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Research paper

The Influence of Temperature on the Photochemical
Efficiency of Photosystem II in Podocarpaceae Seedlings

from Different Regions
Ming-Nan Chen,”  Tien-Szu Liao™”

[ Summary ]

Podocarpus nakaii, P. fasciculus, P. costalis, and P. macrophyllus are 4 Podocarpaceae species
with functional broad leaves, distributed at different elevations and regions. They were placed on 3
sites at different elevations with shade acclimation for 1 yr to detect photosystem II photochemical
efficiency differences due to a temperature gradient. Results showed that the predawn maximum
quantum yield of PSII (Fv/Fm) was closely related to the early morning minimum temperature.
The decrease in PSII (Fv/Fm) at noon was closely related to the accumulated temperature in the
morning. PSII (Fv/Fm) of P. nakaii, a low-elevation species, was sensitive to temperature, and
gradually showed an effect below 10°C. However, it might use non-photochemical dissipation to
survive low temperatures in winter. PSII (Fv/Fm) of P. costalis, a tropical low-elevation species,
could adapt to lower temperatures than that of P. nakaii, but showed severe decay near freezing
temperatures. This suggests that PSII (Fv/Fm) was not sensitive to temperature, but could not
resist freezing temperatures. PSII (Fv/Fm) of P. fasciculus, a high-elevation species, and P. macro-
phyllus, a widely distributed species, could adapt to a wide temperature range. PSII photochemical
efficiency was still retained near freezing temperatures, and excess energy might be dissipated via
non-photochemical dissipation, making them able to adapt to the understory at higher elevations or
latitudes in winter. PSII photochemical performance characteristics and geographical distribution
of the 4 seedlings were compared.

Key words: Podocarpaceae, chlorophyll fluorescence, photochemical efficiency, temperature, distri-
bution.

Chen MN, Liao TS. 2016. The influence of temperature on the photochemical efficiency of photosys-
tem II in Podocarpaceae seedlings from different regions. Taiwan J For Sci 31(3):215-26.
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Fig. 1. Minimum (@) and maximum ( A) daily temperatures, and accumulated
temperatures ([]) of measuring days during October 2009 to September 2010 at Wufeng (80

m), Lienhuachih (690 m), and Bilushi (2,170 m).
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Fig. 2. Seasonal changes in potential photosystem (PS) II efficiency (Fv/Fm) of
Podocarpaceae seedlings acclimated in shade (5% light intensity) at Wufeng (80 m, @),
Lienhuachih (690 m, (), and Bilushi (2,170 m, ¥): (A) Podocarpus nakaii, (B) P. fasciculus,
(C) P. costalis, (D) P. macrophyllus. Values are the mean = SE (n = 4).
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Fig. 3. Relationship between the potential photosystem (PS) II efficiency (Fv/Fm) and
minimum temperatures of measuring days at predawn of seedlings of 4 Podocarpus species
acclimated in the shade (5% light intensity); (@) P. nakaii (curve a: y = 0.1999+0.6662*[1-
exp(-0.2239*x)]), (O) P. fasciculus (curve b: y = 0.6476+0.1989*[1-exp(-0.2398*x)]), (V) P.
costalis (curve c: y = -1.3314+2.2023*[1-exp(-0.6107%x)]), (A) P. macrophyllus (curve d: y =
0.6721+0.1974*[1-exp(-0.1921%x)]). **p < 0.01, ***p < 0.001.
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Fig. 4. Relationship between the declining
rate of the potential photosystem (PS)

II efficiency (Fv/Fm) at noon and
accumulated temperatures in the
morning of seedlings of 4 Podocarpus
species acclimated in the shade (5% light
intensity); (A) P. nakaii, (B) P. fasciculus,
(C) P. costalis, (D) P. macrophyllus. ***p <
0.001.
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Fig. 5. Relationship between the declining rate of the potential photosystem (PS) II efficiency
(Fv/Fm) at noon and non-photochemical quenching (NPQ) of seedlings of 4 Podocarpus species
acclimated in the shade (5% light intensity); (A) P. nakaii, (B) P. fasciculus, (C) P. costalis, (D)
P. macrophyllus. Data for the morning accumulated radiation were greater than 11 mol m”. [J,
Data from the coldest month (December 2009) on Bilushi (2,170 m). **p < 0.01, ***p < 0.001.
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Fig. 6. Relationship between the allocation of absorbed light energy at noon and accumulated
temperatures in the morning of seedlings of 4 Podocarpus species acclimated in the shade
(5% light intensity); (A) P. nakaii, (B) P. fasciculus, (C) P. costalis, (D) P. macrophyllus. (P,

the fraction of absorbed light energy utilized in photosystem (PS) II photochemistry; D, the
fraction of absorbed light energy dissipated through non-photochemical quenching; E, the

fraction of excess absorbed light energy).
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TREEIIE » ZFEBIE I RE - LA HE
A Z 8 5% (Corcuera et al. 2005b) » 54} »
HEB RS ALE HE KR - 25°C
DA b WRF 8 F v/ F i AR % A0 3 R » L i) A A
BAS M - BUR R EEIMLR A —E R
AN HEE - HREE B A B IREER
{7y i) P STIHE F £ # B HE (Stroch et al. 2010) -

AR T IR BRI T K 1 R Fv/Fm T
FYF2 R (Dungan et al. 2003, Yang et al. 2009) -

BAEAG B - PYREE AR RN AR e 2 RO ER
BT BB IA S PR EV/ F s LA [F]
HERN TR B TREERE T8 R0 E
B AHRA (Fig. 4) » SR BE » Fv/Fm T
REEEBOR » BR b4 SR e 52 B A IR B
PSIDE AL B RCRE 7] T 3 6 (B 8 ' H l ) 72 JiE k
R+ DY A e A Bl R OYG HI h RE R B
&ML ENHIAEIR » 75 e K TR R (R B R = /R
100°C) R e ZEAL B REE HIRIAZ e K+ Bk
BHHERZ @ #itHHHEEERR/]D  Fv/Fm
9N RE SR T O & R A IR ECR R DG REC B 8
[ HE - DLl thEr e Rk 2 EET] - B
TR TOLE B R EE T ERE G R e R g
Tz SEHIHIR B R R E thET A —E R EDI
proteinZ F K » BGET BB RIGEOE AR
RIPSIIHY YA 5k (photoinactivation) A~ — ¢ Bd
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D1 proteinf¥)iF{E L FHEA(La Porta et al. 2005) »
EEEE & R - R AL
DIREEHUR RE RIH AL - BRTEZ PSR L
H HE B ER L /F A (phosphorylation) 3§ » .2
RESE VR ~ W] A FF RE S IH AL (Verhoeven
et al. 2009) » 8w SR AEBRAY BN 70 I #33
HER AT (La Porta et al. 2005) » [ EE#KRSE
HBHPHINPQE s R R AR Z ERAIL
REfh Z G B (Reyes-Diaz et al. 2009) » A] szl
PSIFENALEHH B IR G » ARG B m] i 2k
A B RE SN AR B O BRI Al B (Fig.
5) B —RECIRGEIER  MERiK R R H
(2009412 ) 2 JEALER I HICR BB - BUR
Hi IR e AR - PYRE R 2 Bl AR B 4
JBIOLEE - R RGBT RAE 2 RS RIH L
PERIATRY » FUIPSIEEHMER Y it 52 1 vT RE RN Y
TS RELE BB TRIEPSIE M » BAE LR N8
D1 proteinZ [ fif B A & AR B #2402 PSTIR
JErft:(Mohanty et al. 2007) - {EWRIOLRESHFT
BRI ERIRFREE (Fig. 6) » JREIEE Ll
Bh o JERE T 2 TR R 2 BRE R (F970~80%)
EEAEGERIE FERSE - K20 %HE &
FBOHBOE A - Hh - BTEEHEER &SR
TR = - BOSBULAIE MR s 8E - B
REALE HE LG R EOERERI I R IF 1
R B BRIR 5 BB (D)l B RR 4
HABRTHESNERA BN ERELED
HEFTEN AStroch et al. 2010) » F/RPYUFEA
TEURBE W N REIE » FLAE 5 40 0 320 W07 83 [ > 24
HEUE X R AR SR e G F R
ELAE B ik 3 f v FIRF - i AT B MO B L B A
e HER B IR b BN O R B @) (Fig.
5) » BUR BB R AR B KR 60°CH - MR
SALB B RAERE ST - T2 BIRERE -

+ =&
e af
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BRI R AR R B 5 Bl il e B
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