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1o AR B T 1 St el i 2 A 4R P AR AR
2. TEIERAT TR A
3 IRFRACHIAE  VE R AY, 2 B AR 7 o R ) & 4% 5t Dual-C UK KL #2 t Dual-DR(Dual-DB)
AMDual-EXE SR B A 22 o
4, [HRREHCEEER B
6. FERIIRIE T EB Y, 281E7EDual-PAM-100 FRHLAGIE I FIERA M EmIE! | | £k
FEDual-PAM-100JTHLHI T 4t TS Fdm Loz skpc! ! |
7. 221k B HiDual-PAM-FE 341 4 |
B IEROL A R I E IR, BibKf! 1!
9. JGIEAHIN R SCHA, SRR AT DURE KGR ) 75 A
10, T BREACHT R EHL, XFERT L B B KHREAAR, MERE2NHmE—K!
11, P700ME: 2 Fif — % H mi i RV A AT 11
12, WENFEAEZEHEHUE TR RERE, B EHRREE.
13, WA AR RE S -
14, RARVFRFSIE KA .
N PE IV RN YN N
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2 T&9T

19884, Schreiber#(#% | F PAM-1005Lhill & T P700/)W I #E 4k, (Schreiber et al, Z. Naturforsch, 43c:
686-698, 1988) . 19944F, SchreiberZ#3F Ak A FIP7007%: Lyl & T PS I & ¥/~ &
(Klughammer & Schreiber, Planta, 192: 261-268, 1994) .

%, MHAIPAM-1000ll EP700 2L TN . R FE B E M4k 2Ot (PS IiETE) AM1P700 (PS|
W), AEP G PAM-100[FIN TAEA 4T . AUARESE, BAEEA, T2 LR Ll 5.

PLTE,  SOHTHE H ¥ B0E 3E PAM-100il 2 R ZiDual- PAM- 100, ¥4 £ PAM-100% & 7E— A EHLE, o]
PAAEH TR OATARSRI LT 5D R E 2356 MP700,  [FIRHAGIPS IHIPS 1H)E 1.

BRAN,  SEE AR R KD UR - RrI HR T IR AT LA B SR A BB KV 2 BB S SR WNES IR TR
ApH CEITO-AATOGEITIE T ) o RIS Gl 2R b ER A Z "I, “P515”) HINADP
FI4EGEIRZS CGEIENADPHIZ ) 45 o SR 5 B e 14 22 SR T LA Idid 3 v A5 08 A D00 45 S B

20094F4H, WALZA Rl DUAL-PAM-100 56 & X &5 &, FEHE S L5 — R E) 1 [0 R co2 AL
#e. P7OOFIM4R R %

Dual-PAM-100 X I 1 f# il - 4% 3K 96 A 935 44 IPAM-101 28 30 G KITH AR, e A0 &
F RGN RGNE G SR VOB, EEY ARG NG & N A ) ) 20
G T A RPR O k2 e 9 E AR B Zh I, ) F Dual-PAM-100 1 1A 4 ] Ty e U B8 S L Rk 2 X
FIAEbREAL PG 2R, T RR R AR A BT 5

FEPERIIPAMZ %, Dual-PAM-100HES [R5 6 R SRR RGNINEVER L, BB Y
AP EENEART B —. FSMEH A RGE RIS th 2 A Pud e th 2635 38 5
WIIREF A B, SEAMA F) A Dual-PAM-100 T2 Il 3 LR Bk i LI PO 2R, e e K il G
(5 elEi BT (BRREED 2Bk P700+S A J5 26 S5 75 ATt v #18 2 — — A&
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HRR%

3 Dual-PAM-100 HY%

3.1 EAXRGHEHE

® I#l: DUAL-C

® YK HJG: DUAL-E

® KilIHIT: DUAN-DR(ZLJ%:HR)/DUAL-DB (i YGHRR)
& HJRZ: FWHL

o Husk: USBIEINZE

& B PR, &R, S
® i (29

® hfiK:

3.2 BEERGHIRE

Dual-PAM-100FT 6 ER & H: KA A #72, WiCharge, Emitter, Detector, USBZ, &N 5 EHLHE
BRI O ——X BB AN (3% L E)
® JHiZ——CHARGE

® USB——USB

Emitter- Emitter
® DUAL-E {
LED Array E- LED Array E
LED Array D- LED Array D
® DUAL-DB Detector — Detector 1

Fluo ML — Fluo ML

3.3 £ DualPAM

& SCHTRIY DUAL-PAM-100/f #47/y Dual PAM V1.19 (20160218)
& ~EHbk: http://www.walz.com/products/chl p700/dual-pam-100/downloads.html
TEJE NI, S b S A R LT AN E AR

DualPAM Folder DualPAM
| l tRES RES
@l se2=w 684 =T
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3.3.1 USB i OB (B0

%% DualPAM I, T2/ 2% USB BRI UK. 55— K JE 3)) DualPAM I} 754 USB i 47
#H, WETEINT (Windows 7) :
o WHFECZIBEE use FIELKF Dual-PAM-100 5 iR Hz .
LI Co 1P a3 s A D i vk = ) K o
o i il E A
® EFE“II (Com A1 LPT) 7, XilifEJT
® [:4%“USB Serial Port COM#”, XUifi4] FF
® iy L E”
® iii“Advanced”
® f“Latency timer” % & N 1ms

® lili“HAE TSR E
3.4 Dual-PAM/F

9 1 DS SIABDE R, IR, B A B M b Il B . Dual-PAM/F R] DL RIS 3 96 AT P700,
[FIREAS I PS 1A PS | AT, AT B 4 1 D) e U B RE L8 R RS S ARARHEAL SOB - 2, TR R AR
PABAT T BIADEHOE R G BBOEER BT (EFRSE) 22tk P700+IEIE Ji 2855 .

‘Y'A‘

—
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3.5 HE4AH

3.5.1 I 2 EF W 6% H 0 ED-101US/MD

Wit BEESEH], PRI 10X 10 mm B AR AT PSR
&%k DUAL-DB (DUAL-DR). DUAL-E ALk 135 £ 8
US-MS; 38 1] LA N804 M R I & Sk Cln iy g 35 7€ 5% . NADPH
7 6Ek P515 WD)

B ARk E & ST-101 |

HE: 7509

3.5.2 DP515/535 [f{{4

P515/535 ftk /& WALZ A &) DUAL-PAM-100 it sk, wfLLE
F: % H: DUAL-PAM-100 (1)L, W& 550-510 nm (1) 22 2RI LA &% 535 nm
BRGS0, P515/535 HEHL ] LA & & 4 B 1) 5 It - 50 ) 3

(pmf). EIHAL CA b)), BIREFEE (ApH) FIE KR (Zea) &
WEENT . IEAh, ZEHGEAR A — TR PRI “P5 15 Flux#ER 0, ATkt
A AR Bk i AT IF-5 1 (UL S HIG/S D, TR I B 5 A RE i Ak T
FRAS AR Bl R0 0 7 IR B 2

3.5.3 NADPH/9-AA Bk

NADPH/9-AA /& WALZ /A 7] DUAL-PAM-100 Bl Ak, ]
PAE i H: DUAL-PAM-100 (ML, P NADPH 261 9-AA 5.
NADPH 7%t ] T4 5 NADP [FIiEJFEAERE, 9-AA 6 T4t 5715 st
THAEEAPH . IZAEHR — ME R 2 ShRAERRSKIH, fEE PR B3 —
i) 7 [F I 4 3K Ot 5 NADPH %

3.5.4 HAREEFIRL us-sQs/wB

Bt EAR 3.7 mm FIECIRIR L 2R HAR 2 mm 64T B
BREL AT VR NEE AR b AT 5 ENLERE .
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3.5.5 Dual-PAM/F FH3< {44

3.5.5.1 2030-B 3£
3% 2030-B J& Dual-PAM/F % B B4, & 1 4R 11k
BB TR RSk, I MO8 #54 S% I 4551 DualPAM #4.
P4 2030-B (AN I AT HLIERER I, S LF- 50 1 1k 60°
A, TR B AR 10 mm ARERANER e .

3.5.5.2 DLC-8 BEiE R H-32

HIERI  DLC-8 T 4g, LA LIRS Z MO F L, M
ARGFHEIN Py LS LA A, T BLERE R LI
AHRAT. SCBRIRN, STIRIN, R0 R ERET R, T
FEFEH T FA LIS ATIRERL, A BT K B
TR FUIFm IG5 772 i

3.5.5.3 Jt4f

Bt R R, IR =308 S PAM-2500 4% ‘

Ky (IR« 4ME 8 mm, 3L E4E 6 mm &
K. 100 cm >
i ~3009
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4 {€F Dual-PAM-100

4.1 B

Dual-PAM-100 H] AT #1E ¥ B #7383 DualPAM 344347

o LTI ERLAKIEFE (Fluo Fl1/E] P700, P515 Fl/8E 1535 £5).,
® T LT AT B I AR, BRARD
o WLUHHMTIMESERE, R, WH, B.

® N ULEBEATHRR IR ERE A G, fRAE, M, Bk

o WLUEHTHEIE (Hid) RfF, BF, FWik.
® A ULBEAT T4

DualPAM A ¥ &% B ) Z B8 1B R RIERE

45 = o0 a2

P ML P700 Meas. Light P700 &L

F ML Fluorescence Meas. Light TOMEE
MF-H Meas. Light Frequency High WEYE P
MF-L Meas. Light Frequency Low W E GRS
Int. Intensity SRFE

AL ActinicLight Kok

Bal. Balance R i

FR Far Red Light PR AN

ST Single Turnover B RS R R ik e
MT MultiTurnover % JA ARk v
SP Sat Pulse P ik

SK Slow Kinetics 1B T FHICBN S LR
Ind.Curve  Induction Curve HS LR

LC Light Curve b riiif5

Calib. Calibration B

Temp Temperature BE

PAR Photosynthetically Active Radiation WEFREEN
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42 \HRE

& SCHTHRT) DUAL-PAM-100/f {4 Dual PAM V1.19 (20160218)
¢ ~EHhbk: http://www.walz.com/products/chl p700/dual-pam-100/downloads.html

DualPAM B1F RN 2345, Sl ba MBI R AN EIbS, S B REE DT 30, AT I8

N DualPAM Folder DualPAM
562 =1 684 =1

BT I AIME S QT

Uzer
Settings

Sawve
|zgr =
Settings
FTFF AR

BRFER iR

[ Flux Mode

Fluo

Gain

0 (Low)

5 (High)
Damping
(10 pPs (Low)
1 ms (High)

P700

Gain
01 (Lawd
5 (High)

Darmping
(0 10ps (Low)
1 ms (High)

[ Zero Dffset ]

[ Zero Offset l

{'saings [Sowkintcs | 5 Kt | Ui Cure | 57 andyss | lspin | e SESE BB
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4.3 MEBENEEF

LR T R 1) S 3R SO AN AT DL LIS TE W B AU TE R, I AR A DU LR

A, FEHL EERHZ Dual-E 1 Dual-DB (B Dual-DR)

1, I PSI ZOG, I EAREFE Fluo

2, HIN p700 ZE R, I EAR EFE P700

3, [AI Fluo+P700, I EAR ik Fluo+P700 (M JR)

B, FAHL_LFZHZ Dual-EP515 1 Dual-DP515

4, N P515, W EAE AL P55

5, BB 1535, W ERE LR 1535

6, [AIIFIIl P515+1535, HEHIF{k$E P515+1535

Pl AR B REHRLSEHIIVIIERE, v LUdd S8 N EZAEILK Open User Settings, 17F
WALZ H ) SCmER, SCHHRAELE DualPAM 2235 304132 R K] User Settings S92 4 .

R B 2R I B A 2 B, W ARG 2 5% 8 0L L1 Detector 52 75— H R AT
[ Open |

¥ Ugel

[ Mode | Meas. Light | Actiric Uikt | Siow Kin. | Trig Run | Sat. Pukse | 5P Tiigoe

£ e

| Flux Mode

4.4 SHTERINIERE

U TE 1 1) -4t 2R 8 G ACAT DABEAT T kb 23 A AR I3 257 615 5 80 112 40 A CIRAD
SP-Analysis: 5 3 HlIZk, PLgniizk, 8, P700 KELJH, P515/1535 Yl &L
Fast-Acquisition: fRIEMZx 2 HEFEN 1508 (P, OlIPtest BfiEFE
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4.5 NESHIELE

4.5.1 % FHI LK E

a. RGN 20-30 0B CIZIN 6] iR S AL IS S LIS (], 3569800 5-10 708

b. 1LF¥ Settings i&3T, 7£ Mode T-iI HH Uk FE T 75 ZE I B AL,  FRIIE: PSI I TELEHE Fluos Al
B PSIiEMEREFR P700; [HINHIIE: PSIN AN PSI Vi PEI%EFE Fluo+P700. Analysis Mode 14 SP Analysis. FHoAthfii
EINCEEE

c. fE Meas. Light 718350k BN EOE ML BRIZ, — A 75 258 5. Bl & P700 B[R] A2l Fluo+P700
I, 5 A R HEAT -, 1S P700 BUE AR E HAE 0-0.2 Z0A) (MR WME, ATl S A 77 P700
OB R

d. £ Actinic Light T3S P AE e ot, RS @I & —HH& I 100-300 umol/m’/s 724 ik
Bep, RO 8-11 Ak, HAMATEE XN

e. BEBBKTE FHMEFLT, 1E Slow Kinetics TIEHIH, EX AL Width AT IEK I B (6], — KMl 5 A5
FIE R, U R B 56 JS A AE VI A S e ]

f. A&k SP, fE Saturate Pulse SEHL AR A B WAk, — AT B

g. LLHE Slow Kinetics 3 H, A Start 4%4 77 T Hi3g P Manual 2509 Ind. Curve, sl Start JF
IR

h. WELHR)E, TR R, mdi BT REHZHLRAT Report, sthZR (AHT k424 T Excel £ UEE .
i. BEPE Report T3R8, b /e LT AL HIRAT Report, siihi R HT k4T HH Excel HUER 1 .

i Q162s  yi=o3TEY ,z-amv. -F

nnnnnnn Ok ’

AR Tees Vo
b Jmec v

SHEGL T ey | TonFanm | Lt Cuvn | 57 Avaa | Yinkt P | Mapce

lE_l'lLL- ™ E'—"u] " ml"b ui] Wi e ”T““'b -
" nn{f a %‘_‘-""lf"'"fl"""l 5 ]'u......,k...., i”' 0w -

FERA O SN e | il s

=
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4.5.2 PRI i £ TN B

a. MBI 2L E R BEAT I IE L, KA i JeAE T Fr e b, miali Light Curve F:3 5 (ARl & PSI ] Light Curve
75 ZELE Meas. Light * Al KPP0, sl Edit 440, BEHXHERE, HXHEREIA IS, 51404,
B —3ERT DA 20 255 58 ZFNOGHRSRAE SR, B PAR i 55 =FIRIGRME IR E, RA1—MEEBME
BRI, R, JFAR R BRI R B i, A TR E AR BT SIS R — A
JE TR TR AR RIS 18], — i AR ] T ] 5

b. WETEICHRANMRGTIN )5, % OK #iik, Jf i Start #58H, JFAR PRI ih 28 I & ;

c. MESHE, B HZI AT report s ALZRAL T PINAFRIILLE HhZk EP F1 Plat et al., FRATH]
PAE B R A, Il Pt RIS, A S AR SO S, JFTFEiE k.

d. WELHE, MFHREEDE, s BT8O IR Report, RSk (UHT K%L T Excel M EE .
e. JEFF Report F3EHL, i/ LI AL HAIRAT Report, it i k%8 3t Excel Zi#R it .

B Dual PAM v1.19 gRort 1f
bFile Options Info Firmware Update GFS-3000

| @] view-Mode

Total time= 300 s
= )

d 5
Step PAR Intens.  Timef10s

2 13 3
307N 3 3
I 4 a9 5 3
: 5 167 7 3
i B 209 8 3
""" 7 35 10 3
8 496 12 3
3 754 14 3
10 1173 16 3
ETR(l)
~ ETR()Fit o 11 1450 17 0
- ETR(DFt stics 12 1804 18 3
13 496 12 0
14 325 10 3
15 209 8 3
16 167 7 3
Settings | Slow Kinetics | Fast Kinetics | Light Curve | SP-Analysis | Yield Plot | Report
' ' — ' Clock 1788 5 3
[ﬁ PML][ M oga || 7 A " I FR ][»li TR ][ MT ” I satpuse ' :[—Sat.Pu,l,sle, = 18 | 31 . .
“jon (10 -
lE FML”E’ HF-H] {AL Pulse | FR Pul:e"'m Pulsell ST I FRYield | ALVield | Fm 22 L LRE z 3
: - = , | 20 5§ 1 3
PSIFluo. 0 E%;é’fﬁav Rlecalculate | |[ Trig FileSTM Trig File.FTM Run
= [ ox | [ cancel | | pefaut
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4.5.3 s M4 £ 0% 6 581 /1% (Fast Acquisition) Bl 28 K170 &

a. WFER RGN 20-30 704

b. #EFF Settings 1, 7F Mode %1 -F 3k 3R FT 75 ZI B AR, BB E PSI FEEIEHE Fluo;  Analysis
Mode 3%£#% Fast Acquisition. AR T H 4.

c. 1% Fast Kinetics =3¢ 5., fHili Trigger Settings, %4 Poly300ms.

d. 3] Fast Kinetics F-3€ 8., riifi Start, WEPSEMGFRIOCTE S 1MLk, Ak Log, fEMEALFRLL
MHUE R R, BTS2 0P #hZk.

e. WEEWRE, MFHRAMAETY, s LI7 AL RTE Report, st (O #T k%40 3t Excel #3UEH .

-3000

'File Options Info Firmware Update GFS.
| ] view-Mode

t= 15940 ms yl=0.187 V

F_140812_162704.0 ~

SP1 (MC3)

=

Fluo P700
F() Pm
Fy/Fm0.000) | Pm' [0.000
Fm red. [0.000
Y( p.ooo] | Y()

F [0.000] Y(ND) o.000]
Fm' Y(NA) [0.000]

(For 0000,
gP [0.000]
SaE ‘gL [0.000
at Pulse
[ | Averaging gN [0.000|
---------------- e e P L L P m e m e B S S S e S | Anta Ml on NPQ [0.000
: - - [ [ Eut Tigger | Fluo P700

[+0.00v] | [+0.00 v]F

PAR  Temp
b |[pooc] poov]

Settings | Slow Kinetics | Fast Kinetics | Light Curve | SP-Analysis | Yield Plot | Report

EEE

| Clock

|sat Pulse -

,m: H H satpulse

“lon [10s  ~
[E’ L™ MF-H} [AL Pulse || FR Pulse || TR Pulse| ST l FR+Yield | AL+Yield | | = 2D [s—
PS| Fluo. * %ofFo Recalcu!alﬂ Tﬁgﬁ!e.STM TﬁgFile.FTM Run
Single Shot SP_Fluo.FTM
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4.5.4 ¥ (Post-lllumination) Bl £ I &

HfL: Post-illumination /&4 656 G IS aBRIS LA (IR FR“ B8
BN et iR EE A AR UL AR (LRMER AL, Z B "Z" scheme) FIFEISE PSI (H13F
L F£1# (Cyclic Electron Transport, CET), WifR 77 sULH Pa BE, JebobkHIE, &4 PQ B
WA FARIBIE IR, TRIAE 43 5 .
JEFF R T43%: H20 — PSTl — PQ —Cyt b6/f — PC — PS I —Fd—FNR — NADP*
HAFfEig: PST— Fd J—/>F>Q—>Cyt b6/f—Fe-S—Cyt f->PC — PS | (PGR 5 /%)
PS I — Fd -FNR—NADPH" /NADPH\IL»PQ—>Fe -S—Cyt f->PC — PS I (NDH /%)

BRI S ERESIR I PSI SO B SR PSI IEFR B AL, 1S E E BRI — T B
AR EAR
BAMIE: AP, 4TIF Start”. “4TIF FML. “4T9F AL “SCH1 ALY “SCH FMLY.
Bt 1. FIHREFOCMOCRAERTOBEN EIF (A R

WK 4.5.4.1 B, B LLER G i8N EEEOC ORI R I 9OuBRn BT 2k Gass il &

TERML, HEARE, ESEMCHD , HEBLNERRI O ETREER, ZRRME, £
PEIR L FAE G PRk o AT 32 ) iR anfel 1 FH Dual-PAM-100 -3l & A Hh 2k .

.mwm Fiuo (o e . O T
E]W COAG Y Y SN0040002 W R - %

SM u,.rm u-»um.wmm l"m "uw!
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Copy Settings from Slow Kinetics: & #il| % & H ) 18H 15 S 58) 1122 & S50k E
Copy Trig. Run from Slow Kinetics: & #1818 15 53l /15~ #i 261 Trig. Run F£/7;
Copy Settings from Fast Kinetics: 2 ffill i B H PO 5 T8 122 2 S 80k &
Copy Trig. Run from Slow Kinetics: & | i 175 32l /122 2611 Trig. Run #2775

Open Fast Kin. Trig. File: T CAAFERITRE T3 /151 Trig. Run 27
Open Slow Kin. Trig. File: $TJF C&AELERIEH TS T3 /151 Trig. Run 127
Select Record: EFFAHAFILTK;

Clock : FJFHFELH] clock M &FEF;

x
¥ On
oK
—
Copy Settings from Slow Kinetics d
Copy Trig. Fun from Slow Kinetics
Copy Settings from Fast Kinetics _I

Copy Trig. Fun from Fast Kinetics *l

Open Fazt Kin. Trig. File
Open Slow Kin. Trig. File
Select Record

Clock Mode =
Clock Target Humber
Infinite Clack Cycles




Clock Time =: H N [AIRG A (8], ¢ B P9 IRERAE 2 [ R[] 5
Clock Mode =: EFIEIAEAERIFE L

Choose ¥alue il

FR+Yield
AL on
Comi FR/BL on

Maormal command
~Program Fepetition Block

Clock Target Number =: i NI IIREL;

L x|

Clock Target Number

—+-No [ED

 OK X Exit |

Infinite Clock Cycles: ] B M TG RG34 ;

i
v infinite
1] 4

b. Determination Commands & fy & &4~

Sat-Pulse/Fast Kin.: X8 & i —/MEA Mk GHAT — PRI ;

Fo: {X#%idsk—4 Fo HIHHE,

Fo' : AX&FME—4 Fo’ HIMH;

Fo, Fm: AUESITH—MEMMKeR, ME—4 Fo, Fm BUETHE Fv/Fm;
Calibration: X #8347 P700 W& 1) H S AE;

Pm: {XEIE P700 [ T~ il

Auto FoFm/Pm: H il Fo, Fm £l Pm [F{H;

FR+Yield/Fast Kin.: $TFFZZL 6l & P700 1 &1~ B AL ;
AL+Yield/Fast Kin.: FTJFGiE )G E P680 I 7/ B AIHRAH;

c. Actinic Light Commands JtAL G Ay &340

AL: ATIFESC ARG

TR: FTIFERCH TR ;. (FE Dual-PAM-100 H, 4% 4H FH T4 i 00 5 8 SR N4 F A4 2 1 R 0T 50D
FR/BL: 7T ER ML L0



Toggle FR/BL: fil &z 415

Select FR/BL=: &4 PSII FOEIR, L yeolii;

Select Act. Light =: IEFEAEIIEIRRIR, 2006, W6, BRI =Pk,
ST: 4T — A FAR AN

MT: $T—A2 A

AL Pulse: FT—/ A GHAI ki s

FR/BL Pulse: FT— AN LGk e

TR Pulse: #T—7/> TR ATk ;s (7E Dual-PAM-100 H, &= XA K)

d. Measuring Light Commands &t dr &4
FML: FTHF B 26 B &

PML: 7B P700 I & s

Balance: P700 | & i1

P700 Sig. Fine Up: & P700 {17475 5 1) |

P700 Sig. Fine Down: & P700 MF-Hi{5 5 M T
MF-H: T FFEOC I &A= B 2 U8 8 St Dh g s

e. General Settings B ¥ B Ay & 414

Open User Settings: T7FH P CIRFEINSHIXE
Detector 1 =: 1%&4% 1 58 BRI R I &5 8 ;

Detector 2 =: 1% 2 5 MBI R I #5 8 Y ;

Measure Mode =: &M & L

Analysis Mode =: JEFERFE AT, 18 B pRE AT ik ;
Recording Mode =: &R 1C % B

Choose ¥alwe x|
Manual =l
Ind. Curve
Ind_+Rec.
Trig. Run
HR Trig. Run
kE-H On
MF Log. On
Gain Ch = "’l Cetector 1 = DB
D amping Chil = Open User Settings
: _ Detector 2 = M.C.
Damping Ch = _I BlE e el LN
rrn Mifzrt Chi Analysis Mode = SP-Analvsiz

Gain Chl=: EFEIEEE 1 XN A s

Gain Ch2 =: IEFEHE&E 2 X N 1 s

Damping Ch1l=: EFERHJE 1 MIELME;

Damping Ch2 =: JEFERHJE 2 EME;

Zero Offset Ch1: HiE 1 #HATIHZE;

Zero Offset Ch2: HiE 2 #ATIHZE;

Slow Kin. Acquisition Points =: & 1814 175 T80 77 2% M 22 0 RAF sS40
Slow Kin. Acquisition Rate =: #1214 175 F:5)) 77 5% M 28 K AE S 2
Target Averages: JL /M s idEAT P34 HUAH ;

Multiple Average Cycles: % E-F-IJfE;

Fast Kin. Averaging: &5 14 PUAH I St A7 P35 HURE

Auto MLon: IEFRET HAFT &



Auto Fo': &5 H3#T Fo "IN & ;

f. Actinic Light Settings Y&k )65 B iy 4 fe A

Al-int. : WEDBHICISREERE R, TR P URIE TR =S, RRGIRIGHL %R
e+, TR N —IRIEA et om B i sm N 8UE, -5 WA

BL-Int. : WEEEILMUIERERE, 55 LA,

FR-Int. : EFEEAGIIBEEE

SP-Int. = JEFEVRTBKIh G A6 B 50 i 5

AL Width =: &R A G IR (I TR RS 5

FR Width =: %4320 21 )i [ 5 1) Ik ) 4 i

BL Width =: &I OB IE BT [ BE 5

SP Width =: VM ket S 10 S i ()

AL Pulse Width =: YAk 6 R ik 1 RS Aok T4

FR Pulse Width =: 176 2T 1 F ikt 1) FE S5 Bof i) <

ST Pulse Width =: 5% Ji5 BV 0 ik v 1) B 5 e [0 B

MT Pulse Width =: 25 Jl 5% UL ik v (14) S B ) <

ST sequence number: . J& 4% [A ST 55

ST sequence number:  FLJE % [R] JG)I [8] (1) IS (7] 18] [ 58 B2 5

Fast Kin. After ST sequence: &4 2 Jadt47T HAH 52 5

SP Width Setup =: VfL R ik 't P FEL S B TR B8 ) A6 P 1

AL Pulse Width Setup =:  YGA PR ik Fr HEL SR BsF R0 B8 PO ks 1 B

FR Pulse Width Setup =: 376 £L /I A1 ki (10 8 St ek 104 P88 Pt P 140

ST Pulse Width Setup =: L J& #&/1 F1 ik ri 0 1S el [0 B8 PR P 150

MT Pulse Width Setup =: 25 Ji % 1 0 ik i 6 8 S5 ik (04 B8 RO B0 P 1AL

Get AL PAR: FRTFIGIGIR)E

Get BLPAR: ZRFHE OGO IR)E

g. Measuring Light Settings MIE %1% B A &34
MF-H =: I =il &t

MF-L=: &AM &,

MF-M =: G35 KA &Y s

MF-H Step =: 1 =il &6 A4 B 5

MF-L Setup =: SRS &6 AR AR L

MF-M Setup =: 155 KA &6 (1) AR A A i 5
FML-Int.: 5B 2 OGIN BB IRA FE 5

PML-Int.: ¥ & P700 Ml &8 ;

Auto MF_H: JEFEE S H 3R & 628 A i

MF Log.: ¥l & X UE
Variable Block Frequency: ll
Get FML PAR: I & PAR Il

AL

i b

h. Condition Commands £&ft:i% B fir & #4182

If Sig. (Fluo): WIRZGAE 53 A4 2% AT

If Sig. (P700): U1 P700 15 5 /& H 4 54

Wait until Sig. (Fluo): ZEfF2¢ 615 5 e T4 &4t
Wait until Sig. (P700): 54 P700 15 5 /AT 4 %A



End of Rep. Block; Repeat until Sig. (Fluo): U155 J A5 514 B3 — AR e RN AT 5 SR I5 A R 7
End of Rep. Block; Repeat until Sig. (P700): H15E P700 15 53k B 3 —ANbr ok BV A] 45 R G ALFF 5
Wait until Clock Counter: 2517 % clock A T4 261

i. Display Commands &7~frd e

Visible Page =: &0 R IS

Visible Settings Page =: & L R E H I

Slow Kinetics Auto Scaling Left: #1885 530 /)52 M 28 B ) 72 %) 5% 5

Slow Kinetics Auto Scaling Right: IEFRISIH 175 5 3l /1 2% #h £k 5 84 6 5%

Slow Kinetics Auto Scaling Horizontal: JEFM2H 755 31 /1 5 28 B 87K X 5% 5
Slow Kinetics Average Points: &35 2] /727 i 287 2 8 w5

Fast Kinetics Auto Scaling Left: EREHRE 5 T30 /)52 M2k B ) 72 %) 5%

Fast Kinetics Auto Scaling Right: E#eHuis 75 580 /) 2% M 26 B 3h 4 6 5% 5

Fast Kinetics Auto Scaling Horizontal: PR 50 1122 #h £k B 30 /KF X555
Fast Kinetics Horizontal Log.: 1EFER/NTRIE S T3 /)52 th 4 th 261 log FEIFR;
Fast Kinetics Average Points: % %)) /727 #H 28 135 58 i 2

2.1 WHFGIER A G RIRICBRRT 7 (GRfs) i 2R i I A 23 1

XA IAE 2 e it BT 2, FEASTER BT A, R FR PR 55 B Ry 1%
H, TR RBAAS Ao AT RIAT

B, EFhMER, R “4THF start” , BIFF A —FH8E5) 115 ek . Rk, &
{1175 B7E General Commands ' X{d; “Slow Kinetics” , #HXTIGHE, &£ “on” , EIE)E 318
TR 2AT, WE 7 Fiw.

"
2

Detisvwraston Connmssde
= Aot Light Corevandh -

[ 0P 1 15 RN — F=TE——
@] vemsie (s )
| 7‘5‘#':" Wode _adsanbimmle EYRP PSR e ol Fron
Usor “ | Edit Sengn L
semvge | Meb g ST 6 Pm e
|| B 3 { I -
e ol LA ] H D Script Fde:  Post mmnr:abon pg '- [h Pm' Doon
S:;:lr : e L0 mresantin |0 red. De00
Pt Slon ot Coveves S R — (0 Y0 {600
Plaike 16 F sk Cht Coreed Liws _ YD) o000
ommisip = |0 Y{NA) Doon
foeer V3
I
|

1
Genend Senngn A

- Az Ligt Setungs « Choase OOt
¥ - Nownang Light Set

| |~ Genesal Conmands

NSSSASS

Ty Trig P boes Faot €

(pwn Famt Kin Tog Fie
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7 iR s 1 vOL i 2k KR



HEFEERS-10 7, XBEBAMEHAIZ Program Commands H1 R “TimeStep(s)” #4144
Wk 8 Fra, iy “TimeStep(s)” %4, HMAFRATTFHERERINE, Mdie, B EmRa 217 .

Edit Script

Script File: ﬁost—illumiﬁa’tion.prg

Program Commands E;j Program List ”

- Program Control Commands-- - -- Program Start -- |
Call I Slow Kinetics On
Begln of Repetition Block ’E I TimeStep(s) =10 |

ablock; Loops =

==

- General Commands -
| | - Determination Commang
[V - Actinic Light Commands
[¥! -- Measuring Light Commd
[V! - General Settings -

|| | ¥ - Actinic Light Settings -
V! -- Measuring Light Setting] [10]

-- General Commands --
I| |New Report

Save Report as

Save Slow Kinetics as

Save Fast Kinetics as

TimeStep(s) =

Light Curve
Man. Record

Copy Settings from Slow Kinetics
Copy Trig. Run from Slow Kinetics
Copy Settings from Fast Kinetics

Copy Trig. Run from Fast Kinetics

Legend: Normal command  Unknown command
Call Sub-Program FRepetition Block  Comment generating

@8 i 7 7 [R) B BsF 1] i 2 B~

Open Fast Kin. Trig. File X

SR FT TR E NG, BE“FTIF F ML, SRISHILE K Foo BERTIRATTTE Z{8 F] Measuring Light Commands
) “EML” 4, Wk, &R “on” , SERGETHRIIESGHIGT AT, WE 9 Bk

Edit Script

|Q

Script File: Post-illumination.prg

=]

Program Commands E_g Program List

Wait(s) = ~ -- Program Start --
Paste ta Slow Chart Comment Line Slow Kinetics On
Paste to Fast Chart Comment Line TimeS!eE s) =10

| |Message = B
Comment = lE |
Spacer =

| | Exit - |
7] - General Commands - @ |

| | - Determination Com
[V - Actinic Light Comman"{ Choose On/Off a

[V - Measuring Light Commd.

V] - General Settings -

|| | - Actinic Light Settings -

¥ -- Measuring Light Settin

FR/BL Pulse
| |TR Pulse

Mewspring Light Co I © On ) Of

Balance

P700 Sig. Fine Up
P700 Sig. Fine Down
MF-H

-- General Settings --
Open User Settings < .

g:::g:g: 12 o pa Legend: Nomal command  Unknown command
Call Sub-Program Fepetition Block  Comment generating




9 ZAHAT I ECRE Y R

M 8 [FIRER 7 RS — AN TimeStep, &GS S ERE, WHAIFFERT LA E Jy 10 #0. &
&, THRWE GG, WM ERE SOy =Y, AT DRSS B AT — MRkt 75 G
Determination Commands H' “Sat-Pulse/Fast Kin.” %H#1EI 0] . 5FZMIEE A, il A SCARR
BRI — g Sk . 7E Actinic Light Settings Hi%FF “AL-Int.” 141, HAGIILIRRYAT,
filtn 5 44, w10 prs, RS8R BB HOE 6 E . B I O65R 5, 7E Actinic Light Commands H1i%#£“AL”
T, B “on” , WEATIPBOE, WK 11 Pox.

Edit Script - [ 8

@ Script File: I;ost—illumination.prg
Program Commands Eg Program List

Waitls) = - -- Program Start --
Paste to Slow Chart Comment Line Slow Kinetics On

Paste to Fast Chart Comment Line TimeStep(s) =10
Message = B il]!:_

Comment = | |
Spacer e |

I |Exit -
! 5|
W‘ General Commands ~ [0 2 g |

- Determination Command
- Actinic Light Commands |
-- Measuring Light Commal
gj - General Settings -
[l - Actinic Light Settings - 4

[ -- Measuring Light Setting; AL-Int.

m

&*JRJ

Auto ML on -5 [
Il |Read with Start Cond = +-No. =

Auto Fo'

W' ic Liihl Setlinis II

FR-Int.

SP-Int.

AL Wwidth =

FR Width =

BL Width =

gf ;Ajg!eh\:/i dth = o Legend: Normal command  Unknown command

— Call Sub-Program FRepetition Block  Comment generating
=RA=NA > ML B A A —
Kl 10 gmiEotibotom B E ar & BUR
Edit Script - % |,

; -

Script File: Post-illumination.prg

Program Commands Eg @ Program List

Call - -- Program Start --

Begin of Repetition Block | ] Slow Kinetics On

End of Repetition Block; Loops = 3 TimeStep(s) =10 i
| [ ——— - FML On

Wait(s) = Wi TimeStep(s) =10 ]
Paste ta Slow Chart Comment Line B!Hb

|| | Paste to Fast Chart Comment Line i

IF]- General Commards - 9

|| | ¥ - Determination Commands -- 1

[V - Actinic Light Commands -

@]ﬂ

V! -- Measuring Li - : :
i % Ece:t?r:g Choose On/Off ﬂ

¥ -- Meas




11 AT I etotar & BoR

FIASE 8 MIF LR B MOETH SN E, ARG ZE P RN . X THEmNE, —MRAE
60 FPLLEIA], WXt T Edeib ), — T E 120-180 #b, EEFE A, A sz bR N AR, SOk E
TimeStep(s) A 30 .

EFhER, Motz FE, et AL BRIAEgm i A SR, 75 AR 6T
1) TimeStep 2 J5, <M AL. J5¥%s&: 1E Actinic Light Commands W& #¢ “AL” #2241, X, %E$E “off”
BIm], 4kl 12 s

Edit Script L %4
i @ Script File: Post-illumination prg
Program Commands [jg B Program List
Call - -- Program Start --
Begin of Repetition Block Il Slow Kinetics On
End of Repetition Block: Loops = = ‘ TimeStep(s) =10
Im",ﬁ* | F ML On
Wait(s] = | TimeStep(s) =10
Paste to Slow Chart Comment Line AL-nt. =5
Paste to Fast Chart Comment Line AL D
TimeStep(s] =30
- Gereral Commands - I
j - Determination Commands -
- Actinic Light Commands - =
Lj_w - Measuring Light Commands - ]
y"‘ — GU’ 1 C b
| | - Actinid Choose On/Off
W - Measi -
FR/BL
Toaggle FRA\ i _
Select FR/ ' 0On @ Off
Select Act ]
ST
MT
AL Pulse
FR/BL Puls|/
TR Pulse

-- Measuri} 0K
F ML

— R

Kl 12 guiE et 2 Bas

KUDEICIR, Pt e BRI BN ETHRIELER, LG IA SR, AR ZRE L
15 () TimeStep, SEfF5OGMAARERITT. —fOm 5, EEET, WENEDY 30-60 #; MLERSHEY
L, B B BCE 120-180 M A4, el ETHEDLIAE . BCE TimeStep (K7A 5K 8 M.

HIELERG, R ANGES AR NS — M, SC PR e A &' 1) 26 I e i
HARER, {E'@ﬁﬁﬂfﬂzlilﬁ:lﬁ IR ICPMESE, Bl Il 1 digE s d k4, xSk
BARBAT T, EARTEIE AN ERCR, Bk, @GR ARSI FREE, R AR,
Wik 13 fiizr, 7E General Commands H X7 “Slow Kinetics” , 1E#E “off” , BIICH] T 1885 /) 2= Hh 2k .
SR 1E Measuring Light Commands F1 XUl “FML” , E# “off” , RISCHIMESE, K 14 fis. 2,
WA E IG5 2RI b it e 0 I AS SCF o 5 e e



Edit Script

' — < - = - - -
- Script File: Post-illumination.prg
| ot =
Program Commands % Program List "
Call - -- Program Start -- "
Begin of Repetition Block i Slow Kinetics On
End of Repetition Block: Loops = 2 TimeStep(s) =10 "
| I —— - F ML On
Waitfs) = T TimeStep(s) =10 L]
Paste to Slow Chart Comment Line AL-nt. =5
|| | Paste to Fast Chart Comment Line - AL On U
P |
¥ - Determination Commands -- iaCtanlele
| AL TimeStep(s] =30
V] - Actinic Light Commands - = u
[¥! - Measuring Light Commands - h
[V -- General Settin -
|| | - Actinic Light S Choose On/Off 7
VI - Measuring Lighl - :
-- General Commal/
|| |New Report
Save Reportas
Save Slow Kinetics &,
Save Fast Kinetics
| & ' () 0n © Off
Man. Record
Copy Settings from £
Copy Trig. Run from:
Copy Settings from
Copy Trig. Run from|
Open Fast Kin. Trig. | l

Kl 13 G IEE B) R 2 BR

Edit Script

B Script File: F;ost-illumina’tion.prg
Program Commands Eg Program List |

Call -- Program Start -- "
Begin of Repetition Block Slow Kinetics On

End of Repetition Block; Loops = TimeStep(s) =10 i
mmé— F ML On

Wait(s) = TimeStep(s) =10 ]

Paste to Slow Chart Comment Line AL-nt. =5

Paste to Fast Chart Comment Line - AL On
TimeStep(s) =30
AL Off

| - General Commands ~ -

-- Determination Commands - { |

EJ

-- Actinic Light Commands - mesipp

. -- Measuring Light Commands - i
/| -- General Settings -- St
- Actini u‘
Choose On/Off

-- Meast

Toggle FRA
Select FR/
Select Act.
ST

MT

AL Pulse
FR/BL P
TR Pulse

S/ ]

ENJCERN

=L
-

—

() 0n @ Off

K 14 Jﬁiﬂ?%lﬂm a4 B

SRR S IR A6 I R 9 eI BT il ZE AR an &l 15 B, Bei s 2 7Y
W TRAF L, R A S ORAF Sl o s EMIRPHEHL, R [ ES



IR

Script File: Pstlinaﬁon.prg

Program Commands % Program List
Call - - -- Program Start -- |
Begin of Repetition Block Slow Kinetics On
End of Repetition Block; Loops = TimeStep(s) =10
I N | () |FVLOn
Waitfs) = e — 1 |TimeStep(s) =10
Paste to Slow Chart Comment Line AL-nt. =5
Paste ta Fast Chart Comment Line - AL On
-- General Commands -- I\[ngfftep[s] =
% -- Determination Commands - = TimeStep(s) =30
/! - Actinic Light Commands - T
- Measuring Light Commands - @ l |el|cs 2
[V! - General Settings - -
- Actinic Light Settings -
[V] - Measuring Light Settings - -
Toggle FR/BL 7
Select FR/BL =
Select Act. Light =
T
AL Puse E
FR/BL Pulse
TR Pulse
Balance
P700 Sig. Fine Up.
::I?—g Sig. Fine Down ul Legend: Normal command  Unknown command
Call Sub-Program FRepetition Block  Comment generating

K 15 SEEOEHOEIE R SRR I LT il 2 A SRR 7 R

R ESER S, S N7 Script FHET “Run” #%41, BIR]JESNMZIA S, A28 0] B shil & etk
FeR M Ja R elEn EFHihZk, Wik 16 . AAITAT LM Slow Kinetics i H 25 A £ 2 TR L

F E
W _m-v-uiuwwil’ sl

Kl 16 Ja BhEA SO ER



M2 E e G, AT Lz B 2 ARTE a2k, FTEEEAA . N IRAE % 22T,
W S Script T “Load” %41, WH EAAFIFHT “Post-illumination” JIASCAE, IRFIFSEH, S
“Run” BRI &6k 765 1 G 1 SEBERs B T2

3. &g

FF Dual-PAM-100 " [FIEIA B D e, FT LA H 1 G e 0 DG 1 5 58 SRy b il 2 S A A v
i Ze, FTIRNBE A FEARH &P AR B AR bR, LSRR RS K. ZIRe AU T
Dual-PAM-100 ', [Fi thAE7E T PAM-2500 £ Multi-Color-PAM 1, 8 F 75 5:2548L,  DAE T3 b AN A 52
BRI S0 2% 1F 1) 4 Rl 2

S 3Lk

[1] Y. Munekage, M. Hashimoto, C. Miyake et al,. Cyclic electron flow around photosystem | is essential for

photosynthesis. Nature, 2004, Vol 429, 579-582.



- pER, EEFRARBREGAMSE ) Pheno’ BERAHFE
MW Zealquest Sclentific Technology Co., Ltd. “ Phenotyping Furie - Phenotyping Platform

Dual-PAM-1008Y P515/535#& 3k &7 H & F 25451

#£ % : Ulrich Schreiber, Christof Klughammer (Heinz Walz GmbH, Germany)
%% . PAM Application Notes (2007) 1: 1-10

FZE: Dual-PAM-100/)# B P515/535 2848 i, & ] LAIRI A RGO 4 550 - 515 nmiff) 2Rl (s ik
Electrochromic pigment shift, ECS) LAK 535 nmiE KI5 584 (B ReZs", Rl “scattering”284k) .
KA T P515/5353U A - Ml 570 R HE A 2 55 S H AR ) 2 FH 2841 o 2 1) 8 st 00 D' A 22 A mp it
R, AT PR U e . R, WEIE R R AR (R AR RIS s S8 )% CGRi
T HEIIE . TS ME LR Ry, DR R R AR AN DS S PR ISR BR AR v R, AR
Ba-Fh. il bR kK 550 535H1 515 nmfIAR{k LA R B K 550-515 nmifI = w i, uEREE A S
5|2 scattering”8 1k . BT P515 (ECS), WK 550-515 nmi) Z= 7 U BE S ik oK #5 25 ( Zeaxanthin,
Z) FENAL, XA DU mE R AR R . N T R 3 TR 4 R, 5 S AR e R
W E. LT PRIS(E S -G R, W15 EES R 3 /1% (proton motive force, pmf) N7
PEIERAL C Ay) FIESBER PR (ApHD . X5 Kramer XL A SR DIRKE AR H 145 R 5.
Dual-PAM-1004& t—FReik 1« P515 Flux i /ERE,  wl ikt Doms e T F-06 0 ¢ LILiAsDe/
) o “P515 Flux {55 BB 57 S WL AR i A T FRAS AR I FE R0 TR - 1 Bl 6

% $#17): DUAL-PAM-100, P515/53515i 8k, F5 I )5 12/ 7135 Cpmf) , ESIEHLAL (Ay) , BSIE T FHEE (ApHD ,
MR, FOKREER

HIS

Dual-PAM-10072 19854F i M AL il -2k R 2Ot PAM-100 (B} PAM-101/102/103) T2 M.
“Dual”#7x DUAL-PAM-100n] LA [F] A I /> B 25 5, B 230 sk PS IF1 PS 1B R 45203 1) P700
W R R . bR b, BRI PAM-100 R L E 2R (BIAEEERIEOR R EIG, B /2 )
AN G, SEALRFERIBB MG, Z0D6RE L, DIREHRRE RS , AR P7OOM WA St 3=
WA, (HHAE LR R E 4. WALZA R IRFAR A AMRNSS /1, 4TF4 PAM-1000L f it

FMBAF N, AR A IS LR, TP R T —NEE. mak. BIERR. DhEEsRKm
HAEEFNE R4 Dual-PAM-100. [ T Ae A5 a3l & P700F1/EiM 437, Dual-PAM-100ik AT BA
P RRVF 2 T TEE, Gin— L Rp R R A AT A IS DT R L B LA 55 . — kUL, AnME Dual-PAM-100
BRI DA 2 S ke R 1 () B 05 S (AN Al TIOR3 ) ot mT DL & SR ik o i) A XL
ZES (W@ 87081 830 nmr)iE R £ 515 5] PTOORIW AR (L) .

ABATEAN Dual-PAM-100f) —Fliifi—— P515/535fK k. & RELE I IR S5 R A R 130 194

C pmf) PN 5 B AL C Ay FIES IR T-BE 2 C ApHD , 'EAI 12 ATPA MRS /7. iEid 515-525
nmit]“electrochromic pigment shift” (ECS, P515) Kl &S HAr, @it P51515 5 (1) )6-ME 3l /1227484 PA
K 535 nmff“scattering”{5 528 L KM & ApH.

AR www.zealquest.cn P www.zealquest.com



- WY, LHFERBRDFMSE JgrPheno BRAHFE

Zealquest Scientific Technology Co., Ltd. Prenotyping Fuire - Phenotyping Platform

PS15RF 5 &

Jungefll Witt (1968) 5t KIM P515(E 5 5 RFBARNIIS LB AL IER R, PEIS(E 5 F Tk ALY
N A4 biY electrochromic shift. F-8]5¢ T P515(5 5 FIWT 7T, 220 8 A GE 0% 2 (repetitive
flash relaxation spectroscopy) , K Jyid it X PRt e B2 135 n] 3R45 =i /045 5, NS < dEr 7 1k 118 0k
WAL X 43 FF K o PRSI Y61 S M5 S PGE B, BT PS VAT P SIS RO ) JE AT LT 43 5
XTI RIS A ok U, (5 5P EAZ A —MRIEH B C twe#) 20ms) , X5 Cyt bifib (1
fEIR C Qeycle) HIK, BT HIEWI ML/ B 5 R0 RSER BT . (55 B0 BRI T R & 1 AR 21
RES, R M) e B AN 2 AT R ERES . IRIRB LR AL IS ATPRG I 11518, < hnis s
SR, &It ATPEEIIIR FAEIE80%E, 5 ROGIRE R T3 71 5% VI

HLRIULE, TR D N R e O I [k JL 2B PSSR 118 58 5 1 A8 4K . KlughammerZ (1990)
FER T —% LEDKRFZ 50 e e lEit, mrCLEEHE PS1STE N 1) 2 Fi e & IR OB Ab il b ok . R AR
BRGRIN, FrELMOGHAR REAEHR 25 IS R 3, (R PR s 16 i 5000 20 B e A L BURk . 325K, Sacksteder
A Kramer (2000) /M43 7 —# DIRK (Dark Internal Relaxation Kinetic) A, i id A F 45 2 i 2B Ks ( < 500
ms) KT TS WA AR T, v SFRARIE I H P515 (ECS) {55 . ECS (P515) FREH)
WIERIZR S PR E RASGERNE GG RS 5 R R AR S ATPEG R )5 i HE
FHEE) FHRFRMEIER R Cruzd (2001) SR Y], Wil BN E K, ECS (P515) FRILH

TSN 1% B 158, aTIX A B3 5% C pmf) BIBAN45 Ayfll ApH. {H2IX

AN 58 SR I EAE 5 B B R AR e P A 1

535 nmfs 5B E &=
535 nm RIS R B T B GG R BEARNE N SR ApHA 2L 5] 2“6 EUF (light scattering)
(Deamer et al. 1966, Heber 1968) . 535 nmi#JMR AL AL T Ay — M 76 S A4 A e B i i) e 25 BA &
ApHIWHER TR )2 vk XFh kS R ah—Fh
M MRS /ApHI 7 i——AE 8K (NPQA
aN, B HE 44> qE) (Bilger et al. 1988)——% 1) H5%.
RUEKIALLRA WS IAA 535 nmiFRIRAR AL 40 2
HH I S A s R () B S 52 Y, {HIE K Ruban®é (2002)
ST IX PRI T %k, RubanZEi\Jy 535 nmt ik
A& B FOK B R IR I I 2088 5 EE Y

MRS RE

P515/535 R HE AR SE i

P515/535 5 F & #.ot. DUAL-EPS15FIAS I 5.
JG DUAL-DP5154H %, A& 625 it 5 bRk i al ]
AT P700AIH 2R 28 2 G UK A I .ot DUAL-E
A DUAL-DR (E{ DUAL-DB) #[f]. iXLuHirhgiE
B2 B [F] — A [ 7 2 B ) A VR AT A A
ED-101US/MD L. BEtt, AHREIFG2EE T LGRS
RFBAT A F 6 ESHOHAT L.

¥R %ot DUAL-EPS155 £ . 56DUAL-DP515
(F 1 43553 DUAL-C_ERIEMITTERAN
DETECTORLfiLIE . B 1 W0k %7t DUAL-EPSISAIIEEE DUAL-DP515

FEHTHA: www.zealquest.cn FEEREE: www.zealquest.com
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Lkl 870-830 nmft) ZE RIS & P70015 52540k, J@id kil 550-515 nmZE R ISCRI & P515
55, L 550 nmfE NS, DM SO 152 2 5K, iR 535 nmiPIRIIE R Gauss#iZkIE, B4
£ 550 nmFl 515 nm IR SRR R A . 55— 5T, 5 550 nmAHEL, FOKBEELE 515 nmf B35 W)
W TR ) o Rk, 550-515 nmfE S AU T P515, &M T EAE RS BN, XHMES
A REG X 5, RANEKERSERBMIEFEIE. B SERe-155 S 550-515 nmfE 1F5 LL R 24380 2%
(AR LT #8211 PSASIARAL 1AL IR, TN I A L0 21 LA /N P38 A T s Bl 1™ T oK B8 38 10 A
(rAEd R E R VRS TR ANERHREN) DEERERNIHREL.
DUAL-EP5158 RS

DUAL-EP515FE i1 84N 6 I LEDZ K. 550 nmilll &t 1 4» it A 550 nmT-#5E
Fr C 55nmHBW) ) 34 LED#ft. 43334 515 nm T8 ( 85 nm HBW) ] 44 LEDFI T2
At 520 nmFIEE SR 515 nmft U6 - 535 nmilll &E H—AN 7 535 nmT-#E 6 A (5.5 nm
HBW)[1) LED#EfE. Xtk LEDEHEHF, RAET—A COBYFEM LEDFEF (635 nmif KI)#% LED)
HR i —ANER 6.5 mmit/hLE, 3B 10 x 10 mmA NS 6T CTLLEGIRSD Bt
FEfh. 4, BH A RGIEIEH K 730 nmi LED, f7F LEDFES Ay, FTFHREMR K PS 1)
AN, XA COBYFEN) LEDFEFIH 24N KTh# LEDZRL, AR A 9 oK L G
1.5A) W3l FRHLESEMGAE S B AN 2 JE AT O

DUAL-DP5158: R&%1

DUAL-DP515EZ i 1/4Mifif5 5 mmik-4Et i (BG39) 19 PINJE 1 Meas. Light————
HHRA (10X 10mm) ZHK.  BG39JEYE A 520 5351 550 nm o 3§
fJeiERE, (Bocts 635 nmifpyatbyen 730 nmiyiz£ryelidsi. —4~ 10 e
X 10 mm A AL T OUAT 51 5 AR Sl Z S i B DA =42 T PIN-JG | I
HL AR R 1) BG39UEJE Ak PIN-YG L MR 2o 3 F — B B ) Pl 1% ]‘

B, AR FL AT LK ik R B B AT IO . 5 B E R 2, 5DUAL-DR <

(8¢ DUAL-DB) #itk, 73 8IH KM /ML, DUAL-DP515AHAA !ﬂg i
fRAOEHOLH) COB LEDFF41. #hfi DUAL-DR (= DUAL-DB) HJIEZ b = v g
25, BATTLERBERSHE XM T, WEDLHE FH PT00/MH4R3R7% 9 ks ok Fegainy

JGFI PS1S/ LB HIAR 1L .
2520 A1 550 nm [f) ¥4
P515{2 5 K¢ 1IE [7 Shoskevel E=D597s | he=o,izs0 [5_071103_100204 Elé‘
DUAL—PAM—IOO&T{FH—fﬁP%ﬁka@i}ﬁﬁ?Uﬁﬁ, ‘.%?i'ﬂﬁ*(ﬁ«lﬂﬂ [CHbialion il lobscza leal st MLT0 znd MF-000 L‘.‘,L__
R FEAE S . Dual -PAMEFAT LB TT LEDAL R [ =
P HBGE S E S (“Balance”, & 2) , (13 %5 54% s g
ETE. TR ER LEDRRT A, %R SR
POCHERFEARSC. A4S, DUAL-PAM-1004E & R Bk ks
MZE7R 175 R, I BRI A2 FBUSCK S RIEAT. £
MRFRRIRIERR P I BT, FRATATPUSI pef5 5, 145
T HSERRC R A S O 100015 . RIEERET, 5
550 nmf5 SAHLL, P515{E S RIL MM E TR GEIT R

LEDHID) o JEAMZE RS S UUREE A RAHER, RIERA | S
ROERRF, M HEEHmA N, PRI 08 55 tme e BiE
HOTORI - 3 I E SRR, AT H O (A DD

B 3id s TSI B R IE G GsREN 10) .
XA FH, AT / T = 3.57 x 10-38.67, iHEHMAE{ES 12268V,

FEHTHA: www.zealquest.cn FEEREE: www.zealquest.com
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. FR LSRR R BRI A RS
MW Zealquest Scientific Technology Co., Ltd.

BRI 535 nmfE 5

R IEAL, B 535 nmfE 5 LUERMEE S AR, 55OE 5L, 535 nmfE 57E
5.5 VIEEIWIAI, Kk, S5XJEJE 550-515 nmfE 5 4HEL, id3% 535 nmipyi s Sy, N T RS &G L,
TN v s (I, X E BRI 2E (Low Gain) (& 4A) o R, BRI GBS AR AR R A
&, "L EFLJE ( High Damping) , MR B — B4 mfE Mt K2 535 nmfE 5 I3 /125 2 4
RIANESR AT, B AR Seiit 80, XU REAME SR, A — B EFHE S e BoRisk, 5
P515(5 5 HH L.

TR U BT BA RS T ik
J@IL 870-830 nmfE S5 AME PTOOE, WL [ 5

N ‘ ‘ 1(536 nm) P516 8

R B T LLAMNI O, AN SIS GG RN FHEL Gaun Gain S
T, S F RER G B RS IR A RS 43 G ke L [ B Trg
RO, PS1S R IR AR 4. CEHL || || £ 5008 R onigye
DUAL-PAMIKfF, ZE(RIESS 5B ML T, H26t el | o s |
T S M7 A T I 51 2 1 1 5 e T8 B R e W Ebentad

SR 13 F T EE P L DRI S U P5157%8 e | |

A&, [AI2A P15 75756 T HE A 24 v Sl Uk

OEBEE Tl ATPES) o SEBLIXFER—F | C

B SRELIIESE MLE LEDW LIRHCb 4T FF, | Bloek Frequency G swnesd
#“Auto ML on"#53E (K 4B) , MFFafic s bR iAo e Targetmv  LED CumaniRatio
1, ML E BT IF, DS & TR S b T MF-low MF-fgh = EE
SEA BIPIRAS . [RIRTIE AT LU 0E Variable Block | [100 <] [10000 < 7 Mtk ok Ry
Frequency” (& 4C) SKiHFR TR I RLS . 7EMIK“Block

Frequency” (MF-low: 1-1000 Hz) #&EF, WELHK | D Acquisition E

SRR LT 1 BA 2 o 76 - (028 e i Foints [512000 7] A 100 3]
Ek AR B (MF-high: 100-10000 Hz) , #ii% SR S

BB 5T I 8] 73 HE A 5% O T A5 B8R RN [A]

SHEER,  MLEKMRE AT AT 2] MF-max (K4 400 Time  B120s

kHz) . FEFSe SR F Fast TriggersCf4:-32h, ATLA
PE ZMOGIRIIT S & MF-max (2.5 psZ#E%) 4 BRI
Bt 5 S e i

BN} e B AT AT SRRV &, A ZRERAR B M L A SRR E It MIEDEREE (1-20) .
JRORE R ( 1-5) DL S BB e 3 5 a5 SR AL o I R Rl 43 85 B I SRR 1S 5 ey R ERIE T H 7
JOA s TR AR VRV S T e Bk A T A IS B BRI FE R (5 S ARE e G Ta] )
ERVGRREEND , EERZAE MRS, FTERHNLE, RESCESRAES LEDIE 5%
FERIAR A, DLR CERME S /K B8 B gn Mo iie 51 A2 D AR e 2284k, #a sl E 55 . BT
HE A Ak 2= [RlFAF A T-515 nmAI550 nmfE 5, R H 2 e EAG III550-515 nm 22715 5 B # S BE B T B

— NG B TC SR R R 5 PR <Point Averages”. MLAIR (. MF-low. MF-highfIMF-max) LLABHJE Gl
SE PRS2 I T BN 10 ps, BIESN 158 1ms) BIEEA .  Dual-PAM-100%k 44 H At K 3E F 1%
PRI IR LR PEB SR, R ASE A AT LAE 2.5-1000 ps/ AL, LRI LRAFE 128 00045 ; %12
BN S, R AT LAFEL-100 ms/ A, A LLEAES12 0004 (& 4D, fokic st aliid14 h) o sepr b, il
B30 775 R R i 2 — M L SR BN () 7 F 3R B vy, AR S B A A A i i, mT DARE FH B3 1
“Point Averaging” K F#(KfE 5= (& 4E) o B, 7ERAUGEEN 2.5 ps/al. WEIEHIESY MF-100001)

AR www.zealquest.cn P www.zealquest.com
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AT, W NAEFIIPS1574840 (5 S 5lke]_ETr, BE fEmsir ] NAE2 A5 ) , Wik "Point Averages”
WHL00 (BELERTTMIE 6) , MASERINIIFEEE. ERXAMIFH, “Point Averages” w4100,
MRS RO EE 10 AT/T 67, tnSBAMER “Point Averages”, ey 3 x 10° AI/THA7, AGIE SIS
SAAELS x 107 AT/THAL, ] LR LRI T .

RN T R o] DS R PPN SR I 2 FE 5I3A% . Ditl, TSR T g tamt i m] Lk gRotidd
MIZERLEYC F ( artificial leaf, Roscolux #01, Light Amber Bastard) RAEWEEEHE G481,
fERHXA AN T “artificial leaf #017) MR 515, 535H1550 nmfE 5 HUKE 5 1EH FIMHEH Fr
Ak AL

KISFTRTEZ AP I &4 ¢ MP) ML, AT A ( “artificial leaf #017) JUAF[H) 550-515
5T SMFRE TS, —J7, BEEED: A5 —T, B9 KERRNAERE. HUMF20m, M
3 x 10° AL/T BAfir; 4 MF1000M, MEXBE(CE] 10" AL/I#A7; 24 MF10000ff, M5y 3 x 10° AL/I
AL, FEMF10000, MLEREEN 1009264 F, W
EIEMLIIPAR N4 pmol quanta/m2-s. SEFRR. g
i, MF5000LAR, W& MLEGA RN
Al LAY ZEEBE . AMPER L 10000, 5% N1E
SHER AT 10" AL/THA .

VI EIENFEE NG, 552300 T,
5P NS 5 IIERS#E MF20008) 43 x 10
AT/TH#A7,  MF10000HS A2 x 10° AT/T#A7,

RAENE 1R A I PRESN J)% ( Fast
Kinetics) WA R HE MFXE, MEAFEE
ES RIS, ML KN B AT DL o

U3
-
:
<

K 5 HRMES LR MEXT AT H F (“artificial leaf #017) 550-515 nm 155
N R AR E MRS . JEYE MLSERE:  10; Points averaged: 30
ZR5VHS
B F AN GE S PS5 15HE B 83 1%
P62 LR ) B R S AR R DA Y6 185 S RV AR IR B e 1 PO 1SRN AR AL IR . B 6AZRZRFR S 0 17N S i
NG IR I AR 4. P5156ME S 2e il FFH14 x 10-3 AT / THf7, B:5228 FF, 78 20 msikEEE, AR5
B N, K 6BRIARFE—MHE M F, S8 10 min (100 pmol quanta/m2-s) FEREFIERN 4 min)&ll#FHI(E

FRAR T £713%,

{EAS TR IANIAZ, FP515/535H ] LIS B MO CRFRESTHIZERTF3) BIRNDEIE S P51548(k
IFEEASH XATIE PS16ME T B IE AR B2, R yix EFHARIRZS &) 52 3 2 0E Tt i 52
Mo FREOGIEAL 7 RFEARNE R PTIEATPREE, MG N 7 I RIHHE 1. P1SE S HIZEIR, KL T

T ATPEG R 1838 B AN SR GNGIHERED EBIBEEAT X EIRE, ZEm X HNA RS H
53 B UL S A 3K/ £ A A EQIEIA IR B A% 36 = A . ThRE S I A WU IPE151E 5 AR RFAE A2 «
FEMBENER G,  P516E TR NEE N, XM SRR 2@dmiiite )G, Po15ESFil
LRI NG FPE T FE, XU HATPER S AR &

SR, MJEFE ESkii, [ 7 electrochromic shift (P515, ECS) 2 4b, HAWWULAE L (iR KiE &K
FRELCHE) H2s e 550-515 nmi) 2285 5 . (HJE HIXLE R R 5 15 5B WARE S, BIRIRATAT LA
NINSGTE SIS SRR P I PuE ARk R sk T P515. (EAFVEE R, 2B 2 8 i AR A A — B AUV
i 1 P515.

R AR : www.zealquest.cn FEEREE: www.zealquest.com
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A PW ewsore | eape F_l?llls_lum. © fhen vt EeiT 00 | T T R B
e V% b aigs s, B4 1 e VTR L [rome tmeceoted 16 v puibarwaths, € 117 g § o £k winghinn .

& g

&

s e
Ay vap A

flash
0

»
time [me]

o
time fms]

6 5 R B R NG5 S AR I RIS IR IR Rk . S8 E . i “Auto ML”, MF=10000, "Point
Averages" % 4100, A: BEi&EM1h; B: 100 pmol quanta/m?-sTilE Y 10 minf&, BEiE N4 min

550-515 nmf5 S HIBEES-J6- R i F BT

BI7TAI S TR BRI T IR ARG 5 SRR IEPS 15724k . WE AT, SR B E R LA,
DMEFKE KR () FE. EXMEL T, SER0OES AN B 7E R EH (ECS) B,
LT ZHITE R 2T ROR — N AR RS, B RIS 10 B, ZIZWE . il et Ja
“MEHEZE” (“dark baseline”) [¥GANATLLRIWIZIAENS & . HT°550-515 nnfE 52K e, ] I
R AR B WK AT FEHVPAN AT ) 28 AR 7E6E S IURE LRI (BT 25, EREEH{ES51
Zeig TR (t1/229820 min) R TZHH AR EEARE) .

BITBYEAHA4E T (& TATR)) Setb 655 JEP515(5 S5 RO BRIE MR, I AN R e 7 HHil i 2R3 44
Ji65 b FRATPRE MRS Y IR 28 5T AN T 5SS PRl R R, 8235 70 WA L R 80A B ME 24487 MR Kramer
FHFZE ( Kramer & Sacksteder 1998, Cruz et al. 2001) HIWFZE, RIEGIL G RHABRIBIZEA L, T
PAASHH AW AIApHI A XS K/ (ETB) o IARIFES/K PG S S ELMER, R TRERECRET Ay
IR BERELR 5 0P YAt G155 T RS S I Z B =B TFAS ApHIF R/ (B 7B) o TERFEEE ST
e, REEENRP He IR E R, Stwetbob G, REAERENRRR Hodid
ATPEEPUE R B Z A, X FERS 2 tH B i far ik e, AN 5182 BCSH e % . 7RG REH, BEER
FEARE R T TR I BH & IR IR D IR B P, REFEINECS 1218k 2 .

B ke o [ U SRR T K Pl BT [ 3] .
A R ] © B e [

= E

Fan wa  He

2|
E7 FTH 6456 (100 umol quanta/m=) 10 minfgFERH, FSHIPS15HEH AL .
FrFIFE A 4 (B RERD) o S8 E . WiFAuto MF-High, KMFM2001H%]2000.
A: FTIFRSCHDAGIC R e M 2R B: SXHDAO R M BRI BCR B, Aros B T30 7735 AN 44 Ay AT ApH

me [mis}

FEHHA: www.zealquest.cn FERAE: www.zealquest.com
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535 nmfE SR -J6- i S BER

535 nmfE 5 B2 A& E R HIE-6-IE S BB, XA AREIOEHOEER T 3252 electrochromic shift
SN, T AE AR R EE B R . EI8IE Sk T ESE 3 min (800 umol quanta/m?s) &
P53515 5 A8t . PRI /OCHRAE T EHECS (P515) 5|42, Tt iy bk K B ) S e T B84k, 5 ApH
[ RN P A — 350 (Bilger et al. 1989)

 Shorlond I 305 A= 433V | fm:']ﬂ
2] {Tieect o, come v Segi oy 55 o VE COG sl LS.

N

K8 FLi535 nm - J-HE i SRR .
ZARAHE I B B3 min (800umol quanta/m?s).
I IR S B PRI A B AT 4F B R A 0% (pmf) K4 ApH.

LI R A, BRPARTAR 22 A 4RE — B, B9 1A1J5535 nmfE - (bR i N2 B AN BE A DI B8 i Ay
SR, 5 EREHOEIE M JE550-515 nmfE S I PRENT S ANE, 535 nmfE 5 ANH] REfF BI“MEHE L, X
R TR T AN SR FECSIE 5 RIZ2 1839 N, 1 scattering™5 5 404 0T F EUHIRE S 5 P .o

U 55 By B Y LA

W EEP515XLY550-515 nmZE 75 5 1 32 2 H B2 B HU 284 5 R I B SR8 . DL 208 U8 B
A S R ] T . B 9RbA: T EAIE 515, 550. 535 nmAIXLIE 550-515 nmibi N AR Ak . ST TS S
ZG, AP CHLEDHE R B N0 , mdFHE 51581550 nmfE 5. H.y%515 F1 550 nmif)
Wi W A b 0 P ) B AR GRAN B AR AE 535 nmfE 5 5 E A7) , {HAE 550-515
NMZE7RAE 5 H A B B BUR 22

FEHHA: www.zealquest.cn FERAE: www.zealquest.com
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: Ty [Eameea - T
A:single 515 |5 ‘?.";' ‘B:single 550 | oz

|
= =

il il i

amm—‘r—mpw m:‘mr . |
C: dual 550-515 51 p: single 535 [oEmmEs

19 B3 UL A 5 W o £ E A
800 pmol quanta/me-sHE A A FIE I Fr, FELRII B PR 285 8 miin 9 38 7
HHRE R b AT DL 2 R TS S (WU AR A, RS 3 P5154 4k ( Bilger & Schreiber
1990) . EI10AIESK T MHEL I 41 C AL EE 573815, RIS 5% 515H1535 nmjii . 5 & 9L,
“HUR A S A B R IG0E, MEEEINAE . [FIET, PS1SPRIE TG R BRI T 20365 . WKl 10BF/R, BMEFEIX
SR E AR 20 R, 550-515 nmZE 5 5 % A B S5 (1) B AR 1k

’ ‘,-.v.A--‘A

S AR ey [ononeon 3]s

==

= urur 1 oe

Pl

e

i

r:* i s ey g U p
-y T e

E10 MREH F#E4L CALBEE minFEERIR T ( 20 'C) K& 30 min/5, R dFMERIM F BRIRURAS 5 100G G-I s

A: LE 51581535 nm E55; B: LLEIXIE550-515 nmFl 535 nmfE =

FEHHA: www.zealquest.cn FERAE: www.zealquest.com
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Kt EEFP515 & 53515 5 HIL M Rids 4

BMLEDRE G (S MRS ik 5Fe) » P515535 nmfE 5 B4 2 fase, w L T/
B 25 (A5 5 DU & o X F — /N BE TR AR TE T SR RS AR o BILLIE SR T asiid B & F 1,
P515 % 535 nmitg-Jt-H5 (5 5 i 8384k . Dual-PAM#R A 7] LAZE AL & — £ 51 fir A i Script-files H 3EAT 4w A2,
AT DAL AR TE B B R AT G0 5 IR o BRI B, BT vl LLEAT T3l E 20 B8, [RIFE B RE7E Script-file
TR XFERIE, RIS 5 R 1 SR U0 th Re il T S EE T R

7 Stolevd b 272005 Sle A0V e 250010 T
ﬂymumummmuml.m ‘ _;.:] =

P 1 LRI IR C SRS 8 5 AR 2 i PS15AI535 nm (5 5 (yAe4L, B enibl B ST 3 min, HAEIEIE M3 min;
FeREEE A 1310, XTREHRM 10E]1600 pmol quanta/(m35). FFERMIERT, #f & i BT & B

B VR e B 11 A5 R RE B TASC E R, U5 LR 2R
1) P515H1535 nmf&E S AR Eos I FE LW BAGIN, XKWt 7 FKEER (2 KB, REDGZ G, “BEREL”
BE K E BIPILEKT (122920 min) - CBEEARRHD
2) A NIEFI R, M ERIRF L E5RE N C step 1, 10 pumol quanta/m?-s)  CHLBI K FRBIEA4E) . Z
. EEFFUETE o
3) FEMOEWOLIEET,  P5154535 nmf5 S AR ML ECSEET, ¥ MR “HUN 224k
4) MHE 7BHEIA ENRFIFESAy, £F] 60 umol quanta/(m?-s) (FEIGEE3E) I/NEJLF-A] LLARSAS
s ZJEMEEER T AIRBE in, FE7E 300-400 pmol quanta/(m?-s) (FEIGEE6-720) KHARIIE(E; /5 M EE
JEHR AT T PR, ELE0.
5 M T, BEEGEMIGIN, B35 pmfiI4 0 ApHIFEEH N, B AOG5E T ApHARIA i KAE . XA
iR 5ApH (A ZAY) EGIRY okl S A FH B A — 2

T “P515 flux” Tl &R [E LA BB B FF R e R

Kramer &% 3 [FZ7EA]H] DIRK (Dark Internal Relaxation Kinetic) $7 AR SRA% 55 13 71 % pmf Mz H 41
Sy AWRIApH T T T 1R %2 T/F ( Kramer & Sachsteder 1998, Kanazawa & Kramer 2002, Cruz et al. 2004) .
X b gh S H e YR L2 7T (- Witt, Junge, Rumberg, Joliot, Delosme, Bouges-Bocquet, Velthuys, Vredenberg,
van Kooten, Hope, Cramer, Crofts, Whitmarsh, Rich, Garab, Hind, Crowther, Shahak, Morita) &6 78 TAF
LW, PS15(5 S [ 7RI B R e g . R Y,  AyfIESR (BZealquest Scientific
Technology Co., Ltd.

R AR : www.zealquest.cn FEEREE: www.zealquest.com
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Ik s W RO P LT 43 28D VR CER BTl it ATPREIG AN 51 L) B IR 2 1l IR Wi, Ay
HITE A 2 1 (B THE T B QIEIN) , IR HHAT LAASAS (3 RHF 4L . etk bR )G PS15EEIR
HZE IR R ZE R R T FOGE FE P H+ I AMNLR e, J53 & RT3 1 %pmf (3K3) 77D FIATPEEAIHH T4

EI12:2 ) HDual-PAM-100ll EMH B 7 PSISME SHE - e i i e
FeAb e P g B N 7. FER R N RS i B P Bt R 1.0 .:__]“.':.

HH (350 pmol quanta/m?s) , FN2FF, MEPRIEL) J12% ( 4

averages) . KMEJEZ) 20 msIE R RER = |
Dual-PAM-100% {475 E:P515FIP700F, 1] LASK

“Flux Mode” 435I 421l i PS15Y R 1) 1 2 LA L P700 .

FRE VAR 4% Flux Mode” b1, St el =

PUG-IE Bk AT IF C 1/1BDE /i) o KR g
HE) 1R S HE# (Slow Kinetics Acquisition Rate) %
BIRGE . GIOR AE R E A 20 msip, M2etoblkelts  ©
SUOE 20 ms—E20 msiITERIT PRI . fERaSIOeE = . i fms]
e, FTIR6M0E Otk 51ERIPS1SES (B Ay)
PGS TR et E (st P515(5S (EiAay)
fR9> . Dual-PAM-1001c 3% 11X L6 5 & (1115 5 3 o] DA%
S “P515 Flux™E5, I HAT U5 JRERKT P51515 S
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Multiple Average Cycles: % E-F-IJfE;

Fast Kin. Averaging: &5 14 PUAH I St A7 P35 HURE

Auto MLon: IEFRET HAFT &



Auto Fo': &5 H3#T Fo "IN & ;

f. Actinic Light Settings Y&k )65 B iy 4 fe A

Al-int. : WEDBHICISREERE R, TR P URIE TR =S, RRGIRIGHL %R
e+, TR N —IRIEA et om B i sm N 8UE, -5 WA

BL-Int. : WEEEILMUIERERE, 55 LA,

FR-Int. : EFEEAGIIBEEE

SP-Int. = JEFEVRTBKIh G A6 B 50 i 5

AL Width =: &R A G IR (I TR RS 5

FR Width =: %4320 21 )i [ 5 1) Ik ) 4 i

BL Width =: &I OB IE BT [ BE 5

SP Width =: VM ket S 10 S i ()

AL Pulse Width =: YAk 6 R ik 1 RS Aok T4

FR Pulse Width =: 176 2T 1 F ikt 1) FE S5 Bof i) <

ST Pulse Width =: 5% Ji5 BV 0 ik v 1) B 5 e [0 B

MT Pulse Width =: 25 Jl 5% UL ik v (14) S B ) <

ST sequence number: . J& 4% [A ST 55

ST sequence number:  FLJE % [R] JG)I [8] (1) IS (7] 18] [ 58 B2 5

Fast Kin. After ST sequence: &4 2 Jadt47T HAH 52 5

SP Width Setup =: VfL R ik 't P FEL S B TR B8 ) A6 P 1

AL Pulse Width Setup =:  YGA PR ik Fr HEL SR BsF R0 B8 PO ks 1 B

FR Pulse Width Setup =: 376 £L /I A1 ki (10 8 St ek 104 P88 Pt P 140

ST Pulse Width Setup =: L J& #&/1 F1 ik ri 0 1S el [0 B8 PR P 150

MT Pulse Width Setup =: 25 Ji % 1 0 ik i 6 8 S5 ik (04 B8 RO B0 P 1AL

Get AL PAR: FRTFIGIGIR)E

Get BLPAR: ZRFHE OGO IR)E

g. Measuring Light Settings MIE %1% B A &34
MF-H =: I =il &t

MF-L=: &AM &,

MF-M =: G35 KA &Y s

MF-H Step =: 1 =il &6 A4 B 5

MF-L Setup =: SRS &6 AR AR L

MF-M Setup =: 155 KA &6 (1) AR A A i 5
FML-Int.: 5B 2 OGIN BB IRA FE 5

PML-Int.: ¥ & P700 Ml &8 ;

Auto MF_H: JEFEE S H 3R & 628 A i

MF Log.: ¥l & X UE
Variable Block Frequency: ll
Get FML PAR: I & PAR Il

AL

i b

h. Condition Commands £&ft:i% B fir & #4182

If Sig. (Fluo): WIRZGAE 53 A4 2% AT

If Sig. (P700): U1 P700 15 5 /& H 4 54

Wait until Sig. (Fluo): ZEfF2¢ 615 5 e T4 &4t
Wait until Sig. (P700): 54 P700 15 5 /AT 4 %A



End of Rep. Block; Repeat until Sig. (Fluo): U155 J A5 514 B3 — AR e RN AT 5 SR I5 A R 7
End of Rep. Block; Repeat until Sig. (P700): H15E P700 15 53k B 3 —ANbr ok BV A] 45 R G ALFF 5
Wait until Clock Counter: 2517 % clock A T4 261

i. Display Commands &7~frd e

Visible Page =: &0 R IS

Visible Settings Page =: & L R E H I

Slow Kinetics Auto Scaling Left: #1885 530 /)52 M 28 B ) 72 %) 5% 5

Slow Kinetics Auto Scaling Right: IEFRISIH 175 5 3l /1 2% #h £k 5 84 6 5%

Slow Kinetics Auto Scaling Horizontal: JEFM2H 755 31 /1 5 28 B 87K X 5% 5
Slow Kinetics Average Points: &35 2] /727 i 287 2 8 w5

Fast Kinetics Auto Scaling Left: EREHRE 5 T30 /)52 M2k B ) 72 %) 5%

Fast Kinetics Auto Scaling Right: E#eHuis 75 580 /) 2% M 26 B 3h 4 6 5% 5

Fast Kinetics Auto Scaling Horizontal: PR 50 1122 #h £k B 30 /KF X555
Fast Kinetics Horizontal Log.: 1EFER/NTRIE S T3 /)52 th 4 th 261 log FEIFR;
Fast Kinetics Average Points: % %)) /727 #H 28 135 58 i 2

2.1 WHFGIER A G RIRICBRRT 7 (GRfs) i 2R i I A 23 1

XA IAE 2 e it BT 2, FEASTER BT A, R FR PR 55 B Ry 1%
H, TR RBAAS Ao AT RIAT

B, EFhMER, R “4THF start” , BIFF A —FH8E5) 115 ek . Rk, &
{1175 B7E General Commands ' X{d; “Slow Kinetics” , #HXTIGHE, &£ “on” , EIE)E 318
TR 2AT, WE 7 Fiw.
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HEFEERS-10 7, XBEBAMEHAIZ Program Commands H1 R “TimeStep(s)” #4144
Wk 8 Fra, iy “TimeStep(s)” %4, HMAFRATTFHERERINE, Mdie, B EmRa 217 .

Edit Script

Script File: ﬁost—illumiﬁa’tion.prg

Program Commands E;j Program List ”

- Program Control Commands-- - -- Program Start -- |
Call I Slow Kinetics On
Begln of Repetition Block ’E I TimeStep(s) =10 |

ablock; Loops =

==

- General Commands -
| | - Determination Commang
[V - Actinic Light Commands
[¥! -- Measuring Light Commd
[V! - General Settings -

|| | ¥ - Actinic Light Settings -
V! -- Measuring Light Setting] [10]

-- General Commands --
I| |New Report

Save Report as

Save Slow Kinetics as

Save Fast Kinetics as

TimeStep(s) =

Light Curve
Man. Record

Copy Settings from Slow Kinetics
Copy Trig. Run from Slow Kinetics
Copy Settings from Fast Kinetics

Copy Trig. Run from Fast Kinetics

Legend: Normal command  Unknown command
Call Sub-Program FRepetition Block  Comment generating

@8 i 7 7 [R) B BsF 1] i 2 B~

Open Fast Kin. Trig. File X

SR FT TR E NG, BE“FTIF F ML, SRISHILE K Foo BERTIRATTTE Z{8 F] Measuring Light Commands
) “EML” 4, Wk, &R “on” , SERGETHRIIESGHIGT AT, WE 9 Bk

Edit Script

|Q

Script File: Post-illumination.prg

=]

Program Commands E_g Program List

Wait(s) = ~ -- Program Start --
Paste ta Slow Chart Comment Line Slow Kinetics On
Paste to Fast Chart Comment Line TimeS!eE s) =10

| |Message = B
Comment = lE |
Spacer =

| | Exit - |
7] - General Commands - @ |

| | - Determination Com
[V - Actinic Light Comman"{ Choose On/Off a

[V - Measuring Light Commd.

V] - General Settings -

|| | - Actinic Light Settings -

¥ -- Measuring Light Settin

FR/BL Pulse
| |TR Pulse

Mewspring Light Co I © On ) Of

Balance

P700 Sig. Fine Up
P700 Sig. Fine Down
MF-H

-- General Settings --
Open User Settings < .

g:::g:g: 12 o pa Legend: Nomal command  Unknown command
Call Sub-Program Fepetition Block  Comment generating




9 ZAHAT I ECRE Y R

M 8 [FIRER 7 RS — AN TimeStep, &GS S ERE, WHAIFFERT LA E Jy 10 #0. &
&, THRWE GG, WM ERE SOy =Y, AT DRSS B AT — MRkt 75 G
Determination Commands H' “Sat-Pulse/Fast Kin.” %H#1EI 0] . 5FZMIEE A, il A SCARR
BRI — g Sk . 7E Actinic Light Settings Hi%FF “AL-Int.” 141, HAGIILIRRYAT,
filtn 5 44, w10 prs, RS8R BB HOE 6 E . B I O65R 5, 7E Actinic Light Commands H1i%#£“AL”
T, B “on” , WEATIPBOE, WK 11 Pox.

Edit Script - [ 8

@ Script File: I;ost—illumination.prg
Program Commands Eg Program List

Waitls) = - -- Program Start --
Paste to Slow Chart Comment Line Slow Kinetics On

Paste to Fast Chart Comment Line TimeStep(s) =10
Message = B il]!:_

Comment = | |
Spacer e |

I |Exit -
! 5|
W‘ General Commands ~ [0 2 g |

- Determination Command
- Actinic Light Commands |
-- Measuring Light Commal
gj - General Settings -
[l - Actinic Light Settings - 4

[ -- Measuring Light Setting; AL-Int.

m

&*JRJ

Auto ML on -5 [
Il |Read with Start Cond = +-No. =

Auto Fo'

W' ic Liihl Setlinis II

FR-Int.

SP-Int.

AL Wwidth =

FR Width =

BL Width =

gf ;Ajg!eh\:/i dth = o Legend: Normal command  Unknown command

— Call Sub-Program FRepetition Block  Comment generating
=RA=NA > ML B A A —
Kl 10 gmiEotibotom B E ar & BUR
Edit Script - % |,

; -

Script File: Post-illumination.prg

Program Commands Eg @ Program List

Call - -- Program Start --

Begin of Repetition Block | ] Slow Kinetics On

End of Repetition Block; Loops = 3 TimeStep(s) =10 i
| [ ——— - FML On

Wait(s) = Wi TimeStep(s) =10 ]
Paste ta Slow Chart Comment Line B!Hb

|| | Paste to Fast Chart Comment Line i

IF]- General Commards - 9

|| | ¥ - Determination Commands -- 1

[V - Actinic Light Commands -

@]ﬂ

V! -- Measuring Li - : :
i % Ece:t?r:g Choose On/Off ﬂ

¥ -- Meas




11 AT I etotar & BoR

FIASE 8 MIF LR B MOETH SN E, ARG ZE P RN . X THEmNE, —MRAE
60 FPLLEIA], WXt T Edeib ), — T E 120-180 #b, EEFE A, A sz bR N AR, SOk E
TimeStep(s) A 30 .

EFhER, Motz FE, et AL BRIAEgm i A SR, 75 AR 6T
1) TimeStep 2 J5, <M AL. J5¥%s&: 1E Actinic Light Commands W& #¢ “AL” #2241, X, %E$E “off”
BIm], 4kl 12 s

Edit Script L %4
i @ Script File: Post-illumination prg
Program Commands [jg B Program List
Call - -- Program Start --
Begin of Repetition Block Il Slow Kinetics On
End of Repetition Block: Loops = = ‘ TimeStep(s) =10
Im",ﬁ* | F ML On
Wait(s] = | TimeStep(s) =10
Paste to Slow Chart Comment Line AL-nt. =5
Paste to Fast Chart Comment Line AL D
TimeStep(s] =30
- Gereral Commands - I
j - Determination Commands -
- Actinic Light Commands - =
Lj_w - Measuring Light Commands - ]
y"‘ — GU’ 1 C b
| | - Actinid Choose On/Off
W - Measi -
FR/BL
Toaggle FRA\ i _
Select FR/ ' 0On @ Off
Select Act ]
ST
MT
AL Pulse
FR/BL Puls|/
TR Pulse

-- Measuri} 0K
F ML

— R

Kl 12 guiE et 2 Bas

KUDEICIR, Pt e BRI BN ETHRIELER, LG IA SR, AR ZRE L
15 () TimeStep, SEfF5OGMAARERITT. —fOm 5, EEET, WENEDY 30-60 #; MLERSHEY
L, B B BCE 120-180 M A4, el ETHEDLIAE . BCE TimeStep (K7A 5K 8 M.

HIELERG, R ANGES AR NS — M, SC PR e A &' 1) 26 I e i
HARER, {E'@ﬁﬁﬂfﬂzlilﬁ:lﬁ IR ICPMESE, Bl Il 1 digE s d k4, xSk
BARBAT T, EARTEIE AN ERCR, Bk, @GR ARSI FREE, R AR,
Wik 13 fiizr, 7E General Commands H X7 “Slow Kinetics” , 1E#E “off” , BIICH] T 1885 /) 2= Hh 2k .
SR 1E Measuring Light Commands F1 XUl “FML” , E# “off” , RISCHIMESE, K 14 fis. 2,
WA E IG5 2RI b it e 0 I AS SCF o 5 e e



Edit Script

' — < - = - - -
- Script File: Post-illumination.prg
| ot =
Program Commands % Program List "
Call - -- Program Start -- "
Begin of Repetition Block i Slow Kinetics On
End of Repetition Block: Loops = 2 TimeStep(s) =10 "
| I —— - F ML On
Waitfs) = T TimeStep(s) =10 L]
Paste to Slow Chart Comment Line AL-nt. =5
|| | Paste to Fast Chart Comment Line - AL On U
P |
¥ - Determination Commands -- iaCtanlele
| AL TimeStep(s] =30
V] - Actinic Light Commands - = u
[¥! - Measuring Light Commands - h
[V -- General Settin -
|| | - Actinic Light S Choose On/Off 7
VI - Measuring Lighl - :
-- General Commal/
|| |New Report
Save Reportas
Save Slow Kinetics &,
Save Fast Kinetics
| & ' () 0n © Off
Man. Record
Copy Settings from £
Copy Trig. Run from:
Copy Settings from
Copy Trig. Run from|
Open Fast Kin. Trig. | l

Kl 13 G IEE B) R 2 BR

Edit Script

B Script File: F;ost-illumina’tion.prg
Program Commands Eg Program List |

Call -- Program Start -- "
Begin of Repetition Block Slow Kinetics On

End of Repetition Block; Loops = TimeStep(s) =10 i
mmé— F ML On

Wait(s) = TimeStep(s) =10 ]

Paste to Slow Chart Comment Line AL-nt. =5

Paste to Fast Chart Comment Line - AL On
TimeStep(s) =30
AL Off

| - General Commands ~ -

-- Determination Commands - { |

EJ

-- Actinic Light Commands - mesipp

. -- Measuring Light Commands - i
/| -- General Settings -- St
- Actini u‘
Choose On/Off

-- Meast

Toggle FRA
Select FR/
Select Act.
ST

MT

AL Pulse
FR/BL P
TR Pulse

S/ ]

ENJCERN

=L
-

—

() 0n @ Off

K 14 Jﬁiﬂ?%lﬂm a4 B

SRR S IR A6 I R 9 eI BT il ZE AR an &l 15 B, Bei s 2 7Y
W TRAF L, R A S ORAF Sl o s EMIRPHEHL, R [ ES



IR

Script File: Pstlinaﬁon.prg

Program Commands % Program List
Call - - -- Program Start -- |
Begin of Repetition Block Slow Kinetics On
End of Repetition Block; Loops = TimeStep(s) =10
I N | () |FVLOn
Waitfs) = e — 1 |TimeStep(s) =10
Paste to Slow Chart Comment Line AL-nt. =5
Paste ta Fast Chart Comment Line - AL On
-- General Commands -- I\[ngfftep[s] =
% -- Determination Commands - = TimeStep(s) =30
/! - Actinic Light Commands - T
- Measuring Light Commands - @ l |el|cs 2
[V! - General Settings - -
- Actinic Light Settings -
[V] - Measuring Light Settings - -
Toggle FR/BL 7
Select FR/BL =
Select Act. Light =
T
AL Puse E
FR/BL Pulse
TR Pulse
Balance
P700 Sig. Fine Up.
::I?—g Sig. Fine Down ul Legend: Normal command  Unknown command
Call Sub-Program FRepetition Block  Comment generating

K 15 SEEOEHOEIE R SRR I LT il 2 A SRR 7 R

R ESER S, S N7 Script FHET “Run” #%41, BIR]JESNMZIA S, A28 0] B shil & etk
FeR M Ja R elEn EFHihZk, Wik 16 . AAITAT LM Slow Kinetics i H 25 A £ 2 TR L

F E
W _m-v-uiuwwil’ sl

Kl 16 Ja BhEA SO ER



M2 E e G, AT Lz B 2 ARTE a2k, FTEEEAA . N IRAE % 22T,
W S Script T “Load” %41, WH EAAFIFHT “Post-illumination” JIASCAE, IRFIFSEH, S
“Run” BRI &6k 765 1 G 1 SEBERs B T2

3. &g

FF Dual-PAM-100 " [FIEIA B D e, FT LA H 1 G e 0 DG 1 5 58 SRy b il 2 S A A v
i Ze, FTIRNBE A FEARH &P AR B AR bR, LSRR RS K. ZIRe AU T
Dual-PAM-100 ', [Fi thAE7E T PAM-2500 £ Multi-Color-PAM 1, 8 F 75 5:2548L,  DAE T3 b AN A 52
BRI S0 2% 1F 1) 4 Rl 2

S 3Lk

[1] Y. Munekage, M. Hashimoto, C. Miyake et al,. Cyclic electron flow around photosystem | is essential for

photosynthesis. Nature, 2004, Vol 429, 579-582.



