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Abstract

To investigate the diversity of endophytic fungi in Taiwan indigenous orchids and

explore the resources of symbiotic microorganisms, wild indigenous orchids were

extensively collected from 25 sites in the northern, central and southern parts of Taiwan.

A total of 69 orchid species belonging to 34 genera in Orchidaceae, including 10 species

of Calanthe, 9 species of Bulbophyllum, and 8 species of Liparis, were collected. More

than 500 isolates of endophytic fungi from roots were isolated. Morphological and

molecular identification suggested that Trichoderma, Fusarium, and Xylaria spp. were

predominant fungal species and Rhizoctonia spp., a group of endophytic fungi in

orchids, were also isolated. Our surveys reveal that the same species of orchid plants

from different geographic areas exhibit different microbial communities in their roots

and the roots of different orchid plant species contains diverse and different endophytic

fungi.

To evaluate the effects of orchid mycorrhizal fungi on the germination, seedling

growth, and development of Taiwan native ornamental and medicinal orchids (including

Anoectochilus formosanus, Spiranthes sinensis, and Phaius tankervilleae) and on the

contents of active components in A. formosanus, orchid mycorrhizal fungi isolated from

this study and prior studies in our laboratory were selected for inoculation tests. Two

micropropagated lines, B and R, of A. formosanus, were separately inoculated with
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orchid mycorrhizal fungi Rhizoctonia spp., R02 and R04, and grown for seven months

by plastic bag cultivation method (PBCM) at three different elevations above sea level,

including National Taiwan University (NTU, 10 m elevation), Xindian (500 m elevation)

and Wufong (1,000 m elevation). The results showed that the survival rates for ex

vitro growth were more than 80% and plant production was also significantly increased

without the application of agrichemicals. Both lines of A. formosanus, inoculated with

RO2 and cultivated at National Taiwan University, contained higher levels of phenolic

compounds and hepatoprotective agent AFEE (A. formosanus extraction with ethyl

acetate) compared to the non-mycorrhizal control.

Seed inoculation with mycorrhizal fungi revealed that most of Rhizoctonia spp.

tested enhanced Spiranthes sinensis seed germination. However, R02 isolate displayed

the most effective and stable activity for promoting seed germination. The

R0O2-inoculated seeds grown on oatmeal agar readily germinated 15 days after sowing,

which was two months earlier than non-symbiotic treatment (usually germinated after

75 days). Inoculation with R02 also increased the germination rate of S. sinensis ex vitro

seeds on potato dextrose agar. Spiranthes sinensis seeds sown on PDA that had been

grown with R0O2 for 15 days showed germination rate up to a 80.2% after 40 days when

the hyphae grown on the surface of PDA media were scraped off prior to seeding.

Germination rate reduced to 11.2% if the hyphae were not scraped off, or to 0% in the
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non-mycorrhizal control. When S. sinesis cultivated under 20/15°C day/night

temperature treatment, R02 inoculated samples flowered within the shortest period.

When S. sinesis plants were grown under four different temperature conditions for 86

days and then moved to greenhouse for a 120 days, samples inoculated with R15 isolate

showed the best shoot and leaf growth. On the other hand, R19 isolate enhanced the

root growth of S. sinesis, which more root and higher fresh weight were observed.

Under 15/13°C and 20/15°C day/night temperature treatments, inoculated with R15

and R19 isolates respectively, promoted S. sinesis reproductive growth and more and

longer flower stalks were recorded.

Four orchid mycorrhizal fungi, RO1, R02, R15 and R19, were further inoculated

onto the roots of Phaius tankervilleae. R15 and R02 increased survival rates of 27-31%

and 26-30% respectively; R15 increased plant height 6.3 cm and leaf long 3.5 cm; R19

also increased reproductive growth and flower stalk length 10.2 cm and 3.5 flowers per

flower stalk were recorded on ex vitro seedlings. When the plants of P. tankervilleae

were inoculated with R02, photosynthetic rate and carbohydrate content significantly

increased.

In summary, our studies reveal that the roots of Taiwan indigenous orchids are full

of rich and diverse endophytic fungi. The distribution of fungal species is directly
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influenced by host growth environments. The environmental and climate conditions of

specific geographic location are the most important factors, whereas orchidaceae

species also influence the presence of endophytic species in their roots. Applications

of identified Rhizoctonia spp. in different orchidaceous plants reveal dramatic effects on

the vegetative and reproductive growth. R02 ~ R04 inoculated A. formosanus cultivated

by plastic bag cultivation method at an altitude of 1,000 m under 22/18°C day and night

temperature can produce lots of agrichemical-free plants. The presence of Rhizoctonia

sp. also enhances the medicinal effectiveness of this orchid plant. Inoculation of

Rhizoctonia spp. (R02, R15, R19) promotes seed germination and vegetative growth of

Spiranthes sinensis. In combination of low temperature vernalization and high

temperature treatment, mycorrhizal fungi also enhance reproductive growth such as

flower bud differentiation and flower stalks elongation. Inoculation of Rhizoctonia

isolates (R02, R15 and R19) also promotes transplant survival rates of P. tankervilleae

seedlings and increases the number of flower stalk which resulted from the increased

photosynthetic rate. Taken together, exploration and application of orchid mycorrhizal

fungi not only can preserve and restore indigenous orchid species, but also can be

potentially adopted for commercial mass production of orchid plants.

Keywords: indigenous orchids, endophytic fungi, Anoectochilus formosanus, Spiranthes

sinensis, Phaius tankervilleae

X



Fo % wE  WAEF A 2L

>
~

Iy

e

Ji

e e eceeecesecescscscsessesesesescsssesececesosesesessetes s sescssscsesecec s 0sssss00se 0 XVi
B T TR D XVii

—fg,;*wmlj\ 4w *E':I' ........................................................................ 15
?;Q*%"’\?}I%Je ................................................................................. 29



L B B9 2 2 104
G PP IS P PP 108
Y2 /I% ................................................................................. 109
-3 [ S P P PP TR 113
R T P TTTISRRPPRES 120
PR RPRE A HET B E LR b R R
P P RRRPTTIee 122
LTS PER PR 123
FFHLET 3 7 cein 125
L e BT 2 2 e 127
R T P PP PP PRI 135
*3 o‘;}% ................................................................................. 136
-1 [ A T P B SR 0 S PP PPN 143
B A B e 156
FIR T AE B THFLL HL M iR
LT e L PP PP PP PO PO RRPPPRPPPPPLORS 158
LT P TP TS PPRPRIeY 159
FF AL BT 5 J& ettt e 160
L B B 2 et 163
G PP I P PP 166
Y2 /I% ................................................................................. 167
-3 [ S P P PP 173
e L TTTTSRRPPRES 182
5 L Lt et et et e e e e ee e ee e et e teeetee e et e e et e et eeteae e e e e e e teeeeaaeaaaaees 183

X1



St -~ S ﬁfgﬁ;ﬁ RO2 65975 B BT # cevnrerenrnenrnennntnniiiiiteiienen, 189
“+4% = ~ Growth responses and changes of active components as influenced by

elevations and orchid mycorrhizae on Anoectochilus formosanus

%t4%= ~ Growth and development of Phaius tankervilleae (Banks) Blume when

lnoculated Wlth Orchld mycorrhlzal ﬁlngi ....................................... 203

Xii



W P &

B 2-1. f;ff”ﬁ!i%?lfﬁ’ﬁiiﬁ#%%%é/?#ﬁ ....................................... 72
R 22 ~fEAHA LR E FIIVERN 2 2 FOFEE A e 73

BI23. B A2 Lz F BIEFE F BB H~4N2 21 %2 FEKkZ

ITS rDNA 5 71| 11 28 = 4p i & j2 2+ 5 1,000 =t #1718 B% M Gk B 74

e

Bl2-4 KEFEEPXF2ZREH TR Al 10 BRE FEk

Jh

ITSr DNA A 712 AR = 4pid 5 2 25 8 1,000 =t #7185 84 B (2 Ak Bl------75
Bl 2-5 R ER ~FL2PLLRGH - "ENSHFL wEHFIH > A4

2. 32 R E A F k2 ITSIDNA A 7| » AR i=4pid 5 7232 % 1,000 =

AT AR B Y oyl EE R TP P P PP PP PP PP PR PPPPPRPEPPR 76
B 2-6. f3x$p X P2 TR FAEF > Az 11 HE FEkZ-

ITS tDNA 5 712 8 = 4p it B j% 3+ 5 1,000 =t #7 (8 Bk B (2 Bl--e oo 77
27 KFEAXF s RE2MIL2ZFHETHAHN2 21 KRE Rk

ITS tDNA B 712 #8 i 4p 3 B 2 325 1,000 =5 #7157 55k B Ak B 78
BI28 MIRAFZ LR FHCE oA )2 F EREFAHNZ

K I A2 ITSDNA B 7|0 AR g i B & 32 51,000 = 5 8 385

B (% R BB eeeeeeeere et 79
Bl 3-1. 48 4 A0d 9 B2 e 113
B 32 i R REPR s pREape ARBFHL L F408 5 f(B)E*

£ 4 (10 2 %)~ #78(500 2 2 )E #5757 4 (1,000 2 € )2 £ = {0

B33 417 £ BAR 2 BERES ARBFHL L F 2085 R) > B

A A (10 2 2 )~ FTE(500 2 = )% £77 T (1,000 2 %) 0 4 K

B34 f1* ¥ RELR 2 RE2 ARBFHZLP L5435 5B 2 R)
B A (10 2 %)~ #77(500 2 2 )2 37+ T 4 (1,000 2 & )24 £

xiii



B35 7%k 5 48 e54B 2 REMES 7 F i (RO2 2 R04)

~

4 B A (10 2 )~ FTE(500 2 € )~ 354 T 4 (1,000 2 €)= B

1

u';‘;ﬁ;F.LA)f,,a!,:%,L ...................................................... 117
B 3-6. 37 &4 4MEB 2 RS 7 b HjF F(RO2 2 R04) -

4 EE L (10 2 )~ F7E(500 2 2 )~ 7 T (1,000 2 8 ) 0 =

%2 18 TEAC ﬁ’(f_ﬁ_(i?lj:}ii LR A )2 A T 118
Bl 4-1. &ifa7F 2 & FHHANM-OMA, NM-12MS)2 & §F Fj+ 24 (** OMA

B % z%*%-ﬁé_ RO1,R02, R15,R16, R17, R20, R22 ## *ﬁ?])'fr'(l/2MS B %
BB RO2 FFEOS % 20 £ A 5 F A oo 143

Bl4-2. S5 5 BBWHHFHR2Z 248557 #% 153 (A)% 367 (B)2

R P PP PP PP P PP PP PRPRPPRPRD 144
Bl4-3. LT BFSHRFASREETT SRz 2 p %'ﬁ‘?i% EFIRT S eeeenennenes 145

Bl 4-4. N7 5 HASREREY BT BAFFRR)F T+ Rk
H o} 2R ﬁﬁ,, R A A P P PP PP PP PP PPPPPPEPEPPRPD 146
Bl 4-5. "HH AT HEMERZFRT BT FT I RIMIFEP VL AR
%if#i%%ﬂ ........................................................................ 147
B 4655 B 7 A £ AT 3B 7 20 378 F 149

B4-7T8IB > A1 FHEe AT RPER/SE3IBY L ENHLIEZT 2R

B 5-1. ‘=357 B i w4850 P B B F(RO1, RO2, R15, & R19)22 @ {4

_“%m%TL .............................................................................. 174
Bl 53, o e B P AATSP 0.5 B B Yk £

X1V



l 5-4.

& 5-5.

K
&

rl «ﬁ*?
fi R
+ Kk

XV



# P&
3 2-1. i;f-}%, WA E *ﬁ'g\%’g_ﬁﬁ_gtg; Fe g%k - ﬁg\, ........................ 80
222 LRRAFNAZEFAMARN BRI EE ST S B ET LS - T4 88
223 ARRIFPZIASHARL BRI HE LS5 2 ETRENF

;FB‘;E}_._%%\ .............................................................................. 90

224 HEPABE 2 AFIEFE BTN AL FAH - ETY
B & BB - T A e 91
25 ABEp AR EFE - AT FIRIVER L ARAAT - TA e 95
231 BENLX TR 2 ARS AL L RA R BFERL L 4
éﬂ@ﬁ‘AFEEiA}’H .................................................................. 119
Fo4-1 A2 AR F A B T e 150

42 BEYBIHECHITS 12MS B4 A2 REFHZ # 52 £ 4752 24

43 X B HEHRAT PP B i 7 PDA R R K 40 1 2

- OO .5, .o, S B0 - RO 152
4 4-4. nz'ﬁx}\al‘ﬁﬁ’fﬁ@_#3.[;;1:;%'%;{{, .................................... 152
% 4-5. BX A BR R EIYE Y N P\?-yfé#l‘ F]’ %%\i{ ........................ 153
% 4-6. BX A IR EITE BT A g*ﬁfl dFE A E e 154
247 BENARRERASLE B FAEFFHF - & TE %2 3P B 155
251 EHEIHERTRAT FRAEDOSTIER22 B 2 F R L L 179

2053, T e v R RS AW AL TP B2 285 B

XVi



ABA abscisic acid

AFEE A. formosanus extraction with ethyl acetate,
kinsenoside

BA 6-Benzylaminopurine

BLAST basic local alignment search tool

CAM crassulacean acid metabolism

COMF commercial orchid mycorrhizal fungi

CPD critical point dryer

DNA deoxyribonucleic acid

DPPH 2,2-dipheny1-1- picrylhydrazyl

FRAP ferric-reducing antioxidant potential

GA; Gibberellic acid

GOT glutamate oxaloacetate transaminase

GPT glutamic pyruvic transaminase

HPLC high performance liquid chromatography

IAA Indole acetic acid

ITS internal transcribed spacer

LDL low density lipoprotein

MDA malondialdehyde

MTT methythiazoletetrazolium

NAA a-Naphthalene acetic acid

NCBI National Center for Biotechnology Information

NJ neighbor-joining

NM non-mycorrhizal

OMA oat meal agar

OMF orchid mycorrhizal fungi

OPP O-phenylphenol

PBCM plastic bag cultivation method

PCR polymerase chain reaction

PDA potato dextrose agar

PDB Potato Dextrose Broth

SEM scanning electron microscope

Xvil



SOD
TBA
TEAC

ZR

superoxide dismutase

thiobarbituric acid

trolox equivalenr antioxidant capacity
Zeaxanthin

Zeatin Riboside

XViil



F-F 03 - FHEFBHAZEFOM 2R

2T

P22 AEFANEFPINEEL R T A iAo BT A

b

o2

BN e B AETRAR N RS L ARAERAAL S S A HAR o B

Flg e dfid M2 L RSO REPERES DB {rd £ RR

PHS G IS 2 B BB E AN BB H T X R &
RBETHFFREY LIS FTERIEE BHN A fESFERMREN 2T FT
Raw ~ § h 2 FTEOP R > L3 AAHE T 3hRE o d 7 i E A p
AZFLR G EFIAE A2 ML AP FHRED AT RS B2
o thelk- FEIRFASA R REF TR FTHET  BASFRAT 2

I RGNS BHFRTE SR A P TRLYFREEMER o AEA

kamz AP BIREA B2 RG A HARPERAFT > (i N

LR BFEFAF YR OFAAEY A 5 TA004FE > rrs A PR g P
REFRE RHREERY ZEY Y iEZ L FAES  DEHARINN 2L HEE
EEBA KB ERGEFAT  NBF LR ARSI F L AL S A TR
FAET S8 Y
(DR FffEF SR 2 Ap 2 BRI HE -

QDL BRAFHAEF 2 AP AL FH2Z 22 MG > BRAFPT R FREZMT
QL FRIFPEFEL =L &4

(4)17 1 58] 5 A 372 2 PR AN LB AN -

PR

o

1‘.&
1 4
\fm

b etk 3 B0 o

v

G)F2EFAHARRLFPESF(CHREERRTFRA 23 L2508 > 9

- ‘\

WA EDBEIFT e L R ER

Eap -2

OFHEH£RE 2 ERBHE Bz PP I L HE Bz 5% A4 .

()& RATI L FIE2 497 R 847 -

—_—



FH A BT RFBFNY SL AP FTROT TR NI FT Y E R
FEBHELRRAFAESF 2 P 25 A B EHTE L HE TR
HAEA AR BT FT - Ae 2 E 28 T2 B BFH 7 iz h 4 s
AESEAL A IR B LA SRBIER)E 0 2 W EF R TR

v

THLRR L SRR S

ot
E

AL ARG T RO B E 2T AP L E
AME e ip B DR FHRFAESF P 2RV EREEEFRRIR R
AFAESES N R S e e e R R F I B R R Ry

HEHELIBPRIFAEF 2 FTERT ELFG 4805 o

WA @4
- RS2 SRR
WAtEF s T g AR BT %2 28R 0 F 0 BTk T b B R
SR A E BT R AR B Lfoin R R A B REGES NRF L AT

FESBOENR R BL B HE LRI R FRT T HL R F G 4

(A

A

FE2oRCAT G M E P 2 LLgias ARAERE FOREALF -
hipd f P oo AR S fEd ¢ & g— $(Dressler, 1993) 0 040 %

RO EHEY > e B B ES AR RS A RE S FR AR f i 800 o

25,000~30,000 7812 + £/ 4 %3 (Teob, 1980) + 4 6 d % fi 2234 305 (v TR 4 45 7 -

3

ERFLiR Ak f kit B BY YR IR AU ER

BAFoAp o A A AR 9T 4000 540 H P AR T R %
- F o 0F 104 B 400 AfE O s QR RE i et A2 -
(Huang, 2003) » 17 &% & & B WA S AT FRE £ > Bl A se? > 2
PRLFSRAFET A AP E R 2 F HRIE(IK, 20006) -
MO FES N F R LREE NP EEAREAR BIBRYTHE G

PIEZE #rce RFX 5 B> FRAFLE LHRBFEEREA L TG OR

I



FBoRPEAZEAIADY A WA FEOL Gz R EIE B 0 p AR
HEB o WA FIRTD BT L o BHEEE DR SEPEHNE DN FE

BEF R M e mdg s PR RTEQRT NIRRT LA FE o L FREFEES R
Hu o LETRE AN 4 P R% F 4 2 X (Convention on International Trade in
Endangered Species of Wild Fauna and Flora » f§ - % CITES ; * f& g 5 = 5)¢ >
B iEs r A ET hE R P fE 0 L EE A O Y sk 2 = (CITES Appendix 1
and IT) » B @ o) v (48X %, 2006) °
Wies@dBomiEy 2B g8 - S8Ry Pod w5z 3,

1985)c H &+ 2L 4 ch | » BB 22F 0% - £ B 0.05-6mm > &k 5 k@120 & o
%000l mm-09mm- > E&E:FEFHI0RE > & 031 pug-24pug € 3 g 78
B BRAIRA . BA ARG IEEP o R e BT AR AT G -
BFET OMEMFE BIFAT ALY LY AT 0 # LG LD
Bo % E R 545 5B 7 i 4,000,000 4 B i 20-50 #(80,000-200,000 ) (Arditti
2 Ghani, 2000) o %2.d 8-100 B fm?s 73 = > 25 5 57 % = > & = >/ F (Harvais
% Hadley, 1967a) » *r 48+ 3 7 Flit > 2 RA P AF L FEFRHRE2A0FT
(Bernard, 1899) - ie ¥ i F F3tenfgicfas » 0 CHfEF i ap BB B
Al 2@ 7 (Arditti X %, 1984) o i = fF fe 4 A+ #F T FlELO R 5*1“$ K% 3
Foxz otk Ry T SRR F]

o2 mP% B >/ fmie e~ @ % 5 8 5 ahd B L 4 ¥ jF (Cypripedium
formosana) - & % # ¥ W £ 3 (Paphiopedilum armeniacum) £ 1. % (P.
micranthum)’z_‘m#e #c p $& > @ ‘e g~ > 5 3 ¥ ¥ 5 255 (P. primulinum
2r4xm ¥ 4 (P delenatii)eaim?e P Pl $ © fwredio] o BEoT B T S FEE
R A e BT o BT AR B rF (S, 1998) ¢

248G - RESR P e " SEM BLRF EREF SR EF 0 4y

B A A s M - KSR P T Aka BRE TS L (X,



1990 ; 1, 1992) -

3fE G e BEAF N RBE A T R Fphs B R &P
armeniacum)# 1. -+ (P. micranthum) sm *z B2 A 5 i §L i & (%, 1998) -

448 chgi ZHAH S+ 1 Kano(1968)R13% % Cypripedium acaule f&+ e % 48
RN~ S AL SR

5.%% ¢ 7 RFERD ABA A RAERG R §F FIRA D ABA > $
g g LG g T (H X FE,1995) -

1921 # Knudson B 4% — = enjf 58+ 243 4 % % :25% (Knudson, 1922) - ¢

M+

*t Knudson’s ehzb i 4 fd+ B cn= 2o »ah by dFm Al g S 1% > 3% 28 2 5
BOFYT S PV T I ORBMER R LRI - SR - D
SARSLFRRAREED > P PLBLREF OB A A IS4 7 - 1 (Tan < E,
1998)c = ~ s £ F R XA frd Fo 2 2 LG 4RI * (Tan < %, 1998) = »

WS fo] iy B P s b BEEAF Y FTEI LSS

A PRI B - H UL EFA BT R EERE > S BEE L
A2 R 0 PAEE S 4 (Khor % %,1998) « @ ¥ A £ WREAT Oty 4

M

ARET 8 T (Arditti, 1992) 0 delE F E R EARE ST A FR A AT A LA
£ 37 i c(Arditti % %, 1990) o 4 F AT S R EH AR E TR > 0 f 2
ERAXZPREYT o MMUFRERTFRF R AFT TG RS EE T 2
BoiT & K5 BT 3 Bfif 8 B T/ ok 2 B 3 4547 ¢4 7 (Clements
< &, 1986; Dixon, 1987 ; Rasmussen 2 Whigham, 1993 ; Zettler, 1996; Zettler * %,
2001; Batty = %, 2001 ; Beltran-Nambo = %, 2010; Phillips = %, 2011; Ruangwut =
£,2011) ERFHSI? © LRI AT B L o
HIRRERIFFESI BT F T2 FEERTFLFounRa>2 o 148

UL IR F 2 AT RS E O LA e R S E2Z R



Z~dAcsaa
1.2 % % 258
PERERRH2EF G DA A FNER T ERREL% L5 2R
EPRSFTEE SR MEET R L - F(RNE, 198 A8 A sRG B2
7 = f& 1 4 A& £ s:d (Anoectochilus formosanus Hayata) ~ 12 % £ 4% (Anoectochilus
koshunensis Hayata)(Su, 2000) °
4 4 £ A (A formosanus Hayata) » E#FF1A)2 P35> 45 G d > £F 5
Bld o 50 § ERES RN, 1975 EHRTE CET L AETRAING A Rk
EH Sl 7 » R HE B £ 115 24 cHhF 24 1,500 2 % LT R E R
(Su = %,2000) > # p T3 OFFEI L FTABAL o R A AP £
PAAERSE G L BM 84 a BT LD~ R 0 ERFLT R R

IBREZEL S BT S RPLB S BAMEL KA O TEE 3oL &
B S

2
=
=L

=

G RILIRAENRN ¥ LA B (EK 2, 1987) ¢
24 FR

R AT I CBEREA Y £ B A B B R 83T
X RAEBBEE G F LRERERRL > LAY 0 S FREALL AR
ERTEHE TV RP LA THAUSIRL AR ZET LA 0 BB
ZRFES K12 B0 EPERBEITHEFIN o THELE 2 Tu R B 4 A i
LER o B TIEA 2025C 0 HE R B AL F P RREH 1B R G T M £ 2L
2B B 0 BT RS ERERE > - BT 1 60-70%:E ke B LK
B0 dE i A LSRG IR S A o o F B A RIER S 2 AR Y 20k
FREFINE IR LA LEMG L A e o 4 £ Ak R PPF30-50
pumol'-m™>s » ¥ @it 4 £ 2 & 3 4% fk (flavonoid)eh 5 £ (Ma < %, 2010) -
PRERIAERLEBEAG AP HT LR RIAR £  FER

AL FARDLBE S AP R FRAD ERRRT OPP B RD & - bldrtk



;gﬁp;gﬁi?; niE B E AL B (5%, 1999) -

ERMBFIENEFTEAACAEEZROERE TR F I A9 AP BT
EE o H COyenmEe e et 2 Mo e i A2 BEeRBRT 73 &%y
TN REIOL BERGE  REE COy g B e I AT R o R R 4
B2 P B 810 B2 x| > FHfI* 2 R{AL s N LA
BRI A g Dy ooipEd Ry o HRERERLLFERE  E CO F
Tt d CAMA|E %=+ C3 4]+ i§ﬂi£&%£%ﬁ £z & R¥(F,
2001) c A @SR ARHSBEA AET I AW 0 FRER S EF - K

AARA S HARFINAAEALFLRGRDOLT o B FRRT UG IRl

WA AR PBEOEY oo @ PR RLEI > T UET] 80%1 F ag
EEF T VRFIOCABPY A RLFERAEIT R LD c B R R (L2 K

AT RHAAAORENE FEJFSEFR R pERLOBIRFELRRL B (F,

RABBT eI AN {1 A AR AT e L3y ~ 295484
g0y 14ABS AR AL B 02 gL FF - SLNPK=T:6:19) 0 £ 4
fo 5% FEET R AR R ERB L fETF T FiE 83%(3k, 1999) o K-£ Mg
EFNARRREFRDLEDEHRED DR ERER 5% U 24-D 5

FIF L & 0 4o r 1Kk R INAA (0.6 ppm)F {15 43 > i % 3-5 ppm 2 BA 7 i

@
W

TH2 £(F, 1986) - £ BB w i T E R A @AY 0 I R FHL

)

b2

kg

%07 AEpFR N A BR BT o T R 2y Eie sl K REGFR 5, 1999) ¢
paflr A1 B g TR R AL AR d 0 £

B BRI E A FHNER 2R TR p(Fusarium oxysporum) 2 A

(Pythium ultimum) (3= %, 1994) ~ ‘o FHL 80K B ~ B Jp > CbebRE 4 240 % 50,



B BBRBEAT G S F g e E R E L 0 A REERI G %
#»P#'J%ﬁﬁﬁﬁﬁ B skend £ (G, 1989) « 11 % e HRAR L% 7 F sadrd]
et 2 (3R, 1998) o B ieY L Plibpkken d 0 i AR VAR 0T
WA kA E T A S A Bt nE o AR ARG R RRE 4

AR EFRYEFANGE OAAPETRER Y > R PR EFRAL S

A

S LV IE L S LN - SR AAC N

R EER MR T FEEERSTEE S ER RS S 32
2 4 Echrh G (R, 1997, 3,1999) © B0 AL $ A 0 B % B F RS MR
2T RBATE AR B ST R B Bk (3R, 1997) 0 3 A B
Fifis R VEFRUE SR EFAAIEIBES LEL K3 o #
EEERNHTRIE(F,1999) A A ERRBHE T BB RBH ARO)Z FF 5 R
AP 60 RS F TG 80~86% c BRAABETRAE BAFH T RELARE
RAEFF TR EF2E AP SIPRBFFE 0 PV EF ek £
7 Ao FHHROESF ZE(%,2004)c w22 B3 58824 8L M8 Y]
7 I fF £ 2 F(ROI-R09) ¢ (548 120 % £33 15 » A7 248 RO Ffhenfith 3 4
B AR A R FRAE Y DR (S, 2001) o H-£ AR SRR & L 6
WRGES 0 bR KRR & ALY ¢ 0 RO4T89 AJLE G B HRE o TEE K
F 453 o0 A HRETIEEG 356 24 > {38001 R04,7,89 5 7 > Ti5E $k 44
i @EE2ICE F 2 R02,7,89 BB (%, 2001) o -4 Sip 2 fEF £ W F(COMF)

Hag2 R 2ok LRFERMAMLAT R ASZF R HPT NTEEER

=

~=h
>
>

A FGE R Rk A RIP A EFREF A RAEA A mpEE LT

L

p e(Wilkinson = %, 1994) -
3ETRE
R A AR AR LR AR EMAT BT L FU A FE AT

Wos sk s RORMEME L BB BT ERE S G g



GE F L R A SIET L o PR~ FE Y S R AR BORA T S TR
S A R EOR CET D LR TR R ARRE CFEELR
W4 E i??i,ﬁ\w%"/’ifgdé P (4, 1965; & < %, 1991;
Lin = %, 1993; +k, 2000; Lin < %, 2000; Shih = %, 2001; Wang = %, 2002; Cheng
< %,2003; Du = %,2003; Wu =< %,2007; +k, 2004; Hsieh = %, 2011) o

LAY e
(1) iF3+ 15 ¥

F LSRRI A RE S B e e & Y a5 Az endf i (Dus &,
2003) > sk w & it EE 2 = 7 A I el v=(dimethylnitrosamine) #7 3 | 42 e 145+ 3 (Shih
O, 2004; 2005) 5 wsE = T K IR i 15 PR 4 (Shih X %, 2004) -

e g s (Acetaminophen)i£ 4 * 6 B Fwme A M4 > FF L L AG2 F
7 (CHCL;) % ¢ fa e fq(EtOAC)F # 4 %1% & 200 pg/mL pFE 5 P9 &g cnifi s 1w %
1A A sd C i i (EOAC)F #8431 & 2 -kifu o B g B 5 " MOF 5 0 Jn ¥k
(sGOT ~ sGPT)z it 4 » 2 2 fhe fig G 84 H & 2 20 % 38 3 -Rofe 4 B F (H e g,
2000) ; &+ v B2 FgariT gL gLk 5 (D-galactosamine) » ficft & (10U R ARAE N
4 100 ug/mL £ # & RG e pec figd W4 BK 50 77 % sGOT 2 sGPT 4p ¥k -
BB R RARBY NS AR RRAC e ) B MRS
A Fm e i (Hqrgg, 2000) 5 AfIFEEAF L2 AR T B R o 0 <
9 Bl RS % $PH 28 % 3 sGOT sGPT 43 #ic2 o % T8 § 1+ 471 MDA
RRP R A LG 2 KfedPode 2 T FRde b B F R MO ik MDA
7R DY B ok Uk B & (FRAr g, 2000)

M g 1 p(CCly)3 E2e 1t wistar * BUFHR R - B e 2 NS EE4
MP-REZFIH > TEEr § PRATEFIIFRLERE S F T 2R
Fa kv ¥ enzg 3o9F spg (hydroxyproline) 7 £ 3 4r ~ MIERI G 2 < BH £ R e

Fogp s mw s d 4 Y B Y ph# 4 T (glutamate oxaloacetate transaminase,



GOT) - e ¥t # [ #& % f#(glutamic pyruvic transaminase, GPT)R| & P? 88 5 0 p 2
bR R 2 R d BB g s A1 e A (3K, 2000) -

AR Y BT 0 R ARG TR g PR K Prdank o I
0 k"2 HepG2 ~ Hep3B ~ Mal5 ~ SK & (7% &% > 2% 81 s it 247 0 HepG2
frz kY ¥R LM R el 2 10 ug/mL R AR T T FediT 50%2 £ F
g DI RIS R L B MR Mals 2 SK e R E 25 pg/mlL 4 £
§ B enpe] 2 £ ok (B 2002) -

M g R (CCly)#reh Hepff i F > Wenzgif g i 2 i i GPT 0z £ 2 %%
HOE R € o A ESRITHE 2RO IS T g ) BUEd v F LR
Henfp pam o 1% 4 F 5 B HE 0 4F 2 k2 4 7 (bioactivity-guided fractionation
and spectroscopic analysis) > ¥ & £ #t:g 4 (kinsenoside, A. formosanus extraction with
ethyl acetate, AFEE) > 5 & B jE e o > BaF 2 5 AF2 7% (Wu = ¥,2007) °
@eF 2 FRE S A

% & R:E 7 7 HLA & (quercetin) ~ = @ L4 % (dihydroquercetin) ~ £ B % %
(isorhamnetin) & & [t %7 = & 2 $F7R 0 & sl e (kinsenone) » &k B F {58 chdnd
e % (Wang < #,2002)« 4 % £ 5k $4 § (o 5§ § o Aenicr (Shib
etal.,2003) & o % A B £ EMA-R I P o 5 5 »adrd| B R Pg Fv b
(Shih = %, 2003) - # s * B3 £ & &l kK Fd o R4 TR %Y
(glutathione) 2 & % jde ¥ 3%ger%q H i § 1 1¥* (Shih= %, 2002)

U TBA 2Rl E B LRGP TES C 24 REEALPLERG T BR
P pr B F 120tk BT KA I 0 O g L R AT R4S G A

Yok (kg 4 B (% 77, 2000) -

FAERR RIS ER L B2 KBRS F9 (LDL)E § 23 1t hiF

oo FrEE ARG LA LA RRIBSS > T MOPEGINESY PR R

BB
# 7%3% glutathione peroxidase (& |+ » I F sofrd |+ § P fr 3 1t 2 P L&A



TOoHEILAERE R FID (T E MR T TR PR A
Rk E 2 g FiEF 1 AR R (F, 2000) -

A3 HL60 x e 3t Hy0p, ed@™ > € ¢ = fw¥2 2 & 257 = (apoptosis) » &
MERBRI PRI > PR FE ML RS o ¥ L2 R B0 e 2 catalase
EOR ek Ap (85, 2001)

Wang % 4 3t 2002 # 12 n-butanol % fi4-K f#(acid-hydrolysis) e 3¢ » 58~ 4 g
&g ¢ 2 5 e B0 “71 2 acid-hydrolyzed BuOH fraction ¥ '}ﬁ““,ﬁ% RO
(superoxide anion) » I ¥ &t % HL-60 @ ¢ ¢ x174 supercoiled DNA # % H,0,
R
Q)#ER=D LA

SR ERFBEE ) RN Bk o Sr IR EHE-RE P8 0 G rE A
WE R et BN E B0 A X B B R 0 @ i ch MTT

WA P RE L a3, 2001) o

=By
1355 % & F

FAET Ry 25097 S0 A F 0 2T RS > LB LR
T Eg 20 Ad8s #3053 1,000 2 % 02T 2 T /o~ Lk s (Su, 2000) 0 &
AT E s BLER T T BB ek o %3 (Spiranthes sinensis (Pers.) Ames)

A- L ENTE Bl AR 0§ 1550 24 - §F 2 0 A0HE 4 fiiEd

G R B R A 24 B E o FEEREHE 0 £ 1020 24 > F 4-10
S oo R ATEL > £ 1020 04 0 B S e F A d anRd T R

FRHEE WA, K 4528 0 BH25 2B 0 RAEE  F ENAP SR G ER 5 o
e TR AR A T A L B2 § A ] T R

WA AR T FEIY o KT T RARIMNT2F BT

10



AR R TR hehF stz £ YT E- B 2 A(M, 2010) - *~ &
b s Rchp AT gRde 4 G Bt LS TR R o BIRE IR LA B ] e
BAE I A BEIEHTIOT 173 EHHISRTIIOE 15 % o Fohis

FthicE B TINQ—9 1 £ Y > W &

1
o
Joh
)
;_F\Y
1.‘7.
W
?5?
o
S
=
[kt
W
S5
)
S
S
NS

2.5 2 3 2
BRXIFAFY O RAFIARKES- A I REIAF AR TIETAE 1S
o BEF RGeS d A it ek aafd L4 (F, 1990) 0 g AR B

TEITREYE FREAFATNEALRE L A NEE T o THE T IR E(F

CH,2001); VA ARBT R FRFHA REGT - B ANE T A
w0 R s S FH (P, 2010) o BE A A R OK AE I F 1

EOFEFF2AFFERIEE PR 2P RIEPRYT (M, 2010) -
3ETHE
$3(S. sinensis) » L LY L E iE o Hek 435 BT 5 E55 %5 F
BifEd 2ok LNmE A EAEM R R ER BRI NG E i
FENE R ‘]-%}T\jf;a SR AR SR (P EAY L €, 1999)
CE o470 B FAIN 7 F 4 3° £pe (spiranthol)A ~ B~ C 5 # 4% % #7f~ (spirasineol)A -
#

B 2 4i4¢

.z;\:y
\\?{y

= R _Zefi= (spiranthesol) & (Tezuka =~ %, 1989; 1990) - H ¢ spirasineol-A
SRR RER A T MR T R e 2 RN e A & Frd] s (Tuzuka 1 F,
1989) o j& & 3°(S. sinensis)feth2 3 F 3R> A @I T fhe drhs & AL O L
@ B~ (dihydrophenanthrene)-orchinol » 4 ¥ % B (spiranthoquinone) » 4 %5 % fis -A

(spiranthol-A) » # #5 %-A7f~-A (spirasineol-A) » 14 % shancidin fo= faTeh= & 247

»

4 # (dihydrophenanthrene)-sinensols A-F(1-6) (Lin % %, 2000); @& * %% (S. sinensis)
fE Rz bR 4 3 - 48 2749 homocyclotirucallane-sinetirucallol %2 & f&A7T:h- @
#(dihydrophenanthrenes)-sinensols G f= H(Lin % %, 2001) » & i eF#7 § 7 3y &) 83

Y RA(ESE

\Xr

B R AR T OUREA R R ERE R D

11



o

2012) c g e FAREFLERLE > DT R RICFUSF L

Btk > AN LRI REFREST 196 HEFRES G 456

PR HLBR ARG E AT L L TR ATE ET TR REEE
s 33 B3 & jf (Calanthe fimbriata) ~ & 12 & ## (C. striata var. sieboldii)* = %577 7
(Phaius tankervilleae) 5 #r & #& - ' 7= 12 & fF (C. grciliflora) ~ % 2 & {F (C.
angustifolia) ~ # §E12 & j7 (C. clavata) ~ #5 #4142 & j7 (C. actinomorpha) % e & 5§78 j

(P. takeoi) | B3+ ff 7 AB(ARfrm, 1991) - & fFptEd ¢ £ BB fd > 22
B3 1502+ 2%+ R7 pazbs Fd4edrde ~P B~ pA~BF LM
B R %R s & JE (Su, 2000) o A F & 8 45 500 2 1 F 2,500 2% 0 4 i i
T b 2 B AR P RERRE > A RE T IR EPBRE R Y
BECTRLITE O RS E A F s k81 - #H LR

£
Sl A T OR(E O, 1991) 0 EELRB R 2 F RS % 0 S REF R

& ff (Calanthe)z. % %_1982 & % W& 4~ & R Robert Brown *7é& % » d %

4

3% ¢ kalos(# B #0)12 %2 anthe(§9)2. & =3 » 51‘%.];4, B 3F AL G FE RO
(4t +, 1968; Bechtel = %, 1986) - & 7 F1H B Fedrig & & = jp X LY

oo~ as 2o 5+ T EZEG %N E R DS E (pseudo-bulbs) 0 F

BIRE R D @ e ThE 2 0 p ERABIRE Y D T30 3]

“'I'SEA‘ ° T%‘ﬁ‘lﬁ‘]ﬁ33g\:&%qﬁ’£: 3\; ”ﬁ 8 f]}?:;}’;i—ﬁbif&’fin 7&%’?’9 '#77%\'

o R RMHF AT E R 0 R RN T (R, 19755 1 1 %, 2001; Su,

12



2000) - 12 B B A IRE T R 22 {8 0 N Z 5-6 1% (Nagashima, 1982) » f— 4k
LA P Pilics b o eI R HE S striking phenomemnon (Abe, 1972) © 2t 3R
%2 FIFEL THELRAFAALS T AR- BEEARRFALG XF LT B
TR @ Ry g o ostriking phenomenon ¥ 4 B iR A 4 R B R R T A
Benitr R Fla Aot B W 5 1 S 8 fE 5 R 4 1% (Law % Yeung,
1989) - 2 & jF c%24% = Onagrad type » "a4mg4nim?e 2 L A4 > 7 g £ & &4 17
R AR AN R A E A H el ¥ 2§ 0L D ACERATE Y
(Withner, 1974) - 2 & i 2= 288 ] > fmre b - 4o P B agleb 5 R ochk i ¢
A FTREHAE c REFLBA I » 2R MR F LG 0 et § e R0
- KBRS R RJEV A 8 Bk SR 0 AT B Rk A 2
Flm Rag s+ 3 5 (Kazumitsu %2 Mii, 1988) °

SRR A #1790 &£ 4 Loureiro X & % Phaius #7# p % " 3% ’phaios”(%
B2 R M AR R TR AL GE o Fr Bl Bk 2 (), 1984
Bechtel % %, 1986) o 78 i/ 23k 915 40-50 fh » §— & F (% chfh » A F 22
ME T BRE ST RFE RE RENY KT ERLG A R FF j» R -
G~ R A P RSP AL BEY B R L R ATBN L
BT R FE S o~ LA~ ZARE A3 600-1,300 2 % e 2 gARkP R E A

H g2 B (¥%, 1976; Alphonso, 1980; Bechtel = %, 1986; # = %,2007) °

e

Moo Feh A BER OF T E TR RERAIR e BER S PR > RS

VAN

ZMA AL f A e B E S OB E 8 B HUF ) £ 4a(HF % %, 2001; Su, 2000)-

4 A A 3878 i H (Phaius) 44 > 2+ 7 = # % 7=+ f# (Phaius flavus (BL)
Lindl.) -~ wie$§78 3 (P. mishmensis (Lindl.) Reichb. f.) -~ = 5 %578 g7 (P. takeoi

(Hayata) H. J. Su) £ ‘= 878 j7 (P. tankervilleae (Banks ex L’Her.) Bl. » =878 7 5 %

13



BAREFTY ¥ LY TR é’ﬁﬁ; o & ¥87E AE-] & tankervilliae (¢ fi
tancarvilliae) » ¥_3 7 % 4% & Tancarville ¥ > % 9 & - &% §_d Joseph Bamks
&1 1788 & % I'Herit, Setum Anglicum + - )2 Limodorum tancarvilliae % &% % -
1856 & j= fg {4~ & 7_Carl Blume 7 Museum Botanicum Ludunum Batavium 3 ¥ #

7 Phaius T (%, 2009) °

EEHTRRA BTN AN A A kY > R Z A F A 1,000 ' T
MARLE O MHEFRPBRRI AR et A S (ESE, 2007) o T

5% B 2 (R, 1976) % 60-80 24 » TEH G A 350 s A E A 1520 % o

=

%4 BIE RSP P Y ST AT K 2.5-6 24 £ 0 F 1 g (leaf base)

F 4 >t B3k T (pseudobulb) F (Bechtel = %, 1986; #, 1990)- £ 7 4 % #FIH 442/ »
ke 3RBr5 5 £ 30-100 2 PR VE20 0 B IS25 o0k Ea ERR 4

SR AEALE 4 BB F R - B RP R LAERY  FRET

)
)
\ =
o
ROy
W
~F
bl
]
[
pud
et
\4
|13
3
T
NGE
=
N
N
4
St
-
|
w
A\
47-\-
hag
=
=
F_L
ﬁ_y}
—
[e)

FA % 98 % 10 & B (F 2 %, 1989) 0 fodh¥) 60-200 = 4 > B KRR ¥ B 10-20
AP FRETES AL B FLE o TR E L 10-125 28 0 T

ARG 4 o RS 4 o 0k kihd o BRI N K 54 G

-

PAMIEE S > a2 B G T A (ENE, 2000 BRI 9520 L

45Qgg,ﬁ@gﬁﬂ%ﬁﬁa@ﬂﬁ%’ﬁ%¢@ﬁ®WMﬂ4%1%®’$

fi(column)7.3 24 £ » K 8 B(, 1976) 5 #F > A 58 ¥ 53 4 H(Su %

%,2000) -

LHEHOEFATYEFEIREAPE > TT A R AT T 2
o AMRARYIAPFATETERARE > A RTA(E BATRE A B

mfﬁ@ﬁ_"g) , E\:—‘F_]J‘TIJ'H' ?C%j{g Tﬁi%% s R '{CFBT&:J%‘K'{C%LW#\ PP o N E B



= ol w(Z, 1989; E, 1991; 3, 2010) o = #7E f chiE ¥ T R k2 1A

=
.ﬂ%
T

PR TEHE G 2 BE S BT AL RE S fEXES 2V FRETA
B 3B EHPEER > A ) B IE(F, 1989) 0 T B e REEFRIG =
AP/ RAIE > P/ RIE S 2520CPRE RS - EEHRE P RIES
20/15°CRF » okl 5 ¥ B i b E 5 3025CH > B2 48 41754 > 4| B 75(5,

1991) -

{4 P 2 5
-

*“)—

1\1.

LA SR E R B S FE O 2T REE L e
frBEFRNicd o RFLESF LMD _ﬁﬁﬁz (2P AfFpE2 20) &
e E S Bt A e A i RS o SRR GRS RN B B
St $ DNA 0= 2 0 kP # ) 4 (Stone = %, 2000) o 4 3 @8 A I 54 48
pAHLIN A R A RIS AAE RN A B ¢ IR R i
=~ F(EH)  EGLE){1 2 (Mclnory 2 Koepper, 1995) « 3t - fifg ¥+ @ 3 » fi
PRSI A AT S E AP L ALiu X E, 198 EFASFAFE
P SN L R - B2 R ERAREEFSR R OEES AR
LU I B L R £ ﬁé’ﬁ%ﬁ%ﬁ B % # %1 (Gargas 2 Taylor, 1992; Chiang
LE,2001) 0 FE ALY AR ES oIS o mERG P 2L FOE R
(Zou % Tan, 1999) -

FRASES O L - MARL A BT D - LE F2 NS B %
B E A H D ek L e VA R E BTN 2 AR E B2 1A
AiLa @ B A2 dkens 4 Bia BoteRR s ¥ - AT FA LS
WoohkgERE R immw“ﬁ’ﬂmﬁ“%?’w HERRFAPLE
#(Rodriguez % %, 2004) - © 3 TR*APIFARMET TRTARF L

(symptomatic host)fe [ 2t F #cik % 1 ) (asymptomatic host) » & et~ ) FhE 7

15



FHY O EREF R DEFAEARRE > AN EE S N EEP X AR BN
% (Rodriguez ~ %, 2004) -

LHO S o 4 TR AR BT X ok dhend ok £ A
;12— (Yuan % %,2005; Redecker = %,2002) » ¥H45 44 £ ~ B 7 ~ 21 2 4
S P A2 EROPF I FLP AL HEEFZ L2 M BE I %77 4 (Bush X

$,1997)c # AT EHA NS EHT R
BREfrE A BT AE T RERIED
20000 P2 R T AF LR frm g o A2 ¥
ARHMP o REE PR E FEEVRATFRAS T
% Daisy, 2003) > izt p 2 B T A 2 2 DR fw HFE S R E o 2
ERGERDFREG R E o REPPAERAL-FERAMMAF TR T AR R
et Gkl FF2RF EREHEF A PRS2 5 FHE £ & niv
o Fa B G At iR (HS %, 2006) o
e 2 EAARFE AR k0 ARALFHELTFF 2L - 0 A H H
HEd hERE FLAFAEF 2 582 L9 7 &4k 1886 & X 181
(Wahrlich) @ %% 4246 500 AR AT R 55 P 2 5 5o % A 5§30 8 6 24
P2 EFY ©F (%% P % @ e (Bayman = %, 1997; Jumpponen, 2002;
Bayman % Otero, 2006; Yuan = %,2009) > £ 7 % J,E]’K—L AEARHETEE ART T
o @i T s A SRR 4 B H a7 (Bayman % %, 1997; Otero =
%, 2002; Penelope, 2004; Suarez = %,2008; Yuan = %,2009) -

DA e BRI AN A B FEE L TR AR 2 2

E e #7837 kA B (Acremonium spp.) ~ B 1k (Acrocylindrium spp.) ~ @ & 7
6 (Aspergillus spp.) ~ 4&1232 7/ (Alternaria spp.) ~ % #12 # & (Ceratorhiza spp.) ~
= 8 # % (Clonostachys spp.) ~ jk & ] & (Colletotrichum spp.) ~ +.3¢ J (Cylindrocarpon

spp.) ~ 1.7 i & (Cylindrosporium spp.) ~ +< T & 8k 5 4 (Dendrophoma spp.) ~ % 12

16



7 /& (Epulorhiza spp.) ~ k32 7 (Fusarium spp.) ~ 7 # % (Gliocladium spp.) ~ #%
% 76 (Microascus spp.) ~ # zk i (Monilia spp.) ~ #4532 i i (Oospora spp.)

5% 7% (Ozonium spp.) ~ 7 # 4 (Penicillium spp.) ~ 4% % < 32 i (Pestalotia spp.) -
¥ 4% % £ 32 ff (Pestalotiopsis spp.) ~ #t & 2k & 4 (Phomopsis spp.) ~ #& & 32 /g
(Pyrenochaeta spp.) ~ & +% & (Rhizoctonia spp.) 76 (Sclerotium spp.) ~ * &
# %6 (Trihncoderma spp.) ~ jk % % (Xylaria spp.) & % (5= %, 1996; %, 2002;
Bayman = %, 1997; Bayman % Otero, 2006; 5 = %, 2008; Yuan * %,2009;F =~ %,
2009; Ruangwut =~ %, 2011; Leake % Cameron, 2012) >t *x £ Z a3 > v " S K&
2% 4 4 4 7 #L(Dendrobium candidum){e £ 48 % £L(D. nobile){? @ 4 &i¥ 3] 25 &
pAEF A& B4 F(Basidiomycota) fr £ Fr ] (Deuteromycotina)( 35 %
2000)° %% 43 1999 £ 41 25 0 BRGIEP SERF FLERATLE A% 4
chd fi ot mA el o RIEFE BT AT AR 9.86% Ak FH R
FlBceh 9.66% © TR R E o A3 REK L EFOAMRFARN GERF £ &
(Dendrobium bryerianum)fe& gk F &lerfd + # 5 » fc EfaF A5 1 4 B R(GF R F,
1996) > F % 4 »2 2009 & » & 4 4 EAhfes L ¢ d £ % B itk A7 Y
FEY o Eagrd 52 k2 B F o &5 17 B4 0 354 F B (Rhizoctonia spp.,
13.46%) w4k b (Fusarium spp., 13.46%) 5 B w&# s 4P 7 H v

{4 EHT S FenS R AR R 0 o S B AR B R L Bk - Bpra L

ARER(ESE, 2009 P FAEBRBYRTFEFPANLLFATERRT PO
o2 ARBT L fpihd P2 EFOEFAPEF A EHRD I RD
EREY R TETFRNP L EFOAp LS AR EREY R EFR
IR A B Feodp 02k S (R X, 2009D) -

Masuhara #% 11 7 24 f& & - % (ecological specificity)f=# & & — |+ (potential

specificity) sPPE4 » % K4 i p AR E AT 0 T IR BEE S HR
4

=<

PR BERARHTELT V- IS FIRE e Bl - g 3



BRiine g s 186 BEth  BAFS 2 R WX L PFANE FIZ &7 Fa g
TE G A F SRR RRFEAT A O U REOSY RS - B AR
B~ Al R AR R RE R ERREE 5 A i
FRAFEAI AR DFPSPEARDEARATNAS - + ARG 0 A% DEKE R
B ARARE  BRG HESRIARL AL AN RE SR 5 E 0 TR
AFZRFRASEe 22208 E507 - BLTEE L BT 2R AL ES
F ks EFFEFILE D it (%%, 2008) o

BAPM L LFPfy- R AR henfiy (22 £ BF - SHEARLAS
T2 g AEIE BT ERASFEE S o P AL FREEFZET
EA R kAR e - 2o o P A EFARSRE AP b TS B3
P F RPN 2eF o Lyons & 4 0 FIRP 2 EFAHE S ROF A3 oF F R
FeoF o 2N AR FR SR Y BUK T B R R T R MR
B A 3 o0 RHHERE o Kh R A PR Sk S T F B rd] 0 iR h
&

@ff’#oy——%m ,F\4gm?l}ﬁﬂllﬁ\xifg){ﬂﬂl—gg,}r%zpﬁ*ﬂ? -l-lr'[l\“lE'

Fic MGEE A A 2 e & (GA) ~ vilvfe FR(TAA) ~ 4tk fL(ABA) ~ 25
% (Z, Zeaxanthin)fr % F % += H H Fa(ZR, Zeatin Riboside) » izt g% ¥He 3 cnd £ 5

TG A RGE T (5R X, 1999) o dRE ARG EMBPN LI FRF S FEFIE

(s

9 OB13F R S FEAp iRy HFF L enbult s SR
frfr3 p g Mg pr L AT A 30 BRBESF I MR F R DS (B F,
2008) °
W ARFERE)
X I#r(Wahrlich)*: 1886 & » & 41 i REEHITIEfop 2 HIREFS L
TEFAZESOEFHELIN ZF R 2EF 2L FERII899 £ I 5 &
# (Neottia nidus-avis) i/ SR #EFFEL > ST REP 2 3 P A Z A2 2 & > Fla i Rp

dp A AREAN BERATFT om 2 1903 £ L AL AEALERAR T
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Fenfbs 5 7 2515 > 4 B FHE 2 883 5 ¥ hn th(Hadley, 1982) «

=}
3

Bt 1959 # B (W) » F s i Rpsda T
RALFFEFTEE L L AF AR gl o G p RFET RFFHEy R &

TEFE A S R T R R T e e o5 et

3

ko A 5 L PR B AR ARG T A A ST 0
BRI E LI L SR 2 2R LA ARG 0 2

RRFERETY AFPREIRE LI EARLAREE S £ LR 2 AR

®
3
ET

¥ % ehy H(% % %, 2009a) o
L A(FATR s 58

CREFHEPE R AMRZ LR R TR A F T2 AR

i

a =

FE R 2 A Y o - R T ehk 4 A 6 Bt Sk s (Rhizoctonia)
Rhizoctonia % — 25 i & ¢ (form-genus)(Hadley, 1970) > Downie(1959)% s i¢ §_%

4 &% % Rhizoctonia solani Kuhn. (f$4&5t 2 #ac? A& d)» 53 8@ ¢ 2

&

LA frlGE Ay 2 RIRAM A T o R F T 2001 &l g A EH AT
(anastomosis group analysis-f§ #£ AG)2. = 2 A 47> H A7 8 % &7 > i frfF o7,
£ 42 R solani 3 AG-6 4] > m ¥4 % k2 R. solani 3 AG-2> & AG-4 3|(%,
2001) -

S HFAR A AY b 0 AAF NES me Pl FPE S BT
chERL ~ fmPe v B P E_ s R VI L mfﬁlgfm};ﬁ+ I T kY ﬁ’{]}i:}fi(Sneh L F,
19915 Ogoshi, 1996)¢ 4 3 1 4 5 JF He! 155 & 43 7 P4 0+ S P FHE 3
3 & ¢ 7 B F P (Tulasnellales) ~ % # ) P (Ceratobasidilales) = 2. 2
(Exidiales) » # ¢ x 17 & & 7 P (Ceratobasidilales) £ & %

RS FE RS E A~ #F e (Kristiansen &, 2004)4c T -
Heterobasidiomycetes £ 4%+ 7.4

Ceratobasidilales & 4% 7 P

19



Ceratobasidiaceae % # F#*
Ceratobasidium (teleomorph of Ceratorhiza) ¢ 4 /%
Thanatephorus (teleomorph of Rhizoctonia and Moniliopsis)= £
Waitea (teleomorph of Rhizoctonia and Moniliopsis)
Tulasnellales % %7 P
Tulasnellaceae "% %7+
Tulasnella (teleomorph of Epulorhiza)®} %
Exidiales 2.2 p
Exidiaceac 2. B #
Ceratosebacina
Endoperplexa (teleomorph of Opadorhiza)
Heteroacanthella (teleomorph of Acanthellorhiza)
Oliveonia (teleomorph of Oliveorhiza)
Serendipita
SPRFRR A S 2 AR 2 S PR BT RS D A
B o Ek S 2 g £ R % (hyphal anastomosis) §F 47 = #c B B Sk g &
(anastomosis group * #§ - AG) > P = R.solani ¢ # 3 AG-1 I AG-11 2 AG-BI %
SO BFEDFLEEAR T AR BBELE o R FHS AR S
Ceratobasidim spp. » 54 7% 4 F Sk pe £ R % 4 =+ 4 BF(AG-A T AG-S)>
WET E WS S £ 2 K ¢ 3 AG-A~AG-C~ AG-E~ AG-I ¥ = % (Oniki < ¥,
1986) -

BT W AE S B R $ #7728 B 0 % P Rasmussen (2002)2 B3 v fE 0 2

\-‘-1

F T A AT A PR iRt RER - AR PR P AR

T
*r’v_r'ﬂ

-
B

FIA
RS ]?] #(Rasmussen, 2002) » e §_4 A ;1 % 8 V&5 i (Epipactis) &
Fe

°Selosse = %4 474 £ 372 W2 47§ = B # > o Epipactis microphylla (Ehrh.)
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Swartz £ £S5 72 L ESFF 2R 4 B F2 ITS AT 5 E 0 T8% i 4 45

-rx\q.

2 4 B (Tuber spp.) » # # B F - 3va 3 § FEgz > ik E 7]

El
\w_'s\-

(Selosse = %,2004)c T + BACABLEATING § Tk F i 34 eh+ B FF ST S

3

® - Bidartondo = % » & H v &7 <0 Epipactis spp. ~ # 3R Tuber(¥ 7)) & fF = ~
# 7 Wilcoxina % Phialophora % = %2 + % £ jF(Bidartondo = %,2004) -
LHAARAFEFFES 2 &85 o f

WAES ARTTANRE ALESFFAEF 2 R A LHFETRRFL2 AR5
% it en(Masuhara =~ %, 1988; Harvais % Hadley, 1967b ; Currah = %, 1988;
Rasmussen, 2002; Zelmer = %, 1996) ff £ {e - fa+ frx w0 2 £ s 4 £ -
RRTRERAY S TR FE L S E TRES ARG AR
Asgd s fI*r SRFRFT > SR BN L FPEFREPDFRST

B R 2 £ {od T (R X F,2009a) - &7 % fr(Gastrodia elata) & 2 e

b

0 od B FE B ehp g -5 E ] % (Mycena osmundicola) 5 i % S LA E R BRI

Vit
4 A% & F(Armillaria mellea) (% 2 £,1990) > 7 e 2 £ > T F 7 A5 D
RIFEELd - FARIF? D Bl f+8#7 > 2 oSy ty

DFLIS 2 B S K AoR ey hd £ (38R E,2000; £, 2002; %, 2003; Ramsay
% Dixon, 2003; Chou # Chang, 2004; B % 3%, 2004; Zettler = %, 2005; %< %,
2008; Jin % %, 2009) P AR AT HEESFHF B GEFE A F e @
B 2 £ Wi PEr A A T FERA SRR ERR e
FoomE~ % i 4 P AR % > B P Mycena anoectochila GC945 ki % &
Yo F fegreng b R e s B3R F T 175.5%r 97.5% > M. orchidocol GC943 ¢ &
B B MR R B T T R (AN, 1999)s gLtk 7 g 2 & B TS chpk ) (I,
2001) « HEEE* FAES § oS AR 2 Pakend £ A F R (BAogs, 2005)
AL A FAEF AR E TS Fmi s REEHFH > B7 U~ F#

HE g et g ) B AR R R A eil 4 (S %, 1999 5 B %, 2003) 5 e B
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AA S gEieat 2 RaefEd EGECE, 1999 £ <%, 2002) 0 BT i
IOABES 0 B P R R (E < %, 2004) -
JE R dA A g 2 AR

B A FR F LR AR AR A AT T N P
BEEF LM - X RHAF DA R 0 4 SRR P et R F
o A4 AR FERT > A RFRA]) SRR TS RiEE 0 SRS D
A o Rl S R I O AR

B vx

Fm&
SRS RS o R A C AN S E Y

s
=
|+
s
B
a:
S
L
it
o+
S|
LS
=
\ [
ﬁ
_H7.
‘ﬁ’
‘ﬁ\
A
=
|
A
W
frt.
w
=
4
)
b
4

Pigz EORF  BRe AP 2 L FNARE ERTEY IRz E oA p LR
MF23 i 6 &4 2L 2 $ ik 5 B8 B 18.3%(F 3%, 2005) -
AWFAFERHE T ESF L Fhd -

WRAEWPEF 2R s 2 GAZ 2 8- LPT 8 FOpg7 - > 2
PP A ERBERH 2L AR REFTNEET TR o

LEA2006% > $>Za L8 %2 FRAEOFAES AL FH2 ~ 4% %
oo 2P RaRAFAESF T LE T 2 ROFAREFH AR E R 7 F
EFEF RFRAANLEF P FHAEF 2 ANREL A2 F ok - 157 - 5 B o

1936 & [ 4 f (Bernard)dp 1 -2 & AR & i § Jefeen® - 2 LR BFARE A

)

ot it Lo s 24 frg PR o X+ F (Warcup):n s > T % & /f

HrRT b A IR L Bt - B AR S rpE T (1)

ﬁ

Wi R THE P R2EBBOEAEHF Vi 47 F5 Q%R
R 2 AR 2 R A M BRI B e R 4 R A B
Wehflf > Bad 2 3 » S REFT U 2 s 3 A AEF AL RT

27 & - M (Harvais 2 Hadley, 1967a) - Sneh % A {n i B f~ F B 7 R
1

’E I R-RERF L ARRE S R RDFFES A 4 DT
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A ABRIAFTEIE S CTTFREFHAEST G - Bhn o ¢ 50
e~ fAeh - e BF % - (4(Sneh = %, 1991) - Spiranthes sinensis var.
amoena 2 f&+ R A 3 ¢ 2 F ¥ i & % | Rhizoctonia repens Bernard #73% % o

7 3

ETIS
1v
‘5—\#\1\

Atk 2 2 BEFHMA ¥ L &R 24 T # 2 S sinensis var. amoena

I
o
k&S

BHAE AL SL- o i FHk 8478 Rhizoctonia spp LR A+ B T gk ¢ 4r

£ % - [+ (Masuhara 2 Katsuya, 1994) o & 7 #1547 13384 3 0 Bcfd Ak 0 S
e o g RV AR BFRES TS FR G LR R Al g R D
B HIA - 27 ek AFFAES S AR TR - BE S H T A 2 7
7 @ F A7 R (3%, 1985 ; Masuhara 2 Katsuya, 1994) -

Rasmussen (2002);% % {7 & (8% chfg fv > p 2 E FMc2 SRl 2 5 B ¥
FERETRDEFREAFF - LFREEH Dz p ¥ PR FRF
L% E- 2 REF DI f(McCormick = %; 2004, 2006; Shefferson = %,
2005, Irwin = %, 2007) o {7k & (% s 4 Bron 8 - B a7 n 2 % - a5
¥ %] Z_ Tulasnellaceae % Ceratobasidiaceae % = f (Otero < %, 2002; Ma = %,
2003; Suarez = %,2006) - Ap ¥ E FRAF W2 7 A F M E - 2 FHUulou =
%, 2005; Dearnaley 2006) {7 sk & i % ey = (KRR I & —%‘

BT oWy Sy - 22 BRTHEPE 4L G RE R R 2D FECE
(Girlanda < %, 2006) - F]* § s & - el B € F F b o BArE HEFBLFT O

BE2RR AT L EFE- (22 %Tmﬁr’ﬁ M 2F ¥ iy i % (Brundrett

p)

 %,2003; Bonnardeaux = ¥,2007) & - 47 URFARLZ B I3 5% L £ 5>
t(Otero = %, 2004) - & — 47 it 3 ¥ WA 4 65 2 % ¥ ( Bonnardeaux = %,
2007) -

5.4 %79

2
I =

Wisfs ens 5§ - Big > S FEER AKX

>z
q
=
:??
i
%
-
«
E-)
A

i N Ed s - AR EE ST B A Bty

=4
!
5
4y
=
\}J\
!
&
;
W
\H"
|+
|
o8

-
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it T 3 5 (Arditti, 1992) -

I

1970 & Hadley 14 5 /5 s ' 4 T RMAE A L B2 R #F R

Al A B (AR ALE AR L (BRI FIA L BT (2
FILFE LR (C).EFHVSF ARG XRS5 (D)3 FE Rk

&
=

LH2R G AR L2 R T HEET S FT Y RIS & T
FriT® E\:/};fb % ﬂ&-;ﬁi ’?]—2@;}9 M T ANE Y #‘t/éﬁ%?wl E o 2z E&é%iﬁ%&}&
WE R FERRMETIZ- SRAST I 22 EH2 24 AE > £ R

BT AN A dF 24 gk dE 0 1922 & Knudson ¥ 3 i RIREE A

-\-1\1.
[vm
3
*

PRoo4 B Peid s feded A2 LT RIREAA 13 BRI T L 2 o fs ki

~
bl
\.

B Ta%HErAf P22 L2 F@ARM YL LA maed

1
%»

Wt WHEF BT L WHAR L A3 ORI me g T 2 B B FE
Bait v g % e~ P 2 £ (Arditt, 1967) » & 54 RIR A Gt L i

(Hadley, 1970 ; Muir, 1987) » @Sk » s > € L & & A e P A58 {4 H - £
AR R AL R A EE T e AR R ERET LAY
M pF ot 7 h% A (Uetake = % X, 1992) o

W RGeS BT 2 RFF 4T R RAFRNE > AT BER
T p o okebejea e g 5 (Yoder %, 2000; Arditti, 1967) » §F Fehx 2 ¥ 1
BAE S T 0 bk L RaE 48 0 ¥ (Uedan 2 Torikata, 1972)°1966 # Smith
AN EECL TSP cE RS I o - SRR SRS SR Y
¥ 3 & pH & (Bernard, 1899) 5 % % # 1925 # Knudson ™ £ K T ff = HAL» 7%
AREEREIARKCEF CERBFRFIFTE VAL D FRI FA LR
b fER R E M DV RINMAA 2 W R E A2 pHEYD 55% 3 47
PRERAETEE LT AL FIRAINESS §EFEATER  GABH RS T
¥ (Hadley, 1984) o F]pt e & = $oeindafiap 7 & 2 LG #25° Tpg 5

SORF TUAARE > A - f8 4F 22 2 (Rasmussen 2 Rasmussen, 1991) ¢ 7 4 2 ip
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¥

BEREFHALT KEREEHL > A F T OlMRY > REHL LT D
Boa o RAEFRETDEY > FHRLWER R WS > fTREBES DY
AL TR AR FEELZE(E,1997)
TRFTERAS A F T 2N 0 A SEP S E B B AR
4o
DA = 2
P~ 4 8 & S 33 (Anoectochilus formosanus Hayata)%2 %7 ## (Haemaria discolor
var. dawsoniana)z f&+ > B AW R IR A AT BB U FBW F RO2 > T
60 = 5 L] % 80-86%% 65.6% (% ,2004)- % % #L Dendrobium Snow Flake -
TR A PH 2 faF o 7 5 72.3% (4f, 2002) o - BT i = LK
4 & 7= Habenaria species (¥ 1. k # )(Habenaria quinqueseta, H. macroceratitis, H.
repens) > AEE P I R FH BRAFF T 0 2 Horepens v GEE ¢ B
I3BEFERR - BFEBE LI FET A FREAFAESS T R
78 PR 17 RS AR W 3 (Stewart X %, 2002) - Dactylorhiza majalis 2 5k +% 72 5%,
REdFETEERL AP FEREFI2325C o BFFT F T A 26CF R
B I3CHRB A L Otk P PR A A2 A RN M e BN R 2
1 $k(Rasmussen * %, 1990) -
Q2).Fg* £ 2
% < jif (Cybidium sinense Willd)f& + g *t &8 f7 A% 7 = # (3, 1999) « ¥

W2 VEFE2LMABS > WERI ZEEZ AT 4o~ 1,000 ppm 2 = F 3 5B R o

o

w

14

YRR 17512 an 22 e s AR HH- BAREX A

~ .

:}_ i;s /E_\,v/\ ,{T )?i‘r% ‘i iéf—?#ﬁ_ﬁé}%@i‘il o |} ;Il’q_ﬁé R02 % /yb \'-" F]%é RO] M R02 ft = Z_
FYHARE D RDER AL AT ERIEIHE RO Ffes PDA 5 4
POV RRBUEFAT RS T (R, 2001) c ERA2FZFEREFTFART AR

E BB RIS YR Y B A r ? T 5 F4£(Dendrobium Snow Flake)
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A R LRI i S U RBAF A PH L2 A F T F AR
i 84.5% o 1R RE L ¥ FATHEMAT % £(Dendrobium tosaense) &+ - 40 * {5
B3 ¥ X5 3 75.1% 2 - (4K, 2002) -
By £ 2

RrIfaRdARFAESAT > I 0 FRAFEFHATIF T R%K > 27
Corallorhiza odontorhiza, Goodyera pubescens, Galearis spectabilis *t 4%t 20-30
BEHFT > BAWFFAL LA R EZ Y Y 8 7 (Rasmussen 2 Whigham,
1993) - >+ p 2848 4 3+ » 2317 Caladenia arenicola = $¥R*GiT > HF 7w 4 >
AHEmEEEESRAE oS F Y 4 Ap 3 M G (Batty < %,2001) 0 | & i
BF AP 2ZF T T UEP SR T R TR o WAL T U
B hp RATHAE R 4 0 2 R EATH A f AR S (Batty < E,2001) -
6.0 et FItA FI A2

WA A 4 1B g 49 7 7 0 Watkinson 2 Welbaum 1
Cypripedium parviflorum var pubescens (Willd.) Knight % ## > » 458 F122 2L
FHE 2 A TR R o EEFIEIRZ 4~ 8 & 4 A1 R4 B~ mRNA > 538
amplified fragment length polymorphism (AFLP) 7 4 DNA % B R > &2 7
i e I o F1I Lk trehalose-6-phosphate synthase % phosphatase > » #c %
Fig g B -k v & 4 g # (Watkinson %2 Welbaum, 2003) -
= ~ *#& F(Trichoderma)

AEFE - BERSEFRTADFF AL EVREY AEFRER L AR
T2piee ARARLEARAES FEARBT AL Bu B RRETEEH R
THFLERY O ARAS ST R RBET R EET RO prE - k5

>
S

mre BRI RFEF AT BRACHESBRE FRAAPHN(ZAE,
2009) -

#_Weindlong ** 1932 & 7 =t % 3.4 % * & p#(Trichoderma lignorum) % % f&
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B mELEFFLET IR ¢ RS BY MEF R T Do o MREFT U ISS
I FAARE @ : Botrytis cinerea Pers ~ Colletotrichum truncatum Schwein ~
Cylindrocladium floridanum Sobers & Seymour ~ Gaeumannomyces graminis Sacc.
Pythium spp. ~ Phytophthora citrophthora Smith & Smith ~ Rhizoctonia solani Kuhn £
Sclerotinia sclerotiorum Lib. % (Bailey # Lumsden, 1998) « H @ r2 43 # g (Pythium
spp.)(Sivan % ¥, 1984; Wolfthechel % Jensen, 1992) » ] 1% 5 [ (Sclerotinia
spp.)(Latunde-Dada, 1993)% = 4% %i 4% g (Rhizoctonia spp.)(Aziz = ¥, 1997; Lewis
% Papavizas, 1987; Trillas < %, 2006)% % f&iv4 2 T 3 5 fd end B
FREC Fierk 1 SBF YV ML 2] % (Dal Bello %, 2002)% k45
(Kumakura = %,2003)% it4> > ¥ ZH[F ook s 3 5 2RI FR L P Fiortk s 4B

% B2 - #7450 Trichoderma asperellum TA Ftess & & &g ZF (¢ Fusarium
oxysporum Schl.g % & ¥)2 B ic !t &2 ¥ B4 2 FHR(GES %, 2008) - R
TRk AMRFDRY ¢ v L BEEFFYT R £ 2 A TR
# ¥ (Bailey 2 Lumsden, 1998; Lindsey 2 Baker, 1967) % 5 % o
= ~ 4k¥ F(Fusarium)

FU* 2 #rd b Fusarium ¥ 234 #3&4 ¢ Cypripedium reginae 2 &+ % % %
F 7k 48 e97) = (Vujanovic = %, 2000) - Bernard # £ #% ! orchid fusaria # /2 iZ 3848
+ 3¢ 7 (Bernard, 1909) - & Fusarium >+ A s f3- 355 408 > z\i%”ﬁfr} R
2 e 2 (Fusarium)fe g i+ s &t <P % (Vujanovic = %, 2000) » ¥ ic £_iEi&
B+ FET2ZRF
-~ R & F(Xylaria)
™4 RE f%f]"—’: FANKFANAP Y s LRI E S ) Ak FEiES

mfgﬁ;«frp 4 REFMEE AL fz‘&%oﬁi;ﬁ# X - ﬁ_&\#qﬁ}% gIph 4 B
o REE O AT S R R F K R B FR(M e, 1995; Davis X %,

2003) o R A FF XBEF B E 0 4024w R F(Xylaria nigripes) » #£2 R £ 7
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(Xylaria bipindensis) » & % & & F(Xylaria hypoxglon) » H %% =4+ & 03 & 2 5 fF

Ko dv 84 F(#2 2 ,2004; %% 3,2005) -
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542

22751999, 2 AMERAFHAES L R AT LR EERY - M2 2B F
FEF ] L%, 81 F o

g e, 1968, Y2 Y YRS OFTICH T Y AT S O A
TLEFHR(EE R ) B EIERE LR pil74-232 ¢

H T 1965, & 4 s F - 4 p86 -

TR HET 47 8~ B~ 26T 302 4k 2006, 2 3 RS FIPA 4
T FAAY o 0 s HRFRE AR 26:5-10 -

AAR S EE. 2005 LA LHIHBA R B AL Y REY
24(5):15-18 ¢

FBE S~ F1T 5. 2009 WA A FREFFERMEL o PSR ER
¥ 48(10):2484-2488 -

R RE R T SH 2 27320090 F EEBFAPLEFEY
&3 B EBI 22(3):675-680 -

AR S MEZF. 2001 TR ARA S —BE o TER L L LN 3657

120,192 3o WEe 2 afHhi - EAHe SFRE2LEY - A2 44
CEREEF TR L%Y 3T -

R 191 R HEHAFAHRRAER T2 228 EREEF T T

1% ,95F -

E#EESKE R 2002 F-FRELS RS A TG H AT o B 2B

13(7):845-848 -

Zpa 1999 FE2FAH-EWHEERT x 2RDPIFLEBFT2

ﬁ?
)
(\x

RS
=g

M d g BRELF ] LA, 10T -

3hgR 1989, L TEHTE LA LY 1T 2

1%
ult
1=

Bz 43~ FFEFFT M

1W<, 128 F o
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FRR.1998. RAFHFLETEARATT L B d gL 8 FES g

e

MLtwm~, 7573 ¢

N

ZeE s BEdode 1989, F E WA T 42 B
RiFELE ¢ MP T ad 52 o
e~ A 1991, REFLHIFLATFTARE LL1F% 277 o [T
RiFELE ¢ LA a5 2 o

ZwE, 1990, Bz fr3 & ¢ REFIE 36:223-224 -

ST A2 Y o FEcla

)

FRA.2001. 2 EADEFHZETE L APICE M2 48 EREFY
T LY, 191 F o

FAC AR ARIT T BB B KR AL 2009, AREIGEY 2 FR
THETEE o 4 BT 20(2):286-290 o

¥ hEs 1997 HERFZ S EFAEFEAY o R 2 F < FHREF T LS
2,124 F o

¥ e 2004 £ EMRE S DERCE FIRABZARIZERET o W24
S EFEST T LY, 169 F oo

T~ REL AW TR 2 20F. 2009 FAF WA 2 RS
AT o RE R ERE 40(5):556-558

the 712000, 2 Eitfd-d ARG BE ST LA LR K F P
A PHF 2 BRFEY o FRERAFPELAEEMFLFESEHL -

e 12004 EHAEARBAFTTITIR NEE EFAEFEFAGE LT o
231-238 -

&G~ 2. 20000 d 44 2 B MR 2 BoPFanh A Fur iR s Fip A
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£ 123 tA F g 0 B¢ A F B (Trichoderma spp.) 29 k8 % » H =
Bl % & & Fb(Xylariaspp.) 14 tk > % -] F & 7 % (Glomerella spp.) 8 tk -
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(Xylaria spp.)™ b R A #3090k f enff AL b R0 o 20 L AT g o G
T4 PR30 A ) 78 37 i ) b (Acremonium spp.) ~ 78 +. % /& (Acrocylindrium spp.)
¥ % #) (Aspergillus spp.) ~ 4a1:32 A/ (Alternaria spp.) ~ 4 #12 #f (Ceratorhiza
spp.) ~ = & & /% (Clonostachys spp.) ~ # & ] 4 (Colletotrichum spp.) ~ %
(Cylindrocarpon spp.)-~ +.32 f#& & (Cylindrosporium spp.)~ =1 & 2k 7§ (Dendrophoma
spp.)~ % F 1% 7 % (Epulorhiza spp.) ~ #k3¢ f i (Fusarium spp.) ~ k7 & & (Gliocladium
spp.) ~ % 7B (Microascus spp.) ~ ¢ zk i i (Monilia spp.) ~ #7232 i# s (Oospora
spp.) ~ & 3% F 4 (Ozonium spp.) ~  # B (Penicillium spp.) ~ % % = 3¢ Ji (Pestalotia
spp.) ~ ¥ 5 £ 3z Jh(Pestalotiopsis spp.) ~ #t & 8- i (Phomopsis spp.) ~ #4352
(Pyrenochaeta spp.) ~ & +% & (Rhizoctonia spp.) ~ - +% & (Sclerotium spp.)
7 & (Trihcoderma spp.)~ & & F /& (Xylariaspp.) % p 2 E HE § 4p e & (T &,
1996; %, 2002; Bayman = %, 1997; Bayman % Otero, 2006; 5 =< %, 2008; Yuan =

¥,2009;& = ¥, 2009; Ruangwut = %, 2011; Leake % Cameron, 2012) - 4 & 7/
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B 1R (Lo % %, 1996) 4k% 5 B~ U] P18 B2 = 40 5 11 A £ (F 2 3 1999,
Wolfthechel 2 Jensen, 1992; Latunde-Data, 1993, Trillas =~ %, 2006) > % [# /54 % 4
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KEZEPREHFEFHEFS AT BRIpN L HEAAAR 27
oo € 12 & fF A 44 Gibberella (#87% 707 12+ 1, teleomorph of fusarium),
Penicillium, Xylaria % = 2 p 2 £ > @ j&5 #4978 @RI~ 34 Trichoderma, %
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Fusicoccum % = Bz p 2 E F R 198 fF afEth 2 b etk B4 ) Xylaria f§ &

0@ B fafitks g Gibberella 2 7> f b fE k4 & 41 Penicillium &
ERFIEN R REFZRREBLE BRI 2 E AR 2400 (B 2-4) -

FRERA < H L2 P L S E RS TR

Witz B ERMP L FFPF AR FE3AZ 7 FAFERON 2
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SR B BREE DB FAEERL R o T A B

* # 7% (Trichoderma spp.) & 4 &1 19 & » &P & % (Trichoderma)

Annulohyposylon ~ Botryosphaeria - Diaporthe ~ Fusarium ~ Neonectria ~ Trichoderma -
Verticillum % = B Z F > 2 [¢ 2 L {9 & f5 » 4 2 Diaporthe - Neonectria -
Pestalotiopsis ~ Podospora ~ Trichoderma % 7 B2 A E 7 it > «» ERE X
7 4~ #td) Trichoderma % Fusarium % - & 2 #(® 2-5) -

FHW 2Ry R AEFAErZ N 2 EfEt U R X2 TS
ZAREFEH A A RE RHEELI RS FERNSSEN N L LR
27 p X B2 AR RA A0 - K Xylariaspp. > @ #k T % RI3S@ Xylaria sp.
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I % & Y2 Ffd i Fusarium 2 Podospora - ¥ 2 F]Ik#E # B2 7 0 B fAES 1T
SR EER T R R

MAEERI RS RHELEERL WYL P LD AL B R BWET

RS G pAFETRRE) (G R E) s B M(PL L) LB R R
bR R PR TR S b A2 21 RE ARk A B
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Hypoxylon sp.~Neonectria spp. ~Phoma spp. -~ Pichia sp. - Tetracladium sp.~ Trichoderma
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spp. ~ Xylariaspp.) e &2 H Fip2 5l B @ R PP L L2 fE R0 e
Y2 A EBRE SRR R AR 2-7) c H B P S F R IR B
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KR L2 R EE) S ADW) ~ FEESW)E =7 FFE 255
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B4k VI A3 B F5 & ehfE R 0 Cryptosporiopsis B 1 I Adr p 2 itk o b
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EC i~ 23 s Bei ki s 8555 Al Fiph -

AEBRACE AR A RERIIINY o R A4 500 etk 2 E o B P Ak
7 /& (Trichoderma spp.) ~ 4k32 ) (Fusarium spp.) % & & # /& (Xylaria spp.) = = = &
R EA L AR BT FAES £ ox 2 B S /4 (Rhizoctonia spp.)

A= = e

W 3¢ A& FbXylariaspp.) % 1) i #1257 B (Neonectria spp.) % 2 F$H 7 1



AR 2 §FR- BHEET P e F R F Y A FBH(Trichoderma spp.) 2 7
ISR F S AP WR DA SR L A EB T4 Yo ik B (Trichoderma spp.)
AR E B2 > I ARk A 2 7 B R 12 R3E 76 (Fusarium spp.)

T A s B is R A4k 7/ (Fusarium) TR E Al o iR HEEy ER
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Fig. 2-1. Original collection sites of Taiwan indigenous orchids and endophytic fungi.
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A. Trichoderma sp.

B. Fusarium sp.

D. Xylaria sp.

E. Glomerella sp.

F. Rhizoctonia sp.

=g

B 2-2. ~fEmHp A LBFIINEERN LD FORE
Fig. 2-2. Colony morphology of 6 species of endophytic
fungi isolated from Taiwan native orchid roots.
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Fig. 2-3. Phylogenetic tree generated by the Neighbor-Joining method based on ITS rDNA
sequence of 21 fungal strains isolated from specimens of Calanthe puberula (CP) and
Phaius flavus (PF) collected in Alishan (A). Rhizopus oryzae (DQ990330) were selected as
outgroups in the study. The bootstrap values were obtained from 1,000 replicates and values

>70% were indicated next to the nodes.
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5% # i L Rhizopus oryzae (DQ990330) & *F #,p & 4~ 47 B 2% 3+ 70% °

Fig. 2-4. Phylogenetic tree generated by the Neighbor-Joining method based on ITS
rDNA sequence of 10 fungal strains isolated from specimens of Calanthe
sieboldii (CS) and Phaius flavus (PF) collected in Jianshi (J). Rhizopus oryzae
(DQY990330) were selected as outgroups in the study. The bootstrap values were
obtained from 1,000 replicates and values >70% were indicated next to the
nodes.
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Fig. 2-5. Phylogenetic tree generated by the Neighbor-Joining method based on ITS rDNA
sequence of 32 fungal strains isolated from specimens of Calanthe arisanensis (CAr),
Calanthe densiflora (CDe) and Phaius mishmensis (PM) collected in Dahanshan. Rhizopus
oryzae (DQ990330) were selected as outgroups in the study. The bootstrap values were
obtained from 1,000 replicates and values >70% were indicated next to the nodes.
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Fig. 2-6. Phylogenetic tree generated by the Neighbor-Joining method based on ITS rDNA
sequence of 11 fungal strains isolated from specimens of Calanthe sieboldii (CS)
collected in Jianshi (J) and Wufong (W). Rhizopus oryzae (DQ990330) were selected as
outgroups in the study. The bootstrap values were obtained from 1,000 replicates and
values >70% were indicated next to the nodes.
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Fig. 2-7. Phylogenetic tree generated by the Neighbor-Joining method based on ITS rDNA
sequence of 21 fungal strains isolated from specimens of Phaius flavus (PF) collected in
Jianshi (J), Nanchuang (N) and Alishan (A). Rhizopus oryzae (DQ990330) were selected
as outgroups in the study. The bootstrap values were obtained from 1,000 replicates and
values >70% were indicated next to the nodes.
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Fig. 2-8. Phylogenetic tree generated by the Neighbor-Joining method based on ITS rDNA
sequence of 8 fungal strains isolated from specimens of Calanthe puberula (CP) collected
from different growth media soil (S), dead wood (DW) and stone wall (SW) in Alishan (A).
Rhizopus oryzae (DQ990330) were selected as outgroups in the study. The bootstrap values
were obtained from 1,000 replicates and values >70% were indicated next to the nodes.
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Table 2-1. The identification results and number of endophytic fungi isolated

from roots of indigenous orchid species of Taiwan.

Area” Collection Strain  Orchid species No. of Morphological DNA sequence
locality code fungi method method
species
N Wulaoken river, 940810a Saccolabiopsis 14 Penicillium sp. —
Yilan County wulaokenensis Nodulisporium
Sp.
N Taipingshan, 940421a Phaius flavus 2 - Xylariales sp. F17
Yilan County Arthrographis
cuboidea
N Pingxi, 940415a Liparis nigra 1 Rhizoctonia sp. —
Taipei County
N Pingxi 940415b Liparis nigra 6  \Verticillium sp. Glomerella
Verticillium sp. cingulata strain
TSGO003
N Pingxi 940415¢ Liparis formosana — —
N Pingxi 940415d Zeuxine nervosa — Glomerella
cingulata strain
CMUBEI1814
N Pingxi 940415¢ Liparis nakaharae 2 — —
N Pingxi 940415t Cephalantheropsis 2 — —
gracilis
Pingxi 940415g Diploprora g — Rhizoctonia sp. Bi8
championii Pestalotiopsis
paeoniicola
Tetracladium
marchalianum strain
ccm-F26399
Glomerella
cingulata partia
Xylaria sp. P106
Glomerella
cingulata
Leptosphaeria sp
Podospora sp. Ppf7
N Pingxi 940415h Cephalantheropsis 2 — —
gracilis
N Yangmingshan 940912  Anoectochilus 2 Rhizoctonia sp. Rhizoctonia sp.
Taipei City formosanus Fusariumsp. Tml-4
N Yangmingshan 940914 Eulophia 14 - —
zollingeri
N N.T.U" 940317b Spiranthes 2 Trichoderma —
sinensis sp.
Trichoderma
Sp.
N.T.U 940317¢ Spiranthes 1 Trichoderma —
sinensis sp.
N.T.U 940317f Spiranthes 1 - —
sinensis
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Area” Collection

Strain  Orchid species

No. of Morphological DNA sequence

locality code fungi method method
species
Sijhih City, 940429a  Spiranthes 1 Rhizoctonia sp. —
Taipei County sinensis
Sijhih City 940429c  Spiranthes 1 - Macrophomina
sinensis phaseolina
N Waulai, 940410b Bulbophyllum 5  Trichoderma Phoma glomerata
Taipei County pectinatum sp. Trichoderma viride
Trichoderma  strain Tr21
sp. Gibberella avenacea
N  Waulai, 940730a Calanthe 4  Colletotrichum Trichoderma
Taipei County triplicata sp. aureoviride strain
T115
Trichoderma spirale
Trichoderma
pubescens
N Jhongho City, 940310a Spiranthes 2 Cylindrocarpon Haematonectria
Taipei County sinensis sp. haematococca
Periconiasp. (Nectria
haematococca)
Jhongho City ~ 940310c Spiranthes 1 Rhizoctonia sp. —
sinensis
Jhongho City ~ 940310d Spiranthes B — —
sinensis
Xindian City, = 940724a Goodyera procera 2  Trichoderma  Trichoderma
Taipei County sp. hamatum strain GJS
Alternaria sp. 98-170
N Xindian City ~ 940724b Goodyera procera 9  Mucor sp. Mucor sp. Gr22
Trichoderma  Thanatephorus
sp. cucumeris
Fusarium sp.  (anamorph:
Alternaria sp. Rhizoctonia solani)
Beltrania sp.
Chaetomium
Sp.
Chaetomium
Sp.
N Xindian City 940724c Bletillaformosana 11  Cladosporium Fusarium
sp. oxysporum
Nigrospora sp.
Coniothyrium
Sp.
Circinotrichum
Sp.
N  Fusing 940918a Habenaria 1  Fusariumsp. —
Township, polytricha
Taoyuan County
Fusing 940918b Haraella 9 Trichoderma —
Township retrocalla sp.
Fusing 940918c Cymbidium 2 - —
Township cochleare
N Fusing 940918d Bulbophyllum 2 - —
Township japonicum
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Area” Collection

Strain  Orchid species

No. of Morphological DNA sequence

locality code fungi method method
species

N Tungyenshan 940130 Calanthe 5 = —
Taoyuan County arisanensis

N Niaozuishan, 940311a Calanthe sieboldii 2 — Podospora sp.Ppf7
Hsinchu County Fusarium sp. 464

N Niaozuishan 940311b Calanthe davidii 5 = Muscodor vitigenus

N Niaozuishan 940311c Calanthe 5 = Colletotrichum sp.

alismifolia IP-53
Xylaria sp.
Glomerella
cingulata strain
CMUBES12
Niaozuishan 940311d Calanthe | Xylaria sp.
densiflora
Niaozuishan 940311f Calanthe 2 Trichoderma  Phomopsis sp.
arisanensis sp.
Trichoderma sp
Wufeng 940422  Anoectochilus 3 - —
Hsinchu County formosanus
Jianshih 940308a Phaius flavus 3 Trichoderma  Trichoderma
Township, sp. asperellum strain
Hsinchu County BBA 68646
Fusicoccum arbuti
Jianshih 940308b Calanthe puberula 1 — —
Township
Jianshih 940308d Calanthe sieboldii 6  Trichoderma  Xylaria enteroleuca
Township sp. 18S
Penicillium
pinophilum
Xylaria sp. JP10
Xylaria sp. IP-31
Xylaria grammica
Xylaria multiplex
strain PR112

N Jianshih 940308¢ Calanthe sieboldii 4 — Xylaria sp. F4

Township Gibberella
moniliformis strain
bxq41208
Xylaria sp. JP10
N Jianshih 940308f Calanthe 1 - —
Township alismifolia
N Jianshih 940316b Goodyera 3 Colletotrichum —
Township, daibuzanensis sp.
Hsinchu County Rhizoctonia sp.

N Nanjhuang 940417a Phaius flavus 9 - Phoma sp.
Township, (AF218789)
Miaoli County Phoma herbarum

(AY337712)

N Nanjhuang 940417c Calanthe 3 = —

Township densiflora

C Kukuan 940314 Chiloschista 4  Trichoderma  Amphisphaeria sp.
Township, segawae sp. MAFF235878
Taichung Tricholomataceae
County sp. ATCC 28344
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Area” Collection Strain  Orchid species No. of Morphological DNA sequence
locality code fungi method method
species
Paraphaeosphaeria
solitaria
C Meifeng 940128a Gastrochilus 3 = —
Township, fuscopunctatus
Nantou County
C Meifeng 940128b Holcoglossum 3 = —
Township quasipinifolium
C Meifeng 940128c Sunipia 5 = —
Township andersonii
C Meifeng 940128d Calanthe arcuata 2 - Phomopsis
Township eucommicola
C Renai Township, 940504a Goodyera 1 Rhizoctonia sp. Rhizoctonia sp.
Nantou County kwangtungensis C-610
C Renai Township, 940407b Calanthe 4 - Diaporthe sp.
Nantou County arisanensis Rhizoctonia sp.
C-610
Cylindrocarpon sp.
IBL 03149
C Renai Township, 940504b Calanthe arcuata 1 - -
Nantou County
C Renai Township 940802a Calanthe 7  Fusariumsp. —
alismifolia
C Puli Township, 940407a Erythrodes blumei 4  Acremonium  Glomerella
Nantou County sp. cingulata strain
G133
C Shueishedashan, 940525a Calanthe 6  Cylindrocarpon —
Nantou County densiflora sp.
C Shueishedashan 940525b Anoectochilus 3 Trichoderma —
koshunensis sp.
C Shanlinchi, 940821b Calanthe arcuata 5 - -
Nantou County
C Hsitou, 940223a Liparis 2 Trichoderma —
Nantou County keitaoensis sp.
C Hsitou, 940223b Bulbophyllum 4  Trichoderma  Trichoderma viride
chitouense sp. strain Tr21
Trichoderma
Sp.
C Hsitou, 940223c¢ Eria corneri — —
C Hsitou, 940223d Liparis nakaharae — —
C Hsitou, 940223¢ Bulbophyllum — Entonaema
retusiusculum cinnabarinum
C Hsitou, 940223¢ Bulbophyllum g8 — Entonaema
Nantou County retusiusculum cinnabarinum
S Alishan, 940527a Phaius flavus 10 Trichoderma  Glomerella
Chyi County sp. cingulata
Xylaria enteroleuca
CBS 651.89

Xylaria sp. F19
Xylaria sp. BCC
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Area” Collection

Strain  Orchid species

No. of Morphological DNA sequence

locality code fungi method method
species
1067
Daldinia
eschscholzii
Daldinia petriniae
Hypoxylon stygium
Trichoderma
asperellum
S Alishan 940527b Liparis formosana 11  Trichoderma —
Sp.
S Alishan 940527¢ Phaius flavus 3 Trichoderma Pichia
sp. quilliermondii
Neonectria
radicicola
S Alishan 940527d Phaius flavus 3 Trichoderma  Neonectria sp.
sp. PPnl-B Lr
Cryptosporiopsis
ericae voucher
UAMH 10419
Cryptosporiopsis
ericae strain
UBCtra29
S Alishan 940528a Platanthera 2 Rhizoctonia sp. —
Alishan 940528b Calanthe puberula — Cryptosporiopsis
ericae
S Alishan 940528c Calanthe puberula 2 — Podospora sp.
T489/9a-R
Podospora sp.
(Ppf7)
S Alishan 940528d Calanthe puberula 6  Trichoderma  Neonectria
sp. radicicola
Trichoderma  Xylaria arbuscula
sp. CBS 452.63
S Alishan 940528¢ Calanthe puberula 5  Pestalotiasp. Phoma putaminum
Neonectria
radicicola
Cryptosporiopsis
ericae
S Alishan 940528f Dendrobium 4  Trichoderma  Trichoderma
moniliforme sp. koningii
Diaporthe
phaseolorum strain
FAO125
S Alishan 940528g Cremastra 1 Trichoderma —
appendiculata sp.
S Alishan 9405281  Ascocentrum 1 Trichoderma —
pumilum sp.
S Alishan 940528 Galeola 5  Trichoderma  Mucor sp. Pr15
lindleyana sp. Mucor sp.
Trichoderma  02MIN3S1

sp.
Trichoderma
Sp

Pestalotia sp.
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Area” Collection

Strain  Orchid species

No. of Morphological DNA sequence

locality code fungi method method
SPECICS
S Alishan 940528k Malaxis matsudae 7  Trichoderma —
Sp.
P%stalotia sp.
S Alishan 9405281 Liparis 4  Pestalotiasp. —
bootanensis
S Alishan 940528n Liparis formosana 7 — Neonectria
radicicola strain
IFO31882
Xylariaceae sp. F13
S Alishan 940528p Acanthephippium 4  Trichoderma —
striatum sp.
S Alishan 940528q Malaxis matsudae — —
S Alishan 940528r Chrysoglossum Trichoderma —
ornatum sp.
S Alishan 940528s Liparis nervosa 6 — —
S Alishan 940528t Erythrodes blumei 4 — —
S Alishan 940727a Habenaria 4 Rhizoctonia sp. Ceratobasidium sp.
ciliolaris AG-G
S Alishan 940727b Malaxis matsudae 1 Trichoderma —
Sp.
S Alishan 940727¢ Liparis 3 - —
condylobulbon
S Alishan 940727¢ Bulbophyllum 4  Pestalotiasp. Entonaema
umbellatum cinnabarinum
S Alishan 940727f Cleisostoma 7  Trichoderma  Mucor indicus
paniculatum sp. Pestalotiopsis theae
Colletotrichum strain PSH20001-083
Sp.
S Alishan 940727¢g Malaxis latifolia 4 — —
Alishan 940727h  Dendrobium 4 — —
chryseum
S Dahanshan 940909a Epigeneium 5  Cylindrocarpon —
nakaharae sp.
Curvularia sp.
S Dahanshan, 940909b Bulbohyllum 8  Fusariumsp. Trichoderma viride
Pingtung retusiusculum Cylindrocarpon strain Tr21
County Sp.
S Dahanshan 940909¢  Bulbophyllum 12 Fusariumsp. —
fimbriperianthium
S Dahanshan 940909d Eria 2 Fusariumsp. Trichoderma viride
tomentosiflora Fusarium sp.  strain Tr21
S Dahanshan 940909f Goodyera foliosa 4 — —
S Dahanshan 940909¢ Liparis 4  Fusariumsp. —
sootenzanensis Fusarium sp.
S Dahanshan 940909h  Bulbophyllum 5 Pestalotiasp. —
japonicum Fusarium sp.
Fusarium sp.
S Dahanshan 9409091  Bulbohyllum 10 Fusariumsp. —
pectenveneris Pestalotia sp.
S Dahanshan 940909; Eria 1 Fusariumsp. —
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Area” Collection Strain  Orchid species No. of Morphological DNA sequence
locality code fungi method method
species
tomentosiflora
S Dahanshan 940909k Eria ovata 2 Fusariumsp. —
S Dahanshan 9409091 Eria ovata 5 —
S Dahanshan 940909m Calanthe 5  Pestalotiasp. Trichoderma
densiflora asperellum strain
TUB F-755
Fusarium sp.
Trichoderma
hamatum Ir.
Trichoderma sp.
S Dahanshan 940909n Cephalantheropsis 14 — —
gracilis
S Dahanshan 9409090 Bulbophyllum 5 Fusariumsp. —
drymoglossum
S Dahanshan 940909p Calanthe 5 —= Trichoderma
arisanensis hamatum Ir. 183D
Podospora sp.Ppf7
Neonectria
radicicola strain
CY9802
S Dahanshan 940909q Calanthe 8  Gloeosporium Pestalotiopsis
arisanensis sp. coccull strain
Mucor sp. EY2AR
Pestalotiopsis
disseminate
Trichoderma
asperellum strain
TUB F-1067
Trichoderma
hamatum
Diaporthe sp.
Trichoderma sp.
Pestalotiopsis sp.
Trichoderma sp.
strain TUB F-1079
S Dahanshan 940909r Dendrobium 4 Mucor sp. —
nobile Mucor sp.
Mucor sp.
Pestalotia sp.
S Dahanshan 940909s Phaius 5 Phoma sp. —
mishmensis Pestalotia sp.
S Dahanshan 940909t Phaius 4 - Trichoderma
mishmensis asperellum
Hypocrea vinosa
Trichoderma
hamatum Ir.
Hypocrea vinosa
strain GJS 94-81
S Dahanshan 940909u Phaius 11 Mucor sp. Trichoderma
mishmensis asperellum

Trichoderma
hamatum Ir, 183 D
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Area” Collection Strain  Orchid species No. of Morphological DNA sequence
locality code fungi method method
species

Trichoderma sp.
strain TUB F-1079
Verticillium sp. 04M
157

Trichoderma
tomentosum strain
JB GS5-2
Neonectria
radicicola strain
CY9802

Fusarium sp.
CID124

Diaporthe sp.
Trichoderma

hamatum
Trichoderma
inhamatum
S Dahanshan 940909v Phaius 8 Trichoderma Trichoderma
mishmensis sp. hamatum Ir.

Botryosphaeria
australis strain
CBS119046
Trichoderma sp.
strain TUB F-1079
Annulohypoxylon
atroroseum strain

B38
S Dahanshan 940909w Phreatia 3 Dactylariasp. —
taiwaniana
S Dahanshan 940909x Tainia dunnii 9 Fusariumsp. —
Trichoderma
Sp.
S Dahanshan 940909z Liparis 10  Fusariumsp. —
sootenzanensis
S Taimali, 940814a Calanthe 13 Curvulariasp. —
Taitong County lyroglossa Corynespora
sp.
Coniothyrium
sp.
Fusarium sp.
S Taimali 940814b Calanthe sylvatica 1 — —
Total 531

X Indigenous orchids were collected in 25 sites in northern (N), central (C) and southern
(S) Taiwan.

YN.T.U=National Taiwan University

Z»—» = pon-identification
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Table 2-2. The identification of the endophytic fungi isolated from the
roots of indigenous orchid species of Taiwan with both
morphological method and DNA sequence method.

i

Genus No. of fungi species by No. of fungi species by
morphological method DNA sequence method

Acremonium 1 —

Alternaria 2 —

Amphisphaeria — 1

Annulohypoxylon — 1

Arthrographis — 1

Beltrania 1 —

Botryosphaeria — 1

Ceratobasidium — 1

Chaetomium

Circinotrichum

Cladosporium

Colletotrichum

Coniothyrium

— N W =] =] N
—

Corynespora

Cryptosporiopsis e 4

Curvularia

Cylindrocarpon

— B~
—_

Dactylaria

Daldinia —

Diaporthe —

Entonaema —

Fusarium 19

Fusicoccum —

[N Bl I SN I \O 2N I SN I )

Gibberella —

Gloeosporium 1 —

Glomerella —

Haematonectria —

Hypocrea —

Hypoxylon —

Leptosphaeria —

Macrophomina —

EEN e SR B B O Ll el

Mucor 6
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Genus

No. of fungi species by
morphological method

No. of fungi species by
DNA sequence method

Muscodor

Neonectria

Nigrospora

1

Nodulisporium

1

Paraphaeosphaeria

Penicillium

Periconia

Pestalotia

Pestalotiopsis

Phoma

Phomopsis

Pichia

Podospora

Rhizoctonia

Tetracladium

Thanatephorus

Il Bl BB SN K22 Bl BN A B2 BV

Trichoderma

(8]
(e

Verticillium

—

Xylaria

—_
(9]

Total

109

123

Z’ )_)’

= non-identification
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Table 2-3. Sameness and differences of the identification results of the endophytic

fungi isolated from the roots of indigenous orchid species with both
morphological method and DNA sequence method.

Result  Strain code = Morphological DNA sequence taxon
(Dsor method Nearest taxon Accession ~ Match
) No. in (%)
genbank
D 0724b-6-2-1 Mucor sp. Rhizomucor variabilis  DQ119006 95
D 0909t-5-2-1  Fusarium sp. ITrrlcl:gg)]d)erma hamatum AYA54937.1 99
D 0909u-3-2-2  Mucor sp. Trichoderma sp. strain ~ AY857251 99
TUB F-1079
S 0223b-1-1  Trichoderma sp. Trichoderma viride AJ230675 99
(strain Tr21)

S 0308d-1-1-1 Penicillium sp.  Penicillium pinophilum AB194281 100

S 0310a-2-1-1 Fusarium sp. Haematonectria AY310442 100
haematococca (Nectria
haematococca)
S 0410b-3-2-3 Phoma sp. Phoma glomerata AY 183371 98
S 0415d-2-3-2 Colletotrichum  Glomerella cingulata AY266378 99
sp. strain CMUBE1814
S 0415¢-3-2-2  Rhizoctonia sp.  Rhizoctonia sp. Bi8 AJ318438 95
S 0504a-2-1-1 Rhizoctonia sp.  Rhizoctonia sp. C-610  AJ242895 98
S 0528f-1-2-1  Trichoderma sp. Trichoderma koningii ~ AF218790 99
S 0528j-5-2-1 Mucor sp. Mucor sp. 02MIN3S1  AY305376 92
S 0528j-3-1-1  Mucor sp. Mucor sp. Prl5 AJ301977 99
S 0528j-3-1-2  Mucor sp. Mucor sp. Pr15 AY210329 96
S 0724a-4-1-1 Trichoderma Trichoderma hamatum
Sp. strain GJS 98-170 DQ109530 98
S 0727a-2-2-2 Rhizoctonia sp.  Ceratobasidium sp. DQ102402 99
AG-G
S 0727f-1-2-2  Mucor sp. Mucor indicus DQ11899%4 90
S 0730a-6-2-2 Trichoderma Trichoderma AF359400 98
sp. aureoviride strain T115
S 0909d-1-3-2  Trichoderma Trichoderma viride AJ230675 98
sp. (strain Tr21)
S 0909k-1-4-1 Trichoderma Trichoderma viride AJ230675 98
sp. (strain Tr21)
S 0909x-1-1-2  Trichoderma Trichoderma koningii ~ DQ379015 99
sp.
S 0912-3-3-1 Rhizoctonia sp.  Rhizoctonia sp. Tm1-4  AJ242895 98
S 0912-4-1-2  Rhizoctonia sp.  Rhizoctonia sp. Tm1-4  AY433813 96

* Twenty four isolate species were identified with Morphological method and DNA
sequence of cultured pellets at the same time, the results different (D) or same (S).
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Table 2-4. The identification results and number of endophytic fungi isolated
from roots of six Calanthe species and two Phaius species were

collected in six locations.

Orchid Collection  Fungi Putative taxonomic affinity Similarity
species Location species  (Gen Bank no.) (%)
code

P. flavus Jianshih PFJ1 Trichoderma asperellum strain 99
BBA 68646 (AJ230680)

P. flavus Jianshih PFJ2 Fusicoccum arbuti (AY819725) 92

C.sieboldii  Jianshih CSJal  Xylaria sp. (AY315405) 95

C.sieboldii  Jianshih CSJa2  Gibberella moniliformis strain 100
bxq41208 (EF556212)

C.sieboldii  Jianshih CSJa3  Xylaria sp. JP10 (AB255244) 98

C.sieboldii  Jianshih CSJbl  Xylaria enteroleuca 18S 99
(AMO084368)

C.sieboldii  Jianshih CSJb2  Penicillium pinophilum 99
(AF176660)

C.sieboldii  Jianshih CSIb3  Xylaria sp. JP10 (AB255244) 91

C.sieboldii  Jianshih CSJb4  Xylaria sp. IP-31 (DQ780440) 99

C.sieboldii  Jianshih CSJb5  Xylaria grammica (DQ322146) 96

C.sieboldii  Jianshih CSJb6  Xylaria multiplex strain PR112 92
(AY909020)

C.sieboldii ~ Wufong CSW1  Podospora sp.Ppf7 99
(EF495232.1)

C.sieboldii  Wufong CSW2  Fusarium sp. 464 96
(AY729072.1)

C. davidii Wufong CDW1  Muscodor vitigenus 97
(AY 100022)

C. alismifolia Wufong CAW1  Colletotrichum sp. IP-53 99
(DQ780415.1)

C. alismifolia Wufong CAW2  Xylaria sp. (AB255244.1) 95

C. alismifolia Wufong CAW3  Glomerella cingulata strain 95
CMUBES12 (AY266400)

C. densiflora  Wufong CDeW1 Xylaria sp. (AB255244.1) 95

C. arisanensis Wufong CArW1 Phomopsis sp. (DQ145731.1) 97

C. arisanensis Chunyang  CArCl  Diaporthe sp. ( EF488448) 98

C. arisanensis Chunyang  CArC2 Rhizoctonia sp. C-610 98
(AJ242895)

C. arisanensis Chunyang = CArC3  Cylindrocarpon sp. IBL 03149 98

P. flavus Alishan PFAal  Hypoxylon stygium (AJ390409) 94

P. flavus Alishan PFAa2  Trichoderma asperellum 100
(DQ093705)

P. flavus Alishan PFAa3  Xylaria sp. F19 (AY315404) 93
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Orchid Collection  Fungi Putative taxonomic affinity Similarity

species Location species  (Gen Bank no.) (%)
code

P. flavus Alishan PFAa4  Glomerella cingulata 98
(AJ301977)

P. flavus Alishan PFAa5S  Daldinia eschscholzii 99
(AB284189)

P. flavus Alishan PFAa6  Daldinia petriniae (AF176975) 94

P. flavus Alishan PFAa7  Xylaria enteroleuca 99
(AMO084368)

P. flavus Alishan PFAa8  Xylaria sp. BCC 1067 98
(DQ139271)

P. flavus Alishan PFAbl  Pichia quilliermondii 98
(EF643595)

P. flavus Alishan PFAb2  Neonectria radicicola 99
(AY295325)

P. flavus Alishan PFAcl  Neonectria sp. PPn1-B Lr 98
(EF601622)

P. flavus Alishan PFAc2  Cryptosporiopsis ericae 99
voucher UAMH 10419
(AY853167)

P. flavus Alishan PFAc3  Cryptosporiopsis ericae strain 96
UBCtra29
(AF149087)

C. puberula  Alishan CPAal  Cryptosporiopsis ericae 99
(AY853167)

C. puberula  Alishan CPAbl  Podospora sp. T489/9a-R 97
(AY345351)

C. puberula  Alishan CPAb2  Podospora sp. (Ppf7) 99
(EF495232)

C. puberula  Alishan CPAcl  Neonectria radicicola 99
(AY295325)

C. puberula  Alishan CPAc2  Xylaria arbuscula CBS 452.63 93
(AF163029)

C. puberula  Alishan CPAd1  Phoma putaminum 97
(AM691009)

C. puberula  Alishan CPAd2  Neonectria radicicola 99
(AY295325)

C. puberula  Alishan CPAd3  Cryptosporiopsis ericae 98
(AY853167)

C. densiflora Dahanshan CDeD1 Trichoderma asperellum strain 99
TUB F-755 (AY857217.1)

C. densiflora Dahanshan CDeD2 Fusarium sp. (AY924269) 98

C. densiflora Dahanshan CDeD3 Trichoderma hamatum Ir. 99
(AY 154937)

C. densiflora Dahanshan CDeD4 Trichoderma hamatum Ir. 183D 99
(AY'154937)

C. arisanensis Dahanshan = CArDal Neonectria radicicola strain 99
CY9802 (AY295325.1)

C. arisanensis Dahanshan CArDa2 Trichoderma hamatum Ir. 183D 99
(AY'154937)

C. arisanensis Dahanshan = CArDa3 Podospora sp.Ppf7 (EF495232) 99

C. arisanensis Dahanshan ~ CArDbl Pestalotiopsis cocculi strain 99
EY2AR (EF055192)
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Orchid Collection  Fungi Putative taxonomic affinity Similarity
species Location species  (Gen Bank no.) (%)
code

C. arisanensis Dahanshan = CArDb2 Pestalotiopsis disseminate 91
(AB251918)

C. arisanensis Dahanshan = CArDb3 Trichoderma asperellum strain 97
TUB F-1067
(AY857244)

C. arisanensis Dahanshan CArDb4 Trichoderma hamatum 98
(DQ248967)

C. arisanensis Dahanshan = CArDb5 Diaporthe sp. (EF432257.1) 96

C. arisanensis Dahanshan CArDb6 Trichoderma sp. (AY857251.1) 99

C. arisanensis Dahanshan = CArDb7 Pestalotiopsis sp. (EF423541) 99

C. arisanensis Dahanshan =~ CArDb8 Trichoderma sp.strain TUB 98
F-1079 (AY857251)

C. arisanensis Dahanshan CArDb9 Trichoderma hamatum 18S 97
(DQ682602)

P. mishmensis Dahanshan PMDal Trichoderma asperellum 99
(AY857244)

P. mishmensis Dahanshan PMDa2 Trichoderma hamatum Ir. 99
(AY154937)

P. mishmensis Dahanshan PMDa3 Trichoderma hamatum Ir. 183D 99
(AYA54937.1)

P. mishmensis Dahanshan = PMDa4 Trichoderma hamatum Ir. 183D 99
(AY 154937.1)

P. mishmensis Dahanshan ~ PMDbl Trichoderma hamatum Ir. 183D 99
(AY'154937)

P. mishmensis Dahanshan PMDb2 Trichoderma sp. strain TUB 99
F-1079 (AY857251)

P. mishmensis Dahanshan PMDb3 \Verticillium sp. 04M 157 97
(AY842392)

P. mishmensis Dahanshan PMDb4 Trichoderma tomentosum strain 99
JB GS5-2 (AY605718)

P. mishmensis Dahanshan PMDb5 Neonectria radicicola strain 98
CY9802 (AY295325)

P. mishmensis Dahanshan PMDb6 Fusarium sp. CID124 99
(EF589878)

P. mishmensis Dahanshan PMDb7 Diaporthe sp. (EF488448) 98

P. mishmensis Dahanshan = PMDb8 Trichoderma hamatum Ir. 183D 100
(AY'154937)

P. mishmensis Dahanshan PMDb9 Trichoderma hamatum 99
(DQ248967)

P. mishmensis Dahanshan PMDbl0 Trichoderma inhamatum 98
(AF455502)

P. mishmensis Dahanshan PMDcl Trichoderma hamatum Ir 99
(AY'154937)

P. mishmensis Dahanshan PMDc2 Botryosphaeria australis strain 93
CBS119046 (DQ299244)

P. mishmensis Dahanshan PMDc3 Trichoderma sp. strain TUB 99
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Orchid Collection  Fungi Putative taxonomic affinity Similarity
species Location species  (Gen Bank no.) (%)
code

F-1079 (AY857251)

P. mishmensis Dahanshan PMDc4 Trichoderma sp. strain TUB 99
F-1079 (AY857251)

P. mishmensis Dahanshan PMDc5 Annulohypoxylon atroroseum 92
strain B38 (EF488415.1)

P. flavus Nanchuang PFNI1 Tetracladium marchalianum 97
strain ccm-F26399 (AY204623)

P. flavus Nanchuang PFN2 Glomerella cingulata 99
(AM403713)

P. flavus Nanchuang PFN3 Xylaria sp. P106 (EF423545) 95

P. flavus Nanchuang PFN4 Glomerella cingulata 98
(DQ682572)

P. flavus Nanchuang PFN5 Phoma sp. (AF218789) 90

P. flavus Nanchuang PFN6 Phoma herbarum (AY337712) 96
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Table. 2-5. List of dominant species of root endophytic fungi isolated from six Calanthe and
two Phaius species.

Code* CA CD CDe CS Car CS Car CP Car CDe PF PF PF PM Total

Fungalgenus W W W W W J C A D D J N A D
Trichoderma - - = - - - = — 6 3 1 - 1 13 24
Xylaria 1 - 1 - - 7 — 1 - - - 1 3 - 14
Neonectria - - = - - - = 2 1 - - = 2 1 6
Podospora - - = 1 - - = 2 1 — - - - - 4
Cryptosporiopsis — — — — — - - 2 — — - - 2 — 4
Glomerella 1 - - - - = = - - - - 2 1 — 4
Diaporthe - - - - - =1 — 1 — - - - 1 3
Fusarium - - - 1 e e i | - - = 1 3
Pestalotiopsis - - - — i e S e SN, - - - - - 3
Phoma - - = — — L e 1 2 — - 2 - - 3
Daldinia - - = — b S LG T . - - 2 - 2
Gibberella — — — — e 1 & 2 % — - — — - 1
Annulohyoxylon — — — — — - - — — — - - - 1 1
Botryosphaeria — — — - - = = S - - - 1 1
Colletotrichum 1 - - - - = = - - = - - - - 1
Cylindrocarpon  — — — — — — 1 — — — — — — — 1
Fusicoccum - - - - - = - = = = 1 e |
Hypoxylon - - = - - = = - - = - - 1 - 1
Muscodor - 1 - - - - = = = = - - - - 1
Penicillium — — — — — 1 — — — — — — — — 1
Phomopsis - - = - 1 - = - - = - - - - 1
Pichia - - = - - = = - - = - - 1 - 1
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Rhizoctonia — — -

Tetracladium — — -

Verticillium — — -

Total 3 1 1

12

13

19

84

*Refer to Table 4 for codes.
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Abstract

Orchidaceae is a group of plant species with worldwide interest. Endophytic

fungi may serve as beneficial fungi for against fungal plant pathogens and enhancement

of orchid plant growth. Symbiotic association of mycorrihizal fungi and orchids play

important roles in the growth and survival of orchids in natural environments. To

investigate the diversity of endophytic fungi in Taiwan indigenous orchids and explore

the resources of symbiotic microorganisms, wild indigenous orchids were extensively

collected from 25 sites in the northern, central and southern parts of Taiwan. A total of

69 orchid species belonging to 34 genera in Orchidaceae, including 10 species of the

Calanthe, 9 species of Bulbophyllum, and 8 species of Liparis, were collected. More

than 500 isolates of endophytic fungi from roots were isolated. Morphological and

molecular identification suggested that Trichoderma, Fusarium, and Xylaria spp. were

predominant fungal species and Rhizoctonia spp. a group of endophytic fungi in orchids,

were also isolated. In this study, we also utilized the internal transcribed spacer (ITS) to

generate the phylogenetic relationship of endophytic fungi in Calanthe and Phaius

species endemic to Taiwan, specimens of six Calanthe species (C. puberula, C. sieboldii,

C. alisimifolia, C. matsudai, C. densiflora, and C. arisanensis) and two Phaius species

(P. flavus and P. mishmensis) were collected in six locations in the northern, central and

southern parts of Taiwan. Our surveys reveal that the same species of orchid plants
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from different geographic areas exhibit different microbial communities in their roots

and the roots of different orchid plant species contains diverse and different endophytic

fungi, and the environment and climate of the geographic area were important factors

that influenced the endophytic fungi of orchids, while orchidaceae species as

comparatively were the secondary factor. Our studies suggest that endophytic fungi

are widely and diversely existed in Taiwan indigenous orchids and exploration of these

endophytic fungi expecially Xylaria requires further investigation.

Keywords: biodiversity, indigenous orchids, endophytic fungi, morphological method,

DNA sequence method
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FZREBLRANIFARY FRAFHELEF T
RSV ER I
EE

g A (A 10 2 T ) s BT (A4 500 2 € )~ BT AT U (74 4% 1,000 2 %)
FZBARARE R BIEA A A M 0 R R foER L T4 S0l GIR £ RS
i B> #- 1,000 ppm 2 FEF T BRI EE o de x AF L0 BFEORE S Ml T
TERRY o E LR 2HP A OPP B LY RN 0 LS LY R
(plastic bag cultivation method, PBCM)- 1 ¢t ;& f& 8 4548 5% +% #) 6 i 7] RO2 2 RO4
2 BB A f6)2 R(WA fifcic S aase 2 )% 87 b ok chd #2500 > 2
EROMNERRERPERZOPARBRTR 257 2R ERNGER I H
FEFHAER %N PV HERFRERAE  Z AR AR R B, B

AN > R - B ERE P ARFY PR 3AB R F 2B ADE

e

F A TR R B BB e 3 0 BT fE € "'][,ia AH T A R
PRrav t BALREGErRY 126 2P BT g T RBFRHLE
BALER G FETRERES B & IR MEARFF R4 R & UERAF R
RO2 "R ¥R K o fifE b4 2 £ 4Mm@ B2 RA &k 50 RO2
2 FTMER G B s A 2 RS A 4 £ Sl H (AFEE)Z 7 & - 4 Trolox
F E4E a4 (TEAC)hS 2 » A 7RI E g Lt 4 B R K7 < 0 AR
EHRBRZEFAIER B - AL SR BT ERRP R -2 4122
R R E 2 HPOE R RN 2 B2 TR EREE T A TRARYF 2L R
L2 A A S P ZHE S ETRARERARECTER TV AELE R
RS IT ERREY 130 WER WL FE S FFEES § N
‘eFng bt 2 o2 g2 A EBEF o A 1,000 2 2 (P
%R 22/18°C) 0 A IR KA E > fe & W FIHRARO2 ~ R04) > ¥ L i <

E2ARRFDEREAL B RAPFY L
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MAE: LS~ PR RSP R s B S

»3
+ 4 & %3 (Anoectochilus formosanus Hayata) 5 # & 3t & /# 2 4R T¥ o cide
AR HEFEREEEY GE R NNR B LR Bl > Mg %

Kﬂ%@%‘”@‘“@idm%i,w%;%J%%o LR LR EES

sz * (Lin, 2007; Wu, 2007) o F]H 2R L > @ % 4 S HFAEEE > Rig 4 4
BERIHELTEEMP I N ERRBRIAM AT EE LRI SR FF

THTRAGE ERyEAFARED

ym

LA ARG AL AP o 2
E f %3 B PPF30-50 pmol'-m™>s” > ¥ itig 4 £ 2 4% B #F % Ak (flavonoid)e 7 £
Ma < %,2010) 25 RRBoBEF* 5 F o £ @251 FO502 K252
FOERATHBETEFTHA A EER - SBY R LEVELF AT OF
4 > % g % % K (Fusarium oxysporum Schlecht.) % z Ji 5 (Pythium ultimum
Trow) ~ m BB ~ B2 B % ek 2 ABRAZ[ AT RERERY > 3
PETAVE G L E o o R DI ER T PR EFEEFABESRERE 0 # 1
o Lhpperpt p g > AP ARALR AL BF R JRAEAT
AFPFARSP G =2 (DR 2 REFFFLERAF-E 122 F 0
S iEeh % RE {43522 (Chang < %, 2007) > 27+ % 4 REBBFE
(3515 ) 45 RO2 2 RO4):H$ 32325 3R I 232 » W F 4 40
ViRl e Q) ALY ARG £ RN GRS  F A KT IS

(%, 2001; Chang 2 Chou, 2007) > @ A F * My £ > 4 F (L § A 30 Ma

¥

FOREL A SUE T A RRERA WA A (10 2 )

’

Frat B AT (8 32500
NERNATHTHEGREIL000 2R)EZBARARBFAE LI RALIER D SR
RN A AN RO2 2 ROA)Z AR RS AR ER 2 B3 P E

BiEd > PN EFELTFEAR L EBRBELBEL Q) HRNEEeBT R

/)
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ind B e HBERRB AL > BRI G 35 BaLE 2 F AT

<) =g

il ERE2 Foe LA FAPE > ERBFAIERG RF AL CBLIpER R

)‘

PLS W BRI 5 1L+ ™ 55 BB Pl R S S AT R 5 RN A B
S4 Az 580 Fla @B A LG skhE® {54 (Chang 2 Chou, 2007) « F] 4
ll#’%?féfﬁﬁf] f}_z??ﬁﬁﬂf@f{’xa HiEFHFE 4 R RIEERA L2 A

EF SR

HRLE 3k
Fi FR A
A RER S B8 3P F) B W A RO2 (Rhizoctonia sp.; Ceratobasidium sp.
AG-A)% RO4 (Rhizoctoniasolani AG-6): 5 2F7 3 2 p W2 A 8 T FeF
LENFEFEY O B RENIE > H AT R SR ORRBEA T 5E
P % & 5 14(Chang, 2008)2 Ffbc &8 R Hl (F 7 #-Ffes 4 040 » 20% V8 %
I Bk ek &2 (Chang 2 Chou, 2007) o 35k ™ A 87 b &k chd % 4
Wi R RBE - e F - BRERTRIEASOE 0.1 3 02 5 0 RO2 5
% BT S 1 A6  #)(Ceratobasidium sp. AG-A, accession NO. DQ102413. 99%
match, 3 # F#1) > R04 £ % 2055+ /8 W 7 (Rhizoctonia solani AG-6) (%,
2001) -
e R
4 /% £ 818 (Anoectochilus formosanus Hayata) sric ¥ 5 75 5 > B 3 2 chle i
BEOP P NARKZIABEL o R ABAIBFAH R ARIHAFIrEEH
R ML BERRNETR O BRINEFEAAIBY ENREFTLED

08 6 A EREREN BB AT NARBEN  ARIT EE I

E R R Rl
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R BAATLRAIImAT 4 AARENE - AL P LR LR
B AB &R & 5) 1 A i 7 2 AL 7 RAEW L HE 2 NM)2 & Wi
.55 4% #6 i #) RO2(Rhizoctonia sp.) 2 R04 (R. solani) » fafEs & > 2 &% ¥R R
® R4 8 2 (plastic bag culturing method ; #§ # PBCM) (Chang = %,2007) > & 5
G2t 10 itk 5 2 28 L OPP ISP 9% 5 R(35.5x55 2 4)0 #i
7 51,000 ppm i3t 2 B A FP G R mE=T 14 BT FERE .
FopF LB+ D REZT > AIHH 10 2= > THELELFIET
(photosynthetic photon flux, PPF) % 583 pmol'm™s' (*t ¢ = & + % 63.5
umol'm2s™) » 3B & 32/25°C o Q)37 R FFF T L » A H 500 2 T 0 Tiak sk
i £ PPF 5 53.2 pmol'm?2s” (3¢ = .+ 4 57.7 umol'm™s™ ) » i B 27/22°C - (3).
FEF % B ¥ 237 % 1 iFxk(Taoyuan District Agricultural Research and Extension
Station-Wu fong workstation) » & #¢ .5 1,000 = = > T35k & k3 :d § PPF 5 554
umol'm™s™ (3¢ = & £ % 60.9 umol'm™s™ )+ B A& 22/18°C o # B AITLISF 4
400 th2. 5 iR AR S B RAFERY 0T Tl E TSR = 2
& 3+ (completely randomized design, CRD) » 12 # ¥} 55 4% 32 /2 $4 32 cife & > 3% 2005
£ 47 14-15p > A B FBETATEAT &S o >t 2005 £ 11 7 14-16 p > #73
FHRFE T 4B KE Brd@ffe 40 2 o tk? > & 23 B4R 50 £ 200
FRIE (T4 S 47 o
o IRL PR RS
g fbae 4 2RI TR AT 2
1.4%4f & (Total phenolic contents) 2. | Z_tx#% Folin-Ciocalteu ;# (Kujala < %,

2000 ) »

2.Trolox § & +¥ i* it 4 (Trolox Equivalent Antioxidant Capacity, TEAC) %% Arnao
F A e 2 (Arnao X F, 1996)> 11 & 3k k & 3+ spectrophotometer (HITACHI, 2800)

BIE 734 nm 2o %k B > gk B trolox k& 2 B Tk R AR E Y A2 e ETF
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A2 o BAR R R E A 20 TE EER 52 TEAC & -

WA A A
Bt ARAE S e Rk JITRFAFE N BRFLSE
a0 B ¥R ®F 180 1 84 F 2k 48 & 17 1k (high performance liquid chromatography;
HPLC)z_& a‘% 1% = & (kinsenoside) °
A

KIN 14 45 65 i

B4 1 100% HaO i3 5

;i 0 0.5ml/min W®RLE R 1 25C A~ 1 20uL

¥ AR 376 EH 1) B (shimadzu RID-10A)

Column : Mightysil RP-18 Aqua
Wp) D LM R B e o A1 B AR AR K T R RRE 2
SRR RANRER R R ER o PR EARE N By E 0 A RERRZ
W pF S A5 0 3 & Sl (A formosanus extraction with ethyl acetate, AFEE) 7 £
(Wu X%, 2007)c A5 45%d £ 22 FRENNF A7 R SFiTL47412 57

Bhx 2B d L 191 3L T3R50 1 04-24938418 0 & B 55 1 04-24952616) ©

N
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BRE

n‘i‘;

LwPIE R 0 ARG AP ERY R 34 B 5 F 12
AW F T ALHE BRFEH e 0 FRMERIES B ALE e RS AR
PBCM e48 35 = % o 0 M4l o S % 204 B 4RGP BB 3-1) B
AR T B REL, FORERE R RS A > R R 2 TR A
WEEE DV RORAT R T2 LR FRATE 2 4 4 (Chang 2 Chou,
2007) c AL HE I ERRL BN BARSHRF A CERAELFESR
o BB FHEE 80% M b oo fo- MPRIVEFORKRT REEE > F 34 B
FPEEHE S TT R 2ERAAR XY RPRZL-PFELIACE X 2 AL
%ﬁ%ﬁ@ﬁi%éoﬂipfé%&ﬁgﬁ?’ﬁ%%%?%ﬁﬂ?%ﬁﬁi

o 1w %9 %48 8202 Hke(plastic bag cultivation method, # # PBCM)# 2424

I=q

R BN RZ R ES A2 F RS P enfE $h42iE 100,000 0 2 E
FaiE 90% 1 b oo

FARERENT L EY T2 FHRARR

FRRPLRZZBFBAFHBEFFARO2 2 RO4)> > = 7 e & % & g

g (BZE R& &) & B3y PIFTH T 4 1 (775325 1,000 = =) 373 7 i3 5g L (G5
FHS50022)2 £ B FCARYI0 )P 5 T B 8 E A ETH T O (T
R ERNBE R L EFEE > R FHRFLE TEFH L RHEORS (F
3-2+3-3+34) 0 H ¢ § BRI ERO2 2 RO4)FEILZ 51k > * v $HPR fechfi th
4 £ 24 B2 RE A B RV 2 RO2 £ R E i € (B 3-23-3) o
PP TRAFRCOH RS AERIEF R §F A E LR RFEHRBRE
W R E G PG R T Ak od BI322 B33 kT &
HRBE LA CATRAT M BB A ERTRI T EE 2 i Rg o A

R UERE L S EATR ORI > A P@_r’u;féﬁ*“*iéiﬁh'a‘ v d 48
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FReeh LR 4 LT M2 ik SR G2 Fad e LE AR @4
ENEAEREEGER PIESESF L FaoeTRE > PSR s L
MR T EZ EHRRE CRPIEFTFRRFIZECEZTEAMMEZERANY
32/25°C ~27/22°C - T2 8 RO 5 22/18C o HEBRER AL F R EAREY A
201I5CT end e Mt 4 £ o & FRErR T8k B R 4] & 30/257C
T aHE IR 0§ /2§ m(unpublish data) > B ¥ {FAwas A L30T M i pR i E R E

Y/

>‘I\

XERTEE IR 2Z2RB337E T B2 RELZEFEAG HFEE
AR SRERATEANI  LLEARLA LR K2 LA PP

FEHTLAERAFELEL L ABHRKRE  BARK > P RIFARS 2R
A ARG CETEIBFBEYFAHWF AR & RO4 - 7 3 F Rag e o
4 £ (Chang < %, 2007) s A% E* Y A7 b5t B2 R 54 ¥4
AT AW A RO2 & RO4» b RE@F| RS £k [ fapld B 2R3 1M
WFAfe  whaFilefe 2 R 2 BENRE DI R TR AT FATHEY
WA e ff 0 BEER A Z ke ase s 4 ES%E 7 £(%, 2000 ; 3%,
2000 ; %, 2004 ; fr, 2005) » Xk @ LR & (% sn ARSIV B FD
EHFLAEEHREFESZF EREBREF(B 34) LtHIE e e 2 £ p#KE
IER T AETIARM > 2 Fl2 E X BT R
FoF i A
REHF L2 AR
SR AP R ES Y o AR ZHES DS XRBAES > VARG T
Py (v 4 £h13g #(Castelluccio = %,1995) B &k Bpsgit 4 BliEehz £ > 1
BET RS R LI ERE 0 ABRMAW A/ L R 2 (non mycorrhizal
control; NM) 2 % %45 R02 ~ R04 £ & g2 H 7 £ &~ % 5 544 mg/g ~ 5.14 mg/g ~

503 mg/g > BAAWFATAILT AL ®/ B AFN 7 B2 ok (B 3-5A) ° &

FARATRS REBWARLL AP BORAZBF AL AZL F(F
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3-5A) ° R &k #fER04 & » BB 304 < ~ATH 2 T 9% B3 T 7R 2 s i

s

B ApiT A~ B 5 404 mg/g 391 mg/g~4.07mg/g; At d < 2 T MR F2 AR
F12 B R RO2 2 @ #ripl 9 2 P8 7 ERF > 2 R RO2 5 R F hiLps
7 B(&=x 5 5.06mg/g 2 4.96 mg/g); 3 3 5 P A AT ATE B TP DAL 4 2
B Hi 0 3R T e BF kB T8 8(Cronin X %, 2003) » F] A AT F OTICE o
B RGEZ B ERY MBI e ¥ R £ RO o MR W
FPup g BB Uk E HE 4cRI 3-5B BT A A Rk £ (B 2 R) & AJZBEMfE
BT RP FZRAFEZERE I ANPRAR FTRILER AR DRIL
PR R A2 AR EP A L2 RB TS R PERRE P a2
7z £ (Dumas * %,2003; Roussos = %,2007 )> AFE%k E & B R4S F 2T %+ %
SR EEAENGL R 2 RE HRELARgEEL BE -
Fig iva 4 2 RlE

% % ¢ 2 TEAC-FRAP 2 DPPH % = f6 > 2 & 74 $# 2 R 4§ it
4epl e E L TEAC Bl 22 52 AR BB T4 a2 iple > 2 > FlH 2%
BB AR ARERS AN ERZFE A E2RIR A DLE - d B 36
HERET OB S AL AR KRR 4 < 2 37 H TEAC shE 5 BB 5
FRARABFFEF® REGEBFERGER R F < 2 7% 14848 RO2 5
FTEACHE » % A g4 N4 B M2 3 5 24 pd 2 # i (Wang <
%,2002); v 4 4 4 M AS2E I HepG22 mre $tp o Fh B F 1 & F 0F ke
Wi 4 > T FonAESE a4 (B 2001) s ARG S ALY Rk R
1% SOD -~ catalase ~ peroxidase ~ ascorbate peroxidase (%, 1999) ; % * 2004 & 2 4
FERIBRAFAZAVER IR E2 EEEHEFAEEIL 04 EkF
PRE G iEF Y fLIEREELEF 2 CuZnSOD ¥ MnSOD = f84z § st i fF > ¥ ¢hip| 2
SOD - 55~ S Eediit &4 ~ a2 3 C 2 Bifiaes 3 £ 404 BRAWEHY ”RA

BEEEIRBLFE T AT RBIALERE T RS LT C i o A%
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REKET OB S IEBERGEHOE L X 2 378 E TEAC ShE B R F
ﬁ@%%ﬁﬁﬁﬁ%oR&}ﬁﬁ%%kxz " #46 RO2 $ #% 7 TEAC #c /g -
AN RRBRT BRAETWAZLEE WHRH g a4 PR o

RS N

Ry

Y Y I T AR R R Y .t

ﬂﬁi

z fg(EtOAc)2. % B4 ¥ *f X3 +wm?s 2. GOT ~ GPT Jk & > # # glutathione & » &
¥ M AFinre P BT § 1Y A 4 malondialdehyde (MDA)2 & » &1 &£ g mF £ 5 7
F 2 Prg i Fmre i F I RS (BN E,1999) 5 & A £ Al A BE F ' X CCly
ralde $5F R E F& i 4 & A f% % (glutamic oxaloacetic transaminase, fj £ GOT)
% GP-#& "= f% % (glutamic pyruvic transaminase, f§ fi- GPT)&:# F = & 5 (3¢
R(HRLE, 1991) 5 et 6 BEMOFREREET Y 0 M o o gk T R
e R s fe D-2 54 4 (D-Galactosamine)#h 3 + ¢ B & (3740 - ",f i
Mo P e RpE £ (GOT 2 GTP)E A * » 3% KiFme iy T F A4
malondialdehyde (MDA)z & » & 5 § F 2 "z fifschk » qc s Mgz ¢ fhe iy
BB BnliigfiEsy i ﬁa‘“‘fﬂﬁi§ pod Az Fwie ko (5, 2000) 5 1
35w #e HepG2 ~ Hep3B ~ Mal5 ~ SK & 7§ 2 » & % &1 s i 243 47 HepG2
etk $HE A A SRR RN & 10 g/mL kR T TG FraliT 50% 4 £ 5
S (B, 2002) » AT SA N RE 0 BN AT VB £ LR TS
A gMBH AFEE 2 § 4504 4 hB & 5 % R &4 44 & 514 #48 RO2
RO4 » & %575 AFEE thB op A RBFHHMBEs - 29 B 54 48450
FAER02 2 RO4s 5 2905 AFEE th# 5 A BB HHBE2 2 &1+ (4 3-1)e
MR B ANRT 2L F ARG CAFEE 2 FEX ATFEMAA &R 0V &
WA ¥ AFEE & = 2 288 R 5 B o

AR RES  RBIWET L R A RE A E o F S E TN 2

N BEITH EM s ek 3 RS 2 AFEE 2. 7 # % dg (VS o
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AT REREA Y PR ERRET AT G VE L EOFRT AR

-4

HEBERG  BBRHERBE I RBFHL LB L REERCE LS F

B IMEZRBIRARBFREFRF  SFETEFERGEFEL £ AN

Ia

REEBRRM ) PREIARAZTEL T - 2B ERABRBUPHENAT N
FEA &> AR EE2 2 RAEREL NS EPRF AR TR o %
BAERG2 RS R R A L 4 2R BFL A AFEE A5 R AT
PG i d 2 FSFR S AFEE 2 72 0 XBREB - &2 W

o AREHREEFHEAEARZ ARIPEL P LG RA L8 Boand
F oI RRRY BRARE SPREWE 2 ANERT REEFANERE 7 RS
PRFEE S B R a4 2 R hiRsFA A AFEE 7 8 0 7 U4 4
FALRNAPERLTVIFAR L FAER A R- R T AR 2RI ELE
Pro P A AR DA MG - TERH A FARI-F IR T EARRE
TRBARER AL I LB FMNEE F AL AR ERAPFRBF
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Fig. 3-1. Plastic bag cultivation method (PBCM) for Anoectochilus
formosanus Hayata.

The metal wire (MW) could prevent the collapse of plastic bag in
the wildness.
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Fig. 3-2. Growth of orchid mycorrhizal fungi (Rhizoctonia sp. R02 and R04) inoculated
and non-mycorrhizal (NM) plants of Anoectochilus formosanus Hayata (line B)
with plastic bag cultivation method (PBCM) at National Taiwan University (NTU,
10 m of elevation), Xindian (500 m) and Hsinchu Wufong (1000 m) for seven

months.

Each treatment had 50 replicates.
Difterent letter (a-c) on bar means significant difference at 5% as determined by

ANOVA test.
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Fig. 3-3. Growth of orchid mycorrhizal fungi (Rhizoctonia sp. R02 and R04) inoculated
and non-mycorrhizal (NM) plants of Anoectochilus formosanus Haytat (line R)
with plastic bag cultivation method (PBCM) at National Taiwan University (NTU,
10 m of elevation), Xindian (500 m) and Hsinchu Wufong (1000 m) for seven
months.

Each treatment had 50 replicates.
Different letter (a-c) on bar means significant difference at 5% as determined by
ANOVA test.
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3-4. Chlorophyll meter reading value of orchid mycorrhizal fungi
(Rhizoctonia sp. R02 and R04) inoculated and non-mycorrhizal (NM) plants
of Anoectochilus formosanus Hayata (line B and line R) with plastic bag
cultivation method (PBCM) at National Taiwan University (10 m of
elevation), Xindian (500 m) and Hsinchu Wufong (1000 m) for seven
months.

Each treatment had 50 replicates.

Different letter (a-c) on bar means significant difference at 5% as determined
by ANOVA Test.
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Fig. 3-5. Changes of phenolic compounds level of two lines of Anoectochilus
formosanus Hayata (B and R) inoculated with Rhizoctonia sp. R02 and R04 in
the bag culture at National Taiwan University (10 m of elevation), Xindian
(500 m) and Hsinchu Wufong (1000 m) for seven months. A, level of phenolic
compounds per gram. B, level of phenolic compounds per plant.

Each treatment had 6 replicates.

Different letter (a-c) on bar means significant difference at 5% as determined by
ANOVA test.
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Fig. 3-6. The analyses of trolox equivalent antioxidant capacity (TEAC)
values (to measure antioxidant capacity) for two lines of
Anoectochilus formosanus Hayata inoculated with Rhizoctonia sp.
RO2 and R04 and cultivated at NTU (10 m of elevation), Xindian
(500 m) and Hsinchu Wufong (1,000 m), for seven months.

Each treatment had 6 replicates.
Different letter (a-c) on bar means significant difference at 5% as
determined by LSD test.
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Table 3-1. The analysis of hepatoprotective activity of
kinsenoside (AFEE) derived from mycorrhizal and

non-mycorrhizal ~Anoectochilus
plants cultivated at NTU campus for seven months.

formosanus

Hayata

cultivar Rhizoctonia AFEE(g/g)
moculum

B NM 0.0174+0.0003 b
RO2 0.0417+0.0011 a
R04 0.0400+0.0019 a

R NM 0.0126+0.0004 ¢
R02 0.0242+0.0029 a
R04 0.0191+0.0025 b

NM: non-mycorrhizal control group.

Three replicates were conducted for each treatment.

Means in each column followed by different letters were
significantly different (P=0.05) as determined by LSD test.
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Abstract

Two micropropagated lines, B and R, of Anoectochilus formosanus Hayata,

were separately inoculated with orchid mycorrhizal fungi (OMF), Rhizoctonia sp. R02

( a bi-nucleated isolate of Rhizoctonia sp. (Ceratobasidium sp. AG-A) ) and R04 (a

multi-nuclei isolate of Rhizoctonia solani, AG-6 J , and grown by plastic bag

cultivation method (PBCM) at three elevations above sea level, including National

Taiwan University (NTU, 10 m elevation), Xindian (500 m elevation) and Wufong

(1,000 m elevation) for seven months. Results showed that the survival rates for ex

vitro growth were more than 80%, and plant production was significantly increased and

there was no need to apply any agrichemical. If this orchid was not grown by PBCM,

then after 3-4 months of cultivation, all plants would die, if pesticide or fungicide were

not sprayed for every one or two weeks in greenhouse, and the cultivation period was

shortened to 1-2 months compared with traditional cultured method. Plants grew in

Wufong achieved the best growth performance among three elevations. The fresh

weight of mycorrhizal A. formosanus was significantly higher than the non-mycorrhizal

(NM) control. In Wufong, R04 showed better growth-enhanced eftect on line B, while

R0O2 stimulated growth enhancement for line R. For both lines of A. formosanus

cultivated at National Taiwan University (NTU), R02 inoculated plants contained

higher level of phenolic compounds and hepatoprotective agent AFEE (A. formosanus

120



extraction with ethyl acetate) compared with the non-mycorrhizal (NM) control.

Analyses and measurements of antioxidant capacity by Trolox Equivalent Antioxidant

Capacity (TEAC) showed that most of the antioxidant index of mycorrhizal plants were

significantly higher than the non-mycorrhizal control. PBCM was proven to be a very

labour saving, i.e. this cultural method can save all the human cost of irrigation and

fertilization during the rest of cultivation period, and this is an effective method for

mass production of agrichemical free A. formosanus plants. Inoculation of orchid

mycorrhizal fungi such as R02 or R04 can significantly increase the production of this

orchid with higher antioxidant capacity and hepatoprotective agent content for

medicinal use.

Keywords: Anoectochilus formosanus, plastic bag cultivation method, Rhizoctonia,

antioxidant capacity, hepatoprotective agent
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Fig. 4-1. In-vitro asymbiotic (NM-OMA, NM-1/2 MS) and symbiotic (R01, R02,
R15, R16, R17, R20, R22)-OMA, (R02-1/2 MS) Spiranthes sinensis (Pers.)
Ames seed germinations 65 days after sowing. Symbiotic germination on
an oatmeal agar (OMA) medium inoculated with different Rhizoctonia spp.
of orchid mycorrhizal fungi (OMF).
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Fig. 4-2. Symbiotic seed germination of Spiranthes sinensis (Pers.) Ames
cultured in PDA medium and inoculated with R02 orchid mycorrhizal
fungi after 15 days (A) and after 3 months (B).
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Fig. 4-3. Germinated Spiranthes sinensis (Pers.) Ames seed with hyphal
infection in protocorm and internal structural change.

A. Mycorrhizal hypha (H) penetrated the seed coat (testa) through the cell
wall, as observed by confocal microscopy.

B. Cross section of an R15-inoculated protocorm staining with aniline blue.
Forty-five days after sowing, numerous pelotons (P) appeared in the
cortex cells, as observed by optical microscopy.

C. Numerous pelotons formed in the cortex cells of an R15-inoculated
protocorm, as observed by confocal microscopy.

D. Six-month-old non-mycorrhizal (NM) and mycorrhizal (M) S. sinensis
seedlings, as observed by dissecting microscopy.
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Fig. 4-4. Scanning electron microscopical (SEM) observation of protocorm stages of
Spiranthes sinensis (Pers.) Ames seeds inoculated with orchid mycorrhizal fungi
(R02) and the surface of protocorm hyphae invasion and infection conditions.

A. Non-mycorrhizal (NM) germinated seed on which protocorm with papillae (Pa)
but no hyphae formed.

B. Mycorrhizal germinated seeds. A mycorrhizal protocorm with papillae (Pa) and
adherent hyphae (H).

C. Mycorrhizal germinated seeds. A mycorrhizal protocorm with orchid
mycorrhizal fungi hyphae (H) penetrating suspensor; and the formation of
monilioid cell (MC).

D. Mpycorrhizal germinated seeds. A mycorrhizal protocorm with orchid
mycorrhizal fungi hyphae (H) penetrating the seed coat.
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Fig. 4-5. Internal structural changes on cortex cells of Spiranthes sinensis (Pers.) Ames
seed with orchid mycorrhizal hyphal infection, from germination to protocorm
stage. Observed by scanning electron microscopy (SEM).

A. Control protocorm, containing starch grains (SG) in the cortex cells.

B. Close-up of the control protocorm containing numerous starch grains.

C. Hyphal infection observed in cortex cells after protocorm developed into
seedling.

D. Pelotons (P) formed as a result of hyphal infection.

E. Peloton under went hyphal rupture.

F. Pelotons were digested and lysed.
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P: peat moss ; P+C: peat moss + coconut fiber (2:1,v/v) ; C:
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Fig. 4-7. Spiranthes sinensis (Pers) Ames grew in 4

different day/night temperature ( 15/13°C -~
20/15°C ~ 25/20°C ~ 30/25°C and 35/30°C )
with natural sunlight condition of phytotron
after 3 months, followed by transfering to
plastic house for 2 months.
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Table 4-1. Mycorrhizal isolates and their host orchids.

Isolate *Accession Identification Host orchid
No.
RO1 2F-M1 Rhizoctonia solani  Haemaria discolor (Ker Gawler) var.
dawsoniana

R0O2 2F-M6 Ceratobasidium sp. Calanthe arisanensis Hayata
AG-A

RO4 2F-M11 Rhizoctonia solani  Anoectochilus formosanus Hayata

R15 2F-M21 Ceratobasidium sp.  Spiranthes sinensis (Pers.) Ames
AG-Fb

R16 2F-M46 Ceratobasidium sp.  Spiranthes sinensis (Pers.) Ames
AG-Fb

R17 2F-M76 Rhizoctonia sp. Spiranthes sinensis (Pers.) Ames
AG-G

R19 2F-M66 Ceratobasidium sp. Phalaenopsis aphrodite Rchb. f.
AG-G

R20 2F-M91 Rhizoctonia sp Spiranthes sinensis (Pers.) Ames

R22 2F-M26 Rhizoctonia sp. Spiranthes sinensis (Pers.) Ames

AG-G

* All the OMF were assigned accession numbers when stored in the
laboratory of Prof. Wei-Chiang Shen, Department of Plant Pathology and
Microbiology, National Taiwan University.
Identification methods used were molecular identification, anastomosis group
A (AG-A), anastomosis group Fb (AG-Fb), anastomosis group G (AG-G).

150



% 4-2. ?,%if;f;é_—r #z%*“ HIT ~ 12MS 3 % 3 % 3246 5
R EE S WA & A i

Table 4-2. Germination rates of Spiranthes sinensis
(Pers.) Ames Mycorrhizal inoculated seeds on
HIT, 1/2 MS and OMA media, 80 days after

sowing.
Rhizoctonia * Average germ. rate (%)

Medium inoculum

HIT NM 11.8f
1/2 MS NM 19.2d
OMA RO1 10.4 f
OMA R02 86.4 a
OMA R15 223¢
OMA R16 31.7b
OMA R17 17.0 e
OMA R20 32.0b
OMA R22 30.8b

* The number of germinated seeds divided by the number of seeds sown.
NM: non-mycorrhizal control; RO1, R02, R15, R16, R17, R20, R22: orchid
mycorrhizal fungi.

HIT: containing 3 g L™ Hyponex 1, 1/2 MS vitamin, 2 g L peptone, 8 g L' agar ,
and 10 g L™ sucrose.

1/2 MS: containing 1/2 MS macronutrient, IMS micronutrient and vitamin per
liter, 2 g L™ peptone, 8 g L™ agar, and 10 g L™ sucrose.

OMA (oat meal agar): containing 2.5 g L' oats, and 8 g L' agar.

Each treatment containing five replicates.

Means in each column followed by different letters were significantly different
(p=0.05) as determined by least significance difference (LSD) test.
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Table 4-3. The germination rate of Spiranthes sinensis (Pers.) Ames
seeds cultured on mycorrhizae pre-cultured PDA medium
with various pre-cultured periods. The data were collected 40
days after sowing.

Medium & No. of pre-cultured days Average
Rhizoctonia 0 days 5days  10days 15 days germ.
inoculum rate (%)
PDA, NM 0 - - - 0
PDA, R02 0 54.8b 732 a 80.2 a 69.4 a
PDA, R15 0 469bc 422bc 14.0e 344b
PDA, R17 0 21.2 de 79e 17.0e 154c¢

RO2, R15, R17:orchid mycorrhizal fungi.

Four replicates were tested for each treatment.

Means in each column followed by the different letters were
significantly different (p=0.05) as determined by LSD test.
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Table 4-4. Vegetative growth of Spiranthes sinensis
(Pers.) Ames™ in three growth media for three

months.
Medium * Leaf no. Leaf length (cm)
P 8.44ab 10.94a
P+C 9.78a 11.84a
C 6.67b 7.86b

x: The plants were placed in the phytotron from August 22, to November 21, 2004.
Each treatment had 5 replicates, and 3 plants for each.

y: P: peat moss ; P+C: peat moss + coconut fiber (2:1,v/v) ; C: coconut fiber
Mesns in each column on the same temperature treatments

followed by the different letters were significantly different

(p=0.05) as determined by LSD test.
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Table 4-5. Vegetative growth of Spiranthes sinensis (Pers.) Ames”
inoculated with various orchid mycorrhizal fungi in different
day/night temperatures.

Temperature Rhizoctonia Leaf no. Leaflength Root no. Root fresh
(day/night)  inoculum (cm) weight.
T (2)
15/13 NM?’ 13.8h 11.7efg 5.4gh 3.3ghi
RO2 23 4cdef 11.6efg 5.3h 2.7j
R15 24.8cde 11.4efg 6.6defg 4.4bcde
R19 15.4gh 12.4cdef 7.5de 5.7a
20/15 NM 15.9gh 11.9efg 6.2efgh 3.4gh
RO2 16.1gh 12.0cdef 5.3h 3.0hij
R15 25.5¢cd 11.5efg 5.6gh 3.2hjj
R19 22.8cdef 12.5bedef 7.6d 5.8a
25/20 NM 20.8defg 12.2cdef 10.2bc 4.6bcd
RO2 17.8fgh 13.3bcd 9.8bc 4.9b
R15 28.3bc 12.6bcdef 9.8bc 4.8bc
R19 23.7cdef 14.0ab 10.2bc 6.0a
30/25 NM 24 7cde 10.4g 7.1def 3.1hjj
RO2 24 4cdef 11.5efg 9.0c 2.1k
R15 35.0a 13.4abc 9.1b 3.8efg
R19 33.6ab 12.7bcdef 11.9a 4.3cdef
Main Effects
Temperature EE * S wokoE
Mycorrhiza skokok %k sksksk sksksk
Interaction
Temperature*Mycorrhiza ¥k o ook ook

X.S. sinensis grew in 4 different day/night temperature (15/13°C, 20/15°C,
25/20°C, 30/25°C and 35/30°C ) with the natural sunlight condition of
phytotron after 86 days, followed by transfering to plastic house for 120
days.

Y:NM: non-mycorrhizal control; RO1, R02, R04, RI15, R19: orchid
mycorrhizal fungi.

Nine replicates were tested for each treatment.

Z:ns,*,”‘”‘,"‘*>"Nonsigniﬁcant or significant at P=0.05,0.01 or 0.001,
repectively.

Mesns in each column on the same temperature treatments followed by the
different letters were significantly different (p=0.05) as determined by LSD
test.
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Table 4-6. Reprocuctive growth of Spiranthes sinensis (Pers.) Ames

inoculated with various orchid mycorrhizal fungi in different

day/night temperatures.
Temperature  Rhizoctonia  Stalks/ Spike length ~ Floret no.
(day/night) inoculum plant (First spike) (First spike)
C (cm)

15/13 NMT™ 5.5bcdefgh  15.5abcd 51.5a
RO2 6.9abc 12.0fghi 39.9¢cde
R15 7.2ab 15.2abcd 44.7abc
R19 5.2bcdefgh  14.6bcde 44 .8abc

20/15 NM 4 4efgh 15.8abc 47.2abc
RO2 5.0cdefgh 16.5ab 49.6ab
R15 6.6bcd 14.1cdef 43.6bcd
R19 8.8a 16.9a 47.0abc

25/20 NM 3.7h 11.6ghi 34.5efgh
RO2 3.7h 10.41j 28.0hi
R15 4.5efgh 8.1k 25.41
R19 4.5efgh 13.5defg 36.5def

30/25 NM 3.8gh 9.1k 28.0hi
RO2 4 .6¢efgh 11.5ghi 30.8fghi
R15 5.8bcdefg 12.8efgh 35.5¢efg
R19 4.8defgh 11.6ghi 30.9fghi

Main Effects

Temperature % fohk Ak

Mycorrhiza it - ns

Interaction

Temperature*Mycorrhiza ns Fr *

X.'S. sinensis grew in 4 different day/night temperature ( 15/13°C -
20/15°C ~ 25/20°C ~ 30/25°C and 35/30°C ) with the natural sunlight
condition of phytotron after 86 days, followed by transfering to plastic
house for 120 days.
Y.NM: non-mycorrhizal control; RO1, R02, R04, R15, R19: orchid
mycorrhizal fungi.

Nine replicates were tested for each treatment.

Z:ns,*,""",***Nonsigniﬁcant or significant at P=0.05,0.01 or 0.001,

repectively.

Mesns in each column on the same temperature treatments followed by
the different letters were significantly different (p=0.05) as determined by

LSD test.
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Table 4-7. The emergence dates of the first flower in Spiranthes sinensis
(Pers.) Ames inoculated with orchid mycorrhizal fungi and grown
at different temperatures.”

Temp.(C) Rhizoctonia Days for flowering after

(day/night) inoculum treatment

15/13 NM" 58.0f
RO1 69.5¢cd
RO2 76.5a
RO4 68.8d
R15 71.7bc
R19 72.7b

20/15 NM 65.0e
RO1 64.5¢
RO2 50.8h
RO4 60.7f
R15 60.3f
R19 65.3¢

Main Effects

Temperature Aok &

Mycorrhiza ook

Interaction

Temperature*Mycorrhiza ook

X. The plants which flowered in the spring of 2005 were placed in the phytotron
86 days (from November 6, 2004 to January 26, 2005) and then transferred to
plastic house.

Six replicates were tested for each treatment.

Y:NM: non-mycorrhizal control; RO1, R02, R04, R15, R19: orchid mycorrhizal
fungi.

Nine replicates were tested for each treatment.

Z:ns,"‘,""“,”""”‘Nonsigniﬁcant or significant at P <0.05,0.01 or 0.001, repectively.
Mesns in each column on the same temperature treatments followed by the
different letters were significantly different (p=0.05) as determined by LSD test.

155



Abstract

To determine which mycorrhizal fungi could promote the most rapid germination of

S. sinensis for mass propagation in Taiwan, we examined the relationship between

symbiotic mycorrhiza and orchidaceous seeds. Seven orchid mycorrhizal fungi (OMF)

were isolated from wild grown orchid roots of Rhizoctonia spp. and studied. By far,

the most effective and stable promoters of in vitro seed germination were those of a

new strain, RO2 (unpublished data). The R02-inoculated cultivars grown on oatmeal

agar (OMA) germinated 15 days after sowing, more than two months earlier than the

asymbiotic seeds, which germinated after 75 days. The RO02 inoculation also

promoted and increased the germination rate of S. sinensis ex vitro seeds on potato

dextrose agar (PDA). Spiranthes sinensis seeds sown on PDA that had been grown

with R02 for 15 days showed germination rate up to a 80.2% after 40 days when the

hyphae grown on the surface of PDA media were scraped off prior to seeding.

Germination rate reduced to 11.2% if the hyphae were not scraped off, or to 0% in the

non-mycorrhizal control. After one year of low temperature (4 °C) preservation, these

S. sinensis seeds maintained a germination rate of about 75 % and were used for

ex-vitro symbiotic seed germination all year round. This modified method proved

very effective and should be applied for large-scale production of this endangered

orchid, which will have a positive effect on the conservation of S. sinensis in the wild.
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Three-month old S. sinesis seedlings transplanted to medium mixed with peat moss and

coconut fiber in the ratio of 2:1 showed 100% survival rates and best vegetative growth.

When S. sinesis cultivated under 20/15°C day/night temperature treatment, R02

inoculated samples flowered within the shortest period. The first flower opened in the

average of 59 days after translocated to the plastic house, which was 10 days earlier

than other treatments. When S. sinesis plants were grown under four different

temperature conditions for 86 days and then moved to greenhouse for a 120 days,

samples inoculated with R15 isolate showed the best shoot and leaf growth. On the

other hand, R19 isolate enhanced the root growth of S. sinesis, which more root and

higher fresh weight were observed. Under 15/13°C day/night temperature treatment, S.

sinesis inoculated with R15 isolate showed the best number of flower stalk (7.2/plant).

However, S. sinesis inoculated with R19 isolate gave the best number of flower stalk

(8.8/plant) and longest stalk length (16.9 cm in average) at 20/15°C condition. The S.

sinensis inoculated with the R15 and R19 isolate were able to promote vegetative

growth. Symbiotic seed germination is an effective method for mass production of S.

sinensis seedlings. It was Suggested that the flowering S. sinesis could be improved at

20/15°C and have the best reproduction by inoculated with the R19 isolate of R. spp.

Keywords: Spiranthes sinensis, Rhizoctonia, temperature, germination, reproductive
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Fig. 5-1. Survival rates (%) of Phaius tankervilleae (Banks) Blume seedlings inoculated
with Rhizoctonia spp. (R0O1, R02, R15, or R19) of orchid mycorrhizal fungi after
22 months of ex vitro growth. NM indicates non-mycorrhizal control.
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Fig. 5-2. Net CO, uptake rate for Phaius tankervilleae (Banks) Blume seedlings after

inoculated with orchid mycorrhizal fungi for 26 months. NM indicates
non-mycorrhizal control.
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Fig. 5-3. Vegetative and reproductive growth of Phaius tankervilleae
(Banks) Blume seedlings after inoculated with various Rhizoctonia
spp. of orchid mycorrhizal fungi for 30.5 months. NM indicates
non-mycorrhizal control.
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Fig. 5-4. Optical microscopic observation of Phaius tankervilleae (Banks) Blume
roots as inoculated with Rhizoctonia sp. of orchid mycorrhizal fungus (R02)
for 22 months and stained with aniline blue (0.05%). A, Control. B, Root
cortex cells of P. tankervilleae (Banks) as inoculated with R02. A, Control. B,
Root cortex cells of P. tankervilleae (Banks) as inoculated with R02.
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Fig. 5-5. SEM observation of structural changes by hyphal infection in the cortex
cells of Phaius tankervilleac (Banks) Blume roots after inoculated with
Rhizoctonia spp. of orchid mycorrhizal fungi R02 (A-D), R15 (E), or R19
(F) for 22 months.

A. Control.

B, Root cortex cells of P. tankervilleae (Banks) Blume as inoculated with
RO2.

C. Root cortex cells of P. tankervilleae (Banks) Blume as inoculated with
RO2 and the formation of peloton (P).

D. Later stages of pelotons (P), which were digested in the roots of P.
tankervilleae (Banks) Blume as inoculated with R02.

E. Later stages of pelotons (P), which were digested in the root of P.
tankervilleae (Banks) Blume as inoculated with R15.

F. Later stages of pelotons (P), which were digested in the root of P.
tankervilleae (Banks) Blume as inoculated with R19.
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Table 5-1. Vegetative growth of micropropagated Phaius tankervilleae seedlings
after inoculated with various Rhizoctonia spp. of orchid mycorrhizal fungi
for 22 months.

Rhizoctonia Plant height no. of leaves leaflength  leaf width
inoculum (cm) (cm) (cm)
NM*(CK) 252 cd 4.0a 19.4b 4.7 ab
RO1 21.8d 33D 16.4 ¢ 43D
R0O2 30.6 ab 3.9ab 229 a 52a

R15 31.5a 42a 229 a 50a

R19 28.4 abc 3.7 ab 20.5 ab 4.8 ab
ANOVA F values 2.04 8.8 22 7.2 29
(df=4,70)

NM = non-mycorrhizal control; RO1, R02, R15, R19 = orchid mycorrhizal fungi
Each treatment had 15 replicates.

The effect of mycorrhizal infection of Phaius tankervilleae were tested by ANOVA.
The F values of ANOVA are presented in the table. Mmeans in each column
followed by the different letters were significantly different (P=0.05) as determined
by LSD test.
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Table 5-2. Carbohydrate content of leaf and pseudobulb for seedlings of Phaius
tankervilleae (Banks) Blume after inoculated with orchid mycorrhizal fungi
(R0O2, R15) ex vitro for 26 months.

Rhizoc%tonia Leaf Pseudobulb

spp. O

irlfcl))culu m 80% EtOH Total Starch Total
soluble sugars carbohydrate (mg'g™) carbohydrate
(mg-g") (mgg") (mgg")

NMX(CK) 73.8b 98.3Db 2354b 321.2b

RO2 95.5a 122.8a 321.5a 412.1a

R15 91.3 ab 110.0 ab 313.6a 389.5a

ANOVA 6.3 8.1 23.7 24.1

F values 2.53

(df=2,26)

*NM = non-mycorrhizal control; R02, R15 = orchid mycorrhizal fungi.

Each treatment had 9 replicates

The effect of mycorrhizal infection of Phaius tankervilleae were tested by
ANOVA. The F values of ANOVA are presented in the table. Means in each
column followed by different letters were significantly different (P=0.05) as
determined by LSD test.
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Table 5-3. Dates to flower and reproductive growth of micropropagated Phaius
tankervilleae seedlings after inoculated with various Rhizoctonia spp. of

orchid mycorrhizal fungi for 28.5 months.

Rhizoctonia Days to flower Plant height ~ Flower stalk  no. of
spp. of after OMF (cm) length (cm) flowers
inoculum inoculation

NM* 918.8 a 46.2b 539¢ 11.9b
RO1 916.1 ab 542 a 62.6 ab 11.6 b
RO2 914.0b 41.6b 59.6 ab 14.2 ab
R15 915.6 ab 41.7b 60.2 ab 14.2 ab
R19 91440 45.0b 64.1a 154 a
ANOVAF 4.1 10.5 9.2 7.7
values 2.04

(df=4,70)

NM = non-mycorrhizal control; RO1, R02, R15, R19 = orchid mycorrhizal fungi.

Each treatment had 15 replicates.

The effect of mycorrhizal infection of Phaius tankervilleae were tested by

ANOVA. The F values of ANOVA are presented in the table. Means in each
column followed by different letters were significantly different (P=0.05) as

determined by LSD test.
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Abstract

Four orchid mycorrhizal fungi (OMF), R0O1 (Rhizoctonia solani), R02 (Rhizoctonia

sp., teleomorph = Ceratobasidium sp. AG-A), R15 (Rhizoctonia sp., teleomorph =

Ceratobasidium sp. AG-Fb) and R19 (Rhizoctonia sp., teleomorph = Ceratobasidium

sp. AG-G) were isolated from native orchid roots in Taiwan then were inoculated on

the root of Phaius tankervilleae (Banks). Inoculated with the appropriate OMF will

increase survival rate 27-31% (RO2;R15), plant height 6.3 cm (R15), leaf length 3.5 cm

(R15), flower stalk length 10.2 cm (R19) and number of flowers per flower stalk (3.5)

on ex vitro growing of P. tankervilleae. When the plants of P. tankervilleae were

inoculated with OMF (R19), reproductive growth was promoted, and photosynthetic

rate and carbohydrate content increase significantly by inoculated with OMF (R02).

Microscopic studies showed that infection of P. tankervilleae by Rhizoctonia spp. was a

tolypophagy type, with hyphal coils and pelotons (mycelial masses) formed in the

cortical regions of roots. The P. tankervilleae inoculated with the R15 isolate had a

higher seedling survival rate than other treatments. Additionally, inoculation with the

R02, R15, or R19 isolate of Rhizoctonia spp. promoted P. tankervilleae reproductive

growth, thus their practical uses were recommended.

Keywords: Phaius tankervilliae, Rhizoctonia, reproductive, Net CO, uptake rate,

carbohydrate
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Growth responses and changes of active components
as influenced by elevations and orchid mycorrhizae on
Anoectochilus formosanus Hayata

Shu-Fen CHENG and Doris Chi-Ning CHANG*

Department of Horticulture, National Taiwan University, Taipei, Taiwan 10617, ROC

(Received February 6. 2009, Accepted April 17, 2009)

ABSTRACT. Two micropropagated lines, B and R, of Anoectochilus formosanus Hayata, were separately in-
oculated with orchid mycorrhizal fungi (OMI), Rhizoctonia sp. RO2 [a bi-nucleated isolate of Rhizoctonia sp.
(Ceratobasiditum sp. AG-A)] and RO4 [a multi-nuclel isolate of Rhizoctonia solani, AG-6], and grown by plas-
tic bag cultivation method (PBCM) at three elevations above sea level, including National Taiwan University
(NTU, 10 m elevation), Xindian (500 m elevation) and Wufong (1,000 m elevation) for seven months. Results
showed that the survival rates for ex vitro growth were more than 80%, and plant production was sigmficantly
increased and there was no need to apply any agrichemical. If this orchid was not grown by PBCM., then after
3-4 months of cultivation, all plants would die if pesticide or fungicide were not sprayed for every one or
two weeks in greenhouse, and the cultivation period was shorlened to 1-2 months compared with traditional
cultured method. Plants grew in Wufong achieved the best growth performance among three elevations, the
fresh weight of mycorrhizal 4. formosanus was significantly higher than the non-mycorrhizal (NM) control.
In Wufong, R04 showed better growth-enhanced effect on line B, while R02 stimulated growth enhancement
for line R. FFor both lines of 4. formosanus cultivated at National Taiwan University (NTU), RO2 inoculated
plants contained higher level of phenolic compounds and hepatoprotective agent AFEE (4. formosanus ex-
traction with ethyl acetate) compared with the non-mycorrhizal (NM) control. Analyses and measurements of
antioxidant capacity by Trolox Equivalent Antioxidant Capacity (TEAC) showed that most of the antioxidant
index of mycorrhizal plants were significantly higher than the non-mycorrhizal control. PBCM was proven to
be a very labour saving, i.e. this cultural method can save all the human cost of irigation and fertilization dur-
ing the rest of cultivation period, and this is an effective method for mass production of agrichemical free A.
Jormosanus plants. Tnoculation of orchid mycorrhizal fungi such as RO2 or R0O4 can significantly increase the
production of this orchid with higher antioxidant capacity and hepatoprotective agent content for medicinal

Lse,

Keywords: Anoectochilus formosanus Hayata, Antioxidation capacity; Hepatoprotective agent; Orchid
mycorthizal fungi (OMFE), Phenolic compounds; Plastic bag cultivation method (PBCM).

Abbreviations: ACP, acid phosphatise; AFEE, A. formosanus extraction with ethyl acetate; CCl, carbon
tetrachloride; DPPH, 1.1-diphenyl-2-picrylhydrazyl; FRAP, Ferric reducing antioxidant power. GOT,
glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; MDA, malondialdehyde, NM,
non-mycorrhizal; NTU, National Taiwan University; OMF, orchid mycorrhizal fungi; PBCM, plastic bag
cultivation method; PPF, photosynthetic photon flux; R02, Rhizoctonia sp. (Ceratobasidium sp. AG-A),
RO4, Rhizoctonia solani AG-6, AG-6, Anastomosis group 6., SOD, superoxide dismutase; TEAC, Trolox
Equivalent Antioxadant Capacity.

INTRODUCTION sugar level, and improving control of diabetes, liver dis-
eases, heart diseases and lung diseases (Yen et al., 1996).

Anoectochilus formosanus Hayata is a terrestrial orchid It also displays anticancer and antivirus effects (Lin, 2007,
species from wild forests in Taiwan. It 1s an ornamental Wu, 2007). Due to its multitudinous medicinal effects,
plant with medicinal value, and 15 widely used for treat- the number of 4. formosanus in the wild has been greatly

ing high blood pressure and hyperliposis, lowering blood reduced by intentional picking and uprooting. In recent
years, with the advance of tissue culture techniques, large-

*Corresponding authors: E-mail: chengsfiantu edu.tw; Tel: scale propagation can be achieved by using seedlings
+886-2-33662463 ext. 102; Fax: +886-2-83695732. and micropropagated plantlets. Future prospects for the
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development and application of these techniques to 4.
Jormosanus are therefore very bright. However, traditional
intensive culture has several drawbacks. Survival rates of
transplanted tissue-cultured plantlets are low, and plants
tend to grow slowly and cultivation period is long. Addi-
tionally, the occurrence of diseases such as root and stem
rots caused by Fusarium oxysporum and Pythium ultimum,
bacterial soft rot disease, and pest infections by red spider
mites and scale insects often result in the continuous usage
of pesticides and [ungicides during cultivation (Yen et al.,
1996, Chang, 1999). How to raise the survival rate of the
seedlings or plantlets for ex vitro growth and control cul-
tivating environment for shortening growth period as well
as reducing the chances of harmful infection are the major
concern for the cultivation of 4. formosanus.

In this study, we applied the plastic bag cultivation
method (PBCM), which was developed in our laboratory
(Chang et al., 2007), and combined with the inoculation
of Rhizoctonia spp. of orchid mycorrhizal fungi (OME)
(RO2 and R0O4) for the cultivation of 4. formosanus. The
PBCM offered several advantages such as timesaving,
labour saving, and pesticide or fungicide free. Appropriate
ecological conditions are important determinants for
the successful artificial culture of 4. formosanus. Low
temperature has been known to favor the growth of A
Jormosanus and lower pathogen occurrence (Lee, 2001,
Chang and Chou, 2007). However, many people tried to
grow this orchid in low elevations for practical reasons.
Therefore, we decided to conduct the experiments in three
locations with different elevations and growth temperature
including NTU campus (10 m elevation above sea level),
Shihzihtou Mountain in Xindian (500 m elevation} and
Wufong (1,000 m elevation) to determine the most suitable
site for the cultivation of 4. formosanus.

The tissue cultured A. formosanus plants are considered
to be less medicinally effective than the wild plants, which
generally have 3-5 fold higher prices on the market. Previ-
ous studies demonstrated that 4. formosanus inoculated
with OMF exhibits higher level of superoxide dismutase
(SOD)), acid phosphatase (ACP) and alkaline phosphatase
(AKP) activities, and higher ascorbic acid, phenolic
compounds, [Tavonoids, polysaccharides and phosphoric
acid contents, and as a result they are more effective as
medicinal source (Chou, 2004; Chang and Chou, 2007).
In this study, we would like to achieve three goals. (1) To
evaluate the possibility for using the PBCM for the mass
production of A. formesanus. (2) To understand the inter-
actions between the cultivating lines and the environments
such as elevation and temperature. (3) To analyze and
determine the antioxidant capacity and hepatoprotective
activity among the mycorrhizal and non-mycorrhizal 4.
Jormosanus.

MATERIALS AND METHODS

Mycorrhizal inocula
In this experiment. two strains of Rhizoctonia spp.
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including RO2 (Rhizoctonia sp.;, Ceratobasidium sp.,
AG-A) and R04 (Rhizoctonia solani, AG-6) were isolated
and obtained stable research results in our laboratory for
more than ten vears. Their pathogenicity was tested in our
laboratory for many times and was indicated by Chang
(2008), and all proved to be nonpathogenic. They were
cultured on the medium which is prepared by mixing peat
with 20% V8 juice to reach field capacity (Chang and
Chou, 2007). All A. formosanus lines in this experiment
were 1noculated with single [ungal strain. Each 1solate
is evenly inoculated under the roots of per plant in an
amount of 0.1-0.2 g of inoculum. RO2 was identified as a
bi-nucleated isolate of Rhizoctonia sp. (Ceratobasidium
sp.; AG-A, accession NO. DQ102413. 99% match,
unpublished data), while R04 was a multi-nuclei isolate of
Rhizoctonia solani, AG-6 (Lee, 2001).

Plant materials

The micropropagated plantlets of A. formosanus were
purchased [rom a tissue culture company Puli, Taiwan.
Two lines of A. formosanus, line B (wild type) and line
R (hybrid of the wild type and red stem type), were used
in the experiment. The parental plants for both lines were
collected from the wild-grown 4. formosanus. The cutting
segments of 4. formosanus were cultivated on the agar
medium for eight to ten months until root growth and bud
burst, and then the plantlets over 6 cm height were se-
lected. The tissue culture vessels were placed in the green-
house for a week before transplanting for acclimation.

Culture medium and method for the cultivation

The culture medium for A. formosanus used is a
compost of peat and coconut fiber blended in a ratio of 7:4
(v:v). The plants for each line including non-mycorrhizal
(NM) control and mycorrhizal treatment and the ex vitio
plants were cultivated by PBCM (Chang et al., 2007), to
culture 10 plants of A. formosanus in 5 inch plastic pot,
and every two of the 5 in. pots were covered with an OPP
transparency plastic bags (35.5%55 ¢m). In preliminary
experiments, all cultivars would die if pesticide or
fungicide were not sprayed every one or two weeks after
three or four months of cultivation, thus PBCM was
applied in this experiment. One gram Hyponex No. 5 re-
suspended mn one liter water was added into the growth
medium and field capacity of water was attained. Totally
three experimental sites were included: 1) Greenhouse in
the campus of National Taiwan University [10 m eleva-
tion above sea level, an average photosynthetic photon
flux (PPF) at 58.3 umol'm®s "' (maximum 63.5 pmol'm™*
-5 at noon)], 2) Shihzihtou Mountain in Xindian [500 m
elevation, an average PPF at 53.2 pmol'm™s’ (maximum
57.7 umol'm™s™ at noon)], and 3) Wufong [(1,000 m el-
evation, an average PPF at 554 pmol'm™s" (maximum
60.9 umol'm s at noon)]. Each treaiment contained 400
plants for evaluating the practical use of mass production,
and treatments were arranged by a completely randomized
design (CRD). The plants cultured by PBCM were
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transported to the Xindian and Wufong on April 14-15,
2005 respectively. All plants were shipped back to NTU,
than random sampling (5 plants per pot, total of 40 pots,
i.e. 200 plants per treatment) for statistical analyses on
Nov. 14-16, 2005

Analysis of the antioxidant capacity

Two methods were used to examine the antioxidant
capacity. The Folin-Ciocalteu method was used to examine
the total phenolic contents (Kujala et al., 2000). And
Trolox Equivalent Antioxidant Capacity (TEAC) was
measured according to the method reported by Arnao et
al. (1996). Spectrophotometer was used to determine the
absorbance at 734 nm. Regression equation of standard
curve was obtained based on the relation of absorbance
and concentration of trolox. The absorbance was
substituted into the equation to attain the TEAC value of
the sarmple.

Analysis of the hepatoprotective agent

Analysis of the concentration of hepatoprotective
agent was performed according to the method reported
by Wu et al. (Wu et al., 2007). The weight of a dry A
Jormosanus plant was precisely measured and suitable
quantity of water was added. The sample was extracted
for three times using ultrasonic treatment and then proc-
essed by gravity filtration. The filtrate was diluted, the
target ingredient AFEE was determined quantitatively by
high-performance liquid chromatography (HPLC). Test
samples and reference standard were processed following
the procedures described above and then examined by
HPLC. After obtaining the standard calibration curve, the
values of test samples were substituted into the regression
equation of the standard reference to calculate their
concentrations. The analyses were performed by Shih Hwa
Biatech Co.

RESULTS AND DISCUSSION

Plastic bag cultivation method {(PBCM)

PBCM has been applied for the cultivation of A.
Jormosanus (Figure 1). This method offers several
advantages. No more watering or fertilization is needed
during the whole cultivation period, and the potential
thread of pest attack and labor need for the in cultivation
management are greatly reduced (Chang and Chou, 2007).
In this study, PBCM was applied to large-scale cultivation
of A formosarus in three sites with ditfferent elevations,
and more than 80% survival rate was reached. Cultivation
of A. formosery in greenhouse, chemical spray program
is intensively needed and regularly performed. Most of the
plants would be attacked, if pesticide, fimgicide and mites-
killing chemical are not regularly sprayed. By PBCM,
survival rate of the ex vitro growth of plantlets and thus
plant production are greatly increased without applying
any pesticide, fungicide or any other agrichemicals and
the growth period is also shortened. As a result of our
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Figure 1. Plastic bag cultivation method (PBCM) for

Anoectochilus formosanics. The metal wire (MW) was to prevent
the collapse of plastic bag in the wildness.

studies, PRCM has now been promoted in the Wufong
area and applied to large-scale and year-round commercial
cultivation for more than 100,000 plants, and the survival
rates were more than 90%.

Inoculation of OMF for the cultivation of A.
formosanus

PBCM was adopted for the vessel cultivation of line B
and line R of A. formoscamnis for both mycorrhizal and non-
mycorrhizal control plants. After seven months of growth
in three locations, the best plant growth was achieved
in Wufong (1,000 m elevation). The number of leaves,
fresh weight and chlorophyll meter reading of the plants
in this location were all higher than those placed in other
sites (Figures 2, 3 and 4). In addition, among the plants in
Wufong, those inoculated with OME (either RO2 ar R04)
attained better growth than the non- mycorrhizal control.
Based on the fresh weight, R04 showed better growth-
promoting effect on line B, while R02 stimulated better
growth for line R (Figures 2 and 3). Therefore, ditferent
lines of A. jormosanus plants appeared to react differently
to different OMF, and OMF inoculation does influence
the growth of plants. Compared to the non-mycorrhizal
control, OMF inoculation obviously promoted the plant
growth and development. The fresh weight of mycorrhizal
plants was consistently higher in all three elevations (Fig-
ures 2 and 3). We also found that fresh weight of plants
in Wufong was the heaviest in all three treatments even
though taller plants were observed in two lower elevations
such as NTU and Xindian (Figures 2 and 3). Further exam-
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Figure 2. Growth of orchid miycorthizal fungi (Rhizoctonia sp.
R02 and RO4) inoculated and non-miycorthizal (NM) plants of
Anoectochiius formosamus (line B) with plastic bag cultivation
method (PBCM) at National Taiwan University (NTU, 10 m of
elevation), and in Xindian (500 m) and Wufong (1,000 m) for
seven months.

ination found that the plants in Wufong displayed shorter
internodes but thicker stems, while the plants at NTU gen-
erally showed the opposite features with longer intemodes
and thinner stems. We speculate that temperature probably
was the cause of heavier fresh weight for the Wufong’s
plants. The average temperatures of the NTU and Xindian
were about 30-23°C and 27-18°C respectively, while the
Wufong site was around 25-15°C. When comparing A.
Jormosanus plants cultivated in phytotron, those cultivated
plants under controlled temperature at 20/15°C (day/
night) had shorter internodes and thicker stem; samples
cultivated in phytotron at 30/25°C (day/night) grew taller
and had thinner stem (unpublished data). Based on our
studies, we conclude that temperature plays a critical role
on the growth of A formosanus, and is the main reason
for the higher fresh weight of the plants grown in Wufong,
Therefore, the ideal growing location for A. formosarns
is at high elevation which has lower temperature and
greater day/night temperature difference. Previous studies
reported that when line C and line T of A. jormosanus was
inoculated either with Riizoctonia sp R02 or R04, growth-
promoting effects are obviously cbserved (Chang et al.,
2007). In this experiment, two other different lines, line
B and line R, were chosen and also inoculated with R02
or R04, and similar growth-enhancing effects were also
observed. The results indicated that OMF inoculation can
promote the growth of A jormosars both in the cultiva-
tion vessel and after transplantation. The absorbing areas
of roots are increased as a result of OMF inoculation and
therefore the plantlets can efficiently absorb nutrients and
water. It was also reported that the quantity of chlorophyll
as well as the efficiency of photosynthesis are increased
due to OMF inoculation {Chu, 2000). Tn our experiments,
the chlorophyll meter readings among mycorrhizal plants
were generally higher than the controls (Figure 4). How-
ever, when fresh weight and chlorophyll meter readings
were cross-referenced, positive correlation was not found.
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Fignre 3. Growth of orchid mycorrhizal fungi (Rhizocionia sp.
R0O2 and RO4) inoculated and non-mycorthizal (NM) plants of
Anoectochiius formosanus (line R) with plastic bag culfivation
method (PBCM) at National Taiwan University (NTU, 10 m of
elevation), and in Xindian (500 m) and Wufong (1,000 m) for
seven months.
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Figure 4. Chlorophyll meter reading value of orchid
mycorrthizal fungi (RAizoctonia sp. RO2 and RO4) inoculated and
non-mycorrhizal (NM) plants of Anoectochilus formosanus (line
B and line R) with plastic bag cultivation method (PBCM) at
National Taiwan University (10 m of elevation), and in Xindian
(500 m) and Wufong (1,000 m) for seven months.

This is may be due to the fact that plant growth is indeed
influenced by various factors.

Analysis of the antioxidant capacity

1. Comparison and analysis of the phenolic com-
pounds. Phenolic compounds are widely distributed in
the plant kingdom. They are plant secondary metabolites
which are often used as an index for antioxidant capacity
(Castelluccio et al., 1995). Our analyses revealed that 4.
Jormosarus line B grown in Wufong contained higher lev-
el of phenolic compounds; however the levels of phenolic
compounds of the NM control and mycorrhizal plants in
this location were no significant difference (Figure 54).
The levels of phenolic compounds of mycorthizal plants at
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Figure 5. Changes of phenolic compounds level of two lines of dnoectochilus formosanus inoculated with Rhizoctonia sp. R02 and
R04 in the bag culture at National Taiwan University (10 m of elevation), and in ¥indian (500 m) and Wufong (1,000 m) for seven
months. A, level of phenolic compounds per gram; B, level of phenolic compounds per plant.

NTU and in Xindian were higher than the non mycorrhizal
control (Figure 5A). The levels of phenolic compounds
among line R plants inoculated with R04 in three locations
were similar (Figure SA). For the NM and RO2-inoculated,
the levels of phenolic compounds were higher at NTU and
in Wufong; the RO2-inoculated group had higher phenolic
compounds level, with 506 mg/g in the NTU plants and
4.96 mg/g in the Wufong ones. Considering the dilution
effect of fast-growing plants, we converted the level of
phenolic compounds into the whole plant basis as shown
in Figure 5B. Results showed that the level of phenolic
compounds was the highest among the plants grown in
Wufong both for line B and line R, and the phenolic com-
pound levels found in the OMF inoculated plants were
higher than the NM plants (Figure 5B). Previous studies
indicated that the cultivation environment affects the types
and quantity of phenolic compounds in a plant (Dumas et
al,, 2003; Roussous et al., 2007). Our results demonstrate
that cooler area such as Wufong was more suitable for the
growth of A. formosanus and the level of phenolic com-
pounds found obtained from these plants was higher.

2. Test of Trolox Equivalent Antioxidant Capacity
(TEAC). In previous experiments, antioxidant capacity
of A. formosanus was tested by TEAC, FRAP (Ferric
reducing antioxidant power) and DPPH (1.1-diphenyl-
2-picrylhydrazyl) method. In this study. TEAC was
chosen to determinate of the antioxidant capacily by its
comparative stability and significant differences in data
reading between the mycorrhizal and non-mycorrhizal
plants.

Our results showed that the TEAC readings of the my-
corrhizal line B at NTU and in Xindian were higher than
the NM plants, In line R plants, the RO2-inoculated ones at
NTU and in Wulong had higher TEAC readings (Figure 6).

Previous studies showed the 4. formosanus extract dis-
plays free radical scavenging activity (Wang et al., 2002).
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Figure 6. The analyses of trolox equivalent antioxidant capacity
(TEAC) values for two lines of dnoectochilus formosanus
inoculated with Rhizoctonia sp. R02 and R04 and cultivated at
NTU (10 m of elevation), and in Xindian (500 m) and Wufong
(1,000 m), for seven months.

Under the treatment of A, formosanus, HepG22 cell dem-
onstrated stronger solvency over free radicals and hydro-
gen peroxide and maintain effective antioxidant capacity
(Hsieh, 2001). 4noectochilus formosanus also contains
various enzymes including superoxide dismutase (SOD),
catalase, peroxidase and ascorbate peroxidase (Wang,
1999). In 2004, analyses of the enzyme activities and the
plant components demonstrated that stronger antioxidant
capacity was found in the mycorrhizal A. formosanus
plants. Our results showed that mycorrhizal line B plants
at NTU and in Xindian exhibited higher level of TEAC
than the NM control plants. R02 inoculated line R plants
cultivated at NTU and in Wufong had higher TEAC read-
ing as well. The results demonstrated that the mycorrhizal
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A formosanus plants showed different antioxidant capac-
ity under different environments.

Analysis of the hepatoprotective components

Previous studies revealed that 4. formosanus contains
hepatoprotective components and thus displays hepatopro-
tective effect (Huang, 2000). Ethyl estate (E1OAc) extract
from A. formosanus can lower the GOT and GPT concen-
trations of liver cells, increase the quantity of glutathione,
and decrease the quantity of malondialdehyde (MDA), a
product of lipid peroxidation, and thus the hepatoprotec-
tive effect is achieved (Lin et al., 1991). Our studies dem-
onstrated that OMF inoculation can increase the quantity
of hepatoprotective agent AFEE, an ethy] acetate-philic
fraction of the extracts of 4. formosanus. The levels of
AFEE were higher in either RO2 or R0O4 incculated line B
and line R plants than those of the NM control plants at
NTU. The level of AFEE found in the mycorrhizal line B
plants was more than two folds higher than that of the NM
control plants (Table 1). Therefore, our results showed that
OMT inoculation can effectively promote the growth of 4.
Jformosanus, and also increase the levels of their medicinal
components, their antioxidant capacity and the quantity of
ATFEE (Table 1).

Our studies demonstrated that PBCM is an effective
mass production method for producing agrichemical (ree
A. formosanus plants. Both NM and mycorrhizal plants
grew well in Wufong, due to the higher elevation, lower
temperature and greater temperature difference for day and
night. Inoculation of OMFF (R0O2 or R(4) significantly pro-
moted the growth of A. formosanus, but the effects might
vary dependent upon the combination of OMF and orchid
line and as well as the growth environment. Generally
our results showed that the mycorrhizal plants contamned
higher amount of phenoclic compounds, stronger antioxi-
dant capacity, and more abundance of the hepatoprotective
agent AFEE in comparing to NM plants of all locations,
but varied with the different environments. We presume

Table 1. The analysis of hepatoprotective activity of
kinsenoside (AEEE) derived from mycorrhizal and non-
mycorrhizal dnoectochilus formosanus plants cultivated at
NTU campus for seven months.

Cultivar Rhizoctonia inoculum AFEE (g/g)

B NM 0.0174£0.0003 b
RO2 0.041720.0011 a
RO4 0.0400£0.0019 a

4 NM 0.0126+£0.0004 ¢
ROZ 0.0242+0.0029 a
RO4 0.0191+0.0025 b

NM: non-mycorrhizal control group.

Three replicates were conducted for each treatment.

Means in each column followed by different letters were
significantly different (P=0.05) as determined by LSD test.
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that the wild plants of 4. formosanus may be all infected
with some kind of OMF fungi and thus result in better me-
dicinal effects than the tissue-cultured NM plants in green-
house. Based on the results, we highly recommend PBCM
for mass production of agrichemical free A. formosanus
plants. One thousand meter of elevation is an ideal place
for cultivating 4. formosanus plants in Taiwan. The inocu-
lation of Rhizoctonia sp, either RO2 or R04, can signifi-
cantly increase the production of 4. formosanus containing
higher antioxidant capacity and hepatoprotective agent for
medicinal use.

Acknowledgments. This project was financially supported
by the Forestry Bureau, Council of Agriculture, Executive
Yuan, Taiwan (94AS-9.4 1-FB-el, 95AS8-11.4.1-FB-el,
96AS-11.4.1-FB-¢1). We thank Dr. Tsu-Hwie Liu in the
Development Center for Biotechnology, Xizhi, Taipei,
Taiwan and Dr. Wei-Chiang Shen in the Department
of Plant Pathology and Microbiology, National Taiwan
University for improving the manuscript.

LITERATURE CITED

Arnao, M.B., A. Cano, J. Hernandez-Ruiz, F. Garcia-Ca-
novas, and M. Acosta. 1996, Inhibition by L-ascorbic
acid and other antioxidants of the 2.27-azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid) oxidation catalyzed
by peroxidase: a new approach for determining total
antioxidant status of foods. Anal. Biochem. 236: 255-261.

Castelluccio, C., G. Paganga, N. Melikian, G. Bolwell, J.
Pridham, J. Sampson, and C.A. Rice-Evans. 1995,
Antioxidant potential of intermediates in phenylpropaneid
metabolism in higher plants. FEBS Lett. 368: 188-192.

Chang, D.C .M. 2008, The Screening of Orchid Mycorrhizal
Fungi (OMF) and their Applications. fn W. H. Chen and
H. H. Chen (eds.), Orchid Biotechnology. World Scientific
Publishing Co. Pte. Ltd. 5 Joh Tuck Link, Singapore, pp.
T7-98.

Chang, D.C.N. and L.C. Choun. 2007. Growth responses,
enzyme activities, and component changes as influenced
by Rhizoctonia orchid mycorrhiza on Anoectochilus
formosanus Hayata. Bot. Stud. 48: 445-451.

Chang, D.CN., L.C. Chow, and G.C. Lee. 2007. New cultivation
methods for Aneectochilus formosanus Hayata., Orchid Sei.
Biotechnol. 1: 56-60.

Chang, S.F. 1999, Integrated control of basal stem rot and stem
rot of Anoectochilus. Master thesis, Departmment of Plant
Pathology, MNational Chung Hsing University, 100 pp.

Chou, L.C. 2004, The mycorrhizal physiology and cultivation
of Anoectochilus formosanis Havata, Haemaria discolor
var. dawsomiana and their F1 hybrids. PhD dissertation,
Graduate Institute of Horticulture, National Taiwan
Umniversity, 169 pp.

Chu, J.N. 2000. Isclation and inoculation of orchid myecorrhizal
fungi and their effects on the seedling growth of Oncidim
Goldiana X One. Guiena Gold. Master thesis, Department



CHENG and CHANG — Mycorrhizal Anocectochilus formosanus 465

of Tropical Agriculture, National Ping Tung University of
Seience and Technology, 101 pp.

Dumas, Y., M. Dadomo, G. ). Lucca, and P. Grolier. 2003,
Effects of environmental factors and agricultural techniques
on antioxidant content of tomato. J. Sci. Food Agric. 83:
369-382.

Hsieh, 1.8, 2001, Oxidative stress mediate the anti-proliferative
effect of Anoectochilus formosanus on hepatoma cells.
Master thesis, Graduate Institute of Medicinal Science,
China Medical College, 69 pp.

Huang. D.F. 2000. The mechanism study of hepatoprotective
control of Boelimeria species and dnoectochilus species.
Master thesis, Graduate Institute of Natural Products,
Kaochsiung Medical Umiversity, 90 pp.

Kujala, T.S., . M. Loponen, K.D. Klika, and K. Pihlaja. 2000,
Phenolics and betacyanins in red beetroot (Beta vulgaris)
root; distribution and effeet of cold storage on the content
of total phenolics and three individual compounds. 1. Agric.
Food Chem. 48: 5338-5342,

Lee, G.C. 2001, Identification and improvement of production
techmques for dAnoectochilus formosames Hayata and orchad
mycorthizal Fungi. PhD dissertation, Graduate Institute of
Horticulture, National Taiwan University, 191 pp.

Lin, JM., C.C. Lin, H.F. Chiu, and S.G. Lee. 1991, Evaluation
of the anti-inflammatory and liver-protective effects of

201

Anoectochilus formosanus, Ganoderma lucidum and
Gynost pentaphyllum in rats. Paper presented at the
sermnar on the plants of medicinal and health, pp. 89-98.

Lin, W.C. 2007. Study of health keeping effects of dnoectochilus
Jormosana Hayata. Agric. World 288: 8-13.

Roussous, PA., A Matsoukis, C.A. Pontikis, and A. Chronopou-
lou-Sereli. 2007, Relations of environmental factors with
the phenol content and oxidative enzyme activities of olive
explants. Sci. Hortic. 113: 100-102.

Wang, 5.C. 1999, Studies on antioxidative enzymes in
Anoectochilus formosanus Hayata, Master thesis, School of
Pharmacy, National Taiwan University, 82 pp.

Wang, 5.Y., Y.H. Kuo, H.N. Chang, P.L.. Kang, H.8. Tsay,
K. Lin, N.8. Yang, and L.F. Shyur. 2002. Profiling and
characterization antioxidant activities in dnoectochilus
Sformosanus Hayata. J. Agric. Food Chem. 50: 1859-1865,

Wu, I.B., W.L. Lin, C.C. Hsich, H.Y. Ho, H.S. Tsay. and W.C.
Lin. 2007. The hepatoprotective activity of kinsenoside
from Anoectochilus formosarms. Phytother, Res, 21: 58-61.

Wu, K.B. 2007. The use and potential for dnoectochilus
Jormosanus Hayata. Agnc. World 288: 14-19.

Yen, D.M., S.C. Chen, and C.T. Liao. 1996. The art for
propagation of Jin-Shiann Lian. Dong-Kung Farmer
Association Published, 294 pp.



466 Botanical Studies, Vol. 50, 2009

SEHEREALRBEREEZENAELERERT A
TS 27

Frds: REF
BT A WA B SR

FAER OIEHL 10 20 R) - #7)E (IEHL 500 26 R) ~ Tl (HEH 1000 240 R S =B EREHH E B
HIIBLS IS (PBCM) » FEMEEFEAAVE F BRI E RO2 B RO4 7 B B R EFRTEARF fh A0 S i
FiEEEH  FRETRDIEEBSESREERFE CEEEGREMEE R RERTEERSEE
80% LA b+ A AISEFESERER » RIBRHASMCEEEE - BESESHETEF BB SN
(PBCM) #RFE » AI{EiR = rPaRE 3-4 (@ A% - 5 1-2 [ 2 05 TR S B S B - AIFTE
TERRRSETEL - FUER RIS AR - BT E s 1-2 H A - PRl e - LEEEEs
fEfRA R  FE/NEHRES © B RERILIEFEEE R4 » R AAEDIEERE RO2 FTEEE(THEL
& - EERERZEEGHEB & R Mdh AL R02 Z EIRERE SIS R BN AR AE MR
AFEE 2 &8 DA TEAC M AESHTEERII AR - AR RS BIREAREEGE R IRER R -
AHRFEE AR EEESRSES—EEE L (A TRIBEMEZ e EREEZ AT ) « BB
o] 7 2 R A B S (L BB TR A B AR A UL T TERE RO2 2 RO4 FTREEIE
IEEERENER - EEHAtRIRRIFTRSZER -

RASRES - AEGEUE | JUE(CEETT ¢ (PR ¢ RO FEEDEG S MBS -

202



M =

African Journal of Agricultural Research Vol. 7(42), pp. 5644-5652, 2 November, 2012

Available online at http://www.academicjournals.org/AJAR
DOI: 10.5897/AJAR12.1182
ISSN 1981-637X @2012 Academic Journals

Full Length Research Paper

Growth and development of Phaius tankervilleae
(Banks) Blume when inoculated with orchid mycorrhizal

fungi
Shu-Fen Cheng'? Chih-Hsing Yeh®, Chen-Han Jan* and Doris Chi-Ning Chang'*

'Department of Horticulture and Landscape Architecture, National Taiwan University, Taipei, Taiwan 10617,
Republic of China.

Herbarium (TAI), College of Life Science, National Taiwan University, Taipei, Taiwan 10617, Republic of China,
*Taoyuan District Agricultural Research and Extension Station, Council of Agriculture, Executive Yuan, Taoyuan,
Taiwan 327, Republic of China.

“Department of Agronomy, National Taiwan University, Taipei, Taiwan 10617, Republic of China.

Accepted 14 September, 2012

Phaius tankervilleae (Banks) Blume is the most attractive and most horticulturally valuable native
Phaius species in Taiwan. Due to overharvesting in the wild, however, the plant is on the verge of
extinction. Successful cultivation of P tankervilleae has been achieved through in vitro seeding or
tissue culture propagation, but plantlet survival rates are low upon transplantation. Previous studies
demonstrated that inoculation with mycorrhizal fungi markedly improved plantlet survival rates,
vegetative and reproductive growth in Orchidaceae plants. Four orchid mycorrhizal fungi (OMF), RO1
{Rhizoctonia salani), R02 (Rhizoctonia sp., teleomorph = Ceratobasidium sp. AG-A), R15 (Rhizoctonia
sp., teleomorph = Ceratobasidium sp. AG-Fb) and R19 (Rhizoctonia sp., teleomorph = Ceratobasidium
sp. AG-G) were isolated from Taiwanese native orchid roots that were cultured for more than seven
years in our laboratory. These fungi all proved to be non-pathogenic and were inoculated onto the root
of P. tankervilleae. Inoculation with the appropriate OMF increased seedling survival rate 27 to 31%
(R02; R15), plant height 6.3 cm (R15), leaf length 3.5 cm (R15), flower stalk length 10.2 cm (R19) and
number of flowers per stalk (3.5) in ex vitro-qrown P, tankervilleae. Inoculation with OMF (R19) promoted
reproductive growth in P {tankervilleae, while OMF (R02) inoculation significantly increased
photosynthetic rate and carbohydrate content. F. fankervilleae seedlings inoculated with the R15 isolate
had a higher survival rate than with other treatments. Inoculations with Rhizoctonia spp. isolates R02,
R15, or R19 also promoted reproductive growth in P. tankervilleae,

Key words: Pelotons, Phaius tankervilleae, reproductive growth, Rhizoctonia species, survival rate, vegetative
growth.

INTRODUCTION

Phaius tankervilleae (Banks) Blume is a large terrestrial
orchid native to Taiwan that is distributed from India, Sri
Lanka and Southern China, through Thailand and
Malaysia to Indonesia, Australia and the Pacific islands.
In Taiwan, it grows in broad leaved forests at elevations

*Corresponding author. E-mail: chengsf@ntu.edu.tw. Tel: +836-
2-33662463. Fax: +886-2-83695722.
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below 1000 m and throughout Lanyu Island. The orchid
favors high temperatures and wet environments, and is
not cold-resistant (Su, 2000). P. tankerviffiae is a robust
plant that blooms easily. Plant height 60 to 200 cm,
without slender stems, fleshy pseudo bulbs ovoid-elliptic
and internode very close, alternate leaves, ovate-
lanceolate or broad lanceolate 3 to 5, 40 to 60 cm long,
leaves papery, surface wrinkle. Flower stalk thick 80 to
100 cm long, formation from the side of pseudo bulb, 6 to
20 flowers of one inflorescence, flower diameter 8 to 10



cm. Sepals white outside, white to yellowish white and
tinged with red-brown inside, petals red-brown or
purplish, lip yellowish white, finged with red and
decorated with dark purple spots (Bechtel et al., 1986,
Su, 1990; Yeh et al., 2007). Horticulturally, the flowers are
large and beautiful and flower from April to July. A single
flower lasts about 20 days; the inflorescence itself lasts
up to 45 days (Chang and Jian, 2010). P. tankervilliae has
slender leaves, graceful greenery, and can be used as a
potted plant, a garden plant, or as cut flowers or leaves
(Mukherjee, 1979; Lee, 1989; Chang and Jian, 2010). P
tankervilleae has been overharvested in the wild and is
on the verge of extinction (Su, 1989). The flower of P,
tankervilleae is big and beautiful with great ornamental
and economic value (Mukherjee, 1979; Lee, 1989; Chang
and Jian, 2010}, Only a small amount of P. tankervilleae
could be found in the flower market of Taiwan. Su (1989)
reported that the wild population of P. tankervilleae was
gradually reduced (Su, 1988). Itis urgent to preserve this
endangered orchid.

The sexual reproduction of P tankervilleae is accom-
pliched through seed germination with fungal symbiosis
and in vitro seed germination to obtain a seedling. In
asexual reproduction, the top of the stem or flower stalk
are used to culture an in vitro seedling, reproductive
ramets and the flower stalk are buried in the soil and a
seedling forms on the node of flower stalk (Lee, 1989; Wu
1991; Tsai, 2010). Previous studies demonstrated that
inoculation with mycorrhizal fungi markedly improved
vegetative and reproductive growth in Orchidaceae plants
(Rasmussen et al., 1990; Chu, 2000; Takahashi et al.,
2008; Chang, 2008; Smith et al., 2009; Wu et al., 2011).
Qrchid mycorrhizal fungi {(OMF)-inoculated mother and
daughter Oncidium sp. showed increased plant height
and pseudo bulb length and width compared to the non-
mycorrhizal control; leaf quantity, thickness, fresh weight,
surface area, chlorophyll and soluble sugar content were
also greater (Chu, 2000). Leaf length and fresh weight of
Paphiopedilum delenatii Guillaumin orchids was greatly
increased by OMF R04 and PaR2-inoculation (Tsai,
2003). Phalaenopsis amabilis (L.) Blume var. Aphrodite
(Reichh. f.) Ames inoculated with RO1 showed higher
stalk length, and R02-inoculated plants showed increased
floral diameter and higher bolting rates (Lan, 2001).
Doritacnopsis Luchia Davis x Doritaenopsis Taisuco
Firebird seedlings inoculated with R02 had a 40%
flowering rate compared to 0% in the non-mycorrhizal
control kept at the natural temperature in Taipei (Lan,
2001). Haemaria discolor var. dawsoniana showed
greater stalk length and flower number when inoculated
with RO1 (Chou, 2004),

Orchidaceae Phaius species can be produced through
in vitro seeding or tissue culture propagation, but plantlet
survival rates decrease during the transplantation
(personal communication). Since there is relatively little
data on P. tankervilliae, identifying the effects that some
OMF have on its growth and development was the main
focus in selecting the appropriate fungi to improve its
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survival rate during the transplant period, and on
enhancing the vegetative and reproductive growth of P,
tankervilleae. We also investigated the effects of OMF on
orchid growth during the seedling stage, flowering period
regulation and flower production promaotion. This horticul-
tural research can be useful for mass production of the
seedling, regulating flowering periods, and improving the
yield and quality of P. tankervilleae flowers. It can show
the ornamental value and economic potential of this
native Taiwanese orchid and promote its preservation,
restoration and development as an ornamental plant.

MATERIALS AND METHODS
Mycorrhizal inocula

In this experiment, we isolated four strains of Rhizoctonia spp.
including RO1 (Rhizoctonia solani), R02 (Rhizoctonia sp.,
teleomorph = Ceratobasidium sp.; AG-A), R15 (Rhizoctonia sp.,
teleomorph = Ceratobasidium sp.; AG-Fb) and R19 (Rhizoctonia
sp., teleomorph = Ceratobasidium sp.; AG-G), identified through
DMA analysis, that were cultured in our laboratory for more than
seven years. They all proved to be non-pathogenic (Chang, 2008).
They were cultured on a medium prepared by mixing peat with 20%
V8 juice to reach field capacity (Stevens, 1974). All P. tankervilleae
plants used in this experiment were inoculated with a single fungal
strain. All OMF used in this research ars stored in the Biorescurce
Collection and Research Center at the Food Industry Research and
Development Institute in Hsinchu, Taiwan.

Plant materials

The E tankervilleae seedlings were provided by the Taoyuan
District Agricuftural Research and Extension Station Taiwan. P
tankervilleae seeds were sown and grown on agar medium for four
months, subcultured, then subcultured again two months later. A
sowing medium of 3 g L' Hyponex 1 (7N-6P-19K), 150 ml L'
coconut water, @ g L agar (Sigma, St. Louis, MO, USA), and 20 g
L' sucrose, was adjusted to pH 52. A subculture medium
containing 2 g L' NPK fertilizer (7N-6P-19K), 9 g L' agar {Sigma,
St. Louis, MO, USA), 20 g L' sucrose, and activated carbon 1g L,
was adjusted to pH 5.2 The seedlings were about 8 to 10 cm in
height.

Medium and culturing method

The tissue culture container seedlings of B lankervilliae were
obtained and removed from glass containers, then planted in 7.5
cm-diameter black plastic pots with the mix media at a 1:1:1 (viviv)
{volume)} ratic of peat moss, coconut fiber and tree fern fiber.
Samples were divided into five groups of 36 seedling each,
including the non-mycorrhizal (NM) control and mycorrhizal
treatment (Rhizoctonia isolates R0O1, R02, R15 and R19).
Treatments were arranged in a completely randomized design
(CRD). The roots of each seedling received 0.2 g of fungal inocula.
As the plants became larger, they were transplanted with same
medium into 18 cm-diameter plastic pots. Each pot initially received
2 g of Osmocote (14N-52P-11.6K) and was watered once every
week. Water-soluble fertilizer (Peters, Scotts, Marysville, USA} was
applied every two weeks, changing from 0.5 gL' of 30N-4.3P-8.23K
water-soluble fertilizer (Peters, Scotts, Marysville, USA) at the
vegetative stage to 0.5 gL' of 10N-12.9P-18.6K water-soluble
fertilizer at the reproductive stage. The experimental site was a
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plastic greenhouse on the National Taiwan University campus (10 m
above sea level), the average value of the photosynthetic photon
flux (PPF) was 200 to 250 pmol'm™®s' at noon, and the average
values of the highest and lowest temperatures were 32.21 and
15.21°C respectively.

Carbohydrate content measurement

The analytical method for measuring carbohydrate content was
modified from the method described in the study of Luchsinger and
Cornesky (1962), Yoshida st al. (1972) and Lindsay (1973). The
third and fourth leaves from the distal end and pseudo bulbs were
taken from matured B tankervilliae plants after 26 months of
cultivation and the dried sample pulverized for testing. To evaluate
starch content, the following steps were taken: (i) the sample was
extracted with 80% EtOH and distilled water, (i} 20 mM (pH 8.9} of
sodium phosphate buffer was added to the precipitate, and then the
sample was heated in a boiling water bath for 15 min. 0.5 ml a-
amylase was then added and the sample placed in a 37°C water
bath for 16 h. 1 ml crude extract was obtained to which was added
2 ml DNSA (3,5-dinitrosalicyclic acid reagent) before returning to a
boiling water bath for 10 min, cooled to room temperature and 2 ml
distilled water was then added. Absorbance was then (i) measured
by a spectrophotometer (HITACHI, 2800 JP, Japan) at Asro wave-
length and the value estimated. To evaluate total soluble sugar
content, we took the following steps: (i) the sample was extracted
twice with 80% EtOH; (i) the extract was heated in the boiling water
bath to remove ethanol, {iii) then chloroform and distilled water were
added; (iv) anthrone solution was slowly added in an ice bath and
then boiled in the water bath for 7 min 30 s before (v) measuring
the absorbance by a spectrophotometer (HITACHI, 2800 JP, Japan)
at A..o wavelength to estimate the value.

Photosynthetic rate estimation

The photosynthetic rate for matured B tankervilliae plants after 28
months growth was detected on a 6 cm® leaf area using LI-6400
portable photosynthesis system (LI-COR Inc., Nebraska, U.S.A)
(Jiang, 1996). The photosynthetic rate was measured at the second
leaf of the daughter pseudo bulb from 5 to 10 cm above the pseudo
bulb from 9 to 11 AM.

Plant growth and development

Plant height (leaf tip), number of leaves, leaf length and width,
pseudo bulb diameter, number and length of flower stalks and
number of flowers were measured for each P tankervilliae plant.
Each treatment involved 36 plants, 15 from each of these groups of
36 were randomly selected for statistical analyses, using ANOVA
{analysiz of variance) and LSD (lsast significant difference) test to
compare the effects of treatments.

Anatomic observation of orchid myeorrhizal

We collected roots of P tankervilleae with or without OMF
inoculation and cleaned and stained them with aniline blue in acidic
glycerol (Koske and Gemma, 1988) for optical microscopy
{Olympus BH-2 USA). For scanning electron microscope (SEM)
observations, the collected roots were dissected into sections, fixed
with 2.5% glutaraldehyde for 10 to 12 h, dehydrated in an acetone
series, critical point dried (SPI # 13200-AB Manual CPD) by liquid
carbon dioxide, coated with gold for 90 s by a Biorad lon Coater
(Dawes, 1971), then examined and digitally recorded using the
SEM Topcon-60.
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RESULTS AND DISCUSSION

The survival rates (SR%) of P tankervilleae seedlings
were significantly increased for 22 months after inocu-
lation with R02, R15, R19 when compared to those of the
non-mycorrhizal (NM) control plants. The SR% of P
tankervilleae seedlings after treatments with the R15 and
RO02 isolates were 79 to 81% and 78 to 80%, respectively,
a 27 to 31% higher SR% compared with 48 to 54% for
the NM control plants (Figure 1). Plant height and leaf
length were greatly increased in P. tankervifleae plants
inoculated with RO2 or R15 for 22 months. Plant height
and leaf length were lower in RO1-treated plants as
compared with the non-mycorrhizal (NM) control plants
(Table 1). The NM contral, R02, and R15-inoculated
plants were thus used to measure the carbohydrate
content and photosynthetic rates. Results showed that
when plants were inoculated with the R02 isolate, the rate
of net CO, fixation increased significantly as compared
with that for plants inoculated with R15 or NM control
group (Figure 2).

Oncidium orchids typically have large pseudo bulbs
that store the carbohydrates necessary for flowering
(Yong and Hew, 1985; Chang and Lee, 1999).
Cymbidium orchids only produce flowers when the
amount of carbohydrates stored in their pseudo bulbs is
sufficient (Komori, 1986). Since P tankervilleae plants
also have large pseudo bulbs (Tsai and Chang, 2009), we
wanted to determine their carbohydrate content during
the early stage of flower bud differentiation. Analytical
results indicated that 80% EtOH-soluble sugars in leaves
and starch content in pseudo bulbs of plants at 26
months after inoculation with R02 were higher than those
in NM control plants (Table 2). Total carbohydrate content
in leaves and pseudo bulbs of OMF (R02)-inoculated
plants was also higher than in NM control plants.

Furthermore, P. tankervilleae plants inoculated with
Rhizoctonia spp. flowered early (Figure 3), and plants
inoculated with R02 or R19 isolates flowered 5 days
earlier than did NM control plants (Table 3 and Figure 3).
Other than greater height as compared to the NM control,
no other vegetative growth differences, such as number
of leaves and pseudo bulbs, occurred between the RO1-
inoculated plants and the control. Compared to the NM
control plants, plants inoculated with R0O1, R02, R15 or
R19 isolates for 28.5 months had significantly increased
flower stalk length, with R19 isolates also significantly
increasing the number of flowers (Table 4 and Figure 3).

The NM P tankervilleae plants did not have any
pelotons in their root cortex cells (Figure 4A), while plants
infected with R02 had pelotons built by a number of
mycelia (Figure 4B). Although, SEM showed no pelotons
in the cortex cells of control group roots (Figure 5A), they
were present in the RO2-infected plant roots (Figure 5B).

Figure 5C gives details on the infected cells that formed
pelotons while Figure 50 shows digested hyphae. The
mycelia extended into the surrounding non-infected cells
after the pelotons had degraded into amorphous clumps,
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Figure 1. Survival rates (%) of Phaius tankervilleae seedlings inoculated with Rhizoctonia spp.

(RO1, RO2, R15, or R19) of orchid mycorrhizal fungi after 22 months of ex vifro growth. NM
indicates non-mycorrhizal control.

Table 1. Vegetative growth for seedlings of FPhaius tankervilleae after inoculated with various Rhizoctonia spp. of orchid
mycorrhizal fungi for 22 months.

Rhizoctonia inoculum Plant height (cm) No. of leaves Leaf length (cm)  Leaf width (cm)
NM*(CK) 2527 4.0° 19.4" 47"

RO 21.8° 33 16.4° a3

RrRO2 30.6™ 3.9% 229 52°

R15 31.5° 4.2° 22.9° 5.0°

R19 28.47" 3.7% 20,5 48"
AMNOVA F values 2.04 (df=4,70) 5.8 2.2 7.2 2.9

*NM = non-mycorrhizal control; R01, R02, R15, R19 = orchid mycorrhizal fungi Each treatment had 15 replicates. The effects of
mycorrhizal infection of Phaius tankervilleae were tested by ANOVA. The F values of ANOVA are presented in the table. Means in
each column fdlowed by the different |etters were significantly different (P=0.05) as determined by LSD test.

Table 2. Carbohydrate content of leaf and pseudo bulb for seedlings of Phaius tankervilleae after inoculated with orchid mycomhizal fungi
(RO2, R15) ex vitro for 26 months.

Leaf Pseudo bulb

Rhizoctonia spp of inoculum 8!::‘: EtOH so_: u_?le Total carb_or_}ydrate Starch (mg-g”) Total carh_onyd rate
gars (mg'g") (mg'g) (mg'g )

NM*(CK) 73.8" 98.3" 235.4" 321.2°

RO2 95.5% 122.8 321.5° 412.1°

R15 91.3% 110.0% 313.6° 389.5°

ANOVA F values 2.53 (d=2,26) 6.3 8.1 23.7 241

*NM = non-mycorrhizal contral; R02, R15 = orchid mycorrhizal fungi. Each treatment had 9 replicates. The effect of mycorrhizal infection of Phaius
tankervilieae was tested by ANOVA. The F values of ANOVA are presented in the table. Means in each calumn followed by different letters were
significantly different (P=0.05) as determined by LSD test.
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Figure 2. Net CO: uptake rate for Phaius tankervifleae seedlings after inoculation with orchid
mycorrhizal fungi for 26 months. NM indicates non-mycorrhizal cortrol.

Figure 3. Vegetative and reproductive growth of Phaius tankervilleae (Banks) Blume
seedlings after inoculation with various Rhizectonia spp. of orchid mycorrhizal fungi for 30.5
months. NM indicates non-mycorrhizal control.
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Table 3. Days before flowering in Rhizoctonia spp.-inoculated Phaius tankervilleae.

Rhizoctonia spp of inoculum Days to flower after OMF inoculation
NM*(CK) 918.8"

RO1 916.1"

RO2 914.0°

R15 9156%

R19 914.4°

ANOVA F values 2.04 (df=4,70) 4.1

*NM = non-mycorrhizal control; RO1, R02, R15, R19 = orchid mycorrhizal fungi. Each
treatment had 15 replicates. The effects of mycorrhizal infection of Phaius tankervilleae were
tested by ANOVA. The F values of ANOVA are presented in the table. Means in each column
followad by different latters wera significantly different (P<0.05) as daterminad by LSD test.

Table 4. Comparison of growth and development of Rhizoctonia spp-inoculated Phaius tankervilleae seedlings at

28.5 months.

Rhizoctonia spp of inoculum Plant height (cm) Flower stalk length (cm) No. of flowers
NM* 462" 53.9° 11.9°
RO1 54.2° 626" 11.8"

RO2 418" 59.6% 14.2%
R15 41.7° 60.2% 14.2%
R19 450° 64.1° 15.4°
ANOVA F values 2.04 (df=4,70) 10.5 g2 77

*NM = non-mycorrhizal control; RO1, R02, R15, R19 = orchid mycorrhizal fungi. Each treatment had 15 replicates. The
effects of mycorrhizal infection of Phaius tankervilleae were tested by ANOVA. The F values of ANOVA are presented in the
table, Means in each column followed by different letters were significantly different (P=0.05) as determined by LSD test,

Figure 4. Optical microscopic observation of Phaius tankervilleas (Barks) Blume roots inoculated with
Rhizoctonia sp. of orchid mycorrhizal fungus (R02) for 22 months and stained with aniline blue (0.05%). A,
Control. B, Root cortex cells of P. tankervifleae (Banks) as inoculated with R02.

after which pelotons formed until the entire root was also can be observed (Figure 5E and F). The
infected. This particular infection process is known as Mycorrhizal structures formed by different Rhizoctonia
tolypophagy. Plants infected with R15 or R19 also species in P. tankervilleae roots were all similar.
produced pelotons, the digested amorphous clumps The advantages of using mycorrhizal P. tankervilleae
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Figure 5. SEM observation of structural changes by hyphal infection in the cortex cells of Phajus
tankervifleas (Banks) Blume roots after inoculation with Rhizoctonia spp. of orchid mycorrhizal fungi
R02 (A-D), R15 (E), or R19 (F) for 22 months. A, Control. B, Root cortex cells of P tankervilleae
(Barks) Blume as incculated with R02. C, Root cortex cells of P tankervilleae (Banks) Blume as
inoculated with R0O2 and the formation of peloton (P). D, Later stages of pelotons (P), which were
digested in the roots of P fankervilleae (Banks) Blume as inoculated with R02. E, Later stages of
pelotons (P), which were digested in the root of P tankervilleas (Banks) Blume as inoculated with
R15. F, Later stages of pelotons (P), which were digested in the root of B tankervilleae (Banks)
Blume as inoculated with R19.

include an increased transplant survival rate for seed- reproductive growth, earlier flowering, increased number
lings grown in glassware. Tsai (2003}, Jin et al. (2009) of flower stalks, and increased flower count. Similar
and Smith et al. (2009) had similar results with other results were obtained by Lee et al. (1997), Chu (2000),
QOrchidaceae species. Inoculation with an appropriate Takahashi et al. (2008) and Smith et al. (2009) with other
OMF (R19) was thus beneficial for P tankervilleae Orchidaceae plants. Plants inoculated with the R02 isolate
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of Rhizoctonia sp. had higher total carbohydrate content
and more flower stalk length than did NM control plants;
those inoculated with RO2 also had a higher CO; fixation
rate (higher rate of photosynthesis). Inoculation with
orchid mycorrhizal fungi increased chlorophyll content
(Chu, 2000; Chou, 2004). The fungi also help turn plant
cellulose into carbohydrates that are easily absorbed,
and can act as a carbon source for orchids (Smith,
1966). Furthermore, OMF provides minerals, vitaming,
and other nutrients for plants (Bernard, 1911; Hadley,
1984; Alexander and Hadley, 1985), promotes the
absorption of nitrogen, phosphorus and potassium for
seedlings (Alexander and Hadley, 1984, Zhao et al,,
1999), and promotes plant growth and development,
which finally leads to better reproduc-tive growth than in
NM control plants. These results lead to the conclusion
that the symbiotic relationship between OMF and P.
tankervilleae enhances the photosynthetic rate, seedling
viability, and repro-duction growth. Many researches
focused on the Orchidaceae symbiosis with mycorrhizal
for resto-ration of orchids (Batty et al., 2001; Beltran-
Nambo et al., 2010). Further application of OMF may
preserve and restore the endangered orchid species for
future commercial production.

Conclusion

In conclusion, the inoculation of OMF was done with just
a small amount (about 0.3 g/plant) of inoculum under the
roots of orchid; hence, it was very simple. However, this
treatment could highly increase the survival rate, growth
and development of this orchid. Hopefully, this practice
will help to preserve and restore more of the endangered
orchid species.
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