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Chlorophyll Fluorescence and CO; Fixation Capacity in Leaves of
Camellia sinensis, Camellia japonica, and Citrus unshiu
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Abstract - The chlorophyll fluorescence and photosynthetic CO» fixation capacity of leaves from
threemajor crop treesfound on Jegju Island, Camellia sinensisL ., Camellia japonica L., and Citrus
unshiu M., were analyzed. The photosynthetic CO; fixation rate of C. sinensiswas similar to that
of C. unshiu, and much higher than that of C. japonica which belongs to the same genus. Stomatal
conductance in the three species was high at dawn and low during daytime. Theintercellular CO,
concentration of the three species was also high at dawn and decreased at midday. The transpira-
tion rate showed an opposite trend from the intercellular CO; concentration. The photochemical
efficiencies of PSII (Fv/Fm) in C. sinensis were dlightly lower at midday compared to the level at
dawn and/or dusk. The declinein Fv/Fm of C. sinensis at midday was much smaller than that of
C. japonica. These results indicate that C. sinensis is better acclimated to high levels of radiation
under natural conditionsin late summer, although its PSII reaction center was inhibited by strong
radiation. Of the chlorophyll fluor escence parametersin the species, the RC/CS decr eased signifi-
cantly whilethe ABS/RC, TRo/RC, ET0o/RC, and DIo/RC increased significantly at midday in late
summer. However, C. unshiu did not show significant changes in these values depending on the
time of day. Among the three species, the daily CO; fixation ratein C. sinensis(320.1mmol m2d™?)
was the highest, followed by that of C. unshiu (292.5mmol m=2 d™) and C. japonica (244.8 mmol
m~2d™). Thus, C. sinensis may be a valuable crop treein terms of the uptake of CO under natu-
ral field conditions.
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table Photosynthesis System, ADC, BioScientific Ltd., UK)
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shedon], o5 2L AME 24 U4 AL ¥
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Ak A2e] Ug 1587 2 Antale] HHSA7]
1,500 umole m2 sto] ke 5% El zA}Ele] Fo,
Fm, Fv/Fm 52| 7]& fﬁ%lﬂ_/]\—% =99 (2 =
2001). 3 RC/ICS(FH AR S4Ae) o] wheFA o] A
& Wx), ABSYRC (¥4 FAIlI &Al), TRO/RC (&=

o

£ P45 25 ), ETORC (AT 59),
DIo/RC (8] 323184 oA &) 5-& AbE3sle] A A}
9o} (Table 1).

Table 1. Short description of chlorophyll fluorescence parameters
used in the study

Abbreviation Description
Fo Initial fluorescence in dark adapted tissue
Fm Maximum fluorescence in dark adapted tissue
Fv/iFm Photochemical efficiencies of PS|I
ABS/RC Absorption flux of photons per active reaction center
TRo/RC Trapping of electrons per active reaction center
ETo/RC Electron flux per active reaction center beyond Qa”
Dlo/RC Dissipation of electrons per active reaction center
RC/CS Active reaction center per cross section

el b= Ab83led 220mol m2 sty &
Faee Aozt rl AW W CO, 5=7}
s =9} W] 3117‘]‘11 4
g3 9 287 AR F Hﬂ%
% A5 U COz 5= (C), 7I1F3A==(9y), TAHE
(BE) 52 434 EAS A8t t) (de Souzaet al. 2005).

CO; A& (A)Z 37 29l () 25, Ad$=
E ¢4 " (G gs E 5)2ke] A= SPSS FA
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Fig. 1. Daily changes of environmental factors (light intensity, air
temperature and relative humidity) in the field of Camellia
sinensis in late summer.
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Fig. 2. Daily change of chlorophyll fluorescence parameters (Fv/Fm, Fo and Fm) in leaves of Camellia sinensis, C. japonica and Citrus

unshiu under the field conditions in late summer.
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Table 2. Daily changes of chlorophyll fluorescence parameters of PSII from leaves of Camellia sinensis, C. japonica and Citrus unshiu
under the field conditions in late summer

Species RC/CS ABS/RC TRo/RC ETo/RC Dlo/RC
Dawn 541.0° 0.88* 0.722 0.45* 017
CamelliasinensisL. Midday 41572 1.12° 0.88° 0.63° 0.24°
Dusk 548.5° 0.922 0.74 0.45% 0.19*
Dawn 372.6° 1.28° 0.98* 0.62% 0.30%
Camelliajaponica L. Midday 307.6% 1.65° 1.18° 0.87° 0.47°
Dusk 417.8° 1.16 0.89* 0.56* 0272
Dawn 555.8° 0.97% 0.74% 0.43* 023
Citrus unshiu M. Midday 407.5% 1.32% 0.96% 0.53? 0.36%
Dusk 520.9° 1.07 0772 0.45* 0.30%

Means with different letters are significantly different at the level of P=0.05 by Duncan’ s multiple range test.

Camellia sinensis Camellia japonica Citrus unshiu

12
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Fig. 3. Daily change of photosynthetic CO; fixation rate in leaves of Camellia sinensis, C. japonica and Citrus unshiu under the field
conditionsin late summer.
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Fig. 4. Daily change of stomatal conductance (gs), intercellular CO2 concentration (C;) and transpiration rate (E) in leaves of Camellia
sinensis, C. japonica and Citrus unshiu under the field conditions in late summer.
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Shof] 7]1g dAIH FAAQl Aoz HG o=
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WA el B84 3 Fig. 20014 AbsE uie)l ZEe] Fo
o] Z7ke} Fme] Zhief 9|3 FuiFme] zhag o]t
o}. =3t ABS/RC, TRo/RC, ETo/RC¢} DIo/RC 257}

Apsh SulbRol Al @ Alzkel Z7bele] 34 Ao
MeFAY AESU AAZIBA ) e, B4
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o

2% 4 glo (Zhang et al. 2006; Ding et al. 2011).
Fig. 34 A1of 2 whe} o] 2 QFoA: 3% =¥ 2
e pesks Ze FHoz vehd 2749 pesk AM
of A7 o Azke] FFAE A sk Fig. 13} Fig. 2]
A AbsiE wksh el vk A1Zte] mPst meoz Qg
FoAAle] Axpetar & 4 Qe o7 W Al7tel] B3t
e Aste 2 22X Fxms 7" oA
o) Zo)m, Ak FA A At A2 (Citrus paradisi)el]
Mm 2 AFsh AR Aog B 4 ok (Jfon and
Syvertsen 2003).

Af-e) %f?}mﬂ WA 2 d s P, 2%, 4

o2 d¥A glv (Mohotti and Lawlor
2002). =3 AAA Q) 37 w3l= P} Az A
X

ol o33kE m|X|&= v}, AlHW 37 e Ao Wil uf2
o) QA wste Gree Adwe Pest 9.
CO, A& (A)F 7148l (33, 2%, Avgx)e] @
Ag AR, Gk Lxt 3% LA CO, wAE
3 1 554 He) FRWAE, AL 1% S5

oAlA Aol 9l 29 A
ole] A=t AT A~
213, % W CO, 5= (C)et 24 (B)L 3% =%
A CO, mAE (A AT AA7 de Aoz e
st (Table 3). 531, &P%—‘l 3% EFoA 1% FFl
A axe] felAdel -

—|—4r4

o Fig. 3¢ CO, 74 & )
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Table 3. Correlation of photosynthetic CO- fixation rate (A) to environmental factors (light, air temperature and relative humidity) and
photosynthetic parameters(gs, Ci and E) measured under the field conditionsin late summer

Environmental factors

Photosynthetic parameters

Species — : —
Lightintensity = Temperature  Relative humidity Os Ci E
CamelliasinensisL. 0.550** 0.522** —0.444** 0.052 —0.329** 0.766**
Camellia japonica L. 0.326** 0.419** —0.383** 0.114 —0.429%* 0.582**
Citrus unshiu M. 0.656** 0.587** —0.597%* 0.591** —0.303* 0.621**

*The data showed significant correlation at P=0.05 level.
**The data indicated significant correlation at P=0.01 level.



Chlorophyll Fluorescence and CO; Fixation Capacity in Leaves 105

Fo] Fprol] wlste] AR % d wkshe] Fuuhr
e w3 QoA e Ak 4
DA AZel o 2E Eﬂi% WA 7|, 22 Qls
A7l AA, 715N, FFA At Fol wAste Ae
ol 4 74A AL Al " 2ER FAe
WAk AR R 2EH AT WS 5 glen,
© Ahbrek o
7] A% e Heldh Fig 4ol AsE wle} ol
3% wxrollM vt Azbel 1§ W CO v vt w2 A
s AZbel spEAdel el 1§ W) COE s )%
g ubdel 7|3 EEsE Sopl wlEo2 Helw, Ay
oluf A Alzke] dEA 7S] CO v x| 7k W
< FE2 Qlste W7] F COy o] §EES] R 7]3A
=7k Z7h Asz AT 4 Sl 718 il F
f1e 87 5, APAFESAL 2= S5, oJASES 5

= 59 e wen, 7 FHER(@r 71 FN= o
A AT 4 olb Amd B FUAT 2L
o RS Fhedahe Qe el sict(Alle 1990

Fig 4Ac) 4 Ao 2 ulsh o] hing T3 3% =
F ool2 Az 7% dEEJ]- ¥ o]l A 2
23k AEe ngon, Table 34 A48k uks} 7ol
F1pR LelAfRE COp gﬂ;ﬂ 2 e] QA= giet.
Fig 3 Fig. 414 A% ule} zre] xtyel 3t
e el wste] LFIHEol ¥AT FAE
QeldE st AdRan G ek oled A}
Az vfe] Hop FUbEE hpiel] wls|A syeT
2F (water requirement)o] &3 4|8 & & (water use
efficiency) & & Aoz nelch wigle] dhtre 4%
3ol ¥ B9 ohel Firuc preTYge o
3 R LFEL ol A% ZAAE AJARA o]
gejdoz ¥& oz A7k (Jones 1993). 4 E2)

Sy 2EdsE A% FRANY A HBrEe A

N

2 F4rtEd FTEY 9%
1%:@01 ¥ B ohizh @ A7k
A e ob d7] Fo) CO AL 91§43
weleh e AU Aol QelA 4l

20 A2, A4 3 A4 5o DAY o] T
B COpo| Aol AH T )k Gba] A A
el We) Aelg shetalm Q917 B aholA
MA 55w ARA 34 CO, F420zA e
AAE e n AEd Best Adhw Ando

5| 2

2 3= 2} (CameliasinensisL.) e} Fwu(C.
japonica L.), A|FA] 9 2] F2 FpzbE<l g7 (Citrus
unshiu M.) 31& diite= 154333 CO; F45<
vl 2AM3le] sthEFpdozAMe] 7S Hrlstast
3ok 272 COp A &2 2 o Fuhviro
3 FpEEQd FuFet fAkEH 713 == (g
3% BT Aol w3 o|F A\ AIZWEA] A3}t

Zradtodeh 48 W CO, 5= (C)e 3% =F A
(06:00)e1] =31 yrel]l ZrA3IH7E A Fell thA] F7)st
= AE Bolom, 4o FARE (B) U Alzbel| Eeot
A7t A el ZFastedct el FAll ] 333t
A & (FvFm)2 ShA|Zbe) tha vrebgrt 296 o

] 578k e Bt ol2d w@A7ke] Fv/Fm 7}

E FAAle] Az Helw 1 7”“1‘31 FHUER
‘:} 7404 oju} 31 Fof WA
Aok GHAT S whsFAle] AU UHEE
2lu]sl= RC/ICSE 3% BF WA 7be) Zkaslgdch ABY
RC, TRo/RC, ET0o/RC#} DIO/RCE xju}i-oF ZHiL} o)
A GEA Zbe) FrhEked om, FubFell M = GhA| Zbel| S}
ot foldel sl Aoz Jehgth dF3ed
2271 320.1mmol m2d- 11 7} =qkow, Fubie)
Zalvre 7+7b 292 5mmol m? d e} 244.8 mmol m™?

d'= Jepgo o)Ate] 432 Ers i 334
o] B3 U A7 FAA| = & Wk ol Fvt
Froh fEQ T Yy pRo|SEEL Fol v’IAFE

FRo2A 44T 25U Aoz Bl

£ rlr 3

li‘

;
d

A A
o] wE-L 20099 (F)ohze A %o ©la}
o AFHden, ol MA oz A=Y},
# oz

AEA, A, 28, FAA. 2007, BEAY] 2PN FA]



106 Soonja Oh, Jin-ho Lee, Kwang-Sup Ko and Seok Chan Koh

A7k =of olARERkE WEel MAL 4% wlE
744, 20:57-63.
247}, 1A ZF 2005, b 9le] Ay A wjoFe B3t )|
252 AR WAL R4} 2-5}3) 4. 18:351-358.
254, TR, RS, L 2 2001 bk A

T Q0] gRayPel Quske A9 W 3387

)34, 24, whe 7. 2008, N $AAF o) 43 A
7o) 908 A5 7. 14:105-122.
A 2007 A m el 49] 5] A 5 23

A=A}, iﬁ‘“*é, Zd—cf , o83, A4, A4 2005. FH-A]
v} $x1Z 2P ) (Camelia sinensis L)) 24 24,
g+=2}58} 3] %), 11:79-95.

Z37, e ). 2000. AHAAYEN A 52 Aol whE wRA

A 9l FZek 2|3, 23 A E) 8 3] %), 14:175-182.

Allen LH. 1990. Plant responses to rising carbon dioxide and
potential interactions with air pollutants. J. Environ. Qual.
19:15-34.

Bolhar-Nordenkampf HR and G Oquist. 1993. Chlorophyll flu-
orescence as atool in photosynthesis research. pp. 193-206.
In Photosynthesis and Production in a Changing Environ-
ment: A Field and Laboratory Manual (Hall DO, IMO Scu-
rlock, HR Bolhar-Nordenkampf, RC Leegood and SP Long
eds.). Chapman and Hall. London.

Bolhar-Nordenkampf HR, SP Long, NR Baker, G Oquist, U
Schreiber and EG Lechner. 1989. Chlorophyll fluorescence
as a probe of the photosynthetic competence of leaves in
the field: a review of current instrumentation. Functional
Ecol. 3:497-514.

de Souza RP, RV Ribeiro, EC Machado, RF de Oliveira and
JAG da Silveira. 2005. Photosynthetic responses of young
cashew plants to varying environmental conditions. Pesg.
Agropec. Bras. 40:735-744.

Ding YF, CY Wang, CM Neo, XX Zhang, LL Shi, YW Zhang,
FY Yang and YJ Liu. 2011. Diurnal changes in net photo-
synthetic rate of Pueraria lobata and itsimpact factors. For.
Stud. China 13:57-63.

Flagella Z, D Pastore, RG Campanile and N Di Fonzo. 1994.
Photochemical quenching of chlorophyll fluorescence and
drought tolerance in different durum wheat (Triticum durum
Desf.) cultivars. J. Agric. Sc. Cambridge 122:183-192.

Hadfield W. 1975. The effect of high temperatures on some
aspects of the physiology and cultivation of the tea bush,
Camellia sinensis, in Northeast India. pp. 477-495. In Light
as an Ecological Factor Il (Evans GC, R Bainbridge and O
Rackham eds.). The 16th Symposium of the British Ecolo-

)
o:

gical Society. Blackwell Scientific Publications. Oxford.

Hwang EJ, YJ Cha, MH Park, JW Lee and SY Lee. 2004. Cyto-
toxicity and chemosensitizing effect of camellia(Camellia
japonica) tea extracts. J. Korean Soc. Food Sci. Nutr. 33:
487-493.

IPCC. 2007. Climate change 2007: Mitigation of climate change,
Contribution working group shos contribution to the fourth
assessment report of the Intergovernmental panel on climate
change. p. 176. Cambridge University Press. Cambridge
New York, USA.

Jifon JL and JP Syvertsen. 2003. Moderate shade can increase
net gas exchange and reduce photoinhibition in citrus leaves.
Tree Physiol. 23:119-127.

Jones HG. 1993. Drought tolerance and water-use efficiency.
pp. 193-206. In Water Deficits: Plant Responses from Cell
to Community (Smith JAC and H Griffiths eds.). BIOS
Scientific Publishers, Oxford.

Laclau P. 2003. Biomass and carbon segestration of ponderosa
pion plantations and native cypress forests in northwest
patagonia. For. Ecol. Manag. 180:317-333.

Liu D, S Zhao, Z Zhang and Y Liu. 2003. Photosynthesis of
different cultivars of Camellia japonica L. in greenhouse.
Acta Horticulturae Sinica 30:65-68.

Ogren E and JR Evans. 1992. Photoinhibition of photosynthesis
in situin six species of Eucalyptus. Australian J. Plant Phy-
siol. 19:223-232.

Prakash S and LS Lodhiyal. 2009. Biomass and carbon alloca-
tion in 8-year-old poplar (Populus deltoides Marsh) planta-
tion in tarai agroforestry systems of central himalaya, India.
New York Science J. 2:49-53.

Ramanathan V. 1989. Observed increases in greenhouse gases
and predicted climatic changes. pp. 239-247. In the Chal-
lenge of Global Warming (Abrahamson DE ed.). Island
Press. Washington DC.

Wijeratne MA, A Anandacoomaraswamy, MKSLD Amarathun-
03, J Ratnasiri, BRSB Basnayake and N Kalra. 2007. Asse-
ssment of impact of climate change on productivity of tea
(Camellia sinensisL.) plantationsin Sri Lanka. J. Natn. Sci.
Foundation Sri Lanka 35:119-126.

Zhang ZA, F Yang, ZY Chen and KZ Xu. 2006. Relationship
between diurnal changes of net photosynthetic rate and en-
vironmental factors in leaves of Zizania latifolia. Sci. Agr.
Sin. 39:502-509.

Received: 26 January 2012
Revised: 21 May 2012
Revision accepted: 22 May 2012



