EFREBHTERFREBRSEIMRE

RFREBMTERFEE R

Study of physiological characteristics and habitat dis-

turbance of Eulophia dentate
e SERE BRI AR e AT 2y

Yu-Hsiang Lai', Li-Hui Chang®, Chiuan-Yu Li%, Chiung-Pin Liu °, Tien-Szu
Liao °, Chung-I Chen’, Ching-Wen Wang®

1 BT A BHRMETR 402 EPHEEEY G 250 57
2 IBREZERFEENHFRRE DI 502 MRBESBRERE 1 57

SEITIRRAIAR 012 BRRFHAIREZSIENETIS 1 57

1 Department of Forestry, National Chung Hsing University.No.145, Xingda Rd.,South

Dist., Taichung City 40227, Taiwan.

2 Endemic Species Research Institute. No.1, Minsheng E. Rd., Jiji Township, Nantou Coun-
ty 55244, Taiwan.

3 Department of Forestry, National Pingtung University of Science and Technology,

Pingtung 912, Taiwan

*Corresponding author e-mail: rk.aee@msa.hinet.net; kilorsoul@gmail.com

* ENEZ e-mail: rk.aece@msa.hinet.net; kilorsoul@gmail.com

60



BIEEYSHEMMI TW J. of Biodivers.25(1):60-94, 2023

1% &

RTM (Eulophia dentate Ames) 7%2%%7% TEFEW) AL AT 3-4 {E ATt -
JREFHIESY 50-250 #% - WEYE - AR RARA RIS A E T - HEHE
A S R o R M e 74 PR DK R B /K S IR PR SRS EEOREESRR > 1
Ry MRS RIAY) - iRTBORE KT o AUTE & R A B AR EEAERS - 1]
WM ASTESE S (Leucaena leucocephala) J: RKACIH S E (Bidens alba) HIEE
s REE A E M MAFA 2 RF W - 2B H K (Bletilla formosana) FIEHHR
-5 (Saccharum spontaneum) > 7] HE & B Ry U MG BF 451 2 N+ - 1B EIRHY
B R R AR 20 TRIRFE R ENAY)  EE L EE
F51,200-1,500 pmol photon m™ s™ » JEIMRIGHIEIEY) » ¥4 B HIERIRATRR K Ryl
HIGAFERE » S22 RBR ANRIEYIERNEZHA - BEE KR RS K
RARZEN - BRI - PR 2 &R T RF RS TE2 2% -
FASEEE - VIR - BEARREDE - IR S

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 £.
dentata are not well documented. The habitat in Grand Canyon in the Zhuolan area of
Miaoli County was destroyed by fire and flood, resulting in a sharp decline in the ethnic
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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surement of non-destructive chlorophyll fluorescence and gas exchange, we found that

E. dentata is a self-supporting organism, and its suitable luminosity range is 1,200-1,500

pmol photon m” s™

. 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-

toinhibition
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AT R BRI R I > S A - S H IR
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8] 1. S35 (Eulophia dentata) 1\ 53 Wi S T 42 A MO AE R (i BB ( B MR BIEIRTSE » 2020) -

Fig. 1. The location map of an important habitat for Eulophia dentata in Zhuolan area. Scale bar = 50 m.
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Fig. 2. The average temperature (average), the highest temperature (ceiling), the lowest temperature
(lowest), and the rainfall (precipitation) in Zhuolan Town, Miaoli County, from 2012 to 2021.

67



PP A TR PHEZA FELEAT )x100%

MR FARE = (FEARE YIS / P
HHEYIFAE SRR )x100%

IV =S + FHEHEZAE =200

2. JeERH b

ABH 7T BE 4k 28 M E BRI 4
=% & ¢ 43 BT 6 (MINI-PAM-II; Walz,
Effeltrich, Germany) » #& H 0 BN [5] 58
J& RS - AT ER R B IR Ay
HETEY) Z S HEGRE N SHOETE
Wt o HEIMHEAE LS EIEH
REIMATRERERF (- 8% i
&~ S ) SHE PR IR e A
s [T e TN ET 2% AR RE AR BRI
(Johnson & Ruban, 2011)

A 2021 £ 9 F REEMSENE K e
TRREHMEE KRR R MER
T 2B RRER T (RS
Pk - ORI YIPE TR SRR 8 RSy 8 B YA
HEATHIE - SEREYER IHEK
B £ % 78 % 30 min > FH 0 ~ 35~ 90 »
120 ~175 ~260 ~400 ~600 ~900 ~1,200 *
1,700 ~ 2,100 pmol photon m™ s & &
12 FE 1 AL T IS » 15 Smin 50

68

EFREBHTERFREBRSEIMRE

$%H Fo ~ Fm ~ Fs ~ Fm' t Fo’ 7 &%
B> WETE THEGRE S H (LT
&8 L E 5 2020 5 Demmig-Adams et al.,
1996; Johnson and Ruban, 2011) :

(DPSIT fz KOEALELERE Fv/Fm =
(Fm-Fo) / Fm

(2) FECAEEL K S NPQ = (Fm/Fm’) -1

(3)PSII Yt & F R % OPSII= (Fm’-
Fs)/Fm

(4) E T HIE % ETR = OPSII x
0.5x 0.84 x PPFD

(5) SeALERHH S AT O EREEE B
P=(Fm’-Fs)/Fm’

(6) BOMHL S AT B REEE T D =
I- Fv’/ Fm’= (Fm’—Fo’) / Fm

(7) HBFIAE & 5 Bt R WOE REEE B
E=1-P-D

(8) JEHE T PSII B & 7 AL B2 2K
Bt Fv’/Fm’ = (Fm’-Fo’) / Fm’

3. NATEMZEHE OEAaTERDE
SR iR )

fER R RS FERAE 245
(LI-6400, LI-COR, USA) » #% i 6400-
02B ## = (leaf chamber) & A T.4T B



BIEEYZERMEMI TW J. of Biodivers.25(1):60-94, 2023

LED Y& » R EFINAIE IR ZRHCR
FOLEERERA ~ HENREBIER J
FLEEEIRE -

22021 £ 10 H M EER KR
T O L o o L R 2B B M ] o B
W 2O RFEIR TR 2 E R
M - ot ISR E AT B R ERIE R
JE 20min » By R 528 CO, R - #EE
BB ALY 5-8 m ZEHE RN S
HERZE R B E R 500 umol s > BE
R K CO, e Bl 7 R s A [F] i
S REIFEEE 5 MRETTHNE Ry
5 EHME KT R IR - FAE A
DUBRIBAREAE 2-3 /o WEtstEHR
ERNERE - AREEgRRE - %t
T 9 DL S 400 wmol photon m” s™
HAGTFE IR - R TEAR IO EER -
FEHRE S 0~5~10+ 1525~
50 ~75~100 ~200 ~ 400 ~ 800 ~ 1,200 ~

Sl e
FERE ©

1,500 ~ 1,800 K 2,000 umol photon m”
' 3R 15 LR P L SOk
PRHFI4Y 7.5 min > FAZIEFE 2 S ER
HIRERNHAT —JE - BARE AN
EHIR A TS G R R E
Fo e ROt & F A% (Amax)

iE

ck
i

69

0-50 pumol photon m™ s™ i HIE >~ &
PRSI S T i SR (AR B o A LR
HEFEHEE L 0 umol photon m” s
Y CO, BEHI R ~ SEE ATy 0 pmol
m” s BV FESEE K H AR AR 0 43 ]
FREIFIR (RA) ~ SEHEERE (LCP) K
EETRCE (Qy) (5 & #8 > 2007) -

4. fEt A

DIESEH 8 PASW Statistics 18 B
SigmaPlot 10.0 #EfTERM: & 2K ] 77
MredéglE - L8 - RS CHRABLEEAE R
SHR DGR MR Tukey's HSD 21 74HRE
PEIIHT -

=5
() SIS B R B R At
. S5
72020 3 H & 2022 43 H i
ORI GR (R 1) B
B RS R 1 2 AW
HEIREREHITER (% 1) 0 TOMESE
5 (I8 3A) » MR 20-50 om
% @ [ 9ME B 5 R S HR T8

EEE - fEBEZ K413 4 B

]

B



EFREBHTERFREBRSEIMRE

F 1Lw & Bhy AL~ B % 2020-2021 & % X (FEulophia dentata) 1 &3 &
Table 1. Phenological survey of Eulophia dentata in the Grand Canyon area of
Zhuolan Town, Miaoli County, in 2020-2021

Vegetative Growth Flower Pod set
Senescence
New
Month Developing/ initiation Full Pod Pod Seed
shoot Initiation
Full leaves /Yellowing blooming initiation  maturation  dispersal
initiation
leaves
Jan
Feb A% v \Y%
Mar \% \% v \%
Apr \% A% \% \%
May \Y% \%
Jun V* \Y%
July v
Aug A%
Sep A%
Oct \%
Nov \%
Dec \Y%

FV R A E AT bR SRR

* V stands for the appearances of E. dentata in various time periods.
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ARTER? > H A BB (18 3C) > FE
Y 2-4 ASgAREEIE (R 1) %EE
BRI - &1k 2 &tk - BT RGHAR
([ 4A) - BRAFRBES L 4-10 {# >
FASR S FINGY 2-4 (E F - R RATH
R RBLRE - 72 AR KR
([& 4B) - A Ryt IR BRI (
4C) T H B - FIREEBIRE
TEHE IRz i 2= 4 (2 0K > PR K
R (R 1 B SA-B) > RS

—

3. L5 (Eulophia dentata) WFEFHE  A.

e

HARZERG% 6 H s

GHEEAVEIAR - M o WG RRHEE R
Btk BEROEE MBS 2-3 R R
(B 5C) - BREREE 2 B Hfi T fh BT 3
SAEHE (1 6A) > HRERE G H1T4Y
SUTHEIE A (B 6B) - 2RI
KR NMETIRERRERE - R
FHIRE A W5 (1 6C) -

AR AT AR R SR EERRIE T (
6D) » $HELRZ I R 2 - wT DI

Al
fE2F ~ B. S RIAIIE R C. AL »

Fig. 3. Phenological survey of Eulophia dentata. Flower bud (A), young flower, (B) and flower (C).
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4. ZLFWll (Eulophia dentata) WMEFHE - A 415 ~ B, REGHRATERIUL C. 3R -
Fig. 4. The phenological survey of Eulophia dentata. Young fruit (A), immature capsule for harvesting (B),
and ripe fruit (C).

-

5. L5 (Eulophia dentata) V)BT - A BT RCHRE B BEREEHR AR - B. #2810
C.%#o
Fig. 5. The phenological survey of Eulophia dentata. Style and leaves (A), dry style (B), and leaves (C).
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B 6.4

27kl (Eulophia dentata) [EREE - A (RFBERE B EERE 3L~

C. ZH/KIREZAE K D.JET -

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

damage (C), and death (D).

KT R 4~ 5 ARENRBBER
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*® 2EBBEYEZEE (IV=200)

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

lot

0. -1 122 13 14 15 16 2-1 22 23 24
specie

s | 152 16.0 158 16.1 16.1 151 X* X X X
dentate)

BIIRTE 535 592 552 508 695 556 569 404 381 496

(Saccharum 5

spontaneum) 6 1 2 0 1 3 7 7 5

EBER

Tél Il 289 247 27.0 268 219 266 246 13.0 234 178
etilla

formosand) 0 8 7 1 5 8 7 4 3 8
SREE

(Leucaena 313 171 221 369 119 339 13.0 47.6 22.1 388

leucocephala 9 5 3 6 0 4 4 6 3 5

)
KACEEE. 313 209 246 265 119 284 13.0 188 20.8 30.7

(Bidens alba) 9 0 9 2 0 3 4 1 4 9

HPEEE 5 217 257 236 219 170 110 106
(Paederia 8.70 8.70

foetida)
ZEATE
(Ipomoea 8.01 476 476 476 476 8.89 6.67 435 435 435

nil)

HET 17.0 37.5 47.6
(Miscanthus 476 776  4.76 4.76 4.76 8.70 8.70
sinensis)
SLIEnI AL
(Cuphea 53¢ g38 238 238 238 238 870 0 s70 S
carthagenens 6 5

is)

ZIN7 7.14 19.1 173 7.14 224 7.14 156 870 21.6 8.70
(Equisetum 4 7 8 7 8
hyemale)
fiEEER X X X X X X 415 435 435 435
(Pteris 6
vittata)

! 200 200 200 200 200 200 200 200 200 200

* X RRBRE AR HBREARAYE D -

* X represents the situation where no plants appear in the plot.
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120
i Jb\ L ] ,"'.'lnrrr_lr.lffi;: eleriieric
" Ll ¥ 4§ v Blerilla siviaia
|'\’IE 80 — - o Saceharnm .H'If.HJHFfUIIL'?er
@ o § 4
2 ef 33 b
2 .§ £
40
= *
L
20
0 1 1 1 1
) B
0.6
Ly
— TH v
3 ;
N 03 5 ,
o = - L 3
f g . :
a
< oz
0.0 1 1 1 1
5L C
a
il { }
o 3 % g ab§
® b
a3 8 8
0 1 1 1 1

0 500 1000 1500 2000
PPFD (umol photo m?s™)

7. LT (Eulophia dentata) ~ 2% K (Bletilla formosana) JEHR T-E (Saccharum
spontaneum) >0 ~35~90 ~ 120 ~ 175 ~ 260 ~ 400 ~ 600 ~ 900 ~ 1,200 ~ 1,700 z 2,100
umo photon m-2 s-1 YEE T » BETEHIEH (ETR) ~ &% PSIL ZEE (OPSI) FIEE
{EERHHL (NPQ) Z821E » [=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,
175, 260, 400, 600, 900, 1,200, 1,700, and 2,100 pmol photon m-2 s-1. Different letters
indicate significant differences in Tukey’s HSD analyses at 12 illuminations (P < 0.05).
Error bar = standard error, n = 8.
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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 umol photon m-2 s-1.n = 8.
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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
pmol photon m-2 s-1. Different letters indicate significant differences in Tukey’s HSD analyses at
12 illuminations (P < 0.05). Error bar= standard error, n = 5.
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1.26 umol CO, m” s K FHHR T 5 AF
& 1,500-2,000 pmol photon m™ s™ %7
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g & 1E R EER TR T (R 3)

» =R PR R AR DR R (R
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2% 3. B F (Eulophia dentata) ~ 2% X J% (Bletilla formosana) K EHART-5L (Saccharum spontaneum)

» ZHEIPI A (RA) ~ SEETUEE (Qy)

* OCAHIERL (LCP) ~ S KIS E1E A (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.

Bletilla

formosana

. Eulophia Saccharum
Photosynthetic parameters

dentata spontaneum

Rd (umol CO,» m2s™) -1.500 £ 0.242*  -0.871 £0.384® -0.712+0.137°

Qy (CO/ PPFD) 0.064+0.012%  0.028+0.015*  0.017+0.002?

LCP (umol photon m?s') 22.757+1.709% 32.851 £2.713% 42,595 +9.563°

Amax (umol CO, m?s™) 3.628 £1.421*  4.663+1.317*  5386+1.926°

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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Pn (z mol CO, m?s™)

10. & R T E (Saccharum spontaneum) ~ ‘22 3= [ (Eulophia dentata) J Z & H K (Bletilla
formosana) F> 0~5~10~15~25~50~75~100 ~ 200 ~ 400 ~ 800 ~ 1,200 ~ 1,500 ~ 1,800 ;7
2,000 pmol photon m-2 s-1 Y& NG F R BLEE F{HIRHA% (ETR) Z 4R MERA% - 1
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R’= 0.9623*

20 40

G0 80
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= SE © *** FIR 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
pmol photon m-2 s-1. Error bar= standard error, n = 7. The determination coefficient (R2) and

significance of the regression are shown (***P <0.001).
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