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wE
RHZE & RIS EEFERES%:  (Oncidesa Gower Ramsey 'Honey Angel) FAR[EEE
TERE T 2 SRES A N BEAR R e 28 45 R NER AR B A = /K o F R » [E]0E
HAW S IYEEER1%L (ight saturation point, LSP) (1,200-1,500 #mol photon m™ s™) k¢
FE®EE (light compensation point, LCP) (45.0748.99 tmol photon m”s™) » DL R #{EAYHE
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IR, 3% (dark respiration rate, Rd) (1.04£0.12 yzmol CO:» m”s™) o 1E%ALEARGAE T
BTEHIEHE (electron transport rate, ETR) E)F¢E 2% (net photosynthesis rate, Pn)
EIRBEEAMRE (P <0.0001) » &S (1,200-2000 tmol photon m” s™) » JEFEALEETH
BUAEE (non-photochemical quenching, NPQ) ELBIEEEREERE > 61% » B NERBEAEAN
M= MESE RFREEE LR FFA MU LB SBRE ST - #EHIEARZE Y
SRR - BT ~ PR S IR M SRR, - BN R AR AR RE A BHHYIRRS - HH)
RS REEHVRHE - DB T RS R - RS EE A -

BEER SO O~ SRBEACHA ~ DEETER » BEARREOL ~ IBUEEIERL

Abstract

The gas exchange and chlorophyll fluorescence parameters of Oncidesa Gower
Ramsey 'Honey Angel' were measured under different irradiation gradients. The results
show that 'Honey Angel' had high water use efficiency and high light saturation point
(1,200-1,500 umol photon m2 s1), light compensation point (45.07+8.99umol photon
m=2s?), and low dark respiration rate (1.04+0.12umol CO> m2s?), suggesting that is
difficult to grasp the production micro-environmental conditions. In terms of
photochemical efficiency, similar to the photosynthetic system functions of other C4 and
C3 vascular bundles plants, ETR of ‘Honey Angel’ was positively and significantly
correlated with photosynthetic rate (P <0.0001) under high light (1,200-2000 umol
photon m2 s?), the proportion of non-photochemical quenching energy accounted for
61% of the total energy, indicating that 'Honey Angel' was not resistant to high light, and
its photosynthetic system could increase the non-photochemical quenching ability with
the change of irradiation. Further studies on the photoprotection and photoinhibition
mechanisms of 'Honey Angel' are needed to understand better ecological niche. The
chlorophyll fluorescence measurement technology has the advantages of convenience,

speed and non-destructiveness which can monitor the ecological and physiological state
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of' Honey Angel'. Understanding the characteristics of the photosynthetic system is
expected, and apply to current cultivation techniques, and improve quantity and quality

of 'Honey Angel'.

Key words: Oncidesa Gower Ramsey, gas exchange, photosynthesis, chlorophyll

fluorescence, non-photochemical quenching

V.1l
FTE2 % — RBETCHEYRE (Willis, 2017) » 73 i > tH 5L 2530 BERE B T nn
(Apostasioideae ~ Cypripedioideae ~ Vanilloideae ~ Orchidoideae ~ Epidendroideae) » Fy 2= EK EEAA
UIMEHE 5 i AIEYIEE 2 — (De, 2020) © G Gower Ramsey AyER FHEEEMNZ
EEMZEAER (Garay, 1970) - REAE RAVUIFCRE R EZHEREEIEN: - BRTC#EEK
RyE B BT — 4UA 30 RS DI - G S EMR N T EE
HIfZE 237 AHE (B% 0 2021) » HAREEAEEA R 5-6 Ak 9-10 A » REEAE A& - i V)
{Em B S A —  [SHE U CEN R EARE U C 'S & H A ¢ E S fRZEnvise (R
122 > 2000) °
— RS LIRSS 2 B S SIAE 15~25 CHalE N E2RIEAE 10°C U N 5 At
30°C Z LANBAAA & 2 AE A rl ge At st » i H A R Z e s DUERE  50~70% R 5.
(Ackerman et al, 1985; Aldrich, 1991; Hew et al, 1994) - fEfEYINAES B » HEHYCIEE
Y4 RIT YRR - ROCIOREEOLEFREEEERTZE » ML E ERARELIE
i BHEYVIREENVARR  ReEM s EHEYERES (Taiz eral, 2014) - FESOLEDEEMHERBT
7251 » Hew (1994) 25 DI BT RETESC 00 Goldiana fifE (Oncidium “Goldiana™ ) B#k}
W EARELEEIERIRE ) Z VR - FE SOOI A RAL - AR H AR R
a/b IELME K CO: FifE B HET » SOOI C3 RIMBEMAEY) - RS = R B0 ER 2
o A E RIS A RZ AN IIES - 5 R ERIRECFE EE  CaFAESR
BRE IR - 5% (2015) EAUESOLE (EE - &F - AL BEDLERE » &%
5 1 S2 0 EEAE photosynthetic photon flux density (PPED) 600-1,200 xmol photon m”s” BJZZZ%
11 (light saturation point, LSP) » & Y& &8 1,200 umol photon m”s™ B » E047 e HH FR Y]

m
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HIFG - S5BR (2007) F5HISG O H(Oncidesa Gower Ramsey) HUYEEHRHE - £ FIFEH RIL
RAEA » O {ERHEIR T RS -

BHZESC LB E AR - SR U e A RRRA R - R A 2 AR R - 2kiR
SERSE > Bt > AU SCOLEEUIESTE B4R (Oncidesa Gower Ramsey  ‘Honey
Angel' ) Fobhl SRS SCHABATEGR 2808 - FE IR ARIE R ARHV AL &R - A
P& ORGE RO IR EREesT - DABAR R R AR Gk O C B (WERIR MRS 5 2~ B &k
JERIR BRI TR » e =mER fon'E -

R

()R BB LR R

BRI R SO LIV E MR M54E (Oncidesa Gower Ramsey — ‘Honey Angel’ ) > %y
2 FADLE - BABITERETINT 6 1) (15cm) ZFEFE » 2020 FER A BRI =
(23'35'51.7"N 120°30'13.7"E) el 7ol - SEHRE By 75% » EEEGE By 10% » SFH9EE4Y 320
pmolm™s” » H ) H/AR B B B 30.3/25.5°C » ks 21.8/16.5°C » {HRITH Bskkks
B R KRR R R(FEEREORE T E - R e R R TR -

(DaBIE H K J77A
e & R Y U5 6 SRS SR K& e b & fE FH 0 A& (portable gas exchange
fluorescence system, GFS3000FL, Walz, Germany) » HEERRE S BESE By - RAS T 750 pmol
s RASRIISEREE 7 4% - AESSCHAENMLRRIE 25°C - MHBNEE 75% MR A
BB ARETRMEL N CO: CFE4Y 380-420 ppm ) ©
I AEEEB L FElERHEN
Ji* 2021 - 4-5 HOHIE - BEREEUEE SO0 S 0k BHERGAGIR LB =F - EITREER
oz S0 REEMAEE S - Ry S BB - e t&E 02510~ 152550~ 75~ 100 ~
200 ~ 400 ~ 800 ~ 1,200 ~ 1,500 ~ 1,800 K% 2,000 zmol photon m’s” » FEEG— N EAFEETER
HERIBERLACHE (£ 2020a) -
QAEDCEE L RS HEN
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AFRTAUERE 2 SO0 TAREE 15 DEEE(ET » ETEAZEESHEEN - oAl

Je Ml ERIEOERT Z BN E - HIE STHEL R R - R T8 (£% > 2020a

Demmig-Adams ef al., 1996; Johnson & Ruban, 2011) :

(1) Fo (minimum fluorescence) > AR ALR LGN R/ NI = -

(2) Fm (maximum fluorescence) » ERHIHYER AR E LIS & » BARKE LG PST K EH
MR E AR -

(3) Fv (variable fluorescence, Fv = Fm-Fo) F% )& % fy PSIT K2 FE H O 2 B &
HRFEVEM: 2 PSI S JEH OHYVBERE ©

(4) Fo' (minimum fluorescence in the light-adapted state) » HEYE FAVER/ NEEE »

(5) Fs (the steady state fluorescence) * Y02 T PSII 48 FHEE T IEH#E &5 T-F & PSI ZE2fEE
PEECHY R LU & -

(6) Fm' (maximum fluorescence in the light-adapted state) » YGHE T~ PSIT Bl BAR B2 A28 TS

1=}

=

(7) ETR (electron transport rate) = ®PSII x 0.5 x 0.84 x PPFD » & T-{EHigHR

Q) AF/Fm' =@ /Fm' )/ EFv/Fm) > B PSI XK LR

(9) NPQ (non-photochemical quenching) = (Fm/Fm’ ) - 1 » JESC/BER ML

(10)ETR/PG =ETR / (Pn + Rd) » & T-{EHIE AR EBLLE - E/E 2 (gross photosynthesis rate, PG)
ZEEE

(1DP=Fm' -Fs)/Fm" » SEALEHELS e EAIELG

(12D=1-F" /Fm' =@Fm’ - Fo' )/Fm > FBEUHELEIULEEE Z ELF]

(13)E=1-P - D RiEaZaesm G UAEER 2 LR

3.4t
DIF=HEHBE PASW Statistics 18 2 SigmaPlot 10.0 #EFT4RM: K — K [0l o3 M Edsd
B AR B R S W DU TR M AT -

i
o

X

(M REDEEE b RIS

Fo T FRRERR AR AR AR BRsE PPFD £ 0~5-10~15+25~50~75100~ 200~
400 ~ 800 ~ 1,200 ~ 1,500 ~ 1,800 Kz 2,000 zmol photon m” s™ & 15 fl & - I EEELARFLE
TEFERSE » 4554008 1A PR o] DASSBR AR (EE & 1,200-1,500 £mol photon m” s B ZE 5]
JEEEAT (LSP) - & YEEAE 1,500 umol photon m” s BL_ER% » Se&1EFRSEL T » A FLERE
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(& 1B)JREHAAHEIHVEEES - HHlEl 1C ATAIEERARAY Y & 1F I RALIR AR - W& 258
E&MEIEAERA (0 <0.0001) e

HFATHE 0-100 Lol photon m” s™ SEEAVFNEEFRFRAE MERE T (8 10) > BRI
BARHEE G F R BLE 8B LAGEEL - ZEREZEMR P < 0.000D) @ HTER (Y=
0.022X - 0.835, r'= 0.964%*) » O] {5-FER5E4%: > B IR 33%% (Dark respiration rate, Rd) By 1.04%0.12
umol CO:m”s” ~ BT (quantum yield, Qy ) £ 0.03£0.003 CO:/ photon ~ Y&i#i{E%EE (LCP)
By 45.07£8.99 tmol CO» m”s™ R RoFt A 1EAEER (Maximum net photosynthesis rate, Amax)
F512.1020.51 tmol CO: m™s" A1 1 -

(OO REHEEE b TR T

B 2 AT BEBAEAVEE T-EHIE AR (electron transport rate, ETR @ [& 2A) &gt =
PEETIHEEIF S > FAYEE 1,200 umol photon m™” s ZEEH% =) » £y 64.14£2.02umol m”s” © NPQ
HIJFAYEE 1,200 ¢mol photon m” s ZEFIEEAT A 3.3440.03 (& 20) » & PSII %= ELA
(AF/Fm' & Fv/Fm > [& 2B) Y& 800 umol photon m” s' DAE » FR4EEFA S0% /A4 » B
HOCERCR T ESEIR - M E T EHIRER SO SFHER Z EERRE - FOE 200
ol photon m” s" AN » {ENEBEMAZEREAT 0 GHLBRNE T UTIHEE - GHIE
HEFEENEE -

Fo T HEC(LERAE (ETR) BLAHR (Pn) 2 B4 > FHIE 3 741 - ETR £2 Pn BiG 5
T REIEFHRARAYRAZ (Y =0.020X +0.003X7-0.959, 1’ = 0.959#**) » =B AHRA (P <0.0001) *
U ETR BRI ARNY Pn (LA MHE KAVIE A s2 28 -

Ry T FREGERAE A EDCEAVRE EIMENARE - HlEl 4 =51 - £{85E (0-200 tmol photon

TS o REIRARAY P 4ERFAE 50-60%[H ; {HAEEEE 400 ol photon m” s H » D L2 50% -

FrAIAESE 1,200-2,000 tmol photon m™ s™ B > #it5eak 2 JEEALEMEU R TERE R A >
BERREEZ 60% » A S BBk H BRI CRELL B B4R T T By 25-32% » BEIEEIGEARAYE
EZEAT 1,500-2,000 gmol photon m” s B » A YEHIEIFR £ -

i
EVPLEEHZ R E R R E R ORFAE MEYDLH SRR G EE AR AIMA
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- AR R EBE By 45.0718.99 ymol photon m”s” > AP MEMEYIRTEFE > MHEMEA Rd
(1.0420.12umol CO: m”s™) » R Z B MEHEYINERE (FIAIEE - 2007) » B EBARE LR
{LHYIEIE - ] RS Ry B BEAYRT I

—fiME > Pn 82 ETR (5 OPSI) & 4EffEIELLH] (Sun eral, 2007) » 1 ETR #2572 H
REEfeE EEERAE T Longstaff ef a/, 2002; Carr and Bjork, 2003; Lesser ef al,, 2010) - £
Bl 1A KE 2A vJH > fE5sR A 4R (light-photosynthesis curve) B2 ETR HH4# (light-electron
transport rate curve) FH{LL - #E— P HEL T B I HRSR AR AT (8 3) > AIAIN & 2 IREE I
AR (P <0.0001) » Eéﬁ,ﬁi—ﬁﬂé&%ﬁﬁ C4 A1 C3HEPIAMPIEIEER (Cheng ef al., 2001; Pérez-
Torres et al., 2007; Ripley et al., 2007; Wong et al., 2014) °

EE T BmEIR ATl E G EEOLNHRYE S ARCERE - EEYEaEEE
B BER(E &2 2IRG] - I0A H A E T REUCE R CO R B +#1E - Rk
Rt HIEERT [k PSIT # & e B FE WAH Bt TR LKA F 78 (D'Ambrosio ef al,
2006) °NPQ ZAEYIS M=t EIRGHVE S IraERES] 7T LALIBEETD UM S BRAVAE &
D) o 8 FE IR WO AN 52 28 (Murchie & Niyogi, 2011; Esteban ef al,, 2013) = NPQ HE#EE
FIEERAVIG HIZH PSIL K 4R A S4BV E L5 [REHY - sl - BVHEURRIE L g lEZ
JCRIVERE T (La Porta et al, 2005) - HfE 2C AIEIEE Ak NPQ BEE B He s M FHeiT
1= A& 1,2000mol photon m™ s B 22 I ERAT I B P4 PSR 2 LEfF] (AF/Fm' & Fv/Fm>
2B) JA%E 1,200 umol photonm™s™ BA_E » FE4EFRFIN S0% /54 @ BURHOC SRR E 2 56
- M ErER (B 1A) 81 NPQ (& 2C) #IEMEIL - RonkE= Pn AYRSH0 - AHETHYIEF
SeRet ARSI - FE AR NPQ RFHEEHL (& 4) -

HEE AR BB E B - EEDCEEHZSIRRERT > FREhIR L LE MR
AR E %t (Han er al., 1999; Allen & Pearcy, 2000; Bai ef al., 2008; Wong ef al., 2012) ° [&]
2D "1 > FAYEE 200umol photon m” s” PA N A EEHY ETR/PG » B R IBYCWIHAYE & 18 AR AR

Al AR E T UM JEEMAR CO. 2 BETH#2E il PR Ew R
R st te PSI 2 EDLEE » SR EYRRIEEFDERE T ZAD L Irags] (£ » 2008

FLELEE 20202+ FLESLE » 20200 5 Leakey eral, 2003) » FHIL AT BRIV E & 240 00EE

CEFEERZ A LEHREE JT - MU RR HE— D 52 O IRe€ RO » A T8 T
R AL S AR REREAL - T AT E R IR T 2 278 » W T REE A 25
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=Rk -

KRS B AT IR A B A S /K M AReE - B B AR SR LSP (1,200-1,500 ©mol
photon m” s") Kz LCP (45.0748.99 umol photon m”s") Ay F5 MEFE ¥ 2 - DL R E(RAY Rd
(1.0420.12umol CO:m”s™) AYFEMAEPIRE @ > 1St Ry EL AR FEMVER TR IR (PR S AR R
TESEALERREE JTTH » B C3 FEMI & 2 40H (N - ETR BR &R 2HBEAER - B
EHHEERNTEULEHEEE T » WA — DT HOCOReE ROCHIRIRS] » A mTHARE T
i HR (AL B AR B - FEHEESR R B BRIl B U7 (8 - PR R IR M B R,
TIRE L BN AR AR AR AR B HVARRE - A BRI G R 5V » DU HERH R ISR AR (T i
BRIAHRARES SOE 2 B AR » DUHIE AR B TRSE ROl - IReEE A -

4 2

FEC -~ BRI - BRER - S8l - AREE - BREEL - $F12E) - 2008 o ARIEEANR SR
KPR S o MEERFSTZET] 30Q2) : 31-44

FLE ~ SSEAR ~ BRI ~ BREASS - BHEEE - 2020a - KEFE AN A EBEERE Ftas
BB - MEEIZERT] 42(2) ¢ 91-10 -

FL -~ BRI~ SR  BRIAS ~ BHESR - 2020b - ADEHE RN AR BRI NS
FSEORaERH =~ PR - FREEMRERERH] 53(1) ¢ 33-54 -

THHE - REET - EER - TOE - 2015 o WSO B C A TERREITTE « BB ER
FEE 16 3 ¢ 166-167 H -

PEFE ~ BRI - 2007 - MR AREDEE 2 AR IE - MEETIZEZEF] 2903) ¢ 15-26

BRTEAR - 2007 < BREERFHIOLEEETER 228 - BN GE RSP AYE RS 2 2
B2 o BEERS 0 125 H -

OB 4 - FEEEMT © 2007 o R LLAROR [EI P MR i e & A F I MR R e E T T8 -
BIRAEE R 18(1) : 11-21 -

R AET ~ ZR0R © 2020 © JfSE R AERERIE ¥ SO0 ( Oncidium GowerRamsey) BREREE A £ KA
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gitT2Ekeivr gy (A) B3t R (B) 2§t ERBELL B §
F 2 MMM R (C)o AsB: Errorbar=standarderror s n=5¢ C: **¥**4 1 pP<
0.0001 » Error bar = standard error » 0-2,000 umol photon m2s?t > n =15« 0-100
umol photon m?2s?t > n=8 o

stomatal conductance (Gs, panel B)
and The relationship between Gs and Pn (panel C)of Oncidesa Gower Ramsey
'Honey Angel' plants were measured under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400,
800, 1,200, 1,500, 1,800 and 2,000 umol photon m=2s. A, B: Error bar = standard
error,n =5, C: ¥***=p < 0.0001, Error bar = standard error, 0-2,000 umol photon
m2s?, n=15.0-100 umol photon m?2s* > n =8.
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# 1. % < (Oncidesa Gower Ramsey 'Honey Angel') 2_ &g ¥ exig 5 (Rd) ~ &
2 (Qy) ~ 4B (LCP) ~ &~ Sk & & (Amax)
Table 1. Dark respiration rate (Rd), light quantum vyield (Qy), light compensation point
(LCP) and maximum photosynthesis rate (Amax) of Oncidesa Gower Ramsey

'Honey Angel'.

Photosynthetic parameters

Rd(umol CO2 m?2s™) 1.04+0.12
Qy (CO2/ photon) 0.03+0.003
LCP(umol photon m?s™) 45.07+8.99
Amax(umol CO» m2s™) 12.10+0.51

+: standard error. n = 5.
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Fig. 2. The values of ETR (panel A), AF/ Fm’ &Fv/Fm (panel B), non-photochemical

quenching (panel C), and ETR/PG (panel D) in Oncidesa Gower Ramsey 'Honey
Angel' measured under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400, 800, 1200, 1500,
1800 and 2000 umol photon m2 s, Error bar = standard error. n = 5.
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Fig. 3. The relationship between ETR and net photosynthesis rate of Oncidesa Gower

Ramsey 'Honey Angel' measured under O, 5, 10, 15, 25, 50, 75, 100, 200, 400,
800, 1200, 1500, 1800 and 2000 umol photon m2 s*. Error bar = standard error.
**k** = P<0.0001. n=15.
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Fig. 4. The level of P (photochemical quenching), D (thermal quenching accounted for
the proportion of absorbed energy) and E (excessive energy) in Oncidesa Gower
Ramsey 'Honey Angel' were measured under 0, 5, 10, 15, 25, 50, 75, 100, 200,
400, 800, 1200, 1500, 1800 and 2000 umol photon m?s?t. n=5.
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