RIENIEBIT LR R AL
PAM-2500

#AEF A

FREBSABREEE

Zealquest Laboratory for Ecological Research

EFRBKERLA

Zealquest Scientific Technology Co., Ltd

E¥ERER. TR 879 SR AEE 28 i 402-403 JBE (200333)  HLiE: 021-51556112/3/4/5/6/7/8 fEE: 021-51556111

RS AF: Pk 72 SHALFKE 2600 = (100037) Hii%: 010-88824075/76/77 e #5605 L
ToMARFRAL: RITIX BEEEFR A C i 2213A (510632) Hil: 020-62819702,62819932 e #5806 AL
AR AL NS B 97 SIS E 1018 & (610016) Hiif: 028-86722096, 86719836  fLE: 028-86721922
FEARRL: AR 33 SHHAEEAE 1501 2£(830004)  HLif: 0991-2328056 TEE: 0991-2825296

http://www.zealquest.com E-mail: sales@zealquest.com



PAM-2500 #&E T/} PRSI a, PR PHE R AW

Hx

I 1= L OO 1
2 A T ettt ettt ettt 2
3 PAM-2500 FEIZHATE FLEEZE oo 3
3.1 FEARBRGELIME oo 3

3.2 FEARRGEMIZEEE oot 3

3.3 ZZHE PamWIn-3 FRAE ..o 4
331 USB B I B oot 4

332 BT TCERIETE oo 5

34 BFARTE D oo 5

3.5 B oo 6
350 JFHITELT 2010-F oo 6

3.5.2 60° B BT T 20T0-A ..o 6

3.5.3 THJE 2030-B.eceieieieceeeeeeeeeeeeee et 7

3.53.1 BTGB THREK oo 8

3.53.2 B ..o 9

3.5.4 TG E T AR EIREK 2000-M ..o 9

3.5.5 HEIE NI IE DLC8 oo 9

G AT PAM-2500 ... 11
4.1 PamWin-3 FEBI SRS ..o 11

4.2 BPAPFEHE (FIeld SCTEEMD ..ottt 11
4.2.1 FREFIX (alphanumeric fields) ..o 12

B2.0.1 FEPEFETH oo 13

B2.1.2 DEIEETI oo 15

4.2.1.3 RICHAEZEL oo e 15

204 GBI oo 16

422 FHBFAMIRRE AT HE KRR o 16

4.3 PAMWIN-3 B2 TEE oottt 18
4.3.1 FIEE (General SEttiNgS) ....cccvevveeeeeieieieieieeeeeceeeeeee e 18

4.3.1.1 SEEEL (MENU BAT) oo 18



PAM-2500 #&E T/} PRSI a, PR PHE R AW

4.3.1.2 JWESEHIE (Measuring Light Frequency) ........cccocovvvevevevieevevnnnnn. 22
4313 FFHZS%0 (Induction Curve Parameters) ...........ccococovevuevevennne. 22
4314 2R E (Global SEthings) ....ocooveeeveveviereeieieeeeieieeee e 23
4.3.1.5 Yo LIRSl (PAR Sensor Control) .....o.ccvevceceeeevceceeeeeeenens 23
43160 FO, FO i 23
4.3.1.7 FRZEEL (Tab BAI) oo ssse s seessseees 24
4.3.1.8 fkob, A (Pulses, Short Term Illuminaion) ...........ccococo...... 24
4.3.1.9 FEIL (MOAE) oot 25
4.3.1.10 SEIFFLE (Clock EVEND oo seseseessseees 25
43111 HigHE (New ReCOTA) oot 25

4.4 HRPKPPRE (SP-Analysis MOAE) .......o.ovoveeeceeeeeeeeee e 25
4.4.1 18385 )24 % 1 (Slow Kinetics WINdOW) .....vovececvevceceeeeececeeececeee s 25
4.4.1.1 EIFR (Graph ICONS) ...ooieivevieieeieieiicieie et 26
4412 FIE Y, X (Graph Y, XD oo 26
4.4.1.3 LRAT Ft (SAVE FU) oot 26
4.4.1.4 WoR¥EH] (Display COntrol) .......ocooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesesesnsaenn 27
4.4.1.5 X AFREHTHEE (X-AXiS SCAlING) ...vvovvoceeceeeeeeeeeeeeeee e 27
4.4.1.6 SEETEH] (Experiment CONtrol) .......ooooveveveveveeeeeeeeeeeeeeeeesesessenanns 27
4.42 JEMIN L (Light CUIVE) oo 27
4.42.1 WoR¥EH] (Display CONtrol) .......ocooeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesesessneenn 28
4.4.2.2 e £k $H] (Light Curve Control) ..., 28
4.42.3 e 2 gt (Light Curve EAit) oo, 29
4.4.2.4 MmN 2RI A (Light Curve Fit) oo 29
4.4.3 TSI CREPOIE) oot 29
4.4.3.1 #ESCAFEAEHES] (Report Data Arrangement) ..........c.coevevveveveeenen. 29
4.4.3.2 #4530k J5—4T (Record Header and Last Line) ................. 29
4.43.3 28341 (Record COIUMNS) ....voveveeeieiiceceei et 30
4.4.3.4 A SCIFEIIEET B oo 32

4.5 PIEIREEE A (Fast Acquisition MOde) ......ococvveieeveiierieieieeeeeeie e 32
4.5.1 PUIHBE (Fast SEtNE) ..oveveveececeeeeeeceeeee et 33

4.5.1.1 FEAERE (Basic SEtNg) oovvcveveveieeeeeeieeeeee e 33



PAM-2500 #&E T/} PRSI a, PR PHE R AW

4.5.1.2 SEHEL (MenU BAI) ooovooeveececeeeeeeeeee e 33

4.5.1.3 fil&k ¥ E T (Trigger Settings (I) and (I1)) ...ovoveveveeeeeeeeeeen. 33

4.5.1.4 PRI (Light & PUISES) ooovevecvceceeeeeceeceeee e 35

4.5.1.5 JFERHES) F12% (Start Fast Kinetics) ...o.oveeveveeeeeee e 36

4.52 PIHEBN 1% (Start Fast KINEtICS)  c.voveueeveeeeieeeeeeeeeeeeeeeeeeeeeeeeeee et eeee e 36
4.5.2.1 YEhRAEAR (Cursor Coordinates) .........oceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenns 36

4.52.2 SCMFAL (File NAMES)  oooveeeeieeeceeeeeeseee e 36

4523 SCHESER (File MENUD oo 37

4.52.4 PUIEENF12% (Fast KineticS) ...ouoveevecvceceeeeeiceeceeeee e 37

4.6 TYFEFLIL CVIEW MOGE) oo 37
4.6.1 FEFFAEL (ICON BAID oo 37
4.6.2 ML (SIAEDAT)  oooveoeceecee e 37
4.6.3 PEIEEE (Pick Data) .ooovoeoceeeeiceceeeeeeeeeeeee e 38

4.7 JHIASCAE (SCHPE FILES) voveivieieieceeeeeeeeeeee e 39
B8 I AT T oottt 40
5 BTG UL T e 42
51 A TET B oo 42
50,1 BERIESE LG HEATIIE cooevoeeeeeeeeeeeee e 42
5.0.2 K I RER AT IR oo 42

5.2 DEICVTER BB oo 43
5.4 AT FEL T AL TE T oo 45
5.5 JEMAREHHZR .ooovoioeee ettt 45
5.5.1 ST HRIIEHHZE I SCHR .oovvoeeeeeeeeeeee e 46

5.6 ANTEBHE MR oo 47

8 2007-2008 FETBAT PAM SR vt ettt e e 49



PAM-2500 #&E T/} PRSI a, PR PHE R AW

1 #2iES

U S0 225 5 P AT 2 2 B 2 At S B AR i

2. HETHI S
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7. b EE R4

8. B IROGA Rumx B IR, Bibfn! ! !
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10+ T RIS K P 0L, SR T A4 . (XS K EATBCE A A I, MR 2N A R —IR!
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2 f&igr

PAM-25007 (i 485 2 -4 22 96 U 25 4 1T PAM-2000/PAM-2100 4 32 5 B 1 T4 . Walz 28
FF1992 AFAF ] H 2R — B 4 U S R B PAM-2000, ‘& — TR T RAF0 72, g
HAFE)Z N . PAM-2500 {#F T PAM-2000/PAM-21001 Fi {1 i F BLAER A BT IR K, &
RIBELE RO RGEHR I T BT IHOR . 853 Bl R I5 N A (UMPC) oK, AU AR i B
PHRAER A PamWin-31E4T, 58245 T Windows B AE RGE, A LT
PAM—250011) 3= 2 gk it f
® ARG A (LED) SAOGMOGRIMIAIK, AL ot K s 2= AT
® OUIOEALLEIGIR, HAOL TR (LED) 4t
®  PAM—2500 ) fistH5 Ji fal B A A 5 4 J5
®  PAM—2500%/ {3t 5 Ji 4 A AN RDIGRN 22 Ji A A A D'
®  UOGIME KRN HER 15 ws, WIZGT S h 2 i Pig T3] J) 27 O-1-D-PAIAIO-J-1-PAH
® FUHISRKHIUMPCHUINHEAT#4F, 5843k T WindowstRAE R S8, Frifi A
® 60 Giilif, JMELrFik

4 22 5 T AR AN /] 1 7 vk U i, ARIE AR N ] H R, el i 0 A VAR AN A o 4
FUIEAUPAM-2500 7E5EEIN EATAE 234 5 th B AT e B R (flexibility) o fHIXIFAERA EIHR
Dt AR IX 6 2 DR AR T AR . SEBs b, i T PamWin-3 X0 408 2 “ R Refe”
(17, DIERAE RGP A S A G P H . 534, AL OIS E, R IX e
PRI i, R o0 HoghAT 7ok, o mT AREIN A o BRI, Bk AR 99 W 2] - AR
B o FARWETTIE, IF BB I AT VAR R BHR N, HR R T . X
AT WHA B 75 PAM- 2500100 T A7 D REFI R HT, A7 Ee5) F P SRt vl BT I AN 3, AR RS P X 0
SR TR, IXEET)REV] BE2 O A H D T B o A SR IN IA) SR VRITE, I Sl 3 55 B A T
ZEPAM-2500 IFTA LR, JF HEEHIZE SRy, DME A SR A S . R P /5 2 5 bt A )
KA, AT AP B 54 55271 “BPAhERE” .



PAM-2500 #&E T/} PRSI a, PR PHE R AW

3 PAM-2500 BY2B 14 K 23

3.1 EXRGHH

PAM-2500FE4 R Ge 411145«
® PAM-2500F:FE#70

® Rifilfft412010-F

® 60° HHEEII2010-A

® it A HLASMINI-PAM/L
® MINI-PAM/AK 14

® FiHUSBHIE & PAM-2500/K1
o JIlubrifE

o [Rfez

o f

® ZHiAfi2040-T

®  (UEHRAE KA R LB A PamWin-3

3.2 BEERRGFHRE

PAM-25001) % %¢

® HPAM-2500: T (3.1 A) JUE B A1 L

® ROGLTH—Bolal A7 T IR = AL EE RS (K31 A) R EE 5T

TR AEMEMYHRFENCTERIL! ! !

© R I A H A B AR AT TR Y <EXT.DC>iL, IRl s il Can 2R & H it v 5 78 2 FR 435 7T A
AH#EFRHLAS) o <Charge>fi/-k] (B3.1 A) BT R R IEAE R L, Wb ARl o k) 8. TR
HNE12 VRRIANREZS W E I R i, HUE AT LGB MINI-PAM/AK FE 8 451X A v o

®  CHPRRHIUSB R S e B ML

® ZPOWER ONBITIT{X4% . <Status LED>5 /AT T4 A HR U B A LAIE R R 8l T LA T B AR %

2 FL N B DA U A o <Status LED> R AT & — e o A A 34 B i i <Status LED> 44T —

Hoe A UEIPAM-2500 BT 1R, — IGO0 RS O 5 45 J LD B 5 J0BT TR P M A I
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R JIANEEHREFL (LEAF CLIP. AUX. EXT.DCRIUSB) AEE&E4S. FEekiHLi:
PR ILE. WAL WO SIE s TERE M. AEESHBESRIRBEL, M
L3 AR W AU & B A SR IR Ak .

3.1 PAM-2500 7= 4% B0 R 1 A

3.3 2% PpamWin-3 &4

®  Tthttp/www.walz.com/ N 5O PamWin-3 (Bl FHBEAL G AL (IPamWin-3) , XU #f4
HEAT 2. CREBUKR P S BID R A AL S RS X S5 MR & 7E 54 Lt BPamWin-3
® Wi FPamWin-3 (KIHudE R Bk

3.3.1 USB i & &

Z%% PamWin-3 I, FEP22e%% USB BRI WS . 55—k )H 8)) PamWin-3 75 2%} USB i 13k

ITWE, WEINEWNT (Windows XP) :
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etk PAM-2500 CATTT, USB #dli 2 LLERT I H O 4 bl 222 1 UK 3)
AE SR A B e JR A P, R

SR P L B T

MR A

HeFsi 1 (Com A LPT) », XilifEJF

1% #%<USB Serial Port COM#”, X{ili$T JF

s

siifi“Advanced”

¥4“Latency timer” ¥ & 4 1ms

T E SR B E

3.3.2 WF Lkt

® iR HIX PamWin-3 [f]<Fast Kinetics>BEAK, WA (KIBCH A% fird BEORAS,  ir DA S AT
TR, <Fast Kinetics> XA A o

® fiff PAM-2500 CL4T I H il it USB S 2 it 1714 8.

®  {ERIHECH TR I “ RIS B

® Xl “HWRE S BK”

® IR <PAM 2500 SNR XXXX>2x HHHLE R #1IKR E(X AR T 4 AP Hrfa8ey). WeRyIR+%
17 PAM 2500, 1§ %% PAM2500 FIHUIG P47 B GER: W REAE PAM 2500 1 Ji 3 T8 )

® Xi<PAM 2500 SNR XXXX>, #:# % fi<SerialPort on PAM 2500 SNR XXXX >

® A “WF4td”  (BlueTooth security code) , T4 K] PAM 2500 #B2&%iA: 2500

o I, WIFEECERL

3.4 BHE

1) UMPC FBA8 45 H i
2) AhEHLE 000160101314

3) HEIFRHLS 0001X
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Kl 3.2 BPAhaeds PAM-2500
T8 ok B AR 0] LURE PAM-2500 %45 Bl — AN D BE s K IR AR 485 2R il 2 e, ¥ 3.2 B T M
FOEERESUR

3.5 HEHH

3.5.1 FiHE4F 2010-F

FFEET 2010-F #E— N5l Sk 7 B F ol LOE 3] PAM-2500 FIRTH (CGEA D . Jeeif =
AN EARAN KA, RSk 3 B 3 530 B A 0f I R 47 -FL 5 R £ 6 2% 2 T AR o /R P4 Sk
W, JGEFI = AN ARG B ST EMARE, DB B BN 6 mm, K 100 cm.

FE: BANREERIR. 4 (RS FIRBETHERN R mEAL) Neegod S i,
BNA Be & FEOCA BN TGS BE . A HIR RN EEER, £—EBE L
WA T SRR .

3.5.260° FEEMH-3Z 2010-A

“REEMC” BB RSN (spacer ring) FSRHE AT R S M EE B . JeeF St
£60° Mo XFEUUERCE T ST G, A S TEM R B AR . RER T DURAEE AL

(KR, BT BUSAEE AL B (& 3.3) o i IRAEE e AL LRI, Al A iRAE SR 3 &
6



PAM-2500 #1ET-H PERESTRRE,  FERAHA R A
PO SAFER AR R AR BN 20 W AR B e AL T

K33 “REER” T RUR T OGET A 1]

rel. units
“Arisuarur 1ybiq

Signal amplitude,
SEY

s11un

Flberoptles distance. mm
Bl 3.4 {55 9B HmANRE i B G 2T R B 1 5C &

JEET A -5 A i 18] A B 205 5 9 R ROE AT R el S 2 60° A1, Ster Sy
]2 125 ) AR AN T S ) £ 7 AR R IRAT ROG IR o HIX PN B T3 K, DR AE A 78
H TSR R BTE F AP AR SE R T DGR o R, WU A5 5 2 2 RO G 22 1R i 06T
Sy, SREHRA I OGO MR e, DEETHREIIZO EE ek . K 3.4 408 TSR
AISE AR YE LT 1 s [ 8 (R o

3.5.3 3% 2030-B

-3 2030-B J& PAM-2100 iz 5 2P, AEIAFECRIE L A BrASAL B Ah, AN B, &al LA
P bRUER “RERIMR” o JUR UL 1RSI B AR BE R SL DI e e S I A
PAM-2500.

M7 2030-B AP R P DLIBEEE PR AT, AR HA R (K1, nT LAId 5 E A A
BRI AR E R e JGEF SR 60° M. JIAMERA A 90° ADLLTERL A (2030-B90) T

7
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PRk $t. SLLr M 2 I A EEE Al A, BrrfERe B diBe A e . R RO 1t A% 10 mm (1)
AEBHIRDLE o

3.5 Hfif5 64T 2010-F [£) 2030-B -3

LEIT 2030-B (RS R AT 32 A R IR0 110 s QR R AR A4 ClnfE 5 = 2
ST-2101) A7 B34 [A]—FE A R A 0300

FEMFS 2030-B (TSRO — ML E L, BT PAM-2500 SEATRESR o $2 L HHImiAR 2 T B
B EMEEgE . ZRETLL TR, TR IO RE SRRSO, RG-S TR A TAE.

3.5.3.1 WA NXBFIRL

2 2030-B ERCA —ADCE RSk, H TR BRI LA 2R ST (Photosynthetic Active
Radiation, PAR) . fEIL 80 mm’® MR AN [, R 4 mm?, XIEAAFLTLA 5 H6 .
(DN e NPV S VIR L PR
® — /M 1.5mm PRENHAL (diffusing disk) ;
® MEAE0S5Smm KPGER, JUTASIELT 2R NG
o MIBLHAE, HTREEEMERNEDAAE 380 nm~710 nm SEHE A RIS ;

o —EERIRAEE S TR

B T RSFANN, RSB ORUE BIME DUR /NS S D6 E: Cln H S H PRI sz, T

BELBBAEM T, LA IAF 1 PAR JLT U AR PAR. s #A7 4 pmolem™ss™

IXFE PAR FtA54T T PPFD (photosynthetic photon flux density, YeAAAOGE TIHEEZE) o &M<
8
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2030-B i, fEWoRBE PAR S4IX 4% WoRIFS 1) PAR fH.

ZHRRAL T LI-COR DG PR HIAAE . B IE MRS E PEHO TR S R D2 1 i . U brite
MR AR S e W o AT AT {22 289 T 7 PamWin-3 A7 s AR IR A FoRAZIE. (I 4.3.1.1) o MAZIER
¥ CHHWIEGME 1.000) WL TE R, RMIHSRINAE R, 5 TR AR R R

i AR, V2N, 2O EN & BB T SR PO & AT 1) PAR . BTG E
THERHIH K 2030-B - A KABEIA R /& PAM-2500 f5z 7022 1 B A5 PAR B2 A SAE AR S SCPF .

3.5.3.2 #E {3

3% 2030-B A7 —AN NiCr-Ni S8, M md i UG — R, n] LUt
STt e SXFERLREA AR, Bk TR ES . S RORMEA TR L, FEE RO TSRS,
BT HREH . ABESEE LR RR MR S RIC, A V/ICHRA K. KRR 25
CHATHI AL OCHRI—15°C, fi 225354 0.5 F110.8°C o 71 PamWin-3 F& /7 v LU AN ZAm A (E (L 4.3.1.1),
JOREN 0.3°C o M HTIE 2030-B 1, A1 5 /R E R BE) Tmp S 80IX . HEREE N 0.3°C.

DA SE thoox B AR SCIE

3.5.4 WAEDLE TAREH:L 2060-M

A B AR R SL 2060-M 1] LU & PAR AIVE S, IXFhIhaE S 2030-B AHlH, HA
2060-M AN EEM Y2 L. BhdE B AR A WA . BRI . XN R Sk AT
PUCAE DGR, AEANFEm S e & el AR fgnts”  ( “Distance Clip” ) .

3.5.5 WEiEMN M3 DLC-8

Bl 3.6 I IE Ik
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W& MK DLC-8 T 4 g, PICATLAEERBIZH 7 I, A HRI . fEmke LR —
AN R, AT RAEIRE G N IS LD e U o SERRINE IS, TR fr, Al i 2 2R BTG, A%
WEDCTH. RS GRINIEEN, 4 6615 BB BN & 7 & Fv/Fm MR-G5 530 )7 ih 4.

LEAS HIREE B JE DLC-8 I, Je2F Sy v o) 5L E A, I 55 e 2F A (] (9 E 2929 4 Tmm. XAl
FEEOCE T AT 2030-B B OGN 60°) M2 . A TR INA A, 577N
5% B Gain (3H33) .

M R AT TR G, B Ft 55 . X605 52 i T3 0 I e 5 i T4
RIS IGE A TR XAt )Ll 1, BT AN R IE 3 &

10
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4 {#F PAM-2500

4.1 PamWin-3 #BEN30#Y

PamWin-3 (AP ERAF AR (It MEL IR B SO . I SR ARST IT3 B SO -
bR AL B BIAEAG B H B Ty, R A%y 2 B AT R B B SOA R
AR S B BIAE AT BIFE BTy, $ F1 o 3 B SR

o |

X XK

o

4.2 BF5 RE&E (Field Screen)

PamWin-3 [¥/#F415#%E (Field Screen) i H T PAM-2500 (¥ EF4MEAF . 7EHF 4 UMPC (1) il it
Xf<Field Screen>it17#4F . <Field Screen>%r 4 =/NMX, 4354 FHREFIX (alphanumeric fields)

FESPRIHAFE HIX (program and script control) F I JE 278X (monitoring graphs) (& 4.1)

FRHUFIX (alphanumeric fields) 7 T MR 247 B0 B4 L, Rl B A3 55— A [Zoom In #2411,

XA AT AV 3 A BEEC X (alphanumeric fields) A4 Bf .

<Field Screen> {7 T WA FEZEEU I (Kl 4.1) Zi sl % R TS5 2, IRl
WS T Fm M Fm’o T H K YFBEATHARIK A 20 I A Fm 50 P 783 D W7 Iny - ARk o i s 4
ST BRSSP I E (monitoring graphs) B Il S, G [SAT AT HO MR IR R IC 35
PR AN 2T BR 5 So kb, 1T LA R 5t [Report [1 4 25 4 15 S0«

PamWin-3 J15)/5, 18501 =W IR TG4 HE a3, il Fv/Fm [ (W RS0 J56 5 8 iE )
Sy W I, mT L i 5 [Stop)Start e 7 8 2= MEM B T o B Fv/F INFL 43 19 3 45
Y Al AR AT T 56 4 R k. 996fE S RT LU Y s, ERANEEH, R T s oA
LU 1R Fo R Fm (K4 53 BIKT 2% ok

A O O o T AR Ak b 5Ot g (1.6S B, BR T Fo A Fm 4b, Fi7 HI R (4 22k
K PR bR K

11
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Alphanumeric Area ||Program and Script Control

| =10l =|

[Meas Tight|| [ActLight || [sat. Puise || [PS | Light | [Fo 709 Exit PamWin
[Int. 6 lnt. 15 [mt. 15 [int. 16  [Fm 3218

[MFH [s: o b1s: 5 [s: 3 Fo' 595 |

Gain_ a4 |[Red | [Gleek ] [FR || [Fm" 1024
Damp 1 _||s: 60 Zoom In |[[Ft 929 Script

Tmp 253 |PAR 2100 |ETR 66.58
Voit 126 [No 5 "Fo'.as2 () 075 |
Foinke ZTI75

s
N

340

20 " Siop

" L,\U\ﬂf“—ﬁr——v—

o.0 T T T
00 2 O Oa01-00 [LEBiEgs ) LIRS 00:04:00

p 7] [l

|
Monitoring Graphs Full Screen Alphanumeric
FEl 4.1 BF A1 A

PR R A P B £ 38 th PP 1 Je 60 Exxic PamWinls 940 ¥ 8 e [Advanced IR\ 1 52 SUIIAS
{4241 [Coad Jf1 Runl.

4.2.1 ZRFFX (alphanumeric fields)

TR XL 4 A ) JelER] b BEIOUEEE: o RGHESE: O el ot
SRANELEAE (B 4.2) .

o WFRRIRS AN SRS AR AT BT/ R EEAS D RE S P EAME. T Lo
B 2o B 1) el R SR AL L RS, S AL LI T8 SR 2R IR IR W 4 T R PR T I DI RE A T
R FEBRDEWIC I F L A7 8 2OR 24 DGR U s Hok .

TP AR A T A = b5 sU A 1) FE42 A0 b il bs 2288 fn RR R HEA T M B 2) fE42Hl b
Mkt bR 2B JE A KLME; 30 1) UMPC AR, S defL R Jm L N i Skt A i, 5 s i) sk
N, AEAT: shift, FFZS B BTSN, B AN St T A .

AN AR TR A OSE B e M RS A Fv/Fm 83 Y (IDHHLIN # 2 AT —

12
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ANMAEA (W 4.2.1.3)

. K42 B
Light Control —
X
4.2.1.1
= = il
ETR 66.58 | K[ WGE!
072 |

Fluorescence Ratio Parameters |

T T T

PR EBREE, JUAT 20 RYTTEE. 7F PamWin-3 (fEG 21 H R 4L T 4RO EOL Ok, T L
S A ' PR O A 5 I R

PRI . % A 2R (6 S S I U e A TS (LAl Fo B, 444
Shy S5 £, S T U S0 B Y Ak 7 A

PR PE S G, S 10 B UIEEh 10 I, 5 SOOI a5 1IN 7 £%. ATLL
X VI 35 NSO S AR, TR, AOURKIORME S, MRS K.

BHJEBEE, i 9 MERREA T SRS, BBIE 1 (¢(1/2)=10 uS) FIELE 8 (t(1/2)=4 mS) .
BELJe BRI 1A% 5 AR A I B R Td e, AT AT LU B () N () 5 DR A5 5 08l (M) R, v 76
AR S SIS, i S T R S RRFEE E  ,  RI b F i g s i A

13
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TR

DA R

BEEICHOCHELE ], RN S, ¥ 0 TR,
YN LB

ti<Auto ME-H>BEIIT G, T FF06HOG IR i F1 3 Th i, SSoRE T LR (35 L
AU — ELR B LA T BT AR A o S i<Auto MF-FI> 2 7780, BT AL o i 8 3 7

2 HE) T3] 100 KHZ.

IR AT — MRkl . 5 2 B8 B e 7 BEEU 7 X (alphanumeric fields) (]
4.2) fHANAT el g B RS SOt

Int. | PSR OEIISREZ . 38 20 ANERE AT, BRI 1 RTBRIE 20 X K655 237502 910 A 16500
umolemes™ . G HE B B RIGRIE 2 i) 2 YL MEAR 11 o

YA R (R T
TS R A R — 5 I IR ST AR

SESARAT R IR S 35 T A R ka2 10 ) 1 i

S EITIFE AU W R4 REAOE 406, <PST Light >T fE/EIE406 (740 nm)
B AL (460 nm) o LTI E BRI K ZHCECLERI0 PS T, T 3 BRI R I3 PS
1o 48R, JeHOteE N LG, < PS T Light >8Rt i LU AR AN B )38 — MBI .

<PS I Light >[5 . 1T A — /N FZ 2004 PS T Wle, JF HANFREIRT I 200 W i
FEAEARZ 220, BT AT A SO LA SR 20 R DG 5iR o

<PS I Light >y 1), ¥4 0 I8 F &) JF/<PS I Light >,
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[ FR (Blue) | 4G ICHREN LGN, S AL Y18 — R e Ui<PS T Light > #2670 (41 sk # 41
) .

4.2.1.2 RIEHIE

FF A IRE N A ATH MK R Id % TSP EdE (] 4.2 Fluor.Data)
AT

BRSO it

WO JE PR S TR C Sk T =90 Bl -

J6 T NG . RS FT I L0 ] LU R Fo’. v LAfE<Advanced Level>HI<General
Settings>EE FoBiX. Fo B ARBIEN . Fo' BRMIEN 0.

ot KB
FESRATHLRK R AT B S 986 (H Fo IR 2 ZHUNTH SR B0 SISEEUE (LA 5 5D

4.2.1.3 RRILESE

PN S PS 1T YGHER RS EEH W (WL 4.2 PSTI Yield) -

= (Fm-Fo)/Fm; PSII M JOGE 1=, KRBT R EDE SR

Hﬂﬂﬂ

= (Fm’-F)/Fm’; PSTI [SEhaltetaE 17~

o

HEm oS5 P S st stk (B 4.2: ETR, Fluorescence Quenching) o BT S401]
WHHSHE LR 485 A.

— I 8ASHTH], (HRER R AR IR 4 4. il 4 DM SR iion] DU £ 22 Bor i S 4. 7
FEXEES AKX (L 5 %), WIREE] Fo I ¥ AT I Fo' Nt % 238 Fo, Fm il Fm > 4f 5
Fo’ (Oxborough and Baker 1997, WL 5 &) .

X 8 NS

WL PSIT () L 44 135 2%
N IRANIE

15
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AR R CET “WaBim”
A P A R B T R
VA A R RE B R T
PRI DT

JESAL AR B . N R NPQ #1027 Ak 22 ok,

hini
FD

LA

[P | oAbV K BB (LT “ i )
4.2.1.4 HEeERiE

IEP 2030-B I SR8 TR M, R4 C

AR 2030-B I S5 (K I S R A R, A pmolem”es o AIE B 2030-B I
RS NP BRI R S A G G AT PS T [ 658, £F PamWin-3 (1) 514 1% & [)<General
Settings> 7 1] LI T A B 3R A e SO R K DI fE -

R, Fit e 4 70 N L P T LA ) 13.7 Ve MBI HLUEART 105 V I, PAM-2500
(5T BA AR, AR B0 SR TTHE, R AT AR 7 6 AR

EE: YHEMEBEEET 9.4V B PAM-2500 22051 ! !
EE: YHEMBEEET 1.8V K PAM-2500 LiEFFHL! ! !

SR T AT SR AR 0 S, At <Stop/Start-HiHL IRttt Fv/Fm R A T BT -8
422 H “ESR®E #HATHE - KNE

ANEEN TR« BF AR AT SRR DO A TR

HE, BRI CATIT, BRECET AR RER RIS L0006 At B sl e REA IOE I dh
I Ft M NAZARIE 00 23k bt ), AGEE SRR 56E 5, PR 5 RS MG LT BEAE fh 18] (1)
PRBSEAAOG, PO T ORUEREX I U mT LErE, FERLBDCET (R Nz bR R — 2. BE R 2010-A
A 2030-B #0] LLORUE G £T 24 ot 8 5 0 — 2k

HEAB AN 7 3 S FA e 7 B T LA 31— S S 5 R [H I PAM-2500 48t T AR 99635 it Act]
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[Light JTIFHEAE, A IR OGRS, I, Fdud RIS I208 R, Xtz
“Kautsky-effect” o P 5l [Act. Light PEHDGLG, Ft RIS

[ PST Light |tk L4t (FRO I, S6HYEHI6IE it PS T Light TP 2rst — B i) (Ml
38) . FERAIEHITGTF Bl FIe, EH R TP OEZ ATIACT . AR PST . E%
RIS T, PS T Bt 6 B MISIA T, TR PS T B0 RS LT T

A 0 I VLS T 4 PS T 5 B P S Ak T FFTBCIRAS B 56 7= i de AR A A Fo, BRI 4T T A ik e
FFATHA PS T S RO B, 91677 Bk B K0 A P, 3% R8T LA 5] Fv/Fm AT - Fv/Fm
Wik Fo #1 Fm 1145, Fv/Fm = (Fm-Fo)/Fm. Fv/Fm Jx Wt T R B RO G e, XF K ZH0s S5k it
— ARy I TS A R NS, Fv/Fm A KZI(E 0.8 Aifis

s Y )RV RE AT Ak, 52 PR SR A YD o 2R i 285 38 N, AP Y (25 ) T
Fv/Fm. T IF6AGE IR0 Y (DAL 24 HT OGRS F PS I IKSEpot & i 7 it

5tk [CLock I 4 )52 I T3 4 PR 7 A ok, AL 4155/ W Ak 5 1 o5t [Clock Jie LR 4 [S:]

AR BEE -

AT LR b 00 22 R 8500 £ 1 3077 o SR SCPF e, 7T LU 3 Ak [Advanced 1% AL 932 H <report>
EAE

17
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4.3 PamWin-3 & E&
4.3.1 HMEE (General Settings)

K] 4.3 BRI & <General Settings>T 1, Fl<Field Screen> 7 [ B AEAH [F] () #4415 WA KA R 1)

XAk LUKt brs ok, 28R CHAEANH GERE: 84 S HIX (I 4.2.1.3) BREMED .

Menu |[Measuring Light|{Induction Curve|| Global || Fo
Bar Frequency Parameters | Settings| Fo’
| |
-Irll.::.?:..l gl = hit, Light i M Lightt i
. F = it iE : wt, (Y] E Ballcry
Risfe MF-High widih g0 = widih [37] |2 _Itl#hll
P e || Pearroe I Open ]
____ = <IHU: : 1:.H i S:Jr::tls FAR ‘{‘\./
BAF-H. | FO000 T :s._.v =
Sal. Py M1 “Eherw Induction— e Fef
Chuck [ 7 write '-'-r-F'u:i]:ji
PAR Sensor Control || wes s = [ ades o — =]
Analysis Mede VIEW-made . | 2 R ART
® SPfnalysic  © FaetAcquigition mll Esdi Posain "I*::':{j%l’
‘Lshm:;lwcuvrﬁw.mr—ihw il | .ﬁhh _ 4
By ma (| Fm| @ m AL+ | o ]:ﬁ.Tj I .:‘.I.r..n 3
wfulu] | ST | TRPues| FRAY || III|H -A L :
T 1 U U
Tab Pulses, Short- Mode Clock New
Bar| | Term lllumination Event | |[Record

K 4.3 0B E

4.3.1.1 8% (Menu Bar)

<General Settings> % H [} PAALHE 6 N3 (K 4.3) .

18




PAM-2500 #&E T/} PRSI a, PR PHE R AW

File

M File SEFTTLL RN, $04T PamWin-3 FRIBIARES Y, WA DA T4TED s, IR FE P A At

Window

<Window>3 L2553 F-<Tab Bar> (] 4.3) . <Window>> FL.5%5 4% FI|<SP Analysis>f {11 4 N .

7E<Fast Acquisition>f 1, <Window>3¢ HLeEH:<Fast Acquisition>F A 111 3 AN .

Options

L Curve Fit Parameters
mitti<Light Curve Fit Parameters>+T FF OGN fI 26400 & 2505 1, IE50H T 4 S AUE AU 15212

(W 4.4.2 Sempyghgef 5.5 PSR , 4.

Nt

Fv/Fm x ETR factor/2

Y S A, HT 1AM DG 5 DR [ 5 K HL A% 38 (197 5 electrons/photons

alpha
G N I RIAa R, A IR E 3% electrons/photons
ETRmax

R B pmol electrons/(m’es)

Ik

B/MARDEE CEWADETE)  pmol electrons/(m’es)

Light Calibration
B AL IE RBOIE LS PAM-2500 B E ALK S IATROE (RIEREAITEH A : 0.2~0.5) o &H
2030-B I ERINAIRZIE R EGE 1.000,

Light Offset
I TR UAT I, H e T ALl B 55 A PR (R385 P i Auto Zero [UEAT F1 20 %
IR T LU T S A BT T IR

Temperature Offset
X AN B AL AR AT I

19
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ETR Factor
AR RE, %R T A B AL % ETR. WO REUK BRI R 0.84, X3 ] T-44 K
ZHE) .

. 2000
w
. RA
) 1 ol
= %
@ 1500 ‘%,.,
o
o ) 60°
s S le
= 1000 A amp
g 1 |Leaf-Clip Holder 2030-B
< 500 -
o
- .
i
O || | | T T T |

0 5 10 15 20

Actinic Light Setting
4.4 H 2030-B I AF AL 21 (0 64k e e s R i 5 v B 1A (1) 9 &R

AL Current/PAR Lists

PamWin-3 £ %34 [ slti<default_60.par>F13 4.1 st e JUAS GRS S5 H1 2
<\PamWin-3\Data_2500>H & & JGumaI R CAFHAE T AN EDG LA 5T B L0860 1) 5 A5 2.

H—Ki& 4T PamWin-3 2 ¥ H 3 N#k<default_60.par>. <default 60.par>3C A% W 1) 2
2030-B, HUGETLL 60° i BRI FE AL E RN OG R UG R UR SN AR P25 B 3l — IR A
JCRRAFR A

W <\PamWin-3\Data_2500> H 5% ¥ f <default_60.par>3CAFI, AXARREALTH H ) I ) % 8 {8

(factory values are used) o VIR, fEFTAIGIAIZR T 2DGOOEIRETN 0 MR RHDEAOE, it

O IBRBE MR SREE (PF B 10 Hz B¢ 100 KHz)

REANEN R TAL KA (30 75" General Settings”Hl i B/ <PAR sensor>>§: 56 it 11
%) 5 PamWin-3 T IFDG A MO A1 2 rh e B i n B I &R o
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PAM-2500 #&E T/} PRSI a, PR PHE R AW

4.1 BN IO IR ST

File Name Sample Holder Optical Geometry*

Leaf-Clip Holder 2030-B 60°

default_60.par Distance Clip 2010-A 60°, 2 mm distance ring
Arabidopsis Leaf Clip 2060-B 60°, 6 mm distance ring

default 90.par Leaf-Clip Holder 2030-B 90°, 4 mm distance ring

default 90 2060.par Arabidopsis Leaf Clip 2060-B 90°, 2 mm distance ring

default DLC.par Dark-Leaf-Clip DLC-8 90°

default KS.par KS-2500 Suspension Cuvette 90° and 4 mm

Bl 4.4 o T OsmAN RSO b e smMBE BB A 1) R AR I o BEAS G R BRSO E AR5 1O LA

FEE, TR ahL = R .

FEAMCANRHARAE 3 51 <AL>EHR B ERRE; <Current>& 7 241 LED HIAD HIFEA/ (K
{84 255) 3 <PAR>SIH TOESRME (umolem™es™) o ZIXEIGUR MG HRAE AT R LR VEMIDE, Tt
YEIR ' GRAE R FIR A AR G (quasi-linearly) o GRS SO R O DGR AEL, 70 AH Y. DX d kit

S BT AR R %L‘J?E‘J%?%&‘Uﬂéﬁfu@iiﬁﬁﬁ, = EIbRER AT @ﬁﬂ?ﬁ,

Mode

<VIEW>fr 2 f PR e 3 B e i, it A<M EASURE>[H 2 E X . <VIEW>#r4-Fl

<MEASURE>fi7 4254k T-<General Settings>7 1 )| VIEW-mode [F1155 415 )] MEASURE-mode [{%4H .

Service

<Service> ARHEAT AR AP T (2B RIS AL B0 2% EIRORRAFRERICA B o A 1 T
R P il Walz 24 w4k, mT LU fiii<Read Firmware Version>7t A& 4 il [l R A o

ER: ARFEE AR R AR, FETHRE R TER Bt TER A, MR MBI RIE
5 Walz AFER.

s ifi<Controller Service>HEAT [ 44T 4% I 4E . PAM-2500 SFE /N 1] 4w A2 1 AL B 25 RISC F1 TINY.

a) RISC
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i1 [Program RIS —»Read HexFild—»Download HexFile
T BN D o I T [OK [ R A

HEE: FPIT F—PErkEHER PamWin-3 25! | | (Before proceeding, close and restart he

o Tk Al Program RISC| (X5

PamWin-3 Program!)

b) TINY

Mt , i ieh |Read HexFile| —PIDownload HexFile| —D}Program RISC
it OK e e fF . i TS PamWin-3 FE¥.

<Trigger out with SP>1% Il L ELE BEMEARIK A IR 4ag > 5V A& kb iz W 4.3.1.8 X AUX %

FLRAS A A A A i A K o PR B L AR o

o ril i A

Help

FI I B SR
4.3.1.2 MEBNIMZEF (Measuring Light Frequency)

{E<General Settings>%i H B B M CAA, A KPR N BB U1K 4.2,

* 42 MENHE

Icon Range
MEF-L. AT 5-5000 Hz
EATI 1000 — 100 000 Hz'

* AL B KRR 200 000 Hz fE<Fast Acquisition Analysis Mode>

4.3.1.3 iFEES &S # (Induction Curve Parameters)

PamWin-3 5& X T = ANFI5 3 M Z6AH G I (i) 240 (&1 4.3)
Delay, seconds: ¥ & Ml & Fv/Fm Ji5 24T FOGAOGHI ARG N A],  BRIACH 40 S.
Clock, seconds: ¥ & {EPHAT 6 A0 ' HI ] AH 218 19 ANVl 0 ik b -2 1] [) o B 1]

Width, seconds: ¥ & Yo S HFEE I A] o
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4.3.1.4 £F%E& (Global Settings)

Settings

W BRI E (<Walz2500.DEF>)

| Open User Settings | 4T JT LART 77 fif ¢ B S04

| Save User Settings | K 2410 % & {47 S % & S/ (*.DEF)

| Write To Report | 245 B & 5 AR CMF (M 4.4.3.1 PHEALLEE)

Other Commands

XA ST

K PamWin-3

4.3.1.5 2 FEEFIEH] (PAR Sensor Control)

i%#H<PAR Sensor Control>J5#] /M & Yo T & 8%, HUNIEFE<PAR Sensor Control> )5 3% A4 &t
HARIRAS, OGRS 1

4.3.1.6 Fo, Fo’

FE R IE Y I e Fo BIAE 4T 56 % Ft ik Fo.

C/Fo fRENEEEIO 5 CkA PSD Xl Fo (M btikE . RAWMIE T Fo i Jf HAE
JeAL VK B For (43 Fo {i LA F I A REVPAY C/Fo HIME.

Fo’ EMZANERM R K6 N Be/haet QARSI o EF Fo  EMEMEHGE T Fo ki, Bl
FEREANURITIK P 5 2% FDGAG G FT FF<PS T Light> )66 HOK PST , Al PSIT SN Lol R, ek
KIS B d5 K5Ot wik B /o <PS 1 Light>)658 ] LA{E<General Settings>% H 47 € (W.<Field

Screen>)

~Fo’ R IEFEFIHIER MO T E N7 AR SZFRIE KD « ~Fo’ £#R 4% Oxborough and
Baker (1997)ff1 A XM Fo, Fm Fl Fm’ 4 Sk (A 5.1.2) &
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4.3.1.7 ¥r%t= (Tab Bar)

PamWin-3 #A H BEAN O K & 1 #R 25 7E<Tab Bar>[X s — A0 W IFRZE, fiaibnas nl LU o il

IR
4.3.1.8 Bk, %EHABER (Pulses, Short Term Illuminaion)

PamWin /5 248 FH W AES FF it A (IS0 A MR O B, i m] DU S ANl AT 5 ks il o ik
Ho
XSGR N A A (R 4 2 I ) A LA GRD 21 1 FP, AT T 0 i) s«
LI, SRR 5~50uS T, Y6 10000 pmolsm?es
L ARG, FREEJy 1~300mS ATV, YG3EN 10000 pmolsm2es™,
il AUX 3 % —A 5 VIR ks, BRFSEI T 10uS %] 1000mS AT 3 .

BB S T ST , MT , ¢ TR Pulse ] JF<Pulse Widths>¥ & 45/ 5 I () A4 i RE SR [H] o

1< Pulse Widths >% FEH S+H off H#HUFEOR KR LR TBOK#S (sample-and-hold amplifier) % I 4571
KM, FEIISC IR AR RR L B IO %S (sample-and-hold amplifier) 7] AR (bt F- P47 50 54 IR i A A
SLEFE S K. SRR A M Extended S+H off time R 7413 HHIEFE

TRl A B 6 % — MR
RS BN It ORBRAIRESLIN )7 General Settings *H % &) SRS HEAT U kb 43477«

PATHIREFE A ALY | A, HREE e R T <PS 1 light>.

DGND (digital ground)
UBatt (battery voltage)
GND (ground)

DA out (analog output)
DGND (digital ground)
Trigger Out

+5V

-5V

PN REWON =
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K 4.5 AUX $: 11

4.3.1.9 &3 (Mode)

Pl# PAM-2500 TAER )l SP-Analysis fil Fast Acquisition 5% B2, (View mode)
4.3.1.10 EMFEH (Clock Event)

A 6 AR T A i R — BN [ S AT R P I BRI (] 2 3-900S TT i, H & T2 (R T
J7 1) B BF ] LG FRASFE P AT T AR I B TR — 23X 6 ANMIEE AR 43 A2 «

SAT-Pulse: YRk 7 #7

AL: 561

AL+Y: RS — BT DG IR EA T WA Bk b 23 B

FR+Y: [ — B [AI<PS I Light>J JEAT WA 43 #r

Light Curve: {0 £k

Slow Induc.: 75 ik
4.3.1.11 #ig® (New Record)
B — AR St
4.4 AFRKIHIET, (SP-Analysis Mode)

4.4.1 1B#H s %% 0 (Slow Kinetics Window)
<Slow Kinetics> 7 I [ 2E ZE I RE AL SE R 9 G AE Ft AR kb M5 211280 (i
B (& 46) .

AL I File S5 HL<Save as pws-file>#i 244 2 ' M2 £ /A7 4 * . pws 15 X3, 75 View Bzt
FETRAATFF pws #2301
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PRSI =,

PEORBHA IR A ]

Graph
Icons

Graph
Y, X

Save
Ft

Record
Title

Display
Control

Bl Wndded Cpriond Mode  farate

[@ w2l |5 & | | s o

[Tawus baccats, darc-acclimated

L

Eeled EI .

ZALNENR 1415 L I8 i

L e e e e e e e e L F Fm'

EEEL Zo0M I

e

I i s S B 0

IR 1] _j:T s 1 S
ERER RN

020 ed e enme T Tk
e 4

g

§ﬂ1 € =
s NI

N

e —r——
N 180 20 am )

x-Axis Scaling .Jr

Experiment Control

™ Biow Einetict [ Lord wve [ Repor I:_.m.m. Cetmon |

K 4.6 123 )5 1
4.4.1.1 E%r (Graph Icons)
Kl 4.6 T LB = AN EIBRIIDhRE M il g . P Wosps . B SRS AR RN T EN I TE o
4.4.1.2 BR Y, X (Graph Y, X)
AR T AR T AL B IAERR R IR ) (S, Zei) , AU EUE R .

4.4.1.3 {%7F Ft (Save Ft)

et L7 T P S (S T <Files S f<Save as pws-files) « A CMEHITFF T
G RAF I
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4.4.1.4 ®#=%| (Display Control)
SN ORI BRIV R S TSI B 5 (&R Er) (B 46) S
4.4.1.5 X #Er3MiFE (X-Axis Scaling)

i it AL e A R N

PE TG $ZAT Bbs 22 Bt 30 BUbR ) USRI HH 1R D3, 8 P DX R A o] 35 ol BlbseAT B S T L B
S AR AR R RE BT AT B o oK

4.4.1.6 REITH (Experiment Control)
N FRSE BT HAT ALY, 5] Stard/ [ Stop JFHAER S X AMLRE o B AEAE FIARS S01
4.4.2 StmN g (Light Curve)

SN 2 I RS S 5.5,
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Display Control ||LC Control

FAC N N I ) =
|

[
|
3
a
L]
©
7
&
L]

4.7 e h th £ & 1

4.4.2.1 BR#E# (Display Control)

& Fluorese. & 75 K JE X W% VGHES AL, %5 ETR J5¥ 278 ETR X PAR [ #h£k . itk 4
FIG B 28 AN[A], ETR %F PAR BRI e i BEAR P, 7ERENEt T ETR ¥ AR, KX/
fih 2 oy R 2k

4.4.2.2 Fhmkzpizki=® (Light Curve Control)

sili{ Start/ [ Stop R4 B T — AN Hh 2R
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4.4.2.3 Jelmfz gk 4msE (Light Curve Edit)

gAY M2 IR, AT LUK R A AR DA o+ dep M RSO, thon] BAS N LR G 47 1)
IS e

FRABEEDE IR RECRIC OGRS [A], MEFEN TR B “07 I, R HUT R D e
ik, Bhn, KEEE 9 DHIRFEEI R €07, B AREFIATI A AT 1-8 L BREE KDL, Rk,
TER - BRI o K S Br Dt aR (E R M P EDE RS R SO IR A RS = T 2030-B,
HBE THNENB THESN, NSTRERERNERE.

4.4.2.4 X #EZ&IlE (Light Curve Fit)

X H Eilers and Peeters (Ecological Modelling 42(1988) 199-215)f) /A 20T Y6 B £k (#5553
WESHUTE

O, A7: electrons/photons, PG ML FIHIGERIZ, KT HRRERI R
ETRm, #£7: pmol- m? s, fHAH FALHHE,

EK, #0: pmol m?- s, B MBRUEHE CHEAE, Rk TSI A8 ) .
4.4.3 #HEXH (Report)

4.4.3.1 MEXHEIERES] (Report Data Arrangement)

<General Settings> i Il [J<Write to Report>fir & AT I AEAR 4 SCAF 5N —AT 5 16 DS HIHR

(£43) .
4.4.3.2 EXHIMEFE—IT (Record Header and Last Line)
%ﬁ'ﬁ‘: Tﬁ%ﬁ‘ﬁ'ﬂ

AT WSO IRRRE, 7T BAZE<Slow Kinetics>HR<Light Curve> 1 | #Hi A SCHTERE, HAMH

SRR AL SR BRSPS AT

B _ATHE=4T: Fo,Fm
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BB ATFNE AT BRI 2 Fo, Fm Al Fv/Fm, 41 H<Induction Curve>5<Induction Curve Recovery>
REFPREATIEIN, AR AT R IMA<IC>E<ICH>% 5

VERC: WA SEIG I B — N R A 2 Fo F1 Fm, 25 AT FIEE — AT 8iAN 275 Fo, Fm fl Fv/Fm,
WA SR I B g T Fo A Fm, 4 5 RIGE ) Fo A1 Fm U ANS FEAC R 3 258 AT FIEE =47, H
SEATRAE L 10 5 ) Fo A1 Fm SRV E AR S5

BJa—AT: FOLMZIPRE
X ATHIR T 247950 R b A7 B R AR5 I 2% -

4.4.3.3 £2&%) (Record Columns)

FEM AL il s 2 (Record chart) A5 12 41 ({E<View>BiX N LLE 28 2 (M8 « i
XTE 4.8 HPRRVE B A 2 AT ERE QSRR .
« HRI A
2. VRGNS S, AR — R (1 2 <Fo, Fm>, AR RS 'S 1
3. MBI R
4, T
5. et
6. Fo (35—47) MIF (L TFREEHE (R
7. e AR A
8. PSII I KE T8 (Fv/Fm) . SEhrg 7 & (YD)
Oy ALK AL, IXAMEN 1L B IEAI & Fo, Fm
10 AEAZERRREL, XAME N 0 IS %A IEM & Fo, Fm
11. Fm CE—47) FFm’ G FRMOEHE)  CGRIEMD
12, Fo’, WA WIE Fo'-mode, X444
13, Ht

—_—
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PRSI %, FRPHAE R A

Record 2| |[Record 1 |Settings

Report Data Management

mWin V1 Fwi 50500 PAR-Link: default_S0.par

Fla |Window Options Mode Senvice  Help

PamWin RPT [ ol |EEE

! MI=6, Ge=i, D=1, AN=6, Hil=0, FI=18, Fi=0, SI=13, SW-i, ID=60, II=38, IS=400

K 4.8 & SRR N

31

¢ MEN. Pinus sylvestris, 33 min dark-acclimated, site: fully sus =
PRNUL 2808 "n . FMR Fo Fvfim n
18:41: 57 § 132 3 8330 8798 1421
Tiee Ho. M. Tmp. FaR  FE ETR  ¥ield oF off En' Fo' W{5F)
10:40:36 2 6 231 1907 L.TBA 1682 0266 0,309 0.851 2,432 0.M3 12.7
Al:d4: 38 : | [ 1 5.3 158K 8.731 184.9 B.16E B.5EY D.75% @.935 B.487 12.7
1W:4%:3 4 & 5.3 1906 8,633  180.9 8.160 0,296 0,813 0.777 £.4% 12.7
1046236 3 [ - 5 8511 1.3 0.608 0.918 0.604 1.303 0.304 12.8
w473 € & M. 5 8321 1.6 0.744 0,906 0.276 2.840 0.515 12.8
¢ kinetics saved in Pisss39 53PS E
¢ DIb, Finus sylvestris, 38 min dark-scclimated, site: fully swa-saposed L
seanzesic | m | ™. | P | Fo FviFn ™ -
JUTTETSL] 6| ra.a 5 o335 8773 2.335 (=]
Tire |Wo. | WL | Trp. | PAR | FL ETR | dield| qF | ParTFor VSPN ||
AW 308 2 & 4.9 | 1987 |1.E4% 193.1 | . 3050 %o 808 | 2.047 |0.925)02.7 -
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Siom et U5 e o} Repelt ferefiSetrg) ]
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R 43 AR E IR

Abbreviation Parameter

Al Actinic Light Intensity
AW Actinic Light Width

BI Blue Light Intensity

BW Blue Light Width

D Damping

FI Far Red Light Intensity
FW Far Red Light Width

G Gain

H High Measuring Frequency
ID Slow Induction Delay

II Slow Induction Clock

IS Slow Induction Actinic Light Width
L Low Measuring Frequency
MI Measuring Light Intensity
SI Saturating Pulse Intensity
SW Saturating Pulse Width

4.4.3.4 RENXHEIEETE

TEME SO, <File>sRALEE 4 N1, 2l 2
Open Report

FTIF LART A7 Gl R 35 ST A
Save Report

K i B R A7 A * rpt g 2 B SO
Clear Report

T = F A S S B T, I IR R I %
Print Report

FTED A i 5 AT

4.5 REFIIESR, (Fast Acquisition Mode)
PamWin-3 ({HGE BRI 4 B0 101 'S, DR MEIDb LT3 1%

32



PAM-2500 #&E T/} PRSI a, PR PHE R AW

451 PLEKE (Fast Setting)

45.1.1 EAfhgE (Basic Setting)

MF-max

BEENEDCI IR (& 4.9, DI GBGRCE K65 e LEA,  (HZ R0 it B SR 1 T
BN T NI IEs A EtIb neg (B R

Rate/Points

<Fast Kinetics> (1] 54 I 8] FH KA T AR AE 2 40 H 3L [R] ¥ g o #E<Fast Kinetics>H X, 47— 7l

AR 2 0 LR AR 128000 A 1] i ff £t o
Target Averages

B JE 770 <Fast Kineties> X R A AU sl OB HABRIEEE 1O, IFREERE LA s —
UCOFHIME .

45.1.2 B4 (Menu Bar)
<Fast Kinetics># 2 I 5 FLURI<SP-Analysis>#i (I 4.3.1.1) FISERAIEAA A
4.5.1.3 fh&iIZE | #1011 (Trigger Settings (1) and (I1))

— A 6 AN L H RZ Rk G 5Tk E (K49, K 4.10) .

— I 8 A FAE T LUk fi & (L Trigger Settings(INF14 4.4) . fEiXEedifhrh, PRI
(ST) MMM N ZAER 2 Ak PS T R W H O e Fl#—) , RIE B E ST i H A <High Pulse>

HI<AN Low>J4H 7] F o
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Basic Menu Trigger Trigger
Settings Bar Settings (1)| |Settings (1)

Bodow  [plor  pode  Sevoe el
B im0y W [ MmeFTM | Fast T Sotrgs b
- ¥ | O T3 ms FTid - B H II mst Kin
e - 12,08 mE (ST Du!-l L _...I [ | & =
ME-mas [ Pghypbasis (luurcavencs as o st ating light with Fu, 11, i oml Plevels
| % 200 kHz P I Ersibls Frefags
| ~ 100 kHz
- [Pulse wiciy
e s Trigger Graph [oow 3]
|1D 'I
[
32000 < oL
Total Time
3P0 ms e
-3["]']["]
Target Zara Time Shit
Averages S S S P 10000 s
L] 100 20 na
|1li'.l 3 T, |
N T ey
P | o] Ten| Fm mg|‘
uﬂtlu
I-HF-H Wr &1 IIM-LFII*FH."j I‘u. zl

Light & Pulses Start Fast Kinetics
Kl 4.9 P E R N
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PAM-2500 #4EF-# BRSO E, FRAHERAH
* a4 kB STIERETTHK
Checkbox
Action Comments
Label
. Intensity - as defined for <Act.
Al(Red) Red actmnic light .
Red, actimic ligh Light™ i <General Settings=
: FR/Blue selection: <General Set-
Far red light/BIl : :
FE/EL h;;fe IEBiue tings=. Intensity as defined for
= <PS I Light= in <General Settings=>
Frequencies (MF-L. and MF-H.)
and mtensity: <General Settings=.
F LML I'L-iEESllIiﬂg llgh‘[ :'ir'IE'EIEllﬂ.Ilg llght Ef_‘ﬂiﬂgE at kunetics
start are controlled by and
buttons.
MT Iultiple turn-over  Intensity - as defined for <Sat.
flash Pulse/MT= in <General Settings=
TR Trigger out See Section 4.3.1.7
Ivlaxi fre- :
i e Frequency as defined in <Fast Set-
MF-max quency of measur- ~— °
2 tings= window (MF-max)
ing light
Sample and hold Surpres ses amf:{cts. caused by ex-
S&:H off . treme intensity variations of non-
circut off .
measuring light
ST Single turn-over Always at maximum intensity

flash

(about 125 000 pE/(m™s)

ARSI AT AT LA K P RS 5 7 7% (signal shifts) filihe . ZE8E — ANkl
a) I TR B EAEE RSN FAE (18] 4.9 Trigger Settings(I1))

AT AIHE (box) E FHF:

c) Miili<High pulse>#r%&

M B L I T8] 18]

e) mithi<Trig on, us> T [ X3, i ABK T 4h R AR EA £ ) i ]

L

/

/

nG M)
L % 5

All Low

All High

Invert All

High
Pulse

Low
Pulse

Toggle
Low/High

K 4.10 fob ke T HARSS

4.5.1.4 FiEFAEkH (Light & Pulses)

ST IF YA B 0T 24 A

35



PAM-2500 #&E T/} PRSI %, FRPHAE R A

T FF<PS I Light>t b J5 447 24 i ik b

4.5.1.5 FIEIREZI HE (Start Fast Kinetics)

Wl Fo. Fm

TFE 4 R R

4.5.2 HiEFh % (Start Fast Kinetics)

| Cursor Coordinates | |File Names| |File Menul]

mm Samrns s Car .- e 5
(=T | | [F oo 7zmizn =] H = | @
| | Pabyphas 8, 16 werraged, liex | = = |
)
P - T
ﬂ o [ Fm |
= Io{l} - Capy T
201} o Togge
et Fromt Sedrge
Lol - e ]
1 -~ 1
] / Fiasl Emaies
r | !
o e  To | Her v
38 I Asta MLon
7 Avingiag
7 Lad
e Aeiaged 16
aan ot P ! : i o] [
1 [} W 1
e [ afn]| Pwnt | Hiow

TViAEEnatcs [T Catwes [lmed '.:-'rg: o i " ﬁ £
ﬂ ﬂ Fast

| Axis Control | Kinetics
Kl 4.10 Psz) )2 e

4.5.2.1 kr& %R (Cursor Coordinates)
R AR EhR AT B
4.5.2.2 344 (File Names)

TP S 12 i SO E AL, A% O F_HY_ I E]_0.
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4.5.2.3 X438 (File Menu)

R S0 2 DR A B* pfk A% B 5 Y ASCIT A% S S

45.2.4 WERFHHE (Fast Kinetics)

| Copy Trigger from Fast Kin. | JTI 155 24 s (h3h 1127 2k
TP PRI % 7 1

Average Point XJ<Fast Kinetics>#% 2 1 R AL 50 s OB CREAR A 50O I3 B RE LA S
—UCFME

TFAA S i R0

AUTO ML ON 3% 5 7F T ifi<Fast Kinetics>F F 347 71l &%

4.6 EEHEERX (View Mode)

B LIAERIER: PAM-2500 ZOEAUNAEH], SARERTOCBUN AT DU . 20 H T4l
A F AT

4.6.1 E#E: (lcon Bar)

BRI S B LR R B SCIE . STIFRA SCrE . ORAE B . Rl S s ASCIT A% XSO KE
Al 3 BR GURG W ARSE

4.6.2 % (Sidebar)

TEAN T RE WK 4.11 AR .
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PAM-2500 #4ETF- M BFERASTTHEESRE, FREEHRAT
B| o 9 b By
Commentto| Open ‘ Save | Record to
*.pws File Report Report Hﬂcufd | Clipboard
— DEE R ".:'.'::.':.. Pick [:-"*ﬂltﬁlmI
'IH-'J-- ::':fll :hl-|I :: 'I-—l I!h:TrllI 3 E.Lﬂ-_ ';-'H“l |
=m0 a0 imnitlcon Bar| | Bl rR |
T TR 1] l | e 8 RN LLU R ERALEM rm m | F “Fa"
S s EEEn S o
i s g0 e i S - YINPO)
R [ L IRTHO A e FERETE ~ wiNO)
ﬁl-‘-lll‘ (] anr i l.1|| s llll ‘lH “‘E.L r “ I
: r
Sidebar || B
(N ¢
e == 1L L

vV

7%

/’/4 Current Report: File Name

Current Record: Date of Start

- Current Record: Time of Start

=
{— Current Record: Fo, Fm, FwiFm

Current Repont: Select Fluorescence Trace ]

Current Report: Select Record
{ First / Previous / Next / Last )

| —— Open Report

— Current Report: Current, Total Record Number |

\\{ Current Record: Line Number

- Switch to Measure Mode

-

K411 AFHEAEND

4.6.3 PEEFHIE (Pick Data)

3 PR T SO T S R
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4.7 BIAICH (Script Files)

SRUAS ST A I A i o) — S R R 58 B 8 SR 1) I sl 1 sl T BAS R P K e T
PAM-2500 [ILhfE, KA LAZR S A Ol 2RI 7 .

File Command|| Editing Exit
New / Open / Save Box Tools
I | (e x|
11_Oszillatiom\/rg

BRI

Timastap(s] =
Waitfs) =

a

L+

- G &

¥ - Detesminabon Commands - ‘i ﬂ
» - Agtinic Light Commands - g
# = Measusng Light Commands -

¥ - Genersl Seftings -

o - Agtinie Light Settings - =

¥ = Measusng Light Seftings - - E

[+

opy Tiig Run from Fast Kinetics

Fast Kin. Tng. Fie g7
Lhuﬁdl'rg oinment = 2 prelurination 5T |

=l Call Bl P Coureart gor B | Fopsiaon Rk

4.12 AR PE A

2T TR SR B — N R AR ¥

®  p{ili Load JFIKRITIF— NS IUMIAS STAR (0 EAE

® iili OPEN [HANBEMEFRATAT S, T2 sieli Cancel |, SRJFHIAZEGIZE AT Y4 0
®  n LTI A UUAT A, AR5 sithi<New Script File>#r idt—NHIA A
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4.8 wWERIZAKIZR

Edat Scrapt

Script File: test.prg
Program Commands Eg @ Program List

-- Program Start --
TR PR
Beqin of Repetition Block

End of Repetition Block; Loops =
TimeStep(z] =
Wail[z] =
Pazte to Fast Chart Comment Line

-- Program Control Comm

|
4]

- Achnic Light Cormnma
-- Meazurning Light Commands -
- General Settings -

- Achnic Light Settings -

-- Meazunng Light Settings -

0 o @

-- General Commands --
MNew Hecord

Select Record

Save Fast Kinetics as

|t (IS

EFES

[¥]

Ind. Curve Maode =
Start Induction Curve

Stop Induction Curve

Start Light Curve

Sawve Slow Kinetics as

Copy Trig. Run from Fast Kinetics

Open Fazt Kin. Trg. File
Open User Settings
Clock,

Call Sub-Program Comment generating Bepetition Block

Kl 4.13 AR 2 1

T IR T A R AR % E D BE DR A T 220 a0 D 3 ANX, bl REPEIIX,
PEEFECRIRE P HE D, NI &N X ZhRESEAT R EE 4 (B 4.13)

P EHIX

2D i R AP B AT I 0L, B P S 1 2 A S B EAT R A 2
Call PANUREEE B> 20 G 48 L 1 BAS R e S A
Begin of Repetition Block FI “End of Repetition Block; Loops=" #EH, FFif—"MEMFE T, fHIA
1T 5 Begin of Repetition Block I End of Repetition Block; Loops= Z [ [f]fir4>, Loops=it: &1 1
TimeStep(S)= ¥ & {2 B (1IN (7]

Wait(S)= BB (a], BIFESEAr— BON AR f AT a4

40
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PRSI a, PR PHE R AW

Comment= X JHIA SO B
Spacer %

Exit 2145/

PR FEX

ST R A5 AR R PR A D R RZ A I (4R 2

RS X

BRI FA R B R N FE PR A, T IX S FE 4 ] LZEH] PAM-2500 #0475 TAE .

PAM-2500 fIHRIESE 2k (RLC) FEFFEAR

PP fift %
-- Program Star -- PN TR A G
F ML ON IR
AL ON DI
AL-Int. =1 BCEIGAOLHRE R 1
Wait(s) =10 EHRF10S
Sat-Pulse/Fast Kin. PAT A K b
AL-Int, =2 Koo T ) 2
Wait(s) =10 17108
Sat-Pulse/Fast Kin. PATHIA K b
...... BT GG
AL-Int. =9 Koot TH =2 9
Wait(s) =10 EHRF10S
Sat-Pulse/Fast Kin. PAT A K
AL Off KHDEAE
F ML Off SR MG
Exit BHEF

TATFRAE T — Bl DLRE ' it Ze iR P S 5 B S 1 AR e i) AR ) 7 v, XL 4R
Pe—ANRRS T, BAREREARE R AR . B~ 2k : hitp://www.zealquest.com/down.as
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5 BREFSKITE LA
5.1 HAM RS

5.1.1 A ff B 1 I e BEAT U =2

Fo 4 PSII J 3 AL T T ORI R Bie N9 e
Fm 15538 85 SR A T AR 4 PSTL S Lo HAL 5% ATIR 2R I 1) die K 501G o

1600 = ) sSp
K A ‘L
E L
5
e
i I i F;r.'
H —
LTS
i ]
£
it
T
£y
FR FR
DARK ACTINIC LIGHT AL

U= I |

|
(0 30 100 Time. 5

K 5.1 HAksp . AL, etk D, HEEE; SP, WIRIAJG; FR, @406,

5.1.2 Xt TAMEATIE

Fo’ St Fi/hoeit. 4<Fo’-Mode> i i, (ERIbka 5 A %% 55 G HBFT TR 4 etk s ok PSI,
PSI 3 PN R ZE 1] [ HL AR A 2L 7, Al PSIT RN LTI, BRI 9867 B 4 R R RE h Fo®
(6.1 75S Ii}). *4<Fo’-Mode> A JiG i}, 2% Oxborough Fl Baker (1997) FJ5ikit4 Fo’o 4
ZAS /I
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Fo’= 1/(1/Fo-1/Fm+1/Fm’)
Fm’ 6 M RATHAT R PSTL i b Lo Ak OC PR N 1 e K50k B

F> JATHOAK o Rir (0 S8 N 28 e

5.2 WAERSH

PR R G BE T T 06 A 27 B BRI A 27 S 2 1 P 8 2 vl LA ¢ e 7 e 1) B AE B BOREAT X
Jr. % 6.1 5 T WinControl-3 " Fl 2 Fr A HI LA R R DO S HUH A T it > 2 Hik AT
] FLFR A4

#* 6.1 MRS

S X SCHRR AR

Maximum photochemical quantum yield of PS  Fv/Fm=(Fm-Fo)/Fm
IT (Kitajima and Butler, 1975)

Effective photochemical quantum yield of PSII  Y(II)=(Fm’-F’)/Fm’
(Genty et al., 1989)

Coefficient of photochemical fluorescence gP=(Fm’-F’)/(Fm’-Fo’)
quenching (Schreiber et al. 1986 as formulated
by van Kooten and Snel, 1990)

Coefficient of photochemical fluores-cence qL=qP*Fo’/F’
quenching assuming intercon-nected PS II
antennae (Kramer et al. 2004)

Coefficient of photochemical fluorescence gN=1-(Fm’-fo’)/(Fm-Fo)
quenching (Schreiber et al. 1986 as formulated
by van Kooten and Snel,1990)

Stern-Volmer type non-photochem-ical NPQ=Fm/Fm’-1

fluorescence quenching (Bilger and Bjorkman,

1990)

Quantum yield of non-light induced Y(NO)=1/(NPQ+1+qL*(Fm/Fo-1))

non-photochemical fluorescence quenching
(Kramer et al. 2004)

Quantum yield of light-induced ( A pH and Y(NPQ)=1-Y(I)-Y(NO)
zeaxanthin-dependent) non-photochemical
fluorescence quench-ing (Kramer et al. 2004)

Fv/Fm and Y(II) PSII {1 KREFr=& (Fv/Fm) MLFREF=E (YD)

RS HERZS AT PSILRIRO e REH AL AL = RERI R . I Fv/Fm B, KRR LTI 7870
(i 3 . LA O PSTLFITAT (¥ 5 B R AR A+ I FIBCIR S T HARSEAL A IR Bl de /Iy o AN RIAE ) IR G 3 1
IS T)AN [, IS A P 260 H A P PG5 2 12 B ) AN A [
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Y (ID) S R R 6N MR RSBt REFEAL R . A IO OLt) B3] /KFiF YD
5 BA BEE LI WO A FPRAS, PO AEGRRAR 98 I R 2R SCRR R AR T e oA B W s e Y (D AT g

SR E
qP and qL YLK R

XS R R T2 PSIL A AT FFHCIRZS 1) s N H L BT i 1 EE . b qP S 38 T VH PR Y 1)
(puddle model, Schreiber et al. 1986 as formulated by van Kooten and Snel, 1990). qL & J& T 7H AL ()

(lake model, Kramer et al. 2004).
gN and NPQ FEALEHRERSHL.
XA S BOHSRN T 5 58 J5 1 S A oK B T R A D6 A 5 KA 5k
Y(NO) and Y(NPQ) B4R RKHE T =&

XA L Kramer 257E 2004 SEHEH BT S50. YINPQ)JEHR PS 11 AL Pk s A B 1= e 45
Y(NPQ)# iy, — J5 AR WIAEA 2 G iR ), g — 7 e WA AT w] LI I 97 (ke D6 e
FERCAHO KO A5 . Y (NPQ) 2GR I EE R . Y(NO) 2R PS I1 AL AF 15 1% g S AR B &
TrrE. 4 YINOYE mr, NI WA 2E R S e AR PRI S LR CndAE O A 2 LR AR
FOGRE e AT AES . Rl tl, ASPGE 7Y B . X, MY s Cax BIHil;, 5k
B UVEERZ I RSOV EZ BB . Y (NOD JGH7 I 2R

Y(I)+Y(NO)+Y(NPQ)=1
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5.4 X} B FRBESR

A A R T S A A
ETR = PAR * ETR-Factor * Pps,/Ppps * Y(II)
ETR 1R AFEAS UL IR, PSITAYSERrE 377 &, YD) LA PSILWRHCHDEHRE. T it AsXHh
(¥ 3 S BT A2
PAR 6 3w 4t
ETR-Factor Wt 5%

ETR-Factor s£ #5106 &5 (4 S OOE R EL Bl . AERT WOEVEREIN (400-700 nm) =35 REPIWE ' 2 4K
SLUHA N 0.840 ANFEIFEAR IO RETBEANR], AR il 1) A L LU BN 2225 RS B L8 225

Pps2/Ppps PSIT G (RO R BOE & (s Bl it &1 i Le il

5 PSIT A PSI WO & 1 2 AH R 1K), Bl Ppgo/Ppps=0.5. WinControl-3 FH 0.5 i Ppso/Ppps
iIENIN

5.5 ez ph &k

D' i 2 e I <Light Curve>F 7 IESE IR JLAS s BB T ms DG, — s o T BB L I
FEA IR ) R 11 AS A2 LA A5 AR BURRAS o PRI, SH A A St o 187 g 482 o B DA PR 1T 26 (RLCD o
ALGE )G B i ZEANTR], PRage o 2 S 7 24 HPIRAS T OGA PRI BOE B o D0 bRadHs th &b AT 94
ATLARE BUR LA B2
® a, Hifi: electrons/photons, IO ML IMFILARLE, KW T AR R
® ETRm, H#47: pmol m?-s”, FAH FALIHEE,
® Ek, Hf7: pmol-m”-s”, F/MERULEE CEERDETR), W TS 3G 32 68 77 .
PamWin-3 >KJ1] Eilers and Peeters (1988) f#{JA X PREOG N BEATHU S, A AT

PAR
a-PAR" +b-PAR +¢

BEANSEI AKX 2 -

ETR =
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1
o=—

C
ETR,__ =

|
Y b+2-Va-c
_ C
& b+2-4/a-c

5.2 4 T JLAREDE I B 5 LA TR S

I

100
= ETR;ax3
NE 80 /
= ETR a2
=
g 60 _ /’
o
© A ETRmay1
E 40 = f’r—_\
3 /i .
o 20 [/lk2
5 k1
o)
0 4= | J | ; T 3 T :

0 500 1000 1500 2000 2500

PAR, umol pbhtzutn:.unsf(n'|2 - 8)
Figure 5.2: Three Exemplary Rapid Light Curves.

Curve | Parameter
a b c a ETR s Ik
1-10° 1107 5 | 02 41 207
2 1-10% 1107 5| 02 69 345
3 1107 1-107 5 | 02 88 438

5.5.1 TR ih £k ) SR

Fouqueray M, Mouget J-L, Morant-Manceau A, Tremblin AG (2007) Dynamics of short-term acclimation to UV radiation in
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marine diatoms. J Photochem Photobiol B: Biology 89: 1-8

Jassby AD, Platt T (1976) Mathematical formulation of the relationship between photosynthesis and light for phytoplankton.
Limnol Oceanogr 21: 540-547

Perkins RG, Mouget J-L, Lefebvre S, Lavaud J (2006) Light response curve methodology and possible implications in the
application of chlorophyll fluorescence to benthic diatoms. Marine Biol 149: 703-712

Platt T, Gallegos CL, Harrison WG (1980) Photoinhibition of photosynthesis in natural assemblages of marine phytoplankton. J
Mar Res 38: 687-701

Ralph PJ, Gademann R (2005) Rapid light curves: A powerful tool to assess photosynthetic activity. Aquat Bot 82: 222-237

Rascher U, Liebig M, Liittge U (2000) Evaluation of instant lightresponse curves of chlorophyll fluorescence parameters
obtained with a portable chlorophyll fluorometer on site in the field. Plant Cell Environ 23: 1397-1405

Schreiber U, Gademann R, Ralph PJ, Larkum AWD (1997) Assessment of photosynthetic performance of Prochloron in
Lissoclinum patella in hospite by chlorophyll fluorescence measurements. Plant Cell Physiol 38: 945-951

Serddio J, Vieira S, Cruz S, Coelho H (2006) Rapid light-response curves of chlorophyll fluorescence in microalgae: relationship
to steady-state light curves and non-photochemical quenching in benthic diatom-dominated assemblages. Photosynth Res
90: 29-43

Serddio J, Vieiral S, Cruz S, Barroso F (2005) Short-term variability in the photosynthetic activity of microphytobenthos as
detected by measuring rapid light curves using variable fluorescence. Marine Biol 146: 903-914

White AJ, Critchley C (2005) Rapid light curves: A new fluorescence method to assess the state of the photosynthetic.

Photosynth Res 59: 63-72

5.6 KESE ik

Agati G, Cerovic ZG, Moya I (2000) The effect of decreasing temperature up to chilling values on the in vivo F685/F735
chlorophyll fluorescence ratio in Phaseolus vulgaris and Pisum sativum: the role of the Photosystem I contribution to the
735 nm fluorescence band, Photochem Photobiol 72: 75-84

Bilger W, Bjorkman O (1990) Role of the xanthophyll cycle in photoprotection

elucidated by measurements of light-induced absorbance changes, fluorescence and photosynthesis in leaves of Hedera
canariensis. Photosynth Res 25:173-185

Eilers PHC, Peeters JCH (1988) A model for the relationship between light intensity and the rate of photosynthesis in
phytoplankton. Ecol Model 42: 199-215

Franck F, Juneau P, Popovic R (2002) Resolution of the Photosystem I and Photosystem II contributions to chlorophyll
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fluorescence of intact leaves at room temperature. Biochim Biophys Acta 1556: 239-246

Genty B, Briantais J-M, Baker NR (1989) The relationship between the quantum yield of photosynthetic electron transport and
quenching of chlorophyll fluorescence. Biochim Biophys Acta 990: 87-92

Genty B, Harbinson J, Cailly AL and Rizza F (1996) Fate of excitation at PS II in leaves: the non-photochemical side. Presented
at The Third BBSRC Robert Hill Symposium on Photosynthesis, March 31 to April 3, 1996, University of Sheftield,
Department of Molecular Biology and Biotechnology, Western Bank, Sheffield, UK, Abstract P28

Genty B, Wonders J and Baker NR (1990) Non-photochemical quenching of FO in leaves is emission wavelength dependent:
Consequences for quenching analysis and its interpretation. Photosynth Res 26: 133-139

Gilmore AM, Yamamoto HY (1991) Zeaxanthin formation and energy-dependent fluorescence quenching in pea chloroplasts
under artificially mediated linear and cyclic electron transport. Plant Physiol 96: 635-643

Kitajima M, Butler WL (1975) Quenching of chlorophyll fluorescence and primary photochemistry in chloroplasts by
dibromothymoquinone. Biochim Biophys Acta 376:105-115

Klughammer C and Schreiber U (2008) Complementary PS II quantum yields calculated from simple fluorescence parameters
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