkdslE Ao Z (Kim
Lee, 2001), F-AR3AE 2] €A g0] 59A
69, 792 olojfo we} FA THAEHUAN, 90% G
AT A AEE AFS Bl vls| 50% 2EEA]
g7 Ae HRFoE Frlete] gyt AlGRel
me} rubiscod] Aol FTHEE RS ¢ ¢ AHH
(Table 1).

HW PSS FAREAE T 58 o)F AA A
HE AS UL, 90% 2R e 597 6¥9)
HE =& e Holtpyl 7€e] 3.5umol(CO,) m2
s'2 IA Ao, o] Al7] 50% 2EAET}
7.5umol(CO,) m? s'2 71 =74 Jehdth g424 3
F& HAE 07 AP wet Holle AdS B3
om, xpgArt A&H Wt 523 50% &g
PTe FREHQ) S B, 70% 2 90% g2
T= 590 HIs| 79o] A7t 77%e}t 429714 F7FsHA

do 1o

=]
°l

R

£ b o 2
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tH(Table 1).

AE o Aol Fobdel wel vke Fmol
B S 99 FF) Askw % BuA
o] FAv} Uekgon], B BEE oY) 9al &
PArET GR4 FFo| Z/P} Uehch. B3 TR
ATANE B Bl AT FIY AP S 7
7] 9fs) BRSSP Gl Phsta, B3
Fol 7he A%e nalth 0% ARHTE BAa
FEnth e He P $70] A%s] FHY Fol
A AstEe S Uehion], 789 TAYAET
urbe e ANRPSEES LehirkTale D).

e Ve T8 o794 Akelel Cco, 3 FEE

wEkshe, 27 wstol] wEt B33 A mAUSS
T3 7 S Tt TeHEEE 23

Fo TERAEEE Sl S PAe A
s Fa3% 84=, V]9 FE9 Co, v, 99
25, AE9 AYH gl wet vizkeAl wslsid,
(Collatz et al., 1991; Kwon &, 2003), &3] 7|32 &
e 3 2 Copll WAl WSSk BloE 4
A k.

NS TERERS} e e Nk o %
FAEE) BsE AS BHow, 23l wE B9
73 ¥IslE 90% ARFAYTE AL SR 7HAslal, 50%
2R3 TE 69 olF IA Tt 7€ VIEH=
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Fig. 3. Stomatal transpiration rate (E) and Stomatal conductance (gs) of B. latissimum grown under four different shading treatments dur-
ing the experimental periods. Each value is expressed asthe mean + SD (n = 3).
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A7 g ATl Hlsl STt Al Sl
ol ago] Askd AoRE AZEH, 90% 2FdA ]
T B B COo, ue] Edgow 3ol 3
2o vl 713FERS] AFe] ¥ A JehY &
ol gago] Folxl zog AZETHFg. 4).

7] 59 CO, T HUHos AT 755 f
AR FHAERS] CO, F= ti7IoM FEAE
2o] CO, EF Aol ofsf 2R, RS 1Y)
T 2 9 AEY FRAAE et 7 HERe] ofs)
ZAHtial Sok(Franck and Vaast, 2009). AdA1&2] Ci
2 5doll= o2l Aol7t gilen, Hykxog 7
FAEE} HIszgh Bs B V3AER o5 95
AEdel Co, v=rt 2= e & & USITHFg.
4). 53] 740l 50% 2pRgAETFelA Cvt 7K =2 A
o yepgal, FAREA TR of9h HIsRk s
Hort, HUBFAAEE (Table )= A 27t U= A
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O-JI-P e #Axst F, 2% 5 2Ed 2 tish
IHREE o 4 Qe A3ko|w(Thach et d., 2007), Hl
Q] oz AEe] ey B3P &8 58 ¢
F Aok FA 29 wESFA(PEsoellA WEE HAA=
7 29" (pheophytin)ell ~8F = %7 FAGEAIR]
Qa(frist quinone eectron acceptor)s SHAAI71A] E
(JGAD, HFIEE Quol Y APtsizte] EAEs
Hkdslar QoA Qg(second quinone electron acceptor)
2 2Pt dgEe] Qb Ak =W reA e
o HAE WS Qe ZERERFIERH F 7|9 H'E
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2 o]EshH, PQ poolst Q7 HH=E ¥ Aei7t P
SHAlelth(Jiang et a., 2006, Oh 5, 2009; Lee &,
2012; Taiz and Zeiger, 2006). 592] 7% A3Sxel+
o H-P7} vl #& S HA oL o] THAES]
a1, 50% ARFAETE FXHOE HoAle AIE B
A}, FAREAE T 52X 797 FH-PAAZE 7S
ke S ®HGow, 53] 7dele H ielA 7
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Fig. 5. Changes of OJIP fluorescence curve of B. latissimum grown under four different shading treatments during the experimental peri-
ods. Plotted on alogarithmic time scale. A is Full sunlight, B : shaded 50%, C : shaded 70%, D : shaded 90%.
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ke WslE Ho] A5k ol o8l Qut 4 JEE o
o] o7]d|A|e] Hdo] E&3} He ASs ¢+ AU
AtH(Fig. 5).

Fo/Fme “Je#H3} 2|<4=(state change index)= 33

717-e] A AdeE JERAL, FuiFme 3388l
A FAES] HAIR B 2(photowstem e} 43t
4 WS EFFo|HAME Il YERdth. Fo/Fm
o} Fv/Fme 3A2Ed 2 wE A e 2 3Fs)
g &S Uehle F83% ARE ARSEH, gyt
Zog sEF2 wel FoFme Z71Eal, FuFme
e 4E¢S HQltK(Percival and Fraser, 2001;
Borkowska, 2002; Lavorel and Etienne, 1977). AA1&
o] A9 g7t A&l wheh FAREAEl T 90%
23] FolFme 2718k, FviFme 7Hadhe 74
S BYom, 50% AFAETe] FviFmS 7€ =
A S7ste] Bslshikg §80] ol AL o £ )
Ath(Fig. 6).
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