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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 

μmol photon m-2 s-1

of photosystem. Thus, the light cultivate technology of the artificial light intensity 

should range from 300 to 500 μmol photon m-2 s-1 to avoid severe light inhibit damage 

to the photosynthetic system. The two varieties were both intolerant to high light 

environments, ranging from 1,000-2,000μmol photon m-2 s-1. High light intensities led to 

excessive energy reduced qE, and increased qI and the photoinhibition ratio. Since the 

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

Angel’ and ‘Golden Star,’ respectively. Measurements were made at 25 °C under 50 (L1), 100 (L2), 
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Fig.2. 
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 

P < 0.05).
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Parameter variety (V) light intensity (L)

F p F p
ETR 2.20 0.144NS 62.34 0.0000****
NPQ 8.51 0.005** 407.60 0.0000****

2.79 0.100 NS 760.44 0.0000****
photoinhibition 447.80 0.0000**** 448.89 0.0000****

qE 15.22 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****
qI 43.95 0.0000**** 406.81 0.0000****

Trait V x L

F p
ETR 1.74 0.128 NS

NPQ 20.01 0.0000****
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****

qI 23.65 0.0000****

(Oncidium Gower Ramsey ‘Honey Angel’ , A) (Golden 
star, B) 25 °C 50 (L1) 100 (L2) 300 (L3) 500 (L4) 1000 (L5) 1500 (L6) 
2000 (L7) mol m  s  PPFD 60 30 (V) (L) 

(ETR NPQ PSII photoinhibition qE qZ+qT qE+qZ+qT qI ) 
( ) TWO-ANOVA

Table 1.
-

surements were made at 25 °C under 50 (L1), 100 (L2), 300 (L3), 500 (L4), 1,000 (L5), 1500 (L6), 
and 2000 (L7) mol m  s  PPFD.
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(Oncidium Gower Ramsey ‘Honey Angel’ )
(Golden star ) 25 °C 50 (L1) 100 (L2) 300 (L3) 500 (L4)

1000 (L5) 1500 (L6) 2000 (L7) mol m  s  PPFD 60 30
PSII NPQ (energy-dependent 

quenching, qE A) (photoprotection quenching, qE + qZ + qT B)
(photoinhibitory quenching, qI C) **** P < 0.0001

Fig.3. 
quenching (qE, panel A), photoprotection quenching (qE + qZ + qT, panel B), and photoinhibitory 
quenching (qI, 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) mol m  s  PPFD in 60 min-
utes. **** = P < 0.0001.
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(Oncidium Gower Ramsey ‘Honey Angel’ A B C)
(Golden star D E F) 25 °C 50 (L1) 100 (L2) 300 (L3) 500 (L4)

1000 (L5) 1500 (L6) 2000 (L7) mol m  s  PPFD 60 30
(%) NPQ (energy-dependent 

quenching, qE A D) (photoprotection quenching, qE + qZ + qT B E)
(photoinhibitory quenching, qI C F) * P < 0.05 ** P < 

0.01 *** P < 0.001 **** P < 0.0001        
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, qI , 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) mol m  s
leaves. * = P < 0.05, ** = P < 0.01. *** = P < 0.001.
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(Oncidium Gower Ramsey ‘Honey Angel’ A)
(Golden star B) 25 °C 50 (L1) 100 (L2) 300 (L3) 500 (L4) 1,000 (L5)

1500 (L6) 2000 (L7) mol m  s  PPFD 60 30
NPQ (energy-dependent quenching, qE)

(photoprotection quenching, qZ+qT) (photoinhibitory quenching, qI) 
Tukey’s HSD (P < 0.05)

Fig. 5. The composition of NPQ in qE, qZ+qT, and qI 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) mol m  s  PPFD in 60 minutes and after 
dark period 30 minutes. Each data

P < 0.05).
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