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 (Eulophia dentate Ames) 3-4

50-250

 (Leucaena leucocephala)  (Bidens alba) 

 (Bletilla formosana) 

 (Saccharum spontaneum)

1,200-1,500 μmol photon m-2 s-1

Abstract
Eulophia dentata Ames is a native plant endemic to Taiwan. It is only found in 

three to four areas in the past 80 years, each with a population of 50-250 plants. The 

phenology, growth environment, and ecological and physiological characteristics of E. 

dentata

groups. Conservation and research are urgently needed. In this study, we investigated 

the vegetation structure of E. dentate habitat. The invasive species Leucaena leuco-

cephala and Bidens alba have been growing rampantly and showing superiority in the 

habitat. They are replacing the native E. dentata, Bletilla formosana, and Saccharum 

spontaneum, which might lead to change in the vegetation structure. Through the mea-
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E. dentata is a self-supporting organism, and its suitable luminosity range is 1,200-1,500 

μmol photon m-2 s-1. Therefore, it is prone to be covered by invasive plants with strong 

growth potential, and its pseudobulb and root system can easily rot under flooding, 

showing its fragility. The results of this study can be used for restoration of E. dentate in 

the future.

Key words: phenology investigation, chlorophyll fluorescence, photoprotection, pho-
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2. 2012-2021 average ceiling lowest
precipitation

Fig. 2. The average temperature (average), the highest temperature (ceiling), the lowest temperature 

1.  (Eulophia dentata) 2020
Fig. 1. The location map of an important habitat for Eulophia dentata
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* V  

* V stands for the appearances of E. dentata in various time periods. 

 

 

 

 

 

 

 

 

 

1. 2020-2021  (Eulophia dentata)  
Table 1. Phenological survey of Eulophia dentata in the Grand Canyon area of 

, in 2020-2021 

 

Vegetative Growth Flower Pod set 

New  

shoot  

initiation 

Developing/ 

Full leaves 

Senescence 

initiation  

/Yellowing  

leaves 

Initiation 
Full  

blooming 

Pod 

initiation 

Pod 

maturation 

Seed  

dispersal 

Jan         

Feb    V V V   

     V V V V  

Apr      V V V V 

        V V 

Jun  V* V       

July   V       

Aug   V       

Sep   V       

    V      

Nov    V      

Dec    V      
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 ( 3C)

2-4  ( 1)

2  

( 4A) 4-10

2-4

2  

( 4B)  (

4C)

 ( 1 5A B) 5

6

2-3  

( 5C)

 ( 6A)

 ( 6B)

 ( 6C)

 (

6D) 2

3. Eulophia dentata A. B. C. 
Fig. 3. Phenological survey of Eulophia dentata.
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4. (Eulophia dentata) A. B C. 
Fig. 4. The phenological survey of Eulophia dentata. Young fruit (A), immature capsule for harvesting (B), 

and ripe fruit (C).

5. (Eulophia dentata) A. B.
C.

Fig. 5. The phenological survey of Eulophia dentata. Style and leaves (A), dry style (B), and leaves (C).
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1

 (57.27)  (26.03)

 (25.58)  (23.97)

6. (Eulophia dentata) A. B. C. D.
Fig. 6. Pseudobulbs of Eulophia dentata. Healthy state (A), pseudobulbs split (B), waterlogged root 

damage (C), and death (D). 

15.76 2
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 2.  (IV=200) 

Table 2. Plant importance value of the species in each plot (IV=200). 

plot 
species 

1-1 1-2 1-3 1-4 1-5 1-6 2-1 2-2 2-3 2-4 

 
(Eulophia 
dentate) 

15.2
6 

16.0
8 

15.8
2 

16.1
6 

16.1
3 

15.1
1 

X* X X X 

(Saccharum 
spontaneum) 

53.2
5 

59.2
6 

55.2
1 

50.8
2 

69.5
0 

55.6
1 

56.9
3 

40.4
7 

38.1
7 

49.6
5 

(Bletilla 
formosana) 

28.9
0 

24.7
8 

27.0
7 

26.8
1 

21.9
5 

26.6
8 

24.6
7 

13.0
4 

23.4
3 

17.8
8 

(Leucaena 
leucocephala

) 

31.3
9 

17.1
5 

22.1
3 

36.9
6 

11.9
0 

33.9
4 

13.0
4 

47.6
6 

22.1
3 

38.8
5 

(Bidens alba) 
31.3

9 
20.9

0 
24.6

9 
26.5

2 
11.9

0 
28.4

3 
13.0

4 
18.8

1 
20.8

4 
30.7

9 

(Paederia 
foetida) 

17.5
3 

21.7
8 

25.7
9 

23.6
8 

21.9
5 

17.0
4 

11.0
2 

10.6
2 

8.70 8.70 

 
(Ipomoea 

nil) 
8.01 4.76 4.76 4.76 4.76 8.89 6.67 4.35 4.35 4.35 

(Miscanthus 
sinensis) 

4.76 7.76 4.76 4.76 
17.0

3 
4.76 8.70 

37.5
4 

47.6
6 

8.70 

(Cuphea 
carthagenens

is) 

2.38 8.38 2.38 2.38 2.38 2.38 8.70 
14.4

6 
8.70 

28.0
5 

 
(Equisetum 
hyemale) 

7.14 19.1
4 

17.3
7 

7.14 22.4
8 

7.14 15.6
7 

8.70 21.6
8 

8.70 

(Pteris 
vittata) 

X X X X X X 41.5
6 

4.35 4.35 4.35 

 200 200 200 200 200 200 200 200 200 200 
* X  
* X represents the situation where no plants appear in the plot. 
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7. Eulophia dentata) Bletilla formosana Saccharum 
spontaneum 0 35 90 120 175 260 400 600 900 1,200 1,700 2,100 
μmo photon m-2 s-1 (ETR)

(NPQ) I=SE; n=8
Fig. 7. The electron transport rate (ETR) (panel A), stomatal conductance (Gs), panel (B), 

and non-photochemical quenching (NPQ) (panel C) of Eulophia dentata, Bletilla 
formosana, and Saccharum spontaneum plants were measured under 0, 35, 90, 120, 

< 0.05). 
Error bar = standard error, n = 8.
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ETR

900 μmol photon m-2 s-1

75.31 μmol e- m-2 s-1

2,100 μmol photon m-2 s-1

58.71 μmol e- m-2 s-1

ETR 1,200 

μmol photon m-2 s-1

109.34 μmol e- m-2 s-1 82.78 μmol e- 

m-2 s-1 ETR

7B 0 μmol photon m-2 s-1

Fv/Fm

0.74 0.71 0.73

2,100 μmol photon m-2 

s-1

0.06 0.10

8. (Eulophia dentata)  (Bletilla formosana)  (Saccharum spontaneum) 
0 35 90 120 175 260 400 600 900 1,200 1700  2,100 μmol photon m-2 s-1

(P%) (D%) 
 (E%) n = 8

Fig. 8. The level of P (photochemical quenching), D (thermal quenching accounted for the proportion 
of absorbed energy), and E (excessive energy) of Eulophia dentata, Bletilla formosana, and 
Saccharum spontaneum that were measured under 0, 35, 90, 120, 175, 260, 400, 600, 900, 1,200, 
1,700, and 2,100 μmol photon m-2 s-1. n = 8.
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0.08

NPQ

NPQ

7C

NPQ

2,100 μmol photon m-2 s-1

2.72 4.34

2.92 NPQ

600 μmol photon m-2 s-1

NPQ 900 μmol photon m-2 s-1

NPQ

8  (0-

200 μmol photon m-2 s-1) 

P

40-60%

D

 (Eulophia dentata)  (Bletilla formosana)  (Saccharum spontaneum) 
0 5 10 15 25 50 75 100 200 400 800 1,200 1,500 1,800 2,000 μmol 

photon m-2 s-1  (Pn) I = SE; n = 5
Fig. 9. The net photosynthesis rate of Eulophia dentata, Bletilla formosana, and Saccharum spontaneum 

that were measured under 0, 5, 10, 15, 25, 50, 75 100, 200, 400, 800, 1,200, 1,500, 1,800, and 2,000 

12 illuminations (P < 0.05). Error bar= standard error, n = 5.
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55.94% 67.54% 

58.54%

P D E

2,100 μmol photon m-2 s-1

E 37.74%

22.12% 33.38%

9

1,200-1,500 μmol photon 

 3 (Eulophia dentata)  (Bletilla formosana)  (Saccharum spontaneum) 
(Rd)  (Qy)  (LCP)  (Amax)

Table 3. Dark respiration rate (Rd), light quantum yield (Qy), light compensation point (LCP), and 
maximum photosynthesis rate (Amax) of Eulophia dentata, Bletilla formosana, and Saccharum 
spontaneum.

m-2 s-1 (LSP) Amax

2 m
-2 s-1

1,200-1,800 μmol photon 

m-2 s-1 Amax 4.71 ± 

2 m
-2 s-1

1,500-2,000 μmol photon m-2 s-1

Amax 5.39 ± 1.92 μmol 

2 m
-2 s-1

0-100 μmol photon m-2 s-1

 ( 3) 

2 m
-2 s-1

 

Photosynthetic parameters 
Eulophia  
dentata 

Bletilla 
formosana  

Saccharum 
spontaneum 

Rd (μ 2 m-2 s-1)  -1.500 ± 0.242 a -0.871 ± 0.384 a -0.712 ± 0.137 a 

2/ PPFD)  0.064 ± 0.012 a 0.028 ± 0.015 a 0.017 ± 0.002 a 

LCP (μmol photon m-2 s-1)  22.757 ± 1.709 b 32.851 ± 2.713 ab 42.595 ± 9.563 a 

Amax (μ 2 m-2 s-1)  3.628 ± 1.421a 4.663 ± 1.317 a 5.386 ± 1.926 a 

n = 5. Data are mean ± SE. Different letters indicate significant differences in the 
Tukey analyses for three species (P< 0.05). 
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10.  (Saccharum spontaneum)  (Eulophia dentata) (Bletilla 
formosana) 0 5 10 15 25 50 75 100 200 400 800 1,200 1,500 1,800
2,000 μmol photon m-2 s-1 (ETR) I 
= SE *** P < 0.0001; n =7

Fig.10. The relationship between ETR and Pn of Eulophia dentata, Bletilla formosana, and Saccharum 
spontaneum under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400, 800, 1,200, 1,500 ,,800, and 2,000 
μmol photon m-2 s-1. Error bar= standard error, n = 7. The determination coefficient (R2) and 
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