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Yuki Watanabe!, Gregory N. Nishihara? and Ryuta Terada'*: The effect of irradiance and temperature on the photosynthesis of a red alga,

Pyropia tenera (=Porphyra tenera), from a natural community in Kumamoto, Japan. Jpn. J. Phycol. (S6rui) 61: 141-148, November 10, 2013

The effect of irradiance and temperature on the photosynthesis of a red alga, Pyropia tenera, was determined for the natural gametophytes
collected from Yatsushiro Bay, Kyushu, Japan. Photosynthesis was measured using both pulse-amplitude modulated fluorometry (PAM) and
dissolved oxygen sensors. A model of the net photosynthesis-irradiance (P-E) relationship at 12 °C revealed that the net photosynthetic rate

quickly increased at irradiances below the estimated saturation irradiance of 71.9 ymol photon m?

s, and the compensation irradiance was

36.3 pmol photons m? s!. Gross photosynthesis and dark respiration were also determined over a range of temperatures (6-34 °C), revealing

that the gross photosynthetic rate was highest (61.7 ymol O, mg_ '

0.93 ymol O, mg,,

min') at 19.6 °C, and the dark respiration rate increased at a rate of
min”' °C"'. The measured dark respiration rates ranged from -0.06 gmol O, mg_ !

min' ‘C'at 6 °C to -25.2 ymol O,

mg_ ' min" at 34 °C. The highest value of the maximum quantum yield (Fv/Fm) occurred at 14.8 °C. Seawater temperature near the stud};
site in Yatsushiro Bay during November 2010 through May 2011 ranged from 11.7 °C on January 31 to 23.0 °C on November 1.
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7 7% /) Pyropia tenera (Kjellman) Kikuchi er al. (=
Porphyra tenera Kjellman) (&> 77 7 VE7 </ VEo—E
T (Iwasaki 1961, HAK 1961, Sutherland et al. 2011), AL
B S IS C O ERAREEE IS0 2 17 Y 7l
GHEiTH2 (HFH1993), REOMATH H 25 NREEE
BHESORELFAE L THHNTED, DIAIIEFEELRE
FHXT AR & LTS - RS T (B 2012), La»
L, EIKEMIN7F 77 A% E /Y Pyropia yezoensis f.
narawaensis Miura >4 4 X7 % 7 % /1) Pyropia tenera
var. tamatsuensis Miura D3RI 7 2 2 &%, BRIRFC
RaolizffFol &, WRFICHOI Lhs, TH 7Y/
E— OS2 R T Sk { o7 (Miura 1988,
% 2012)

AT I NE LT O oA 128\, 3 > Phragmites
australis (Cav.) Trin. ex Steud. HMER, i EICEE TS
(FHH 1998, #EE% 2004, Niwa et al. 2005), L2 L, 4
HHEANR RO O L TRM IO RE 7% £ L, BIET
BEREADPED S Ly FY A N THEAEH T8 (CR+EN)
IRl ST (40, B4 2012), RS NTw 2
ABEMIZENT40 » iR REINTEY Gith - =N
2006, Zih s 2012, KVE5 2013), ivEREOZELPHZE
WX BEEMDOI S5 bREEI NS,

AFEDOIIATERIZ IR TH D, 2k TIXREA L E

PHEVSEA LT EA R ST % (JFH 2011,
%t 2012), F 7, BERSSHAKTTRE 2 TLICI3AEE (B 11 7242)
T 2 IS EMSSH D, MM H AR RO 2 &
LTHHEISILTW S CFiff 2000, #Hif - HH 2008),

TH 7Y ) OAIER L ETARICET 2R O% < 1X
1950 ERD 5 1960 FERICRE I NT W55, s o
BB bt s ok cd H, HEECHM2Z2HEHI L
L 72192 <& - 7 (Iwasaki 1961, Iwasaki & Matsudaira
1956, Kurogi & Hirano 1956, %5 1956, 11N & 1956,
Dring 1967, )% - %2 1969), —7, JUMBEEBICAH T
277 ) OAEBARICET 2AEIRIZEA RV, K
i, 7=/ ) EONE BRI 2GR IRIE DRI
L, EEO RSP LE DL 2 556 CH
YD, AT 2HADEL S b F 77 AV E ) VED
EEFEICR 51 Tw 5 (e.g. Satomi et al. 1968, Tajiri &
Aruga 1984), JUWNFEEED 74 7 4 /7 U BEKREE O 4 0 220
IZHE L 72K - BRI ORI A2 BT 272010, K4
PRAERE, FRICARLMAEIT T 2 KRGO E 2 iR T
I EBROENTVS

RIS W EE SR OGS IS O MIE X, 7u s
b X =% =R EMS EDIA AV S NTWVL D, SEET
SV AZEF 7 an 7 4 VEOGE LV K ) It T
& 7z (Ralph & Burchett. 1995, Ralph et al. 1998, Ralph
& Gademann 2005, + 2 5 2012, Lideman et al. 2013),
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AFFEDFIIZ, HMEFERINICHEL I VX —2 52 2B,
FACE SO S e v 2oL ¥ — 2387z & it o »
AX—L LU N2 2 2L TH S, BN
I2iE, EIOEER ST 2R OHOBRIED S, e bER
BT 2L ERIED T3V ¥ — 58w % RO, JEHGEE
ZHEET 2 (EES 2002, Btk 2009).

7/ VEINT 2OV AZET aa 7 4 VEEEICBI T
IR L RS T 2 I0EEOWMEDH 228 (Lin
et al. 2009, Wang et al. 2011), HAREMICE$ 2 W%
<, JUNBEEBDMAREIC DV TR BT E LI X 264K
IR BT 2 HIE S R IFTw 5, ABFgecix, /i
WAETET 27979 7 ) RMEERED RS E O A BEFHEIC
SIS KR & DR 2 IR RE L SV AZH s aa 7 4
VHEEIE R Z G TH S s L, BB LTKEERE &
e TEZETZZEEZHNE L,

MRBLTAHE
RE &R
MEHZIE, 2013 4 3 3 12 H I fRA BB ALHR = AL R TH

Fig. 1. Map showing the collection site of Pyropia tenera (closed
circle), Kyushu Island, Japan. The open square indicates the location
of the Kagoshima University Marine Station.

(32°21’ 16” N, 130° 30" 22" E, Fig. 1) TEWRI N T
74 7 ) OFEUREK 30 JikZ v, 28, ORI
HH o (2012) 23S L 72 BEAR R AU o 7 % 7 3/
VAT ER—-DLTCTh 5, BRER, MRZKIZRL
REETY —F—HRy 7 ZRFEL, BREROKIR () 14°C)
ZHERMERE L 2236, 1EBICERE R FKEETIC R Bt -
7oo WFREECIE, A BEETEK (2 33 psu) %Gk Lk
1,000 mL o & —A — ICEEFEZBWEE T AN, £ ¥ a
R—%— (MTI-201, $HEFE(LERM) AT 12°C, L&
90 ymol photons m™ s, BHRFFEI 120L:12D T 12 LA L
Tk =T > 72,

HAROMEICER L TIE, BIALHER, ERTI A DLE
RiBo & MEL IR 2@ EWI D L, 0L ODRIBAS
NOM BB TR 260 mg 1272 % X 9 ICi L=, 7,
YIWTIC X 2B BTGP\ D E 2T 2 72O, Mk
Rzt L 2281 12 KDL LI L 2 (Muraoka et al.
1998, Serisawa et al. 2001),

BEEmEE AW EETENE

FKABMEE, HES (2012), S (2012), Terada
et al. (2013) DOEBAEICHEL U TOHEE Lz, FEbi
WX FE &M & DO X — % — (BOD 5905, Model 58 &
5100, YSD %M, HAZREM 72 b OFFEIEERE X O
WM R 2 R D 7, DA IR IEEK Z 7 L7y
100 mL ® BOD & kL% v, ZEOMIRA % AL THEAL,
KERZ Tok, £, MERICIE, BEEBICNE 25—
7 — TRIGEHNOMHAKP —ERECREI NS L) iTL
7eo BOBAEIIERRAIEE2EE (Coolnit CL-600R, Taitec)
ZWO M7 A =8 =R (H 7 AKKE) WIEEL, K
HBEHE L AR FEEmE2ITo7, BRI XTI ANTA KT
v 7" (ML-70, Rei-Sea, Nishihara er al. 2004) % %53 L
7R E (LUC-150, Rei-Sea) Z{#HA L 7,

Rz 2 KIREGAE T IS E T 2 AT OME Tk, aEmk-
et (P-E Curve, TRl ofdfiDtE (E) XD b
WG (200 gmol photons m™® s™) TfTve, AKi% 6, 10,
14, 18, 22, 26, 30, 34°C D 6 5 THIZE L 72, FEHric
BE LT3R SeE T 30 0 DL Rk 2 BIE s &, Sta s
EEZNZFN 5 MO SIBESR CHIRFCHIE U, F 7 iRk
JETIE, BEEMET 30 bl BRI S ¥ 28, MOGCARERE &
Al U KR SEfE & MERFE, BORRZREBTHIE L 72,

FE K - el 2 oD FEERTIE, KiliE 12°C, b
& %0, 30, 60, 100, 150, 200, 250, 500 pmol photon
m’s”! OEMT, Bk 2 KEREL T IS BT 2 AR
&M CHNER, RISA#RE, HiETiT-o7,

JO07«)LaDEE

rvun 7 4)ba (chl-a) OERTIE, BREMEFVHE
Bl U 22 MR 2 BB IciE I LT L,
FOME L7z, MHICERL Tid, BMIBAROREN %2 20
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Z #UN, N-dimethylformamide (DMF) 10 mL 2 % & L,
VG IS 24 WFEERE U 72, 24 WG, S 8160 e
& (DR 5000, HACH) # H\» T 663.8, 646.8, 700 nm
DWW DMF OWOGEZME L, BT (Eq. 1) 9FtRER
(Porra et al. 1989) » 65 L 7,

chl-a (ug mL™") = 12.00 (Abs,g - Abs,) (Eq. 1)
—3.11 (Abs,, - Abs.) '

Az Asscss Ago - FILZ 11 663.8 nm, 646.8 nm, 700 nm
2B DGR

KB, KU TONABOEE IFIEN TSR EREH 2D &
w9, o7 4l amdhich) OETELEL -,

JULRZERE I OO 7 « JLENSEIEE

POV AZE 7 vaa 7 4 L6 HNE I 1 Imaging-PAM
(Heinz Waltz GmbH) % H\», Yo bR I o mkim UK
(Fv/Fm) % J5E L 7z, FEBIZRESM 8 ~36°C » 15 %
fE 2°CHIbE) &L, B2 20 WL CHWZ, ¥
RIZBEREEKZW A L7V S8 o 7L —+ (12x10
x3cm) ICEEL, 70y 74 % 2a—=%— (BI-335A,
Astec) ICRE L7, 87V IHOTL— b ANETRY V7
AV FarR—F—DREEZBITZ7DIZTL— FHDOKIE
7Y 7 LKIREL (testo925, 0628 0026, testo AG) THII;
HIE L 7o, FEBRICER L TSRS T 30 7 DL REk &
FHL 7z BT &Y, 2NFNoKiESEMHT 10 2o 57—
8 % AR 72,

FEEEL - SRR DI

e & 280 & W CHIE L 7 MG A O BE o LM fiE 1, DA
T (Eq.2) oz A Cilificnl S €7 (Jassby
& Platt 1976, Platt et al. 1980, Henley 1993), Yok
M7 X —F —DEERL & EFiF Cosgrove & Borowitzka
(2011) IZHEL 7=,

(Eq.2)

a
Pnet=Pmax<1_eXp(_P E)>_Rd
max

Pnet : ’fﬁ@M%ﬁﬁigg ; Pmax : %k@%%ﬁigg s o ﬁ'r’_j’,éfﬁjz .
JEHIAR D WIHAML 5 E @ AGDER 5 Ry ¢ WRRGHEEE

LB, SOETADLIE, FADER (E) 3 P/ o XD
R 5 1, WAL (B 1 Prostog (qrre— ) 7 & D sk 57,

KA B & Fv/Fm 23KRICH L TED L ) K& T
LR 2 70IciE, o7 —4% % Eq. 3a TR

L % peaked-Arrhenius € 7 )L (Alexandrov & Yamagata
2007) 127 4 v b 3¥7,

6 sy

G, =—Aa 14 (Eq. 3a)
T m-D+f]

GPek T ATLTEDWE Ty 1281 2 BB ImAME (R AR L
PRPPERDORAA) 3 n @ To A EE 73U ok L.
F V¥ — (activation energy) DHIE (n ICHLZIEA L)

%8, B, 12 Eq. 3boRTRo 5N,

Eﬂi:ﬂﬁ) (Eq. 3b)

Ja= eXp( RTT,

E,: kKl mol' TRENZIEMAL T 2L ¥ —fii 5 T2 #uktiid
J£ (Kelvin scale) TOJEE ; R: Sk E% (universal gas
constant: 8.314 J K mol™)

%8, KBICHRT ZIFROIGEICOWTIE, ERSHAE X
O identity 5B B % I E L 72 — B L#IE € 7L (GLM)
7z,

e et BT

TR TDE T IO EE T IER version 3.0.1 (R
Development Core Team 2013) Z M\, ETILAD 7 4 v
I 1% rstan version 1.30 (Stan Development Team 2013) %
ze, NI X=5—1F, A XHpEz T &ET LV (Eq.
2% Eq.3) 274 v bI¥k, rstan TIERTFT A= —DH
B ERET 2NV vy T ARk (Hamiltonian
Monte Carlo sampler) %% L 7z /iiE% v, AR Sk
500,000 DL D> 7% HiZ T — & DUCE % §¥:Afi L 72,

KIEHFRI >/ (weakly informative priors) (&€ 7LD
BTHRT A=y —ICBES N, Fa—>—FEiof (half-
cauchy prior) FETINDRAT — L85 X =8 —ICHES L
7= (Gelman 2004, 2006).

5k, IERIAT 2 08 T 2 W & KR D Bk & T 5 72
DITiF—ALRIEE 7L 2 v,

HiXH &2 DRIBOKE

JEB UL B R A/ A R M Sl T R BRIt gE 2 v 7 — )
W25 —>a>y (32°13 237 N, 130° 10’ 33” E ; fR&EHD
5PHRVE 34 km 5 Fig. 1) CTHEifiatll L T2 Kilk7—% 0
AL, TH 7YV EHEEOBELEH A & 20104511 A 1
H2:6 2011 45 H 31 HOKIR T — % Z 0T L 72, K,
AT = ayOME 50 micd B ETEOKGE3 mICHIEL
Tw3 7 —%—us— (HOBO, Onset Computer) #*4 IRf
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M EICHBICIEL, 7= 2RI 1 HH 7D O F
t@ﬂ<?ﬁl%%tﬂbf:o

R
MAESRICKRIFTHOFE

fili O A B FE 1 PAR %30 pmol photons m”s” T -26.5
umol O, mgy,," min" (95% 1= & X [ (CI) : -38.0 ~-15.0
umol O, mgy,," min") TH- 725, HEON & Hic BF
L, PAR %% 500 pmol photons m™s™ T 66.0 umol O, mg,.,"
min" (95% CI : 32.7 ~ 99.3 umol O, mg,," min") (L
% (Fig. 2A).

b (Bq.2) RclEoner Viifitky, mALEAK
HIE (P 1&86.1 ymol O, mgy,," min" (95% X A 2 {2
JHIX [H] Bayesian credible interval (BCI) : 79.6 ~ 92.7 umol
0, mgy,,' min"), FEEHEE (R) (% 25.8 umol O, mg,,.,"
min" (95% BCI : 23.0 ~ 28.4 ymol O, mgy,.,' min"), FIH]
At () 1% 0.84 ymol O, mgy,," min" (PAR gmol photons
m?s")" (95%BCI : 0.75 ~ 0.95 umol O, mg,," min" (PAR
umol photons m>s™)") TH -7,

%7, Mgt (E) 1 36.3 umol photons m?>s”' (95%
BCI : 33.3 ~ 39.4 ymol photons m?”s”), FaFIER (E) I3
71.9 pumol photons m™>s™ (95% BCI : 57.9 ~ 87.9 ymol
photons m?s™) & HEEd 57,

WA B BORE & PRICK T 2 ACRDFE

T A8 A D FR e A R FE 12 18°C T b Ei v 62.2 umol O,
mgg,' min' (95% CI : 37.9 ~ 86.5 umol O, mg,,," min")
b, 20 EE AT oKETEGEZ R L7 (Fig.
2B)., %8, A%t F 34°C T 27.2 umol O, mg,,," min’
(95% CI : 10.5 ~ 43.8 umol O, mg,,," min') TH - 7=,
7L (Eq. 3) 70515 107 EA B i e il o i
Kk (TSR ) 1% GP,,, = 61.7 ymol O, mg,,.," min" (95%
BCI:34.7 ~ 80.0 ymol O, mg,,.," min") T 19.6 °C (95%
BCI: 17.0~21.7 °C) ThH o7z, EMHLZ 2L ¥ —1346.6
kJ mol" (95% BCI :24.5~759 kJ mol") & ko & #,
FEEMAL = 2V ¥ — (deactivation energy : HS = nxHE) 1%
135.9 kJ mol™ (95% BCI:71.6 ~ 188.7 kI mol™") TH - 7=,

Fig. 2. The response of the oxygenic photosynthesis and dark
respiration of Pyropia tenera gametophytes to temperature
and irradiance. A. At 12 °C, the net photosynthetic rates
increase with increasing irradiance. B. At 200 ymol photons
m™s”, the gross photosynthetic rates are higher at low water
temperatures and decline as temperatures increase. C. Dark
respiration rates are temperature dependent, with respiration
rates increasing linearly with temperature. The dots and
vertical lines indicate the mean and 95% confidence interval
of the data (n=5) and the model lines indicate the expected
value. The shaded region in A and B indicate the 95%
Bayesian credible interval of the model, and for C, the shaded
region indicates the 95% confidence interval of the model.
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Fig 3. The temperature response of the maximum quantum
yield (Fv/Fm) in Pyropia tenera gametophytes. The dots
indicate the mean value of the data (n=10). The vertical bars
indicate the 95% confidence interval of the mean and the
model lines indicate the expected value of the model. The
shaded regions indicate the 95% Bayesian confidence interval
of the model.

SO FE 1 6°C T 0.06 + 3.3 gmol O, mg,," min" °C"
(mean + SD) TH o728, FKEIZ EHEREIEH %D,
34°C Tt A 25.2 + 6.8 umol O, mg,,,' min™ “"C" 12 L 7%
(Fig. 2C), WEWHIGH FE D —MARIEALE 7L T, 7K IZITI
SO A HIERE 5D (F, = 172; P <0.0001), I
R 1 0.93 = 0.071 pmol O, mg,,,' min' °C" (= SE, P<
0.0001) cHEEIHML 7,

BAEFIE (Fv/Fm) 5T BHKEDOFE

KHE 8°C 2> 5 36°C DD 15 Stk Tl L 7 i il {4 o
Fv/Fm &, KT < il el 2Rz R L, FEHfED
B3 10°C @ 0.57 (95% CI:0.55~0.59), ff%i% 36°C D
0.11 (95% CI : 0.07 ~0.0.16) TH -7 (Fig.3).

EF UV 555 17 Fv/Fm A (0.53,95%BCI:0.51
~0.54) BT 3 EEAKE (Th:) 1 14.8 °C (95% BCI :
13.6 ~16.0 °C) Thot, %7, WEHELZFLX—I331.9
kJ mol" (95% BCI : 13.6 ~52.7 kI mol") & k& & h,
JEEPEL = F L ¥ —13 113.0 kJ mol” (95% BCI : 103.2 ~
1264 kI mol") TH-7,

IBAEXKIAE ZDRIROKE
2010 11 H1 H25 201145 H 31 HE TOKIRT —
5 2 BT L 7GR, A H ROk E 11 H T 21.0°C, 12
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Fig. 4. Seasonal changes of seawater temperature between
November 2010 through May 2011 at a depth of 3 m off the
Kagoshima University Marine Station at Nagashima Island,
Kagoshima Prefecture, Japan. Temperature was recorded at
every 4 hours and calculated the average daily temperature.

HT17.6°C, 1 HT13.3°C, 2 HT124°C, 3 HT13.4°C,
4HT154°C, SHTI18.1°CTh-7% (Fig. 4)., 7, #
M oREKiRiZ 11 H1 Ho 23.0°C, w&ix1 H31 Ho
11.7°CThH -7,

EE

EFNTEHSNLTY 7Y /) WABEKOEREEHEE 1%
19.6°C TE =27 2T 5 F—LROMifIc7 40 v b3,
10°C %* 5 26°C 122> 13 T 50 ymol O, mgy,," min" ML ko
FWEER L, ZOfESE Yokohama (1972, 1973) 73
WE Lo T ) ONEBGHRRO E— 27 & X 7
EHA %R L TE Y, FEEOLERIGE X LFOELI DK
DAL 5T, 20°C 925 26°C I T TH FIcEvigElE
NI AREMED D B L eSS N,

U2 L, WGBS VAR 2> & Sl 1S 20 U CIE BRI i 35 m
LTsYH, 10°C D kA7 TWHERKEE 258 9 ymol O, mgy,.,"
min” BN 3 & GRS &t MEABIHEDREEARIZ
19.6°C THE L E» o723, 10°C & 20°C DREEHGEE O
721349 10 umol O, mgy,,' min' TH 2 2 £ 5, MK X
ZWE S RELEIC L, X DEKBD TG L T\ b & HfE
gXxNl,

—Ji, ETVTHONLRERKETIE (Fv/Fm) 1% 14.8°C
ZE—27 LT3 PR E D, 22°C ZiB A %K
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MTEFELIETFLL, £7%, Fv/FmOE—=271k1 A3
HEDKIRICHY U, BRIk & 3L Twi,

Fv/Fm 136 0222 1 OB M IR T 287 X — 5 —
TH Y, JFHEDREL A b L RIS 20605 1T oFkhe
KT OHEEE LT, KLbtaREYTHEI N w3 (H
i 2009), —fkic, FEMY TR &R 50T 0.80 20 5
083 Dfiznd Z Lo TE D (Bjorkman & Demmig
1987), JafHFE R EDEL 5 L9 R A P L ABET TIHET
I 5,

HEREREY) 13 7 S & V€ Halophila ovalis (R.Br.) Hook.
f.72% 5006620560700 fExzRd EWREINT VLD
(Ralph & Burchett 1995), AHFZED € 7L TS iz 74
7% 7 ) O Fv/Fm O KfEl% 0.53 LKW EZR L7, 2
DHERNZDWTIEAALD, BTEERICE T 2B ETIR
RElX, EEMY LW - > 7 ) N7 T T TCIREE RIS
T LR DN R 2 LIRS Tw 5 (Fith 2009),

Fv/Fm (¥, BT T2 2 00772 % /) v
D QLI NIRETHESI NSV, AV TH %>
7N T TIERGR LA BRI X o ThRT o T
WL I ENS, HHEKEWPRBT I ANF ) T =)
5¥ hrulLbflGlE, Y hrurhcETERAELTYS
72®, AR OELEHOBLE TR X ER O 2
ZEEZ TS5, BEEEETIX, AR PIERFICEFEEL,
ShavRYTORRREIRTONT S0, TEGEARMET
WKLo TR TH 79 A L%/ v 77— U hsssniRBIC R
7N TV A HREE D R I Tw 5 (i 2009),

Fv/Fm Off1x 22°C DL EOEKIRTEHEL SR Lz, —ii
I, DA NV REY VoS E OB E AR O MR &
Ik BBERESERICK 2 2 LS CHoNTED, Fv/Fm i
HeAb R T OBEREIR T D8R & L TR L eifisize & ¢
A FiVv 61T % (Campbell ef al. 2006, Massa et al.
2009), AWFETHE, EAKRIIC X 20605%% I OFEETO
AN ALFEHEHE L TR WI LS, 779/
BB R D Fv/Fm OZALHKIRDZIC L 2 b DTH 5 Ll
FCE 20D, Fv/Fm DD & 15 5 107z KR HE R 12 98 3 7%
AREEIC K 2O6A - KR E K CBITER D, Hkic Kk 3
HEZEBRIZANTGEIZIZIIECHETICH S EBbih,

Fv/Fm O JIE ZRHTHr OB S TH D, K CIEHEN
WWHIET 2 Z L LTRETH 5, S 510, BERFEAME 2 HWE
T2k (Fay 7 b A= —PBEBEMBE) LHETH
1A, BEREWEOE NI -2 b L AIRNE 2R T
ZLNREVH D, ZOFHEZME I LT, KiREFEDA F
VAT /YD FEFm ODZALICE Z % X B = X L% i
T2 T, B4 KRR, A b L ABREE T COXEIE
b ROHET 2 5kE LT, &7~/ ) ozki%c
INHE NS Z s nsg,

MOGEBOREE T X 2068 - el T, fifEE (E)
%336.3 ymol photons m” s, ffieE (E) 7371.9 ymol
photons m? s & RS 51, MAKABEE (P 78

86.1 umol O, mg,,," min" & 7 2 A - SR 7 1 v
F ST,

HE U 72 R o #iPHAs 500 gmol photons m™> s £ T# -
72 2 & D o R ARG E X R & L e o 7228, Wi o
EHMoAEFERE TR, HPoORKEHZTH L 2561062
2,000 ymol photons m” s HiEIEL Tws EEZLND
(% 5 2012), 4 1% 500 umol photons m™” s LA E o4&
FETHIEZR T, EHHEORHEEEAHS 2T 24
ERh D EEZ 6N, T, KRPERFFOEEA ML 2
iE, DALV RLEELSEGAICIDEFICH OGN L
D3bE EREY R IEREY v I E k& AT STV B
(Fitt et al. 2001), ZD¥%dy, HMOWMERA FL AL LTI
BMNTHROE ) ZRETH, 59V FERFIC S 2> TWw 3
L, BEERATHES SR SN GANH 2, SHES
N7HAEK - R OK R 2 5% 1, fADGEARM & Lo
TGRSR L ZopeEikiR (SPARKIR) B Z 1Ty, Fv/
Fm 02tz ETL I LbkDpoh s,

Fv/Fm ®E R TIE (OID) 12 X 2 &bt B9 2
I T OLWE SN T 523, EKigEld ol
BB & BOHEEE ST v 2 856493% » (Campbell
et al. 2006, Massa et al. 2009), Z U THNICPES T HIRE
[ D FFBLL BRSO Fv/Fm O#ERFZAL %2 H & 51
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