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FRAEGEBAEEMER Z04ER'
Wehe RS RF A AE RS

w =

RSP ~ BRSTIEL ~ RERF - 2007 © FFHZEMGRECIEIEYIZER OLEIEM - B
EEERST 56:224-236 -

HrkRFOU I EREHDE S TE s LB ne R - WARBOE S (E IS SR
FRREE - (E H AR A 35k SR B USSR (KRR AR P R ERE & PRs R TR
TEEHIERL o AHFELLBORREEE R L 35k R B K AR ARG LLE i 2
NEZH - AR m AR 2 RS RO IE T O MR r]
NS R B TEEE R AR - FEAAIEHEER - B — oA A A bR el
TENEE TR - AWSERE B ISk R B S n R B B E B R D
WP A FFERE -

FRSEEE - (E1) - AR - SERRADE « B FERER -

][]

Al

FIHEERFZROLERR DB EREE R - B R RS & PST
(photosystem IT) FSEITIRINIFFEIRZ (Foyer e al. 2002) o HIfA FEAEHIE 7 AR BT AL/ MRESR,
Ha AT BCER EEAB R R S FRRIEEE > IRIBL - PRI BERR R B B EE B — S A R
(CO, exchange rate ; CER) fi{#&a - C4 RUREYIRITEEIR T 8 T2 I, (photorespiration) »
It PSIHEFAER (Pesn) A _EIREERDERTER (Pcoy) ARRIESGIIFRIERIR(RIE
(Earl & Tollenaar 1998) ; A C3 HUAEY) » FIF R CO, 53R AKX O, 53 BRERFR LA A SENFE - Hil
o fe CO, [EEATT AT LSRR IER{% (Hai & Kubota 2006) -

WEVIZERARESGIRRE T » SEEFE SRS - ZER ST 9% ML ERE - 2.5%1A
BRI > 0.5%LA BRI « 5 ATy - PSIT SEACBAPA > 95-97%2E Fr ik I e B DAV
JBL > 2.5-5.0%HILLE YRR (BoIhar-Nordenkampf & Oquist 1993) o FHAAYAVER KBTI ERAIEL
RIEE > REEEERREEREE— (R « NIt > RSSO R E B E Y BRER T < S T
H > AR (Ambrosio ef al. 2006) ~ 525 (Souza et al. 2004) FIEpGitE (Hirotsu et al.
2005) » ARG HEE AL IR R RO #2285 (Spunda et al. 2005) ©

TERREOEZ A AR RIS RO - BEERA S eREE ( Fo, Fo') KEEF
HIFIE %2 FOEE (Fm, Fm’) FHEIZK (Rohacek 2002) - 5 £ fdi i 2 Bl E IR (DL &
PER I > Horp o SRS (electron transfer rate; ETR) &1 W HERLOE A1 A SRS

1. {TBE LT B L e B AT Fe e E5 25 2297 5% - #2527 HIH © 2007 428 H 20 H -
2. AFTEETAHEIAE S ~ BB AR ~ DI A - B8 S0 IG5 -
3. EBIAEE » ETEF © mhyao@wufeng.tari.gov.tw ; EELF¥ @ (04)23331673 -



TERR B RIEEF LG IR 225

(photosynthetic active radiation; PAR) JAEVJREETRINZK B EHEHEFRNDEGEHIRA Y]
BAfR > AEERLRH ETR BUE TS S 1EAIER (Silva & Santos 2004 ) » ETR fE ] ER
IKREKII R HSCR BN 25 1R (Yao et al. 2006) -

KRB EELEY) - I ARV SR (8 < 8 > B SRR IR A E B2
TAE < SUETEREEYIRCYI B 2N < 2 RIMRRE R Ry S e e e B T8 A B
IR > (R DUIRLI DOt BE AT T R AR NS - SRR IR HLR ] -
L R 2 S DRSs AR R L BT 1) » AR A B B s B R R A 7Py e [l e
TER - EDEG TR FERRARES - KRS R RRERAZE R (PSR L e R R A0SR A
B (B S AT I (photoinhibition) 5 » PR —KIGE - ERUMAERER
By ELes > FIFZER R BOCIE AR LR - (HHRTERDEGIER 2 B P
EAERE BRI AT > s EERHRIEhE I SR BRI - IRIIE - AT
IKFEESIEL - BRT BAOE FEER OEE T IR ELEE R RO BRGRIE - DUEAT I HBRGR - 0
AAETEY) (Fok -~ — LA ZIRIERE 20 AR AU - BRI
FAOCFOCAEH A MER » RS TG - s ISR A EEY A BT
FE A R AR T i -

MR EE 75 0

WY g Sywd L

TR G s e ey B S R T Ay - /KRR R S 2 67 S i vhil 10 5% > HH R
FRIRREE E B R e AEARIE T =G T WK Aa R = 73 BE AT SEHDE G F R S Bk R ot
Z B - RG24 MUK TAR/KIAER  IFEN S HE TR BB 2
“IEREREEE 1/ 2,500 ha Zhk (EERL 0.06 m® > FEE 28 em) > AF— W FEAEAE =4 0 AR
PR BB BRI 22 em e FLIRFREZKFAZR RIS 2 A R - SBRET TIHRIES 2006 45 5 HZ2 6 HH -
B AR E IR R e = 43 BE A = Filv R o R -

7KHE 24 Tl e A R B H ARG » ARERS . 580 2, 8, 9 5% > 3R 2, 67, 71 5% 5 FlifEale
FRAL 10, 11, 17 5% > SHEAR 155 AL 12 57 5 FEFAATR e 2 5% 5 R E 3 5% o BISh L FEAT IRS,
28, 54, 64, 72, M202, Milyang 23, CICA 8, Koshihikari (%) , Warisan J; Lemont 5 5,7 -

R HEAZE R B KO ETE I BRGR A TTHI I HA EY) < B2 AR ERG oK ( Zea
mays L.) 5 C4 BIWEY) > §Hf FoAGIE () WIEIRHE HEE AR RS F - —HRAL (Salvia
splendens L.) » S FEEEMGE - HIERHHRTEME 30 RZPGEATER 5 #85¢ (Litchi chinensis
Sonn.) JEHAFUEHEE - BAENHE - MR E AN > R RNEERE - =MEFY LIRS T
i RS E B E T 5=
BERFESEA

SeEVE R B REGESR - FIIFDEETER S H7E (Model 6400 Licor, Inc., Lincoln, NE USA)
FEHIKFEEEFOEATERESR « ZKEoHE « RALEE SCRFLARE AR (C) B - 5t
EEEHEY B HS &S (pyranometer) © Eppley PSP (precision spectral pyranometer) » J8I 72 &
285-2800 nm ° Y& TUiEf (quantum sensors) @ Li-190SA - JH|E#i[E 400-700 nm » FF— SRS AF
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{5 FHRTLUOCEHES R IE 25 (optical radiation calibrator; Licor 1800-02, Licor, Inc., Lincoln, NE USA)
T E28

KIEEE R BERMR R © R TA EBE i A TER R EHOEIIE RS (Chlorophyll fluorometer,
MINI-PAM, Heinz Walz, Germany) FJ{EjHI%S (sensor head) I » [FlIRFE5 B FEHI S Yenm B 3
B T E R AR TR BT - o282 B AR Rohacek (2002) Fift - qP K
gN S RIEFERE M-F) / M-Fo) K (Fm-M) / (Fm-Fo) > M f#f Fm &, Fm' - Yield B E &K 5
(M-F) /M=AF/M=AF/Fm' - & T-{#HE#3* (electron transfer rate; ETR) ‘& L2 ETRDDEES
{EFAREEST (photosynthetic active radiation; PAR) Fz{&8g » HEFE AT ¢

ETR = (Fm’-Fo/Fm) x PAR x 0.5 x 0.84 (1)

Hrf Fm’-Fo/Fm B¢V E & (photochemical yield) ; PAR B4\ % umol quanta m? s ; 0.5 B{&
(A TR 2 & T (quanta) 5 0.84 ZEVIEE IO R T2 AR5 (Genty er al. 1989) -

KEERAERMGER A - HEEGERSITEATIIE LS EHEE (gross rate of
photosynthetic CO, assimilation, Ag)’ 7 — EfviRIFEMEEZ (net assimilation of CO,, Ay) FIDE
INFIEZ B3R (photorespiration rate, Rd) A °

Ag=Axy+Rd (2)
R PRI PR S (] - — e DARE PR SR AN - RIS R R il (To) Rk > R
BT (Laisk et al. 1974) :
Rd (Ty) =Rd (To) Q;p *'™+ 1% (3)

To PGNP ERIRE  BEFIRE » 4R He and Edward (1996) fiti%F/KAE.2 Rd B - A]fib s
Rd (T) =1.94 x 1.69 ©'TF 29, Hrf 1.94 F/KFHE 25°C HFZ IGIFIRAL » 1.69 £5 Qo fi « AHF5E
AR LA ETF AN -
RIRIRH SR EREE

ARWFFEARE B H A RS Sl ERE AR S SR e B R
R PR S T IR RS 18 AR (3x2x3 m’) » AT PEHIVE 2= PR e R
feRRRE 5 Horp — SR EE R AL/ (Model WMA-4, PP System, Inc., UK) &
> FEHEHR RIS R SOR PSR (HMP35C, Vaisala Inc., USA) » 2 POEIRES KL -

w R
AR FALAERERS ~ RIFS ~ PRSBSOS AR, 24 > DU T AN [R] KR ZE A
] (RNERESRRMRI: ) ERIE R IERGR RS2 B AR REL - AS SRR - B2
Z FV’/Fm’ > qP } ETR SDEETEFIEAGEREAR (52— ) > JUH ETR BSEMEHER ZAHRR (R

B () FIE 0.81 o AL K BEF IR A S B E BRI - MR RS 52
Frig#A s RAT ETR ZARBRPEANE 1 Ao - B shig— et (AN KRR » i SRy
SEHERS 700 - 1,000 pmol m™ 57 (7 Zofek « it AR B SRR HATE Frigt Rl HRAT ETR RS —
B AIMEIEHERET & ARSI B AR B SO & ETR A SRR AR AR - 257
HABEYIHE MR ZEFOEE TR R R IERR FOES2 B AR 2 AR - TORBH C4 AL
TEY) - B > INIE - IERERET N EEF R AR B S E RIS T - /9
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1. 24 /KA. ZE PO S TE I 28U 3SR B2 B R
Table 1. Correlation coefficients of parameters between the chlorophyll fluorescence and the photosynthesis in

leaves, for 24 varieties of rice in different light environments

Item Fv/Fm Fo’ Fm’ Fv’/Fm ETR qp NPQ
Gross photosynth esisrate (Ag) 0.148  0.297 -0.261 -0.454%* 0.532%*  -0.457* 0.188
Net Photosynthesis rate (Ay) 0.156  0.312 -0.215 -0.603** 0.813**  -0.645** 0.186
Stomatal conductance -0.05 0.039 -0.095 -0.110 -0.006 -0.111 0.056
Leaf temperature -0.119  0.037 -0.375 -0.325 -0.049 -0.337 0.300

# **Sjgnificant at the 0.05 and 0.01 probability levels according to the analysis of two-tailed test.

140

130
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110

100

Net photosynthetical rate ( pmol m? 5'1)

20

ETR ( pmol m?s™)

1. KA 24 e S5 Frgole & 0 P R TR AHRIME - (A& — L2 ()

Fig. 1. Correlation between the net photosynthetic rate (Ay) and electron transport rate (ETR) of rice leaves for
24 cultivars in field-scale. Each symbol represents the mean for one cultivar. (**Extremely significant at the 0.01
probability level.)

BRGRECRTEE 0.91 » HAL—Ff C3 RUEVISLKAESEMLT - s — S RL R < AR RS A R
0.83 Fz 0.86 = [FIRFEHOEERES T » #93E 1,000 pmol m™? s IR TR BRINIE - 5T
IR SRS AR -

T PO S e [l FIAE R A R d RnMIIR A IRe ] _E 7252 - U SERERS Ry C IR R R - 5
ik A S22 IRF 2 N3 RO WISRSLBHRIRRIE ~ SRILSHE (carboxylation) FESRIGIE
RAFIFE - AEMREREELIEDE (50 pmol m? s7) FIMGAFLBIRS R » PER/KIAZEFTAEA DY
ST [l IE ] & ETR (288 (8 2) - ETR IRIASASZ IR A - FECHRIG N 8 E (R
YN > EFAESRRE E RS 300 pmol m™ s » {H7E 700 F1 1,000 pmol m™ s S5 AL LR -
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3 2. PR R EYHEARDE S UE A RS < YRR HR i B IR R
Table 2. Compare the net assimilation rate (Ay) and electron transport rate (ETR) on leaves of three crops under

the different photosynthetic active radiation (PAR)

PAR Zea mays (0.91%%) * Salvia splendens (0.83**) Litchi chinensis (0.86**)
(pmol m>s™)

Ay ETR Ay ETR An ETR
100 4.1+0.8 27.0+4.4 3.5+0.3 23.9+1.9 3.240.3 33.4+43.6
200 7.7+£0.7 45.0+13.0 6.3+0.4 52.2+5.6 5.8+0.5 49.5+6.7
300 8.6+0.8 59.6+11.1 7.3+0.6 71.5+13.5 6.7+0.7 80.5+15.4
400 9.6+1.3 71.2+14.3 10.3+0.9 94.0+10.6 10.8+0.7 104.0+10.6
500 12.0+1.2 80.3+£14.0 11.4+0.6 114.04+21.8 12.1+0.8 122.0+18.9
600 13.9+1.1 109.6+18.2 12.7+0.5 138.7+20.4 12.6+0.6 143.6+16.5
700 15.9+1.0 113.04+20.1 13.4+0.8 155.2+21.8 14.1+£0.9 151.2420.2
800 19.7£1.0 136.7+22.5 14.8+0.8 164.8+£25.9 14.6+1.1 166.3+21.8
900 19.8+0.9 156.6£19.5 13.9+0.4 175.1+£24.6 13.4+0.9 168.9£19.8
1000 20.1+1.1 156.8+£13.8 13.1+0.7 182.1£29.7 11.1+0.8 162.8+22.2
1100 19.5+1.4 107.9+13.7 10.6+0.6 177.2+21.3 10.3+0.7 163.8+18.4
1200 20.0+1.0 102.1+12.4 8.6+0.9 162.6+11.5 9.1+0.6 155.6+22.3

# *#**Sjgnificant at the 0.05 and 0.01 probability levels according to the analysis of two-tailed test.

72 ENPHEO IR I E - BEAOERE KA 700 pmol m™? s™ PUE 2 [EIRRAE S MR E 27548 - HE L -
IKFEEEF &2 R T BEDCERINIRIER - BB 67 SR ARl 10 S8 RMERT » BIMEEEDTRE
FIFHSCRME » S6& T A=A 0.1 pmol CO,/ pmol PAR » fij & 58 600-700 pmol m™s™
HIR 48 » 2T A N s ([ 3) -

A SR B A B RE MR - 36 HAF— R R RS Bingg - ARt
RS ARG ~ Tl G R RS > BT EYIE P o2 A B E - 2006 4 5
6 H CKIBH 126) FrabilkFEEEE 67 58 KA il 10 582 A VE R K B2 8o 28s H
sk, BORE 0 OB RS SR IEAP I RS2 g S R - LR vl (8 4) -
DRI A B 2 /K RN R BT 1 A R I /I R Y P Bl e SR AL, - (HRIE Pk
SRR SRS R RS o H ML (AR BB BIE B4 10 BER R4 2 B 1T
TEA 12 BEEEARERST LS 400 pmol m™ 5™ » FLIFA 67 BR R ATl 10 552 A 7F MR HENE 13
N (EEE P IR R TR R IR R o SR M R iR B -

A ACTREREE (1,000 ppm) OGRS » [ L T-EORHR S AHRRE >
400 ppm ;2 0.77 » HEEHZE 0.88 ([@ 5) » FRHARE S AR LI - LU FLIE CO, HE
HORARE » TR/ TR E A IR S IR F P B 7 A - e L e ECRHBEE

S

SREE A P HERRE RIS WSS SO SER R 65— 20 A ERPIER FY)A R B
SRR E L o DUSRRS S HuaR I E R S EIIEIREE )] » SR EaRTE - LSS C3 Al
few) > ERANSAHIEAIEE CO, R Ox IREETAI » HIEEF-HHEE ~ CO, [E & & RO E AT
S A AN E A4 (Von Caemmerer & Farquhar 1981) o {(HEET |- » MEEE I SEEIE
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{HEREEACH R T B REFE 77702 RuBP (ribulose 1,5-bisphosphate) 21t S8 LI ZRTE
57 CO, (HIEPNIEE CO, ¥ ) F1 O, £l Rubisco (ribulose 1,5-bisphosphate carboxylase) {F %)
PEAESZEH] « Ao a LR o LR A 6 5280 B 24 F/KA{EH GRS R - BEkkies
B ERAER ARG R R (R (2 1) UHEHFHEERAS B - Fris 2y Ffrss
1 ETR AUFERAFRE T3 0.81 © He & Edwards (1996) FI FHEERkZ A AR & SR FLS RS
BRI ATIEMEFIIRREDE SR HEE » FERRETE 0.94 » (HEAS B SR BRIEEH] T~ 2 4G
R HFTREOE R RSIRES LS B AHE > NEANEE > FRFEE R 28
RedcE > e E e AR SRR T ERRIE (Fryer er al. 1998) » FEHEEEYEA
FAHE > SEAHFEAS S - ETR HME(Y & ARMEZE AL EER R -

PSR R L A T 3 FR 1 ) B IR (et » AT HI iz — » (HATH 2
FEEAL AT BAA WA S E - Fhim ki a ] ETR BESEMEERZEIR (& 1) > #ERE
— i A = 4 (HERERES B WIER e U > F—#0llE 10 Ft e ER a2 S HIE
Blfsg— AT 30 SRk} » RERMEIEZ RS - A5 RARIHPMAGZ /KA - URERIRE - BERA - A
S g RS SRR > A [FlSL R S R EAT — 208, - Earl and Tollenaar (1998) DL KESHIFHE
B AS AL R A2 5 > W 228 ETR B[Rl BRME - BRI FEYIERZ LK

(£ 2) KRR KRB C4 BIEY) » S PHOGITIR R » eI A A FIH - 6
S B S E— 20 AHRBRRE T 0.91 5 BAHMEITE C3 BU7EY) » T EFH EIEE L E (—
HRL) REERIRE (5 AUZER  (HFTSRIG R ELKFESEMLT » 3R ETR Bd[FE{E =R
B A e AN [F YRR B S T o

— 10
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E 8 A Net photosynthetic rate
[=] —
E b
[72]
= 5 175
[ £
b —
e £
o |
2 125 3
£ =
c 2
7 75
=]
°
= 0
o
25

- A
2 2+ : : : : ; ; ; ;

0 5 10 15 20 25 30 35 40

Time (min)
[ 100umol | 400pumol [ 700pumol | 1000 pumol |

2. RIFIEH T 2 KRR R A T PR R B TR IR -
Fig. 2. Time course of net photosynthetic rate (Ay, triangles) and electron transport rate (ETR, circles) of rice
leaves at different light intensity levels. Bar indicate the treatment of light intensity.
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Fig. 3. Change of the quantum yield of rice leaves at different photosynthetic active radiation conditions.
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A 1000 ppm: r’=0.88
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Fig. 5. Changes of net photosynthetic rate and electron transport rate of rice leaves at two different CO,
concentrations.

KESEIREAEEYIZER | > SeaE R PO Rafs M T ie itz 5 781 ATP (adenosine
triphosphate) * S EFEMRER DUET USR] > (HR(E SR T/ E LA B S ERIRC S - 5 —
oA P ESRE AP AT R CRE ST S E S i — Rt - Hrh S FLBHRAR R B R AR B
JEE ZEFEHE - Kirschbaum et al. (1998) FHHEER 3Otk » EDLATEH L FfCEARARISHE NN > il
T Rubisco {HEAE 5-10 73p8ENSERE > SASLBHECS R WA - 975 30-60 73 - Ak5E (& 2)
DA 5 B R /RAEEE R —/INFFR > RIBCASLBRRE R B R TE1E » RIDEE (R PRI R
FESEFT ARSI HE - A RDEHREE R R A28 - ETR MIFEMGERF GG - & esntE
WA B (EAELHREE 700 wmol m™ 5™ RF 22 BRI ([8 2) « B3GR AT Eh &k
67 SRk aHAl 10 B BEFOLE T EREDURZBARIEEERE (B 3)  AE i
600-700 pmol m™ 5™ » ZKFAHE S FOVAER SRR » KL 1200 pmol m™ s ARSI A
NS - BRIBUKFREEF 2 ETR SOUETEZ HEME ([ 4) - ATRTE B KRR 2E RN E
JErs@ I N - (HZEROLGTEFIERSSL N > A595 ETR FECEDE b - Bl E3E Fr A B e

(RUFESRSLENE ~ BRI TR R I AR ) B Ry - MEIRES BIER S & TR > {6
MERFEGRIRMEHER - S B fYZE R O A TER SRR S ZER AT R AT )
Z— (Ottetal. 1999) » EHRANF PSIL IR EEIATE K - AIE BSOS BURHE %2 RE EHF A HES
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At BEZH xanthophyll G215 - 2506 N FIFAIIEEAZ: pH BEREZE IR zeaxanthin 32
T HUIRREEZIRE R (Jiang er al. 2006) - HINEZ T ERRIRIEOE L AR (reactive
oxygen species) FYZEEA » [ME A FYDEHIHIFIRRYEE 4 (Lu e al. 2003) -

FIFHALI MR ER AT CO, [EE R » CO, ARUFEFRH A RASRILAEA LS} HEEE A S TP
YERFTPE CO, 2 [EE R AR » JEHE ek 2 — N DS E AR 3 A e & Tk R Ha At Ak
HOAGEHERE - AURZIREETR A2 IAEE O Jifit CO, » (E R R E IR FE A - RS - C3 Y
TEYIAA: CA4 BIWEYIREA R CO, » 3G Btk s 4 2. COL 25 Zyti it 2RI A
{HH BT A AT B EEEER A ER » — i ARG SR R BOEER, (Schulte e
al. 2003) » FHRZKFEZE A R LR > WHEE nlem ETR ROEE1TERZAHRBRIME (£ 1) &z >
EIREARES CO RS HEARSLAREZ BRI > 728 O, LA SF Rubisco Z A5 EA7E
A TEETERSEREN (8 5) « [FFF248 cytochrome FEKHIEE » KA EITIE. (Azcon-Bieto
et al. 1994) » S5 H BTN EE m Sk e 2 FE LR MR A E GRS AR - S26EE IR A A FE
TEAIRIAIRFETT  SEREER RSO R SRS L RS SRR - BE > AR ER
EHEER > HATREREREEEATERER 2R AIFIE TR AR g A e 2 fHRE (Beer
& Bjork 2000)

AR SRR A RO T ER AR EM B DS TERE I TH . — » THEHEE L2
FRSE R R SRR A R IERGR - R e bR e AT L2 Ok
WP E sy o Bk RO LA B S F 4 WA HEMAMRETSERER - AR
B R A BRI RERANT ST - (B RPEE AR e n R - B P a8 2= - HlE
TR Y& B B B B IR 9% - BHMAIGAEN (remote sensing) HYG =X FIFEMIEYIZE R
& BERFRRERGEOCREIERDE S F AR (Freedman ef al. 2002) » $2{:—FHIFRefl 1 S ORI Y
BORHIEE =X AREREGET I A AR 2 B Ell L (I er s H RS -
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Use of Chlorophyll Fluorescence for Estimating Leaf
Photosynthesis of Crops'

Ming-Hwi Yao™*, Shou-Hung Chen” and Kung-Shy Chi *

Abstract

Yao, M. H., S. H. Chen, and K. S. Chi. 2007. Use of chlorophyll fluorescence for estimating leaf
photosynthesis of crops. J. Taiwan Agric. Res. 56:224-236.

Chlorophyll fluorescence has been used to probe the fate of excitation energy within the
photosynthetic apparatus and provide insight into the mechanism and regulation of photosynthesis in
vivo. However, no rapid, non-invasive measurement data of chlorophyll fluorescence from the field
environment on rice plants was available. In this study, was investigated the change of chlorophyll
fluorescence and gas exchange of rice leaves in the field, including the relationship between in various
parameters, diurnal change in field and influenced by elevated CO, concentration. The results
showed the rate of net assimilation of CO, of rice leaves can be accurately estimated from the
measurements of electron transport rate (ETR) using chlorophyll fluorescence techniques. As
compared to common methods measuring the photosynthesis rate based on CO, consumption, the
approach monitoring chlorophyll fluorescence verified in this study is a useful tool to screen crops
with potential productivity and stress tolerance.

Key words : Crop, Photosynthesis, Chlorophyll fluorescence, Electron transport chain.
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