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AW EHISLOES © M54, (Oncidium Gower Ramsey ‘Honey Angel’) k. ‘&5
&7 & (Oncidium Gower Ramsey ‘Golden Star’) 72 7 f&[EE Y& T 2 B4k 28
S8 BRI SRR A EE B 500 umol photon m” s DL NAVERSE (1 hr) BEET -
S (O] P 2E BB NHIAE B o AN TRV ES Rl > YL EFES 17 300-500
umol photon m™ s™ » DU 7 B AN HITEIF & 240 o W Snfi S N il = o CER 5
(1,000-2,000 pmol photon m™ s™) > MEEELEEEELE » (B qE FFE > 325 ql -
G HOEHNRIEL B - HF YCHIIRE FE RS 2 A FH RIS - e — {18 FH T =] FH Y
AFEDAFERE - DL RSSO ORGSR B  ERR =S SRR 275
R SOLH ~ BEARREOE - IRALEHEL - SEiReg ~ eI

R

\

Abstract

The chlorophyll fluorescence parameters of Oncidesa Gower Ramsey ‘Honey
Angel and ‘Golden Star’ varieties under seven irradiation gradients were studied. The
results show that two varieties were suitable for long-term (1 hr) irradiation under 500
umol photon m” s, indication of faster dark recovery and lower photoinhibition effect
of photosystem. Thus, the light cultivate technology of the artificial light intensity
should range from 300 to 500 umol photon m” s to avoid severe light inhibit damage
to the photosynthetic system. The two varieties were both intolerant to high light
environments, ranging from 1,000-2,000xmol photon m”s™'. High light intensities led to
excessive energy reduced qE, and increased ql and the photoinhibition ratio. Since the
photoinhibition effect is easy to measure in the field, it should be an ideal physiological
monitoring index that can be applied in the field. The above results can provide
references for Gower Ramsey cultivation management, micro-environment creation, and
physiological monitoring.
Key words: Gower Ramsey, chlorophyll fluorescence, non-photochemical quenching,

photoprotection, photoinhibition
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AR EAEHI RN TR - &
IR A BE E 4H & 1Y 20 A 1 T ol s e 2
BERNVEEEY 2 — BRSTH
BEUWM T EME S EEREEE
{H - B F} Orchidaceae 57 /& 71 &l 52 7+
(Apostasioideae ~ Cypripedioideae ~
Vanilloideae ~ Orchidoideae ~
Epidendroideae) » 1F 4= BK [E 2 A V) (E
o i EHHIEYIEEZ — (De,
2020) > B R Y ORE IR BE 1G4
M B E =N b EEMER B E
T EABERIVEETET] - AT28 520
B CAREE E 3 R pl Ry — T B Y &K
g CHEE AT O LR
A2 E A 7 TP R AR L Y SO0 R 0 HEY
A 30 FRGTMEL > LETH - FEER
FEMG R EEE - HEE 237 &
H (& > 2021) - HARAEH R 5-6
H ke 9-10 H » RTEEIEE R - ik
Ve BRI S = A —  (EEHEUIT
FE R ERVICE R HATESE E&
FEZERAVITEH (5RAIZE > 2000) ©

R EEAIRIEEYE 0 AR EE
&EZ AR (Abreu et al., 2014) > YEHEYE
B Lg 5 A FEEYEZ A
[FEIHYIERE S AN S E R AE - EfE
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e EAE B ATEYI RS R isF R A =
HHIEIEER - WA R
S8 (light intensity, LI) B9 R[{7PE(E
ANFgESERIEIN A& ~ FENE
#E & (Banks, 2017), HAEREAEFHELT
R T ARTEYIAE A [FIER B R T HY
JeE AR LI EEZ#E - it g
¥ LI VZEZRNIFF SN BN L S - 12
G BEEYN A RABEICR M - TR
T (2021) WG SO0 il © fE
&% > (Oncidium Gower Ramsey ‘Honey
Angel’) fEAR[EDCEREERADCENT -
AR BEOtSEERVRS > fEEE
&= T EEHE 20-30 47 88 R FLE FE R
HEAGRE - HI IR IR ATEHY)
B BT OREE FOC I & 4
s 2 (£ 0 2020) 0 EERFERYRE
BRI R E S
{EHVEERENE (455 > 2014) -
FEEAEELFEL (Non-photochemical
quenching, NPQ) £ Yt {ri&Eh A E &
FAEM - R NPQ 1] DURF % 5 HY BE
BLIAE TR ACHE DIIREEE G
% %45 (Miiller et al., 2001; Murchie and
Niyogi, 2011)  FRIESEIR LAY IKIE -
NPQ R A4 T By 28 & 77 » NPQ
1% 1Y K2 & B% 73 /& gl (photoinhibitory



quenchin, ¢ F H#L ) (Miiller et al.,
2001) > = B 5% & % 4 (photosystem,
PS)IT JZ & o0 B e 111 1] 53 6% 1 T 2
WAEHRE - NPQ HYZE (&l 4H 5 0 47
& qT (phosphorylation shift-dependent
quenching, % & i Bz 1L #8555 A7)
(Quick and Stitt,1989) > T HE 7~ T ¢
i & & &%) (light-harvesting complex,
LHC) 7£ PSII A1 PSI 7 [E]A R BE L
5 o NPQ o fie PR AT i B 32 A 4H 5 30
77 & qE (Miiller et al., 2001; Johnson
and Ruban, 2011) ° 21D =ZIH% Y]
HER © 1. BB E 15 (ApH) HY
22 2HEERERENEOERER
& > PLK 3. PSIL 7 ai 5k PsbS #YF 1
(Miiller et al. ,2001; Lavaud and Lepetit,
2013) - Nilkens % A (2010) f5 H{E o2
5L PsbS YR fESE TR - Rok=E
(Z) B PsbS &fi 5 DUHAY Ht » AL
qE S FE1& BYER 73 1 fy qZ > B
Maxwell A1 Johnson (2000) € HI# S
Y NPQ & -

B (2021) G OO BB RER
e R R RN - EEE S UAEmE K
R EMZ HHY - RigE eREs
Ry BRI SO0 B TR M At B 23
& - ARSI Ga i SO0 BIEA
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SEDEABYFE L YIE

FEDERME T ETEGREONVE
A PUT B O B IREE RO
SeE Rt - RIREEE - FH ELRG
R s > feftaFEE -

oL =z
(—) slBRipf Sl B
SRER AR SOLBITE S TE
Ber Kk EEZE (Oncidium
Gower Ramsey ‘Golden Star’) > £ 2 T
A LLE > BABHEEETIHY 6 5 (15 cm)
AAERR > 2021 R FERAMZ FERKIE
& B % (23°35°51.7°N 120°30°13.77E)
TR PI9RIE R 75% 0 i
FE4E 5 70% > H K0 B 4 320
umol'm™s™ > H S H /R E RS
F530.3/25.5°C > (K 5 21.8/16.5°C
{8 T PR Ry /M TR BB KHRR
IR MEEAER DR LM E > 4 f B B
W = R N TR (SR AT T
(=) s H 5k
{56 FH 8 D 73 A7 6 (MINI-PAM-II;
Walz, Effeltrich, Germany) > j* 2021 4F
6-7 H & > Bt HUER Y o i S0 Bl
B SR EENGGIRER =R 0 &
TEECR FEGRE 2R
A 2S5 EENRFEE T - Sl



BEEY)ZHENMEMIE TW J. of Biodivers.24(2):17-37,2022

RFMTE R HETT 30 oy s A fE (L

RFEE5%EEE 50 (L1) ~ 100 (L2) ~ 300

(L3) ~ 500 (L4) ~ 1,000 (L5) ~ 1,500

(L6) K 2,000 (L7) umol photon m™s™ >

HELT 60 EEELRRBOCSHEN > H

60 73 #ERE 2 riEECER | EER > FHiE

17 30 s RUEIESE 1 7 #acss 1 &

B [FIIFAC BRI A E 2 73§ (D2)

10 43 $# (D10) ~ 20 47 $# (D20) Kz 30

71 (D30) Z 8% > Wac#k e &5 IH

BGRB8 stEL T2 H

(Demmig-Adams et al., 1996; Johnson

and Ruban, 2011) *

(1) Fo (minimum fluorescence) * {{FK
SRR NI &

(2) Fm (maximum fluorescence) > H: Ji¥
YR AR B CIA E » BAURKER
ZR8F0 R PSIL I JE o0 i HE HY 80
HE -

(3) Fv (variable fluorescence, Fv = Fm-
Fo) » Ryl 1% iy PSIT S .0
BT Z & e & > R A
M2 PSII RJETLHTVEIER -

(4) Fo’ (minimum fluorescence in the
light-adapted state) » HE5E N HYEZ/)N

N =
H=HILE °

(5) Fs (the steady state fluorescence) °
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JEHRETR PSIT &% i B8 1 {8 2K §f 2
TH 2 PSI ZEFIFRE NG B AR
HE -

(6) Fm’ (maximum fluorescence in the
light-adapted state) > YEHE T PSII ]
PARF B KRB &

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

(8) AF/ Fm’ = (Fv’/Fm’) / (Fv/Fm) > &
P PSIT R ZELH -

(9) NPQ (non-photochemical quenching)
= (Fm/Fm’) - 1> FERSEALERIHRL -
(10) qE = (FmT - Fm’) / Fm’ > NPQ
PE R ERYER 73 > T Ry FHF ]

@ 55 -

(11) gqZ = (FmT - Fm’) / Fm’ > NPQ
e S RERYER 73 o T Ry A HF ]
(4-30 775%) °

(12) qT = (FmD30 - FmT) / FmT ~
NPQ ' (LHC) 1T #YHkfz (B Eh Y
By > T RyMEARF ]

(13) ql = (FmO - FmD30) / FmT
NPQ I HIAY &L 73 - T Ky ]
IRFfE] © O Ry RERDLHT

(=) &atoath
L& 4% ¥ #8 PASW Statistics 18



1 SigmaPlot 10.0 #8778 4% 2 2 #1[H
G~ T ER o AT Bl dg E o
Tukey’s HSD 73 Afr 7 F &N WY i i
ETR * NPQ ~ OPSII 7 [Hjfy 7 # -
Fi TWO WAY ANOVA 473 7 i 5 i il
7 FE ¢ B % 54 ETR ~ NPQ ~ O PSII
qE ~ qE+qZ+qT ~ qI NDEHIHRIELBIRY A
RNALFE - {5 FH 4R MOl i o3 A OPSTT ~
qE ~ qE+qZ+qT ~ qT FEHIHZ Y
B % -

®5
(—) BERBLSEAD R EE
&
1 ST W e S0 ol o e 15
%% (Honey Angel) Blg5<4 7 2 (Golden
Star) Z & T {H I 2 & (ETR) ~ JEE
B2 78 B (NPQ) FI Fv/Fm & PSII %%
AE (OPSID) Jtah B G EBEEL - &
e ng BT | 2€ 28 F FE 1E 50 (L1) »
100 (L2) ~ 300 (L3) * 500 (L4) ~ 1000
(L5) ~ 1500 (L6) F 2000 (L7) umol
s PPFD % 7 fl e B R HF - R fE
S0 SRR ETR ([ 1A ~ B) {E5%
o 1% 2 47 S VBRI A > RS (L1-
L4) FEIEAE 10 73§ PN A2 F S 0
St (L5-L7) piz BR AT 20 77 5 2 5] 5

22

MR IR IR IR Ve SR S HAR 2 Y R FE B IR B

& 3 AR NPQ Y8 (L » 4
1C ~ D At/ > W o e 7 ' 575 28 3
[ > 2 77 88 YAV R B NS 4 57 S8 Fy
TR HARE SRR 2 AR
TERRARAE L1-L2 R EEET - 72 4 73tk
NPQ o] DL4EFFIERI/KF 5 1F L3-L6 JiE
HEFF > NPQ Y 4 7y R B DM iNE
50-60 Sy SIS Ky~ F-4% 5 E=E LT 2
B - NPQ A 4 57§ 1% RIS i 22
RGN - i< AT L1-L4 BRIES

NPQ % U EL 8 ek AL > HERS =108
L5-L7 i - NPQ % 4 77 g 1% AR ¥ T

PRI > BrEAHNEE A
LB K o fF PSI ZUAE 5 > WA
£ L1-L4 p 380 - {5 ER &M 2 7
8 AR AR - BEIREE 4 77 SRR 4R R
H EF > 10 S $ERETE - BURW
rAE AR (RSEHY B FEME » TigEts 4k PSII
SURENS = 0 MEAE L5-L7 BREEHE > W i
T8 PSII R RETE Yo7 L HART 2 435 A 21
IR > FEAERHE/KEE ISR
RS W R R 2 -

( =) SEORaE BEHNH]

T ' 57 25 A TH 60 77 #8845 L 1%
TE B 1% H S 4 E 30 57 88 N > W S
O AR R R FE M - HrE] 2 B (el
{8 1Y & % PSII & (AF/F’m) Ei PSII
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HYVEAE & F30% (Fv/Fm) A% > [ in
T AE L1-L4 i P 0% (2] 18 20 R f ko
£ D10-30 B 2 &% 21 37 85% > M 15
GEAE L5-L7 g BEIRR B (0] 18 2R RS
£ D30 B & [0] 15 2] 46-70% > [fi] 55 <
2~ BAF L5 B HERY D30 B[ [E]48 2
85% > {F L6-L7 B A D30 B A [a] {8
£ 67-75% » BUnsE 2 BE 240
{HRE sk -

PRIAS 5t Ry o e R O P 2 R T
B 0 UK S TR AR R B S BT
18 A 75 5 Two way ANOVA 73 #7 (
2 1) o AIFIRTESO O GofE AT ETR B
OPSIL ) HHEAZS > )t NPQ KEN
SHPERE (E, gZ+qT, qE+qZ+qT) £
SEHNE] (ql) &5 B EFBE R (p <
0.05, p < 0.01, p < 0.001, p < 0.0001) »
TEimid < S YA RUE Bt 23R
FEEH (p<0.05,p<0.001, p<0.0001),
ETR [R4b AR R TR 23R
E72% (p<0.0001) °

B NPQ 77 Kyt fr
qE+qZ+qT) BELEHH] (qI) 57 - 7 B
OPSII {§UAE BH M4 o3 7 (18 3) > mTH1pE
& OPSII [FK (L E#kGR ) > S0
B WIR{E A HOAE S = e PR SR T
¥ B LLE 3AB # 2 P B A A B

N

iz (qE,

23

(P<0.0001) » HFE R} 1Y B0 IRE
F2ELL (qE+qZ+qT - [El 3B) ¥ (qE,
3A) ARE » BUTOLIRERR T PR AR
AT (qB) F1 > (qZ+qT) REAVES
RIEIREL PSIT i EE(LI R W B AMHE
TREERE ) » AR AR EIRF BR YL
ERAEZR > [ AE OPSI KA EIH >
SNt E 2 S - ATLA ql Bl OPSII A,
= HEE EAHE (p<0.0001) ©

m & 48 % fr & (qE-
qE+qZ+qT) ~ L] (q) BN
{5 (photoinhibition) [ [ {4 > 7 & f5
&k J7 0 ([E 4A ~ B~ C) > HIE 4A A
HIERSE L1-L4 pRBRs - & SAIHIEL
{3 33 00 P R 7= B > qE BB 2 e S 5
g1 EBEEIEMHER (p < 0.05) > HE
JEREE S A L4-L7 B SEHIHIER A
i HE = I 0 qE BEHE S 08 BleE J1 2R
RSN - S 2R ARG (A
58 ) » RERMAE 4.720 (L1-L4) #EHL
-34.475 (L4-L7) - {£[E 4B 7] 515 YR
&P qZ+qT (FE=E R TEER + SEF 0
BEEEAL ) IOARE » ARG RO
FEFGE IR S 2 LS - (HE T DAY
JEFE#EEF] 1,000 pmol photons m ™~ s~
SN RE B BLRE ST T IE R =AYb
-34.475 (L4-L7) B # 2 -52.063 (L5-



L7) 051 « #E2 BJ7HE ([E 4D~ E ~
F) - [B 4D BUrsE e 2 2% L1-L5 5
$U11 1 B ] 365 0 g B AH ¥ L5-L7 A &
I - qE BB JEST FEET - EFEE EE
GMERE R (p < 0.01) » HESLERSE
LA4-L7 I > SEHIHIEEFIRIE S T =
qE FEHE = H B ae IR AL - d
ARG (EfEHER ) - R
32.878 (L1-L4) #H #1 [ -104.796 (L5-
L7) > fEEHF#E e 2 F BRI HE
SSBLEE ST 0 {E B 4E Al AIE L (RE
qZ+qT JOARF » 1F ql BLEHIHIEEGHY
B ITH - AT AR S TR
B R SR MERA A (p<0.001) » BUR
PR # qE ~ qZ+qT ( "] 5 E7 ) Bl gl (
A ETERE ) YRS -

5 By £ NPQ EE B 4H B > A AT
BTG ol s =EZ BAREE
L1-L4 B5 > qI BRisigEsn i - B S8
L5-L7 05 > qI BXisisisk s - BnE &
Z BN S -

i

(—) BRI SEIDEGHEEE(L
TEYEEIE AR EE 2/ ZH
Keh & MEYCHE BRI
H A BRI LT A AT [F] (Wong et al,

24

MR IR IR IR Ve SR S HAR 2 Y R FE B IR B

2012) - SNFEASHEEAIAR N JE & ST,
B EEREGEEEERAYE R - 11
ECERAMIE IR - e E EHAVEH
HFEETHE A REEFIRREN (Allen
and Pearcy, 2000;Wong et al., 2012) »
fEJemTiya B (5RSF > 2021) o A
Pl BN SETe i Y o b o i K
BT BREDEEA 20-30 ST HIEH
ARG EFHEEH RSB > A
EREHt e AAEIEH - §EEUKSY
FIFRCEIE S (Deans et al., 2019) © A&
TR 2R AG SR - HIE 1A - B
H &S RN i E Y ARG B
2-10 77$#MN ETR g hIRZRELEETEH
EHR (RS > 2021) » EiHT ETR AV
HEE CO2 [F{EAYH PR (Bai et al., 2008;
Wong et al., 2012) > {F 8 BF H > T Uy
FET R RE S HO G 1F At (E G
T o S BRI HTRE B g E R
B ARG FR (Demmig-Adams et
al., 1996; Kato et al. 2003; Adams et al.,
2004) -
HEETHRE P REACHR T
ISR S G VES=11-E-5 ESIE 0 IN]
[Z{K (Weng et al., 2013; Acebron et al.,
2021; Lin et al., 2021) = PSII %R F 58
6N HY R AR FE 2 H NPQ Y 3
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=R MEERR 2 ERaE B I EP 0N
BY (Demmig-Adams and Adams, 1996;
Jahns et al., 2009) - fFEE=ZEET -
REHE V) BAEBEAELLHRAEER
(A) > AEERBEERIOREE (2)
(Hager and Holocher, 1994; Demmig-
Adams and Adams, 1996; Verhoeven et
al., 1999) [ 300 BIfE = e B (LS-
L7) & > W anfE Y NPQ ££ 0-30 77§
e AR 0 ([ 1C ~ D) > TTEE
HpEZE WIEERA > BURSOL
i A i =G 0 R ROEER B (L1-L4,
Y& 500 umol photon m” s AR ) #%
REEJE > RERIFELEHY ETR O &
A ) BLEEAT NPQ (FE L2 L
) IR E BT SE S SO0 AR R
M Z e ISR - DS 50~70% Ry H.
(Ackerman et al., 1985; Aldrich, 1991;
Hew et al., 1994) » {H5% 1 A HIF{ i 5
OBl anFE AR AL B2 R REMH B 2 B L
(ETR B2 PSIN) J@FEHEER » KIMTE
£ NPQ IR LB B B A Ll
A5 BURERBE RN ERE ]
AT E M L A E YA R
(=) YeOra& sOEHIH]

FHIE 2 o] AI7E L5-L7 AR T
W FEEY B PSIT 3R (AF/F’'m) {8

25

B EERE] 20% LA (AOLIRATHIEE H
Fv/Fm {E 5 100%) ° 7E=¢E R » PSII
RO ARAYES o> B 4E PSI B9 AT
FHF ] (Oquist et al., 1992; Miiller
et al., 2001; Adams et al., 2004) > i
& (PSII #Y N3 ) BIFETRERBE EIOM AL
(qE) » HAEME R HE 20-30 47§ N 32y
WA - %F (el ) #E R
/N B 2 B R I T A R MR AR (Mller
et al., 2001; Adams et al., 2004) > 1FH%
WAE WA > " MR (ES R R
1A 30 73 #£HY Fv/Fm (B %18 £ 68.6-
86.3% (& 2B); fE iz & HII K AR F
46.2-70.8% ([E 2A) > BN EEZ 2
HIOLGEER EHE R SRS S
IEFRCHIRIER S - BHARR (2007) K
F55 (2015) $H¥ SO EEERHEEMN
BB A MDA AE SR W e S
Ot i B (L1-L4) Jiz PR 1% 1% ] 30 77 §2
HY Fv/Fm {E VX 18 5] 80% LA I » &R
9 i FE A S & 500 gmol photon m™
s' DUFEAE BIEN: o DR EIRRTHYEE
F Fv/Fm {5 55 100% FIRFEEEE % 30 47
SEAYAES Fv/Fm (HATEEE > TG
fIHIFL & (Weng et al., 2011) > [RI[T »
AF/Fm A {E By 55 b 2 e 0 e TR
faE - DARDES BSOSt &R



Mt 32 14

H it NPQ 2 PRt & RV E
2% ] (Miiller et al., 2001; Murchie
and Niyogi, 2011) > fE¢EEEEFE S
NPQ HY (LB & R F VIR -
NPQ 4R E AV B AIRE B8 75 Ko
[EIH4EAER 7> (Midller et al., 2001) =
oo gl SE IS REHY At
PREEIEA » qF B R &RHYRE ROH AU
HOREEHAR - —f&ME » & PSII
W i % pe I - JHEERGEFIAE 2
[E1HY pH FERE &R qF REHIE TR
5 - Prag PSII fo<2)EHII] (Gilmore,
1997; Miiller et al., 2001)qE {H & = >
Ot O 8 B T 5 R G o F IR 3 F] A
& OPSII [ (e ERGE ) B > S0
ol A R 18 o R T A 42 = e PR 2R
FEY > HEERERAVE L IREREE LA
qE+qZ+qT (slope = -2.403 & -2.568) (
3B) ¥ gE (slope = -0.789 & -0.972)(
3A) AR BUROLIRERR TR R
REEUHAEX (qE > [E 4A ~ D) 41 > qZ+qT
BN FE = RIEER B PSII I (LR 52
L EAHEREREST ([E 4B ~ E) > [H
It AR AN [E] A E T HAH O IRa& 5%
B MEEE R S OPSII [E{RAY
[EHF - SEfifit & e s (8 4C ~ F) -

26

MR IR IR IR Ve SR S HAR 2 Y R FE B IR B

BRSO BB ST E - FTE
i % HI I PR 22 (Demmig-Adams et al.,
2006; Wong et al., 2014, 2016) - [fil&E]l 1
BN > mOREEE (LS-L7) 8 2R e KR
2= W AER NPQ » (2 = Eh o
ECHIFIAES T (q) -~ BEIRE AR
Y qE RZififE(E (8 5) - ° =2 2
Z NPQ HEfME SRy #i5ar /A
HEINEY R INAE RS ql BY KiiE e &
It BB = Y R RE B ARG AR
SEIEM > P BAR S OEHIHIE A
(Demmig-Adams et al., 2006; Wong et
al., 2014b, 2016) - 2RI SEATENEE AT 5T
AL HYEEATES (light saturation
point, LSP) ¥ 1,200-1,500 zmol photon
m? s (GRS > 2021) - EEEALGRERY
FITHI PR 52 B] R 4EFRF O BRI IR SO
BB RIDER -

& b ] RS20 Bl A e AR (RO JiR
L (L1-L4) B > 0[] {8 i 5 ]
R RRR - BN R Gn e 5 & 500
umol photon m? s™ DL YRR AL -
HaraHotartt (5RE - 2021) R
FRFLBHPARYER I (BR > 2007) » A4
FESOOHBVRGSE E . - A5 AR
Rl B (&% - 2021) - SLEFES
A 300-500 zmol photon m” s » H 1F
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&by E RS H HATHY TR RN A
JETTIH > JE AT AR S ' B B N AR 1
/INERF Y HELERS - DURI S s SR A% R 2 o
B EDEATHIRED & 2t -

RIS
< §m

S0 T WA e R ' S B e S B
B ERE ZEEN:

(1) W fE R ARy a2 $ » ETR
1E 2-10 sy HRE AN - SALER RS
FERFMEM - fERFRZEN - TSR
FEACHHUB S RER

(2) W fm T 3 & % & 500 umol
photon m” s DL N #Y £ HF [ (1 hr) 18
5 HEF[EHE R FOCHIHIRE K -

(3) NCIRHRDERL T - SCEIE
41 2 300-500 umol photon m™s™ » LA
i o B B IR & 2% -

(4) W o e AN i 5 DB ER 8% (1,000-
2,000 umol photon m™ s™) » = CEEHE
ZaeEEL > (I qE [F K &5 ql
WA G B I EHIRILE B - Ry el A
HY AR BHES AT -

.y

%3 < gk
T~ BRG - FEE - $HE
BREH S ~ &= 1JT 2020 - {7 JHEE

27

TKEE AT BAAT /I B R 7 v B AT
KRR E T A EH 2 BEET -
BB W) % BRI SE 22(4): 331-
352 ¢

FHEE - REESE - HAAR - £aiF e
2015 - PUFE SO HEHYSEETFE R
BATT - BLAEIERHES 16 1 ¢
166-167 H -

PR i © 2007 o BRER A ¥ SO0 Y
GIFAZZE - BINIBEREE
MEREREESEE A - tH L
sl e 125 H -

R L EE - ZE08 - 2020 - R R AR
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80 Honey Angel Golden Star

ETR (umol photon m2 s)
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Fv/Fm & ©PSI|

Time (0-60 min)

1. SO BEVIfE SRR 54, (Oncidium Gower Ramsey ‘Honey Angel’) &z ‘=2 &2’ (Golden

star) £ 25 °C F1 3%H& 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4) ~ 1000 (L5) ~ 1500 (L6) F1 2000

(L7) umol m ™ s”' PPFD "NHAST 60 438 N #EFTHIE 2 TEAR @O S8 > 18 A - B & T

3% (electron transport rate, ETR) > [& C ~ D & IEE{EEHEL (non-photochemical quenching,

NPQ) EifE E ~ F B Fv/Fm il PSII %E& (OPSII) B 5 H EET-HY F{E © Error bar =
standard error ° R [ENF-EFRRECHEDEIE T Tukey’s HSD 3@ 25 (P<0.05) -

Fig.1. Time-course variations in electron transport rate (ETR, panels A and B), non-photochemical

quenching (NPQ, panels C and D), and Fv/Fm & PSII efficiency (®PSII, panels E and F) for ‘Honey

Angel’ and ‘Golden Star,’ respectively. Measurements were made at 25 °C under 50 (L1), 100 (L2),

300 (L3), 500 (L4), 1,000 (L5), 1500 (L6) and 2000 (L7) pumol m—2 s—1 PPFD. Each data point

represents the mean of five leaves. Data are mean + standard error (SE). Different letters indicate

significant differences in the Tukey’s HSD analyses at seven illuminations (P < 0.05).
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2. L EEYIAE SR TE B4R (Oncidium Gower Ramsey ‘Honey Angel’ , [E A) & ‘=& 2
S’ (Golden star, [&] B) 7£ 25 °C 1 3% 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4) ~ 1000 (L5) -
1500 (L6) 12000 (L7) umol m* s ' PPFD "NHEHT 60 531% » HETTHEIMNE 30 S is A& > 55
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Fig.2. Time-course variations in relative value of actual PSII efficiency (AF/F’m) and potential quantum
efficiency of PSII (Fv/Fm) for Oncidium Gower Ramsey ‘Honey Angel’ (panel A) and ‘Golden
Star’ (panel B). Among them, Fv/Fm value of the same leaves before illumination was treated as
100%. Each data point represents the mean of five leaves. Data are mean + SE. Different letters
indicate significant differences in the Tukey’s HSD analyses at seven illuminations (P < 0.05).

33



MR IR IR IR Ve SR S HAR 2 Y R FE B IR B

2. UL EEYITEALTE BB, (Oncidium Gower Ramsey ‘Honey Angel’, A) . ‘42 &’ (Golden
star, B) 7F 25 °C #1 Y¢ 8 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4) ~ 1000 (L5) ~ 1500 (L6) A
2000 (L7) umol m*s™' PPFD "NHAHS 60 57 EARTHENE 30 /7 i(% » M1 TERAE (V) ROEHE (L) ¥
HBIATELEZE S8 (ETR ~ NPQ ~ @ PSII ~ photoinhibition ~ qE ~ qZ+qT ~ qE+qZ+qT # ql )
HIREIA T3t ( ZRUE RS RESE ) Z TWO-ANOVA 734fT »

Table 1. Analysis of variance of the effects of variety (V) and light intensity (L), and their interactions
(VxL) on ETR, NPQ, ®PSII, photoinhibition, qE, qZ+qT, qE+qZ+qT, and ql of per plant. Mea-
surements were made at 25 °C under 50 (L1), 100 (L2), 300 (L3), 500 (L4), 1,000 (L5), 1500 (L6),
and 2000 (L7) umol m s~ PPFD.

Main effect
variety (V) light intensity (L)
Parameter F and p value with significance
F p F p
ETR 2.20 0.144™ 62.34  0.0000%***%*
NPQ 8.51 0.005** 407.60  0.0000%***
OPSII 2.79 0.100 ™ 760.44  0.0000%****
photoinhibition 447.80 0.0000%*** 448.89  0.0000%***
qE 1522  0.0002%** 71.54  0.0000%***
qZ+qT 5.70 0.020%* 132.94  0.0000%***
qE+qZ+qT 14.62  0.0003*** 133.74  0.0000%***
ql 43.95  0.0000%*** 406.81  0.0000%****
Interaction effect
Trait v X L —
F and p value with significance
F p
ETR 1.74 0.128™
NPQ 20.01 0.0000%***
OPSII 4.94 0.0004***
photoinhibition 33.99 0.0000%***
qE 17.25 0.0000%***
qZ+qT 2.77 0.020*
qE+qZ+qT 6.83 0.0000%***
ql 23.65 0.0000%***

*p <0.05, ** p <0.01, *** p <0.001, **** p < 0.0001, NS, Non-significant
difference; n = 35 and 10 plants (replicates) for variety and LI, respectively, and

n= 70 for all interaction effects (V x L).

34



BEEY)ZHENMEMIE TW J. of Biodivers.24(2):17-37,2022

|
1.0 u A
® H-L1
u A HL12
08 - o u & Hi3
o) W HLl4
0.6 — ® n® * O HLs
uél- A HL6
O HL7
0.4 = -0.789x + 0.645
0.401****
0.2 — o
y=-0.972x + 0.604 ¢ ¢
00— rP=0.835%*
| | |
B
G-L1
G-L2
G-L3
'5- G-L4
+ G-L5
N G-L4
e G-L7
L
<2 -2.403x + 1.695
C
T
o -4.582x + 3.522
9O2**e*
1 & [+ A
0 I I
0.0 0.2 0.4 0.6 0.8

DPSII

3. O EAYIME ST AR (Oncidium Gower Ramsey ‘Honey Angel’ > B/ O0EBIZE 0 ) K &=

&2 &2 (Golden star » JI5% ) 4£ 25 °C A1 ¢ B 50 (L1) ~ 100 (L2) ~ 300 (L3) ~ 500 (L4)

1000 (L5) ~ 1500 (L6) A1 2000 (L7) umol m > s' PPFD | H&&F 60 771% » #E{THE MM fE 30 47§
I AT HI B 2 BELR R A e 2 8 > PSIT AR (OPSIN) Bl NPQ A HRIVEE B HEL (energy-dependent
quenching, qE > [E A) ~ J¢LREEHHEL (photoprotection quenching, qE + qZ + qT » [& B) K el
JHEX (photoinhibitory quenching, qI » [& C) ZAHEHME o **#* FIR P <0.0001 °

Fig.3. The relationships between PSII efficiency (®PSII) and photoinhibition to energy-dependent

quenching (qE, panel A), photoprotection quenching (qE + qZ + qT, panel B), and photoinhibitory
quenching (ql, panel C) for Oncidium Gower Ramsey, ‘Honey Angel’ (with solid and open sym-
bols) and ‘Golden Star’ (with cross symbol). Measurements were made at 25 °C under 50 (L1),
100 (L2), 300 (L3), 500 (L4), 1000 (L5), 1500 (L6), and 2000 (L7) umol m~s~' PPFD in 60 min-
utes. **** =P <0.0001.
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Fig. 4. The relationships between photoinhibition (%) and energy-dependent quenching (qE), panels A, D),
photoprotection quenching (qE + qZ + qT, panels B, E), and photoinhibitory quenching, ql , panels
C, F) for Oncidium Gower Ramsey ‘Honey Angel’ (panels A~C) and ‘Golden Star’ (panels D~F).
Measurements were made at 25 °C under 550 (L1), 100 (L2), 300 (L3), 500 (L4), 1000 (L5), 1500
(L6), and 2000 (L7) umol m > s™' PPFD in 60 minutes. Each data point represents the mean of five
leaves. * =P < 0.05, ** =P <0.01. *** =P < (.001.
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Fig. 5. The composition of NPQ in qE, qZ+qT, and ql for Oncidium Gower Ramsey, Honey Angel (panel

A) and Golden Star (panel B). Measurements were made at 25 °C under 50 (L1), 100 (L2), 300

(L3), 500 (L4), 1000 (L5), 1500 (L6) and 2000 (L7) zumol m > s"' PPFD in 60 minutes and after

dark period 30 minutes. Each data point represents the mean of 5 leaves. Different letters indicate

significant differences in the Tukey’s HSD analyses at seven illuminations (P < 0.05).
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