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Abstract

Podocar pus nakaii is endemic to Taiwan, and grows strictly in broad-leaf forests at 300-1,000m
abovethesealevel. It hasbeen listed in the extinction-class by [UCN (International Union for Conservation
of Nature) as an endangered species. For interpreting its adaptation to environmental changes, seedlings
of P. nakaii were incubated for 30 minutes at different intensities of sunlight (10%, 50% and 100%),
artificial illumination (100, 200, 500 and 1,000 zmol m2 s1), and temperature (10 and 25°C), and then,
followed by a 30 minutes dark recovery period. The efficiency of photosystem Il (PSIl) was assessed
with the measurement of chlorophyll fluorescence. Also, the photsynthetic rate (Pn) and PSIlI were
measured for Alnus formosana at 25°C and 1,000 umol m-2 s1 photosynthetic photon flux density (PPFD)
asthereferences. Theresultsindicated that the efficiency of PSII assessed with chlorophyll fluorescence
was closely related to Pn. With the decreasing temperature and increasing PPFD, the efficiency of PSI|
declined drastically. The decline was more drastic for the seedlings incubated in shade than in full
sunlight. At same temperature and light intensity of 25°C and 100 umol m-2 st PPFD, a portion of the
PSII efficiency, due to photoinhibition, declined about 1-2%. However, the declined portion increased
exponentially with the decrease in temperature and the increase in PPFD. At 25°C and 1,000 umol m2 s
PPFD, the portion rose to about 28% for P. nakaii under the full sunlight. The results explained the reason
why thedistribution of P. nakaii islimited at low elevations. Also, the chlorophyll fluorescence measurement
was found to be a fast and simple method to estimate photosynthetic rate and ecological behavior of
plants for ecological researches.
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A AR R S 2 BN LIE PR WAL
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Maxwell and Johnson 2000; Weng et al. 2005;
Weng 2006) -
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{F SEE AT AHBH 3 BT IRF » AR R P L2 e & i 2 Bl
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10% X N ESE - BH® 10°C MHIERE » PSII
REEHERE E RE N E AR A o LLA/EIDE 30
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W > PSI ZRERR R 2R B 2D E T FKED
gy H—E RSy - B BCHlHE 7 o
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Fig. 1. Time series variations in PSI1 efficiency (AF/Fm’ during the light period and Fv/Fm during the
dark period) and photosynthetic rate of Podocarpus nakaii incubated at sunlight of 100% and 10%, and
Alnus formosana at 100%, with a constant temperature of 25°C and alight intensity of 1,000 umol m2 st

(different symbols, variant replicates).
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Fig. 2. The relationships between photosynthetic rates and PSII efficiencies of Podocarpus nakaii
incubated at 100% (©) and 10% (e) sunlight, and Alnus formosana at 100% () sunlight (A, all data
obtained during the 0-30 minutes experimental period in Fig. 1; B, only the photosynthetically stable
data obtained during the 22-30 minutes light period in Fig. 1).
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Fig. 3. Time series variations in PSI| efficiency (AF/Fm' during the light period and Fv/Fm during the
dark period) of Podocarpus nakaii at 100% (©), 50% (&) and 10% (e) sunlight, with the temperatures
of 10 and 25°C, and the prior illumination of 100, 200, 500 and 1,000 xmol m-2 s PPFD for 30 min and
dark recovery for 30 min (I: SE, n=4).
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H PSII 3ge 2 #8FREK B 73 28 { =[ (Fv/Fm)o-(AF/Fm’ )so] /(Fv/Fm)ox100%} » Kot HliilG ] e .2 PSI &55E
WA 5 70 265 =[ (Fv/Fm)o-(Fv/Fm)aso] /(Fv/Fm)o x100%} 2 B % < [BIJE K 75 2 A i & U3 2 10°C J 25°C
THIRE © 220~ 0 R E L& 100% - 50%f; 10%HIR T HEE -

Fig. 4. The relationship between declined portions of PSII efficiency due to photoinhibition {=[(Fv/Fm)o
-(Fv/Fm)aso]/(Fv/Fm)ox100%} and the total decline of the efficiency {=[(Fv/Fm)o-(AF/Fm' )30]/(Fv/Fm)
o x100%} of Podocarpus nakaii leaves illuminated at 100, 200, 500 or 1,000 gmol m? st PPFD for a
30-minute period (circles and squares, measured at 10°C and 25°C, respectively; open, cross and solid
symbols, measured at 100%, 50% and 10% sunlight, respectively).
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R E 2 A E — (@ 1, 8 2) -

3EAT 0 EMEYE30min{g » (AF/FM )30
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(Farage et al. 2006; Kakani et al. 2008) ~ Y&
(Farage et al. 2006; Kakani et al. 2008) ;x CO>
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PEVIRE A RSB RN 2 fidkk - HFv/Fm
Z AR B AR 2B > KRR Y
2 | (Yamashita et al. 2000; Cai and Xu
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H (Fv/Fm)gso fiE i fEREZE 72 52 o {H{E 10°C | »
B e 5E 500 pmol m2 st LI EIRF » AR A2
100% [ &t .2 (Fv/Fm)aso S5 B3 Ho At 2 F8 ¢ Ji BH 55



S A Y2 B EFZE(TW J. of Biodivers.) 13(1): 71-83, 2011 81

{E(& 3C-D) » XoRfE & HIR AR ZhEHH
H o AR Has e LB T HOCHIH & ke
H([E 4) o BRI THE E HE S iR
T B o 3 Bl I A T 400 T s ol e B 2 I
» AT RE 2 R £ A A T ik S I 52 B4l
PSHE [ A 77 B B B EUSR A F A AR TS 1 (re-
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FSere 2o o fE H A AEFEREE] > AR TR
LRI EROCEEE A 2 B HE - DR
S8 WD L% (Demmig-Adams and Adams
11 1996; Muller-Moulé et al. 2004; Holt et al.
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