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Orchids and mycorrhiza are known to have a symbiotic relationship that function

particularly in seed germination and also in promoting overall plant growth. It is

believed that a certain orchid mycorrhiza that functions to enhance plant growth also

lives symbiotically in the roots of Paphiopedilum barbatum. Thus, the objectives of this

research are to identify the mycorrhizal fungi that form a symbiosis with the terrestrial

tropical orchid, P. barbatum and evaluate its capabilities to enhance growth in certain

in vitro Paphiopedilum seedlings. Mycorrhizal fungi were isolated from the roots of P.

barbatum collected from five different locations in Peninsular Malaysia. Isolation of

fungi was carried out according to the Currah method for initial morphological

identification and then through molecular identification using the internal transcribed

spacer (ITS) region of nuclear ribosomal DNA of the isolates. The identified
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mycorrhiza was then inoculated on in vitro selected Paphiopedilum seedlings on a

double slanting media to observe mycorrhization and the occurrence of enhancement of

plant growth. Only one mycorrhiza was isolated and identified; namely Tulasnella

calospora (anamorph: Rhizoctonia repens) which is a ubiquitous orchid mycorrhiza.

Phylogenetic analyses with sequences originating from different hosts from different

countries indicated a close genetic relatedness of the sequences studied. In vitro

inoculation of T. calospora on seedlings from the Paphiopedilum genus after incubation

for 24 weeks showed a significant 1.1% increase in fresh weight in P. rothschildianum

with 68% root mycorrhization. However, no significant growth was observed in the

seedlings of P. sanderianum, P. gigantifolium x P. rothschildianum and P. esquirolei x

P. rothschildianum when inoculated with T. calospora after incubation for 24 weeks

even though each had 32%, 24% and 13% root mycorrhization. This preliminary

finding present an insight into the orchid mycorrhiza of the Paphiopedilum but a more

extensive study is needed to further explore this symbiotic relationship and furthermore

contribute in developing a beneficial application whether commercially or for the

conservation of this genus.
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Disember 2010
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Orkid dan mikoriza diketahui mempunyai hubungan simbiotik yang berfungsi

terutamanya dalam percambahan biji benih dan juga merangsang keseluruhan

pertumbuhan pokok. Oi percayai bahawa terdapat mikoriza orkid tertentu membantu

dalam pertumbuhan pokok yang hidup secara simbiotik di dalam akar Paphiopedilum

barbatum. Maka, objektif kajian ini adalah untuk mengenalpasti mikoriza yang boleh

membina hubungan simbiotik dengan orkid terestrial P. barbatum dan menguji

kebolehannya merangsangkan pertumbuhan dalam anak pokok tertentu dari genus

Paphiopedilum secara in vitro. Kulat mikoriza telah dipencilkankan dari akar P.

barbatum yang dikumpulkan dari lima lokasi yang berbeza di Semenanjung Malaysia.

Pemencilan telah dilakukan menggunakan kaedah Currah untuk pengenalpastian awal

IV

© C
OPYRIG

HT U
PM



secara morfologi dan kemudian menggunakan kaedah molekul dengan menggunakan

bahagian Internal Transcribed Spacer (ITS) dari DNA ribosom nukleus kulat tersebut.

Mikoriza yang telah dikenalpasti itu kemudiannya telah diinokulasi kepada anak pokok

Paphiopedilum yang terpilih secara in vitro di atas media dua sendeng untuk

memerhatikan mikorisasi dan kesannya ke atas pertumbuhan. Hanya satu mikoriza iaitu

Tulasnella calospora (anamorf: Rhizoctonia repens) iaitu mikoriza orkid yang am telah

dipencilkan dan dikenalpasti. Analisis filogenetik bersama jujukan DNA yang

diperolehi daripada perumah yang berbeza dan negara yang berbeza menunjukkan

perkaitan genetic yang rapat antara jujukan yang telah diuj i. Inokulasi secara in vitro, T.

calospora ke atas anak pokok dari genus Paphiopedilum selepas inkubasi selama 24

minggu menunjukkan peningkatan signifikan dari segi berat basah sebanyak 1.1% bagi

P. rothschildianum dengan 68% mikorisasi akar. Namun begitu, tiada peningkatan

pertumbuhan yang signifikan dapat dilihat bagi anak pokok P. sanderianum, P.

gigantifolium x P. rothschildianum dan P. esquirolei x P. Rothschildianum yang

diinokulasi dengan T. calospora selepas diinkubasi selama 24 minggu walaupun

masing-masing menunjukkan 32%, 24% dan 13% mikorisasi akar. Pertemuan awal ini

memberi maklumat awal tentang mikoriza orkid dalam Paphiopedilum tetapi kajian

yang lebih menyeluruh diperlukan untuk mendalami hubungan simbiotik ini dan

seterusnya menyumbang dalam pembangunan applikasi yang berguna sarna ada secara

komersial atau bagi tujuan konservasi genus ini.
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CHAPTER!

INTRODUCTION

The roots of a plant is by far one of the most important structures for plant performance

as the roots have direct contact with a substrate whether soil, water or other organic

mediums as a source of nutrients. In view of that, roots are affected by a complex array

of microorganisms that inhabit a variety of niches with their own function and purpose

in the substrate. Generally, these functions include nitrogen fixation, phosphate

solubilization, plant growth promotion, and biological control of plant pathogens.

This association between microorganisms and roots can be beneficial (water uptake, soil

stabilization, growth promotion, N2 fixation, biocontrol, antibiosis, symbiosis), harmful

(infection, phytoxicity) or neutral (nutrient flux, free enzyme release, attachment,

allelopathy, competition); depending on soil conditions (Rao, 1993). However, the

most beneficial microorganisms that associate with plants are soil inhabiting fungi that

form mutualistic associations with the root of plants, referred to as mycorrhizas (Smith

and Read, 1997).

According to Brundrett (2004), mycorrhiza is defined as a symbiotic association

essential for one or both partners, between a fungus (specialized for life in soils and

plants) and a root (or other substrate-contacting organ) of a living plant, that is primarily

responsible for nutrient transfer. Mycorrhizas occur in a specialized plant organ such as

the roots where intimate contact results from a synchronized plant-fungus development.
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This obligate relationship is particularly important in orchids as most orchids whether

terrestrial or epiphytic, are known to establish a mycorrhizal association in at least one

stage in their life cycle (Harvais and Hadley, 1967; Dearnaley, 2007; Stewart and Kane,

2007) or in the entire life cycle of chlorophyll-deficient species (Rasmussen, 1995).

The distinctiveness of mycorrhiza symbiosis in orch ids can be seen in the occurrence of

fungal interaction with embryo cells of germinating orchid seeds as well as with the

roots of seedlings and mature plants (Peterson et al., 2004). Orchid seeds are fairly

minute and lack the nutritional reserves available in other types of seeds. Therefore, in

nature, most orchids require the availability of mycorrhizal fungi as a carbon source to

initiate seed germination, facilitate protocorm development and seedling growth

(Rasmussen, 1995; Rasmussen and Whigham, 2002; Dong et al., 2008).

These orchid fungal symbionts are also known to produce cellulases and polyphenol

oxidases, enzymes that enable the fungi to digest soil organic matter to simple sugars

that may be utilized by both partners in the symbiosis (Peterson et al., 2004). Because

of this prevalent and imperative association, the term orchid mycorrhiza (OM) is used

exclusively for the mycorrhiza that occurs in orchids.

Most orchid mycorrhizal fungi are Basidiomycetes and belong to the form genus

Rhizoctonia, a diverse polyphyletic group of pathogens, endophytes, saprophytes and

mycorrhizal fungi (Warcup, 1981; Rasmussen, 1995; Currah et al., 1997). Even though

these fungi are known to be pathogenic to a variety of plants, they may also form

2
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beneficial symbiotic relationship with orchids, as can be seen by R. solani, an active

crop plant pathogen. Identification of these fungi is difficult due to the common

absence of sexual reproductive structures and inconsistent vegetative characters that are

traditionally used in morphological identification.

As most of orchid mycobionts are discovered to be from the Rhizoctonia s.l., certain

mycelial characters including the size and shape of moniloid cells, the formation of

sclerotia, enzyme activity and particularly the ultrastructures of the septal pore are

exclusively used to distinguish the sterile mycelia but only to the generic level (Zelmer

and Currah, 1995). Due to this, fungal systematics is rather incoherent with different

naming in taxa for the anamorph (fungal form with vegetative structures) and

teleomorph (fungal form which produces sexual reproductive structures) from that of

the same species (Currah et al., 1997).

The advance of molecular techniques has greatly facilitated the progress of

identification of mycorrhizal fungi (McCormick et al., 2004). Research in this field

relies mainly on PCR amplification of ribosomal DNA (rONA) sequences with nuclear

encoded small subunit (17S118S rONA) being the most common but nuclear encoded

rONA internal transcribed sequences (ITS), mitochondrial small subunit rONA (16S)

and nuclear encoded large subunit (25S rONA) are also utilized significantly for

research purposes (Gardes and Bruns, 1993; Kristiansen et al., 200 I; 2004; Otero et al.,

2005; Dearnaley, 2007; Giuseppe and Bellusci, 2009; Wright et al., 20 I0). Examples of

use of molecular techniques for mycorrhizal research are the study by Taylor and

3
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McCormick (2008) to characterize basidiomycetous orchid mycorrhizas using internal

transcribed spacer primer (ITS), molecular identification of orchid mycorrhizal fungi

using mitochondrial ribosomal large subunit DNA (Kristiansen et al., 2004) and a more

recent study by Shimura et al. (2009) using ITS for phylogenetic analyses. On the other

hand, random amplified polymorphic DNAs (RAPDs) and microsatellites have been far

less popular as molecular markers for mycorrhizal fungi (Barker and Larkan, 2002) as

ITS can provide a higher degree of variation even between closely related species.

The understanding of orchid mycorrhiza remains fragmented despite increase in

research over the past four to five decades and vast increase in information (Brundrett,

2002; McCormick et al., 2004). Tropical orchid mycorrhiza in particular has long been

neglected by researchers (Dixon et al., 2003) as studies on orchid mycorrhizal fungi

have long focused on orchids from temperate regions even though the majority of

orchids are tropical (Rasmussen, 1995). Even less studies on orchid mycorrhizal fungi

from Southeast Asia have been done with only known studies done by Ma et af. (2003),

Kristiansen et af. (2004) and Athipunyakom et al. (2004).

With the worldwide threat of extinction faced by the flora and fauna of the planet,

orchids are acknowledged to be among the most severely threatened. Orchid

conservation efforts are furthermore complicated due to a complex combination of

external and internal factors. The external factors are the commonly referred reasons

believed to cause extinction, such as habitat destruction and commercial exploitation

4
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while symbiotic relationships that are essential in the life of an orchid is held to be a

more difficult internal factor.

The unique association between orchids and their mycorrhiza is thought to present the

foremost limitations for orchid conservation. Orchid conservation practices currently

incorporate ex situ efforts that focus on isolation of mycorrhizal fungi used for artificial

germination of orchid seeds and later to supplement existing populations or introduced

to new areas of suitable habitat other than in situ efforts such as managing existing

orchid populations and assisted migration of orchid species to new sites (Swartz and

Dixon, 2009). However, in view of this, orchid conservation efforts in Malaysia still

lack the inclusion of a mycorrhizal approach as relatively few studies have ever been

done to investigate the mycorrhizas of Malaysian orchids (Jutta, 2007).

Orchid species from the genus Paphiopedilum (Orchidaceae) are among the most

widely cultivated and hybridized of the 912 orchid genera. Commonly referred as

Slipper Orchids, the Paphiopedilum is native to South China, India, Southeast Asia and

the Pacific Islands. They are highly popular in horticulture and a prized collection for

orchid lovers because of the flower's distinctively atypical form and rarity in nature.

However, mycorrhizal studies on the Paphiopedilum are surprisingly scarce even

though the significance of such knowledge is beneficial for conservation and even

commercial purposes of the genus. Paphiopedilum barbatum (Lind!.) Pfitzer is a

relatively more common species in Malaysia but increasingly threatened. A preliminary

study by Jutta (2007) discovered the presence of Rhizoctonia spp. which is a known

5
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OM when isolating endophytes from the roots of P. barbatum. This leads to the

hypothesis that certain orchid mycorrhizal fungi that are beneficial for plant growth live

symbiotically in the roots of P. barbatum. Thus, this study aims to isolate and identify

the mycorrhizal fungi associated with P. barbatum, a relatively widespread Malaysian

species in the Paphiopedilum genus and furthermore assess its growth enhancing

capabilities with Paphiopedilum plant materials in vitro.

1.1 Objectives:

The objectives of this study are:

1. To isolate and identify (via molecular techniques) mycorrhizal fungi In P.

barbatum.

2. To evaluate the growth performance of in vitro Paphiopedilum plant materials

inoculated with the isolated mycorrhiza.

6
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Ill:c()rrlli/al ':lllhil)"C". Plant alld S()iI2·1·1: I07-11().

ILII·ll)\\ ['\\'. I ()X(). I )illerclltial !'rm\th ill plallts a phenomenon that ()CCIlrS at
all level ... ()r or!,ani/;lti()ll. lnvironmcntal and l.xpcrimcurul Hot;IIlY 2'): I 5.

H;ltty !\ I.. Di xor: K \V. Hrundrcu M, Sivasithalllparalll K. 2()() I. l.onu-tcrm
...t()r;ll'c ()r my ccurh izal I"tllll'i and ...ccd as a tool [(1I' the conservation of clldallgcrcd
\\"c"tern Australian tcrrcvttia] orchids. Australian Journal o!' Hotany .1')( 5): (j I l) ()2X.

Ha:lllan 1'. Lebron 1.1.1 rcmblay RI .. I.()dge 1).1. Il)(n. Vari.u ion ill endophytic
I"tllll,i rr()111 m()h and Iea\c" ()f r(·/It'lltlin ( )rchidaceae). Nc\V I'hytologist 135: 1.1.\-1.1').

Ha:lllall 1', (i()ll/;til'll..l. 1lIIIICro .1.1, Trclllhiay I{I .. 2()()2. Are flillgi Ileccssary?
Ill)\\ rUll!,icide elICct ).'n)\\ th ;llld \lIrviv;ti of the orchid !.('lllII/tl/('s 1"/I!I<'stris ill tlte ficld .
.Iollrn;ti ()11.c()lo!,y ()o: I ()()2-1 O(JX.

IkardlllOrc .I, ['en' (il. I l)X I. 1\ techlliqlle fi)r the estahlislllllcilt of IlIyc()rrhi/al
illICcti()1l ill orchid ti\<"lIl'l'rll\\1l ill a"eplic cultllrc. Nc\V Pltytoto).',ist X7: 527-'i35.

Ikll/illL' I )11. I ()X2. \ lyc()nhi/al illICctiolls of epiphytic orcltids ill southcrn
Ilmid;1. Aillericall ()rchid S()ciety Hlilletill 'i I: () I X ()22.

HOlmarde;lu.\ Y. Hrlllldrctt M, Batty A, Dixoll K, Koch .I,
SiV;I\ithalllp;lr;lIll K. 2(J07. I )i,er\ity of Illycorrhi/al flillgi of" terrcstrial orchids:
ClllllP;ltihility \\ch", hricf Cllcoullters, lastillg relatiollships alld aliell illvasi()lls.
\IYCllI()t,ical l{e\e;lrch I II: 5 I () I.

HOII!,Ollre J.I, H()u!,Ollre DS, ('airney .IW, Ikarnaley .ID. 2()()'i. ITS-RI'!,P alld
\eqllellce ;1Il;ily"is ()j" elld()pllytes fmlll /lcillll/lllls. ('II/m/('lIill alld !'/('rllsty/is
« )rcltidaceae) ill \()lItilc;l\tern ()lIeell'.lalld. Mycol()gical Research I (Jl)(·l): .1'i2-.1()().

HOlI!,Ollre .I, I.Uth\ it' \1. Ihlllldrett M, (iricrsoll P. 2()()1). ItfLolltity alld specificity
of the fllll).'i jill·llIill).' Ill: corrhi/a\ with the rarc Illycohcterotrophic orchid Rhi;:{/Il/I/('1/11
.l:1I1"1/I/('/"i \lyc()lo).'icall{c\carclt 113: I (Jln-II (J().
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Ilr;lelll (d. (ILlrk" O, \bq'<lrel I .. I <)<)X. /I/(' (;<'111/1 l'al'lJili/wdilllll/' Nalllral
l Iistorv IIlId Cuh ivnticn: (Vol, I). (ISA (Florida): Ilol<lllic<ll I'uhlixhcrx. p. I-I ),1.

Hrundrctt \ 1. 2(J(J2. Coevolution of' wols and mycorrhivas of' land pl.uu-; Nc«
Ph:[(do~'i\l I ~,I: 27~ 1(11,

Hrundrctt \I( . SC;llk J\. Ilally AI .. l iixou K W. SiV;lsilhalllp;lralll K. 20()l.
I k\ell)plllL'1I1 01 ill sit u ;1I1d <'x sit u seed hailillg techniques to detect mycorrhizal f'llll)'i
Iron: tcrrevtri.rl orchid hahit.rt«. \ lycolo)'ical Research I 07( IO): 1210-1220.

Hrundrctt \1<, 2(J()·1. l rivcrxit , and classilicalioll of' mycorrhizal ;lssoci;llioIiS.
llioll)c'ic;t1 I{nic\\ 71): ,I13-·II)'i.

llur~Lll II. 11),;2. Saprophylisllllls und SYlllbiose. Studicn all tropixchcn
Orchidccn . Jcna: I i-chcr. p. 2·jl),

l Iurpcc 1,1,. S;lIlders P( '. Co!c II. Sherwood RT. 19X(). ;\lIaslolllosis t'I'OUpS
;1I1l1)1It' i"olalLs o f ( 'cratulmsidi uin corntsicrmn and related f'ullgi. Mycoloui.. 72: ()Xl)_
7() I.

Cameron 1)1) . .lohnson I. l.cakc JR. l{e;ld 1).1. 2{){)7. Mycorrhizal acquisition of
illor!'<llIic phovphorux hy the ~'rl'LlI-kaved tcrrcxtrial orchid (;lIlIdl'('/'i/ 1'('/1('111. ;\1I11;t1So l'
1l()lallY 1)1):XII-X3.1.

(';II11CI'OII 1)1) . Johnson I. Read 1).1. l.cakc JR. 2()()X. (iivillg and rcccrvuig:
Ille;lsurillt' the carbon co"l of' ruycorrhizu« III lh\: green orchid. (;I1I1{~I'('r(/ /'('jI(,lll. New
PhYlolot'isl IX()( I): 17()-1 X,I.

(';lIllnOIl 1)1). I,eak\: JR. RC<lJ 1).1. 2()()(). Mulu<llislic Illycorrhila ill orchids:
\:\idcllc\: fr()111pl<llll-hlllt'lIS carboll alld lIilro~'\:1I lr<lnsll:rs ill the t',r\:en-Ieaved lerreslrial
orchid (;(}(J{fI('/'i/ 1'l'f!('IIS, '\C\\ Phylolo~'isl 171: ,10)-,11 ().

('arlilll2 1)1 .. ROlhrock (·S. M;lcNish (is. S\V\:clillghalll MW. Brainard KA.
Willlns SW. 11)(),1. ('haraclnilalion of ;Inasloillosis group II (;\(i-II) of' RlJi::'IIc/lIllia
s(JIi/lli Phylopalholl)!'.y X·I: I ()()<)-I () 12.

('<lrlill~ 1)1. Pope 1-..1. Hr<lin<lrd K;\. ('arIel' D;\. I<)(N. ('har-
aclni/alioll oJ' IIl\corrhi/<l1 isolalL:s of' RlJi::'IIc/()lIia I()/alli lI'olll all orchid.
illcludillg A( i-12. <I 11\:\\ ;lIlaslolllosi" )'roup. Phylopalhology Xl): ()'12-<),I().

('arroll (i( '. I ()(h. I'oresl elldophylL's: pallern and process. ('alladian Journal of'
HOlallY 13: 131 ()-132·1.

('arroll (i( '. I ()X(). lungal endophYles in stellls alld leaves: h'OIlI latellt pathogell
10 Illlllualislic s;'lllbionl. Lcolot'Y ()(): 2-9.

© C
OPYRIG

HT U
PM



( :111<"1(,( . ( :111<"1II 1(17X. Stlldie\ oil till' incidence or coni lcrou- needle
l'lld('pil:-k, ill till' 1':llilil '\llltlJ\\l",1. (':III:ldi;11l ,I0urn aI or Ilotall) )(,:\() \.I \()";.

( L:IIJ\\:I\ ( I', I (1(1(" I Ildl'pil) tl",: ihcvrc not illst i'111l)'i' (';III;ldiall .IOIIIll;t1 oi'
HIJ(:IIl\ 7·': ;.' 1- ;.'.'.

(il:IPlll:11l S( , ILIITetl' 11.1.1(1117.I [',ill)';1 chlorophyl l uutcr to l",tilll:llL' SIlL'cilic
k;tI nitrovcn II! tl<'pic;t1 mai,«: durin» \e)'el:ltive ,'r()\\tll. ;\"1'011(111) .I1111l1l;t1X(I: ')"7-
')(,.)

(Iu-n I Y. ( hen .II. ( il:III)' \\(' (_'()(J.l) i\1tiltipk ..!root lilllll:ltioll .md phllt

rl'~'l'lln;ltioll lrom ',kill 1IIIlLiI e.\pLlllh or 1'(lIJllill/l('dill/lII orchid-, III "il!"11 1'1;lllt,x:
')11') ')(17,

(ilell I Y. ( hen .II. ( 1J;j11~'\\'(', ~~OO,Ia,Multiple "iloot lunu.u ion and plant
rl'~'l'IlL'l";lti('1l throuvh direct ',iloot bud Iorm.u ion lroru leaf culturc-, or 1'(lIJ/lill/l('dill/lII
(Jrc!rid'" III "ill'll ce!l I)n clopmcnt Iliolol') o ll'Iant. IX: )(»)-)(!7,

lien I Y. ( hen .II. ( !ralll' \\'(, .'()O,lh, Plant re)'elll'l'atioll tilroll)'il direct siloot
hud Ionu.u ion !I<JllI k;tI culiur« 01 l'tI/,hill!I<,dill/lII orchid«. Plant ('ell, Ti"slIe ;lIld (Jrl'all
(1Iltlllc 7(,: I I-I ",

( !rll!'il S, (,ldl;1 S, l<:tll II , :)()()II. ~lil'J'0p(()p;I)'atioll or orcilids: ;\ reVll'\\ Oil till'
pOlL'lltial oidilll:rellt C\pbllt·" SCil'llti;1 Ilortiuiltliral' I:~:~: )07-):'0,

(IllS [lllkrlll't[, [lIpd;ltl'd :)()(JX ,ltil)' .~II, Swit/LTlalld: ('Oll\l'lltioll Oil
IlltLTIl:ltillll;t1 I r;ldc ill I Ild:IIII'L'I"L'l1 SPl'l'il'S or Wild 1;llllla alld 1101';1« 'II LS): [citl'd
2() I () \1ay; II. :\ \ aibhle Inllll: ilttp:!/\\ \\ w.citl's,(lr)'/l'olllllloll/rl')',iL' Illl,iltlld

IeIIlCIll'. \1\, IIIXX, (Jrcllid 11I:l'(IITili/;t1 a\\oci;lti(1I1",I,illdkyall;II:7; XI,.

'ribh 1'.1. III(IX, Ih,' ,!~('IIII\ 1'(I!Jhillf/('dill/lII, HOIlll'o: N;ltllJ'al Ili.,torv
I'llblicltioll'" p,\.I-1 (1'1,

('rihh 1'.1,I(ell SI' I )i\oll I( \\', H;IITl'tt I{I .. :~OOI, (Jreilid cOllsl'I'vatioll - a )'Iobal
per'.llLTti\ l', Ill: I)i\OII I( \\', I(ell SI', ILIITett I{ I .. ('rihh 1'.1(L"(i'», ()re'hid ('III/I('/Ttllillll,
HOrJleo: '\;ltllJ';t1 Ili·.tory 1'lIhlicltiollS, p, 1-:),1.

('rllicb!r;lIlk I{II. I (IX,. I )i"tillctioll hl't\\l'l'll .\c/('/'lIlillill SPl'Cil'S hv tirl'ir pl'ctic
1:IlHI!'r;IIll'., I LIIl',:lltioll" olt!re Ihiti·.il ~l)l'olo)'ical SOCil'ty X(): 117-11(1,

(IIrrdll{S, S!rnhllrlll' I{, 1(1(1:',Sl'pt;t1Ii1tr;l\trllctllrl' or SOllie ,'IIIl)'all'lldopilytcs
Inlill horl';t1 orcilid IIl:l<IITili/:I\. \l:col(I)'il,;t1 l{cse;lrclr (i(,: r;X.l )X7,
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(urral: I<S. /ehller (·I). l lamhlcton S. I<ich;lrdsoll I\.A. I 'l')], hlll!'i Irou: orchid
Ill)COIThi;;I'. Ill: Ardiui .I. Prid!'l'oll AI' (cdx). ()rcl!id /liO/ogl'. N('\'i('\1'\ IIl1d
/'('/'I/h'clil·('I. Dordrccht: KIII\\l'I' Ac.idcmic l'uhlixhcrx, p. 117 170.

{'lIrti, .I I. I (»)<).I hl' rcl.n ion of' xpccificity of' orchid mycorrhiv.rl f'1"1!'i to thl'
problem of':-,) Illhime:-,. American .I1I1'1laI of' l lol.my 2(1:1(1().

Dauradc-I.c V;I~'lIere:-,:-,e \111. I<omiti (', {jrosdlllde {', HOllllias 1\1. 2001.
{'oC\ollitioll;lry toxicity a:-, <,ll!'!'l':-,tl'd hy differential conilcryl alcohol inhibition of'
('('rll/ocl'I/is ,pecie:-' !,ro\\th.1 ox icon ,1'): 201-20X.

Dc.unalcv .ID\\·. 2()()7. lurthcr advances "I orchid mycorrhiza] research.
\1)corrhi;a 17: ·17)-·IX(I.

Dixon K \\'. Kcll SP. Harrell RL. Cribb P.I. 20(H. Orchid conservation. l ioruco:
'\;ltttrallli,tory l'ublic.uion. p. 1-2·1.

DOll!, Y. /hll '{( j. Smith lA. \\';In)' YS, Chen HD. 2()()X. Arbuscular mycorrhiz«
l'nhanCl'd arvcnic rcxivt.mcc of' hoth white clover t.Triloliu», /'('f!I'II.I· I.inn.) and ryegrass
(1.()/illlll /1('/"(,1111(,I .. ) planh ill ;111 arscnic-coutaminutcd soil. lnvironrncntal Pollution
1))(I):17·1-IXI.

D{)\\Ilie 1)( i. 1<))<). '1 he mycorrhiz« of' Orchis 1111I'flI//'(o//lI. Transactions of' the
Proceedin~'s ofthe Botanical Society of' ldinburp}: IX: I ().

Dressler R I..2(JO·1. I low man)' species'! Selhyana 2(1: 1.s.s-I.sX.

Llizabctl: Arnold A. l.utzoni F. 20()7. Diversity and host range of' f(lliar f'ungal
endophytl':-': are tropicallcavl':-' hiodiversity hohpots'! i-:cology XXn): .soil .s,I<).

I'adelah AIL /ah;lrah II. ROIlaily /, Nuraini I. Tall SW, Ilamidah II. 2()()1.
()rchids: the I.iving .Ie\\ l'ls of' Malaysia. Mabysian Agricultural Researeh and
Ikvelopml'nt Institllte. \lalaysia. p. I (IO-17().

hsher P.I, Petrini (). 1<)<)2. I'un!:'al saprohes and pathogens as endophytes of' rice
((h:l':::lIslI/il'ill .. ). '\ew Phytologi:-,t 120: 117-1,11.

Iriihlich J, Ilyde KD. Petrini O. 2()()(). i-:ndophYlic f'ungi associated with palms.
\lycological Research I (J.l: 1202-1212.

I'under S. I <)(,X. Practical \1ycology. Manual fi)r I(knlific;llion of' I·ungi. Ncw
'fork: lfaf'ner Puhlishing. p. 10-1·1(1.

(iardes \1, Bruns I I). I <N3. ITS primers wilh enhanced speci ficilY fill'
HWitiiotnl'c('/!',,-applicatiol1 to the idl'l1tificatiol1 of' mycorrhiz;le alld rusts. Molecular
Leolog), 2: 111-1 IX.
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(il:lh;1 K. VikiflL'\\\;IlY S. \V011!' WII. Sd;i T. Ward 1\, (ioodkll()\\ 1\1. 2()().1.
h;lr;lclL'ri/;lliofl or \l:kUnl i\olall:s or indivcnou-, ......,I"<'I'/(IINI'('c·s species and ev;t1u;lliofl

or their :1l11irllfl!';t1 ;'Cli\ily ;1~';lifl\l '>L'kcted plant patl}()I'ellic rUIl!'i. Malay,>iall .lournal or
SciencL' 2,(2):17-·17.

(iiu\l:ppe 1'. Ikllu\ci I. 2()()C). Molecular idelltificatioll or lllycOlThi/;t1 rllll!'i III

/)uCld(J,.hi::u sumbncin« « lrchidacL·;le). Biolol/ia (l'I(')): xcn-xcn.

(iCl\\hlld K\1. 2007. l'lldcr'>talldill), the dixuibntion o lthrcc xpccic-, or epiphytic
orchids in temperate Australian raillf()re'>t by illvestil';ltioll or their host alld rllll~';t1
a'>\ocialL:<.,. 1.;1l1ke,>lL'rian;1 7: ·I·I-.I().

(ir{)nbcr!, II. Paulin I.. Sell I{. 20tH. ITS probe development lor specific
(kteuioll or Rhizoctonia xpp. .uu] ......uillus bovines based on Southerll hlot and liquid
h: hridi/ati{)11 rr;l!'nlellt lcnvrh p{)IYlllorphislll. Mycological Research I ()7(.1): .12X-.I\X.

(i);lne<.,Il\\;lr 1'. .lamc-, I.K, Math.u: N, Reddy I'M, Reinhold- l Iurck B, l.adh.i .I
K. 200 I. 1.lld{)phytic coloniz.u ion or rice hy a diazotr{)phic strnin or ......crrati«
II/U"C('\CC·//I . Jourual or Ibcteri{)I{)!,y IX.l: 2().\·1 2()'1,).

11;,dlcy (i. Icno. '\on-,>pecificity or symhioti« iulcct ion III orchid mycorrhiza.
\:e\\ I'h) t{)I()!,i'>t ()C):10 I ') 1023.

l ladlc-, (i. I C)X2. Orchid Illycorrhi/a. Ill: I\rditli .I, editor. (),.chid i1i%gl'.
!<C'\'it'\\1 ulld 1'('I'I/!(,cli\'('I, \{)f. ii. New York: ('()rIlL'II l illivL'rsity PrL'ss. p. X:\-I IX.

I farley .11 .. Slllith SI .. I CJXl. Myc()rrhizal SYlllhiosis. I.olldoll: I\cadeillic Press
Illc. p. 2()X-2()X.

Ilarvais (i. Iladley (i. I ()()7.1 he relatioll hL'twL'ell host ;lIld elldophyte in orehid
Ill) COlThi/a. '\e\\ I'h) lol()h'i'>t ()(): 20:'i-21 ').

Iluang 1.('. IC)XX. 1\ procedure f(lI' asexual ll11dtiplication or l'u/)liioI'C'di/1I11/ III

vitro. Aillerican (!rchid Socidy Bulletill 57: 27-1-27X.

Iluallg I.C·. I.ill ('.1. Kuo ('J. Iluallg BI" MurashigL' T. 2()()1. l'ul'liill/)C'di/1111/
cIon ill!, ill I'ilm, Scielltia I lorticulturae C)I: I I I - I2 I.

I bu BD. 20()7, (lll the possihility or thillg chlorophyll lluorL'scL'llce paralllctL'r
as all illdirvct indicator f()r the growth or 1'lw/{[C'lIl1l'sis seL'dlillgs. I'lant Sciellce 172:
()O,I-()OX.

I foltulll RI-.. IC)(d, ;\ Revi,>ed !-Iora or Malaya. Vol. I. (lrchids or Malaya.
Sillgapore: (imerllillellt Printing (lflice, p. 75().
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l lyakumachi \1. (iii. I ()X7. Non self :lIlast()lll()sinl', is()l:ttcs of Nhi=(}c/(}lIill
soluni obtained Iroru Iicld-, of su!':tr beet monoculturc. Trallscripts of the Ihitish
\IJc()I()~ic;t1 Society Xl): 1)5 I).

1( ''\ 20()<). I(:('~ Rcd List ()f'1 hre.ucncd Speeics. Version 200().2. I( 'ired OX
March 20101. Available Irom vvww.iucnrcdlist.org

Joncr LI, Jakobsen I. I ()()5. (;rmvth and extracellular phosph:tk activity of
arhuxcular Illycorrhi/al hyphae as influenced by s()il OJ'l'anic mutter. S()il Hi()I().l'Y and
Hiochcruistrv (): 11)1 1159 .

Jones DI.. I ()<)3. l'tcrostvlis. III: l lardcn (i.I. editor. N(}/'{/ (}j N('1l' S(}I1/h 1I'1I1('s.
Kcnsinuron: '\CV\ S()uth Waks Univcrxity l'rcxs. p. 5:L

Jumpponcn A, Trappe .1M. I ()()X. Dark-septate root cndophyics: a review with
special reference to facultuti vc biotrophic symbiosis. New Phytologist 1,10: 2(») :\ I ().

Juna \1. 2007. Diversity or f'ungal root cndophytcx in j'(/j,hi(}l'('dillllll barbutum
( )rchidaccac) from selected ill sit n and «.v slt n sites in I'cninsular Malaysia.
(Inpuhlishcd. Univcrsiti Putra Malaysia. p. )()-7(),

Jutta \1. luridah ()/. 20()(l. Conxcrvution st:ttllS of' the Malaysian Slipper
Orchids: j'II!,hi(}!)(,dillllll Ptill. ( )rchidaccac). I'olia Malaysiana 7: <>-1X.

.Iulla M, bridah ()/, Salkh H, I'aridah A. 2007. Root cndophYks: a new
dilllcnsion in plant conservati()n'! 'I hc Malaysian I'orcstcr 70( I): 13-21.

Kicw R. I()')I. Hotanical sllrwy of'thc lilllestone hills in Perak. In: Kiew R (l-:d).
A ('()nscrvation Asseslllcnt of' I,illlestone Ilills in the Kinta Valley. KlIala l,lIlllpur:
\1alaysia i\ature Socicty. !-inal Report MNS Projcct I/()O. p. 1-7.

KlIldau (;/\, Yatcs II .. 200(). Lvidcnce till' FIIS(/I'illlll endophytes in cllitivated
and wild plants. In: Hacon CW, White.lr.ll-, editors. "'ic/'()hilllj~'I/(/(}!'hy/cs. New York:
Dcckcr. p. X5 117.

Kristiansen KA. TaylOJ' 1)1., Kjolkr R. Raslllllssell liN. I{osendahl S. 20() I.
Idcntification of' lIlycorrhi/al f't1l1tc'i f'r()1Il single pelotons of' f)(/c/ylol'hi=lI I//{Jill/is
( )rchidaccae) using singk-strand contill'lllatioll polYlllorphislll alld lIlitochondrial
ribosolllal large suhunit D\:A scquences. Mokclliar I':cology I (): 2()X()-20()3.

Kristianscn KA. hClldcnskin .IV. Raslllllssen FN. Raslllllsscn liN. 20().1.
M()lecular idcntification ()f' lllycOJ'rhi/al f'ungi in NClIIl'icdili \'(,/'{//I'iji,lia ( )n.:hidaccae).
Mokcular Phylogcnetic Lv()llItion 33: 251 25X.
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1:ldlu H~. I riol-Padrc /\. 1'11l11:d:1I1(i(', ('a"till() I'" Sill!'h [I. I{cddy ('K, I ()()X,
\;()JI-lk"trtlcti\c L".tilll:lti()11 oj' ',hoot llitro!'CII ill di lfcrcu: rice !'.L'I]()typl'''. /\!'rollolll}
Journal ()():\\-·I(J.

lc.il:c .IIC I {)().1. I he hiolo!'} o l ruyco-hctcrorrophic '\:Iproph) tic' PIan Is. 0,'L'\\
I'h} t("(wi"t 127: 171 :~I ().

I.i :\. 1.1H)Y. (ic S . :~()()2. ;\ prc liminary study Oil conxcrv.u ion !'cllctic'> or :111
L'lld:IIl!'ncd orchid (/'II!ihilJ!h'di!1I111 lIIicrllll/llI/lII) Iron: SOlltll\\cstLTIl Chin«.
HiochL'lllied (iCIlCtic, .j(J: I ()~-2() I.

I ill 'I'll. (hail,' (. (hall!' W(', 2()()O, I'l:illt rq'clIL'l'atioll Irom callu-, culture oj' a
/'IIJlhill!h'di!1I111 h) brid Plunt Cell. I i\\lIC and ()q':111 Culture ()2: :~I-:~~.

I ill I. liu K. (hcll I. Ici S. r.: I" Shi X, I I1IaII)', I .. 200(). Conxcrv.rt ion ccolo!'y
or vnd.uiucrcd \pccic,> /'II!ihill!h'di!1I111 1I,.,IIClliOCII/II ( Jrchidacc.ic). Acta Lcolo!'iL':1
Sillic:1 2()(»): 27() 1-2X()(),

1.\ C I), 2(J()(). ('har1illl' the i,>ophasic endophyte or I hvarr Mistletoe
,·lrcclI/llldlilllll dIl11.!:/iI\ii (Vi'>L':lu:ac) ill ho\t apical hi Ids. Auual-. or l lotanv (>7: ()~I
()(d,

\Ia \1. I :111I K. \\'Oll!' S\1. 20(H. ldcntific.uion and molccul.rr phylo!!cIlY or
J-.jlll/urhi::11 i\()l:itc\ lrom tropical orchids. Mycolopicnl Rcscurch 107: 10,11 IO,jl).

\!ark\\cll.l. (htel'ln:11l .1('. \litchell .II .. I()l)~. ('alihratioll Or the Millolta SPAI)-
~()2 k:II'chloroph) II IlIL'IL'r. I'hotm}llthesis I{cseareh ,H): '1()7-,17:~.

.\!a\lIhara (i. K:lhll) a K. I ()XI), 1,lfects or IllycolThi/al hUlI_'iOil sccd !-'cJ'lnillatioll
:IIHI L'arl) ~'r()\\ th oj tlllL'C tLTrL'\trial .IapallC\C orchids. Sciclltia IlmticlIltllJ'acl7: .13 1_
3.)7.

\!a ...lIhar:1 (i. Kahlly:1 K. I ()I).1. /11 si/II :lIld ill I'i//'() spccilicity hCt\\Cl'll
J<hi::uc/ullill \PP, :lI1d ,\jlinlll/Il<'s .lillCIISis (l'crsoOIl) AIllCS, V:II".alllOClla (M, Hichcr1sicll)
Ilar:1 « hchidaccac). \;C\\ I'h) tolo!-,i\t 127:711 71X,

.\Ic( 'ormick '\IK. \\hit-'ham 1)1" (rNcill .I. 200,1. MycolThi/al diversity III
photo,» Ilthctic It:lTc\trial orchilb. \:C\v I'hytolo!'ist I (d: ·12.') ·I.\X.

\lC<'Ol'lllick '\IK. \\hi!'h:lIll 1)1. Slo:1I1 I), (rMallcy 1\., IlodkillSOIl H. 2()O().
()rchid-rllll!'ll\ lilklit): :1m:llri:I!'C IlIL'allt to last'! i-:C()loI'Y X7: ()O.l-()II .

.\lcKclldrick SI.. Lcakc JR,I aylm 1)1., l{L'ad 1 ).1, 20(J(), SymhiotiL' gcrmillatioll
:lI1d dnclopmcllt or myco-hctcrotrophic plallts ill llatllJ'c: olltol'l.'IlY of ('lif'll!!Ii,.hi::o
/rilido alld charactcri/atioll or ih mycorrhi/al fllllgi. Ncw I'hytolo)',ist 1·1.'):~2.l-),n.
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\kllki' .. \. \·;l'.ili;lll'Ll'. 1<. 1 ;Iylor AIS Sll'lllid .I, I'illlay I{. :~()()~. 1111l)'al
counnunii ic-, ill IlI:l(lrriJi/;til<l(lt'. olconi lcr ~'l'L'dlilll''; ill 1()!·L·...t nurxcric-. under di lfcrcru
cuh i , :lti(lIl ',\ .tcm i , :l'.,L",',L'l1 h: Ill()rpil()typilll', dirL'ct"L'qlIL'llcilll' .uid mvccl ial
i',(Ii:tti(lIl \hL<lIlili/;l 1(,: ; ,-·11.

\l(I(lrL' 1< I. 1(IS7. I he !'L'IILT:I ()I' Nhi::lic/lillill-likl' I'lllll'.i: :Is('lirhi::lic/lillill,
('cr"!(}rhi::,, :'L'II. 11(1\.. 'plI/llrlll::1I .!'L'II. Il()V.. ,\llilli/iIiIISis, and Nhi::lic/lillill. ~hC()ta\()1l
:)(1: (I I (1(1.

\lorduc .11 \1. (1Ilr:!I1 I<S. Ilrid)'c I'D. I()X(). All illtL'l'rall'd appro.uh t()
NIII::(}c/(}lIill LI\()Il<lIl1\: cultur.il. hi()cilL'Illic;t1 and IlUIlILTic;t1 techniques. Mycol()l'ic;t1
I<L",L';llcil (I.:: 7X-(I().

'vlukcrj i 1--:(I. \LtIl(lil;lr:lcll;lr: (', ('il;IIll()la HI'. ::()():~,ll'cillliqlIL'''' ill ~l)corrili/;t1
Studic'>. ~ctilL'ri:tll(k 1--:11I\\n:\CldL'Illic l'uhli ...hers. p. SS3.

\lura -,hir-e I. Sk()(I)' I. I (I():'. A revived medium I()r rapid l'J'()\\til and i>ioa,\ay\
\\ ith t()h:1CC(1ti"",IIL' culture -. I'il: '.i(ll(wy Plnnt IS: ·P)S-·I(n.

~:lll (il . I :lIlL' ( S, Kuchnl« /\IC Kudo ('I. I ()(n. /)('IIt/mhil/lll orchid ...contain all
inducer (II' .1.::r(Jhllc/('I'illlll inducer !'L·Ill·....l'ily ...i()I()I'Y and Molecular Pl.uu 1';ltilol()),y S I:
; (I I - ,(I()

~!' <"y, ~(lriil;IIl \lS, I :llid;!I1 ()/.. :)() I (). III vitro lllliitipliC;lti()1l or tilL' r;m: alld
CIHLiIl!'nl'd ...Iippn ()fcilid. 1'lIllhi(Jf/(·t/i/1/1II mlhschi/dilllllllil ( lrcilidacl';lcJ. Arrican
J(IUrll:ti (II' Hi(ltl'c111l(d(l!': (I( 1·1): :l()()::-::()(IX.

~(lllt;ICil:li:;lP()(IIlI S, S:I...ir;lt S, \1:iIl()cil I .. 2()1(). Is()I;lti()1l ;lIld idcntificati()ll ()I'
Nhi~'lIctllllill-likc l'ull)'i I'r(llll r()()t...()r t!llL'C ()fcilid l'l'llera, l'lif/hioIWt/i/lIIl1. I )('IIt/rohi/1I11
;lIld (·\11/hit/illlll. c(lllccll'd ill (iliall!' I<ai ;1I1d ('ili;lll)' Mai provinces ()I' Thail;lIld.
\l:c()ITili/a IllltL'rIJL'tl. Icitl'd ::010 () I'ci>ruaryl: Availahle li'Olll:
http://\\\\\\ ....prill!_'crlillk.C<IIlliC<llltcllt/\ I 1\ I ()()XSIll.l()L:il()

(Her(l .J I, :\CkCllll;lII .11), ILIYIll;11l 1'. 2()()2, I )iversity alld host specilicity or
L'lld(lpilytic Nhi::lic/Ii/lill-likc f'tIIl)'i I'[()!ll tropical orchids. AlIleric;1Il Joul'llal of HotallY
X(I: I X'i2 I X'iX.

(Hcro .II, :\CkCllll:lll JD, ILtylll:1Il 1'. 2()()·1. Diversity ill Ill),colThi/al prl'l'crcllces
hct\\L'L'1l t\\(1 tr<ipical urcilid.,. \l(1lcL'lIi;lr Ic()lo)'y I I: 2.1()1 2.1().1.

(HeJ() .I I. :\CkCllll;lll .11), ILl: Ill;1Il 1'. ::()()'i. Variati()ll ill lIlycolTili/al perl(>rIllallCC
III till' cpiplt: tic OIcilid/i'/III11/1ill \'lIri('_::II!lI ill \'ilm: tltc p()telltial fill' natural selectioll.
1-.\ ()Iuti()llary I-.C()IOL'yI(J: 2() .1.\.

(Hero .II, llallai-'all ~S, Ilnrc I-.A , Ackerlllall ,II), BaYllJ:lll 1', 2(){)7, Widcspread
lIlycorrili/;t1 <,pccilicit: c()ITelatcs t() IllYC()lTili/al fUllCtioll ill tltc Ilcotropical. cpipltytic
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orehid 111111'11\/\ IItrUII/"rllI/cI,'1 « )lcilid;ll'l';ll'), :\IIIL'I'il';1I1 .lournal 01' 1101;111\(),I( I.~):
I()I,I-I ()'-(I

1';IIIIIl'lnll<, \\ ilillil': 11\, I (170, I ;L\()III)IIIY .ind IIOlIll'lIChlllll' 01' the imperfect
'.I;IIL', III: 1';tlllIl'ln .11<. l'llilol, NJI/;."(I(/IIII;I/ ,\(1/1/11;: iI;(}/(}gl' 1/1/(/ j'l//h(}/(}gl', Iklkek:
« :\1: ( lIi\LT,il\ "I( ;lilollli;II'll",'" p7 I(),

I'L'ln(lll 1<1 \ l;r,',illllll' IIIL \klvilil' l.f L .1()(),1,0.hl'()lIili/;I\: :\11;1111111\.uid
cCII hi I ,J I '" v . I K: ( ,\ III I'll h li, il i IIp, p, 1.1')- I ,1,1.

1'L'llilli (), 11)1)1,1111I~';1il'II(IOpilyll'\ 01' tree lcavvs. III: Alldrl'\\', .III. Ilil;IIIO SS,
cdilm",I//i'llIh/lI/ rlll/II,!:1 11//('1/1'('1. ~l'\\ York: Splilll'n-Vnh!" p. 17() 1(17,

I'c: IOIll'I II. I ;J<-, i II. 111111;111;1A, Ir;JPllL' .1M, I 'us'), IClllliIIOIIl)'Y 01' III\CllIllli/;JC,
\1:lI,Jo~'i;J t, I: ,II () ,II,

l'illId, r. 1riboun 1', :l()()X, Wild orchid conscrv.uion lor ccoiourivm ill l hailund.
AlI;1 II(lniclIIIIILIL' 7XX: (,'l-7("

Picrik I{ I \1. Spll'lIkcl" 1':\, V;III l icr 11;11",1II, V;III I kl Mcv-, ()< i, I ()XX. Sccd
!'l'IlIlill;llioll and further dn clopincnt 01' phlilkh 01' j'l/l'h;II/lt'dillllll (';I;(}/I/r(' I'lil/. ;11

vitro SCiCllli;1 I 11111icul: III;Jl' "I: I,()-I ')'.

Pictcr-,c < \1'.;, l iickc \1. :1()()7, PI;JIII intcr.ut ioux with microhc-, .uid illscct<.:
1'10111molecular IlIl'Cil;lIli"lIh 10 l'CI,JO!'y, I rcnd, ill I'I;JIII SCiCIICl' I :~: ')(),I-')()'),

l'IIII;I\-:\ILIIO .'\. 1l;1:11I;11II', :lO(J7, \lycorrlli/;iI i'rllll,i 01' Vanilla: diver .. itv,
\pccilicil: and dkch Oil seed )'l'nllill;Jlioli ;lIId phlll I'('()\\III. ivlycol0l'ia 1)1)(,1): ') 10_
,):)'),

1{;Il'liL-r ('. Illod;l 1'. I ()X'-, Ibpid 11Il'p;JI;llioll 01' I )NA li'olll lihllll'lIlollS hllll'i,
I.CIIL'l'" ill ,\pplil'd \liclIlhiolo!'y I: 17-:)0,

I{;l() '.;S, I')(n, Ilioknili/n'. ill a)'liclllllII'l' alld fi)re')lry. Ncw York:
IlIlenl;llioll;iI Scicllcc I'llhli ..lln. p, II()-I S I.

IClllI\;JY I{I<. l>i'"\llll !\. \\'. Si\;I"ilil;lIlIpal;lIli 1\.. I I)X(), l'alll'J'lI,) of' illkl'lioll alld
l'lIdopll: Il", ;l\\oci;llcd \\ illl \\l' ..ll'Ili :\II',II;ili;lIl IlIcllids, I,illdkyalla I (.l): :~()\ ~ 1,1.

1{;r11l',;I: \1\1. SIl'\\;lIl .I, :)()()X, l{l'-l''.I;lhli.,IIIIIl'1I1 01' llll' lady',) \lippl'J' orcllid
(( 'III/'i/)('ellIIlII (',,/('('11/111 I ,) ill IhiLlili. llol;Jllic;iI .Iomila I of'lilc Lillllcall Socicly J:~():
17,-1 X I ,

l{a\llIll\\CII II'.;. II)()O. ('cil dilli:Il'lIlialioll ;lIltl IIIYCorrlli/;r1 illkclioll ill

IJl/c!11I1rh;::1/ lIIuju/i1 (I{cllil, L) IllllIl alld Slllllllll'lllaycs « )rcllitlaccac) tllII'illg
!'cnllillalioll ;11 \';/m. '.;C\\ I'll: Ildo!'i,,1 I I (): 117- I·17.

11\

© C
OPYRIG

HT U
PM



ICt',lllll""CIl 11'-.. 1<)<)). l crrcvtrial orchid«: from ',L'ed 10 mycotrophic plant
.unbridvc (( I(): (:tllthrid:'L' (llinT,ily I'rl''>',. p.. )')-1 (1.1.

1{;t'dlllt".l'll 11'-... )(jll.) l{nTIII dcvclopmcutx ill the '>llldy or orchid Ill)corrhi/a.
Plant .md Soi I 2·1·1:1·1<)-1(l ;.

ICt'-.lllll\"l'll 11'-., 1{:t'dllll\'.l'll 10:. :~()(I<),Orchid Ill\TOIThi/;1: implic.u ion- 01 a
Ill:Ulph:t:'()lI\ lik"l: lc. ()ik(l" II X: 1\·1-1·1').

i{a',lllll'>"l'll 11'-., \\lli;'h:lI11 1)1-. I ()()X.I he IIlHILT1'r<lIIlHIph;I"l': ;\ "pl'ci:d
challcu.-c ill ..llldil''. or tcrrcxuial orchid population«. Holallical Jouru.rl oj' IhL' l.inucan
Socid \ I 2(l: .1') (>-I.

1{:t'>IllII'.'>l'1l11'-., \\hi~'h:lI11 1)1. :)()«(). I'hl'llolo!')! or m()l'> .uul myconhi,«: III
orchid spccic-: djjkrill~' ill phototrophic slr;llq'y, New l'hylolo1'isl 1')·1:7(J7-X()7.

Rodriuuc-, 1(1. I ()().I. I he foliur rlllll'al cndophytcx or the Amaz oni.u: palm
Fillcr/h' ()/('/'{/«·{I. \l:col('!'i:t X(l: n(l-IX').

I{usl':l (i, I(ll:I!i :\ II. :'(J(IX. Orchids or Peat SW;II11Pl'orL";ls ill l'cninsular
\Lda:,>i;1. I(uala Lumpur: \lilli"lry or ~alllrall{l'sollrcl'S and lnvironmcnt. I'l'al S\\alllp
I (lIc'>l l'rojcct , ('-.I>I'( rI.1 IlIIHkd (\lAfj()<)/( i.\ I). p. Ill).

Saikkolll'1l I(.S, lactl: II. I lclandcr \1. Sullivan 1.1. I I)()X. hlll~'all'lldophyll's: i\
cOlllilllllllll or illln:lcliolls \\ ilh hml plalils. Alillual I{eview i-:c()l()l'Y Systelll 2(): .1I ()-
\.!; .

S;lil()h K. I ()L'a\hi 1(, Aril' 1,lna()ka T. 2()()(). A silllpk 1l1elhod 1(11' a 1l11l11-
prl'p:lr;llioll oj' j'lIll~'all)\:!\ . .I011 rtla I or( il'lldic 1'1;1111l'alholol'Y 7:~:I·IX-l')().

Sala/ar (), .Iuli:1Il \1<, Ilyaklllllachi M, Ruhio V. :~()()().l'hyl(ll'l'lll'lic )'roIIPIIlI'.
or ClIlllIr:d I: pe'. or Nhi::()('{()lIi{/ .m/{/Ili A( i 2-2 ha<;edOil riIH)S()lll:d liS scquellcL's.
\l:col()I'ia ()2: ')(J') :'(J().

Salirah IIAH, \lu ...kha/li \1. Ru\ca (i, NilhiY;la 1', NlII'ul SN. 2(){)(), Mycorrhi/ac
oj'1 i~cr ()rchids ( ;n/lIlIl/{/I()jlhy//ulI/ \pp.) alld sYlllhiolic gerlililialioll or seed oj' (;
\lil/le/ii//()rt/II/. \1:t!:iysiall Applicd Hiolol'Y 3X(2): 2:1-2X.

Schlilid I .. ()hc('\\ illkler I·. I ()().I. I.il.,bl :llld eleclroll III ICroscopy oj' Ihe hosl-
rUIl~'u,> illlcr:lclioll ill Ihc achlorophyllOlls I'aillctophyle oj' I/()(I'\'chi/lll/ /lIIliIriil.
(':IIl:ldiall .Iourtl:d or Hotall) 72: IX2 I XX.

Schull H, H(): Ie ('. 2(J()(l. What arc elldophytl's'! Ill: Schull H, Hoyle (', Sieher
'I\:, l'ditm ..... ",'()i/ I/i()/()gl', Volulile I) (Microhial I{oot Illdophytes), Herlill: Sprill!'L'r-
Verla~'. p. I-I I.
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\,'Ikll ~~\, \;1111' (III le\, I )L'\\;I;lld .lIe l louhrakcn .I, InL",qIIL' (',\, \ltllll';tI\tl
.1\1. I 'Jili ,-\,'i/c' (" I khl'll 1'1)'" ,'(HO, 1'lo·,Pl'll" 1<11111111'11',idl'lIlilicllitlll 1I',illl' ('(I I
1)',,\ h;IIL",k" "'.IIl! /""/1/1111/11/ ;1'.;1IL".I L;l·.l', l'ml'L'L'dilll", o lthc: '\;:(ioll;tI Al';ldl'lll:- 01
\ l iL'lll L', I (I 1< I (1 I: ;, /I I I ;, I(/I,

\L'II I~, l l ict.rl.. ,\ \1. Il'IIIIl'1 (I), 1')')'), ('0111111011;1I1;1',loIIHI.,i·,;llld intcrn.rl
ILll1 ,L1lh"d 'p.llL'l IU I I' :'IIII'llill:' ill hilllll'!L-;11L'Nlii;'u<'/u//ill i',O!:lll", IL'PIL",l'lIlilll' I<Hl!

L",t!tll)II:,IL" ill /'/111/1 l\il,'lfllI, (','/'"Iu/'lii;'" ',pp, 110111tlll,ltid 11I,\L'llIlli/;I" ;lIld ;1
pll\ I, Ijl;I!II":'l'llil ;IILII, >III(I .i, :'IIIIIP, ",l'\\ l'It: Itdo!,i',1 1,1,1:\ \ I \.II,

\11;111\( , I in', I ( y, \\L';IIIIL'tlIL';ld \IA, I {od)'kill'> !.I, ,'()(),) ('It;II;ll'lni/;llillll

;lIld LI\IIII('lllll I,L1Ll'lIll'lll IIl/i/ll;'III(IIIIIII-likL' L'IHlopityIL'" lrum orchid 1<101'"\1\loltll'i;1
') I: " ;: 1 ,'; 'I,

\ILIIIILI .I, 1',llid;1 \11 , Y;ld"II VI, ,'(HO, \hCOIllti/;tI dinT,il\ 01 ;111 l'lIdl'lllil
IL'nL',lli;tI or.hi.]. I .uil.c ,IL'l i;IILI 'I: _, 1',-,' IX,

01 li/ll,'u<,/u//il/ "Pl',
\\ iIIt IItL' l' h <.,', iL' ; tI

11..11'I'
I ItL' ;ltl\ ;IIIL'iIII'
11ioIL-Utl;11 ;llld

l'I01'l1l111',

\ ILII(\II \ 1. ~ 1111ill;::';l "., 11:-;tI,IIlII;IL'lIi i\1. '\;1i10S, SilL'll II, ,'{)()X, (1;1-,·,iIi Cit ion

oi/illl,:u<fll///ll "1'1', ll·.ill:' II )'\/\-11 S ',L'(I'IL'lIlL';lIlaly ..i-, ''[ll'l't)i1o; the !'L·IIL·til'Il;l ..i,>01 tlte
ch',',iL;tI ;IIL1·,ttllll(I'.i" :'IOlll'ill!', \1;'Ltl·,L'il'IIl'L' ,1'): t) \ 11,1,

".IIL'IIL'I.IIIl I~I', I ;l:-I()J 1)1, \\L'ill \1. (,;llllica S, \k< 'olillick \11-.:. ;\d;lIll\ S,
(iLl\ 11\1. \kl ;IILtlld .1\\, ~1I" I, I:t!i~. 1'lIk;l\\al. K;I\\;t!I;II;1 I. i\liyO\lti kin' y,
,'{)iI'!, I Itc L'\Olllli(IIl;II: Ili',ltln 01 IlI\lOlllti/;tI "1'L'cilil'ity ;IIlIOIl!' I ;Ilh"·, Slil'I'L'I'
(11lllid·" I \ (dill iOIl (,I (II): I ;SO-I ;1)( I,

".ltilllllLI II. \Ltt·.lIlILI \1. I ;lbd;l ,\, I,oda 1', ,'()()7, All alitilllll!'al COIIIl'tllllll1
ill\ohL'l1 III ',\llIhi(ltic :'L'lllIill;llioll 01 (:I//!'i/'c'dil//J/ /J/llt'I'II/Jlliu\' \';11', /'I,hlllil'//II'

«( lILilid;llC;IL'), "It: !tIL ItCllli·.IJ: (,S: 1,1,1.'-1,1,17,

.....ltilllllLI II. ".;ld;lI11t>to \ 1. \ LtI''[lllla \1. K;I\\;t!lal'a T. Naito S, Koda 1', ,'()()t),

It;IL1ClL'li/;lli()1I cd 111\L(,nlti/:t! 11I1II'i i',ol;llL'l1 I'rolll tlte tltlc;ltellL'd (:I/lI'i/It'dil//J/

IIIl/tl',,//(I/l1\ ill ;1IItlilltl'lI i"l;lIld olltl';lll: 1\\0 I'ltylo!'L'Ill,tically di',lilld 1'1I11)'i;1""tll'ialL'd
\\illt IltL' tllLilid, \l\uJlTitin It)(S): ';,'~-;,I,

".i\ :1',illt:lIlll';ILlIll ~, I ()()X, I{ool coile:>: IltL' lillal I'rolltiel 1<11'Iliol'olilrol 01'1'001-
J()I \\ illt 11III:':t! ;11l1;1:'tllli..I·,: ;1 Cl'.L' '.llIlh ()II a '>Inile led 1'11l1)'lIS,;\111111;11I{n'ic\\ 01'
"It: lop;IIIt()ltll': ,II: ,1;1) ,I'<!,

.....llIilit I{I>, :'_(j()(), l'hlll-III:l'<lniti/a peln'lll illll.'ctioll ;1'; cvidellce 01' cOlll'kd
11ICLllltdi·,1I1..I()lIIl1;t! ()I' I Itctllctict! lIit)lo)'y :)~(): 17:)-17"),
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SI!lith .11, .lohll"'11 k,\, ( ;I/;lrl", I, I'NX, VL",illilarlll\COI"rlli/;t1 UdOlli";ltioll oj'
',L'l'lilill:", ,Ii I'ill;lll';ll' ;llld Ikttil;lll';ll' alu-r .,pml' inocul.u ion \\ itll (;I(}III//l i ntrarculicc:»,
\1\L"rrhi/;1 7: .)7<) .)S".

Slllith SI I ')!d,. l'lt:- ',iol'Ii'Y ;lIld L'colo),y oj' orchid IIl\C(lIllli/;t1 j'1111~'i\\ ith
rL'IL-rL'IICL't() ',l'l'dlill:' nutritio». \.;l'\\ l'h~tol"I'i"t ()'i: .IXX.,I'i'),

SI!lilh SI ,I<c;ld 1).1 1')'0. \hcolThi/:t1 \\Illhi()"i·" NL'\\ York: AC;ldL'lllil'I'rl'''\,
p. ;17· ;·1').

Sillilh SI, Slllilh I :\. I ')')(), Slnlcllirl' :lIld Iuurt ior: o lthc illtnLll'L'" ill hiotrophi«
":-lllhi"'L"'. \.;L'\\ l'h:-I,,Jo:'i',1 11·1: I IX,

SI!lilh /1, .I:tIIll", 1.,\, \kk;lll (H. :)()(17. l.xpcrimcntal rciutroduction 01' IhL'
IhrL';IlL'lll·d IL'll'lL",lri;t1 orchid 1)1111"/1/I'i/.\:IIi/lllissill/iI, 1.;lIlkL·\tni:llla 7:177-IXO.

Sill'll H, HlIllll'l' I , ():'o"hi A. I 'i'i I, IdL'lltilicalioll oj' Rhi::II('/(}lIiil "PL'CIL"" St.
I'alll (\1\.;): :\I!lniclll I'h:- IOP:llholol'il·;t1 SociL'ly I'rl· ..... p. I II.

S[;1I1 ( , ILthik \\, I hllL;1 W. ,)()()<i. 1llllJ'i Iroru IhL' rool'> oj' thL' L'<)lllI1HIIl
lcrrL",lri:t1 orchid (;\II/II(/(kll/(/ <'(}II()/II('(/ \lyud()l,ictll{L'"carch 11\: (J.'i:~-'i~<).

SIL'\\:lrl .I, HIIII()ll .I I <17'1. I i\\IIL' culture '>llldics ill Ili//,hi(}/,('dil//II/. American
()rcllid S()cil'l\ Hulk-tin ·1·1:';'<II-'i<)<I.

SlL'\\:lrl SI , f--:;tIIC \11 .. '()()7. SYI!lhiolic "L'cd I'LTlllillatioll alld L'vidL'IlCC f(lI' ill
\'ill'() Ill~cohioili "lll'cificil: ill .\jl//i/III/I(·1 /J/"{'\'ilil/JI'is « )rchidacL':IL') alld its illlplicatioll"
1(11'-,pl'ciL',,-k\ L'ICOll',L'1"\:llioll. III I'il/(l ('cllttlar I kvcloPlllL'llt l~iolol'Y .1\: 17X-1 X<>,

Slilllarl I )f', :\',chcr 1'1). I 'IX I. /11 \'ill'(} I'Cl"lllill:ltioll oj' l'iI/,hi(}/I('C/ill/lI/ "ccd Oil a
ulIllpiclL'h dL'lilll'd 111l'llilll!l. Scicillia IlmliclIlllIIC:IC 1·1: I (),)-170.

SIOlll' .lK. 1l:lcoll ( \\, \\hill' .II. :'()()(). All ovnvicw oj' cildophytic microhL's:
cildoph: ti"l!l dcfilled. Ill: lLtLo11 (\\, White.1I (cd,,) .. \/i''/"lIhiill '·IIc/II/IIiI'lt's. Ncw York:
I kkkef". p.l-H).

StrL'ttoll 11\1. \lcf--:ell/ic /\1<, ILtkn f--:l, l'iclltjiL' NT. I')()·I. l'Ol"lll:ltioll oJ'tllL'
h:t-.idi:t1 "[;I!'L' oj' ',OlllC i',ol:llL'" of Rhi:·(}c/(}lIiil. I'hylop:ltholo)'y ,)·1:10')1-10')').

SlI:lIl'1 .II', \\ei\" \1. /\hck A, (j:lllliC:1 S, ()hcnvillkkr I', "ottkL' l. 2()O().
Di\n"L' tltl:l',IIL'lIoid fllll;'i frolll Ill:l'(lrrlli/:I\ wilh cpiphytic orchid .. ill Alldcall clolld
1(lrc',t. \1~coloc'ictll{L">l·:trch II(): 1.:'i7-J::70.

S\\:lrl\ \.;1). l)i\(11l "\\'. :)(J()<)_l nrcstri:r1 orchid cOllsL'l'vatioll III thL' a~',L'or
ntillctioll. :\Illl:th of Hot:lll\ I ()·I(l): 'i.I\-.'i.'i<>.
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\\\l·l·till:'ll:tlll \1\\. (1lIichlt:1I1k I{II. WOlll' l rl l. I()X(,. l'cctic ;":lllO)'I:llll', :1I1d

tltl' LI\()ll()111: :tlill P:ttlll>:'Cllicit: 01 the (·n:ltoha',idi:lcc:ll'.II:111":ll'Iioll', 01 the Ihiti.,1t

\l\col(I:'ict! \"Cil·t\ XI): ;(1"'-, II.. .

I :I:,it;t\ i \. (,:II:t!,l!:1 ( . \lollllt\ S, :-\l'\\lll:111 I, l lullmau A, \VL':Clh ~, Ibl:ll' I.
V:111\'I()11·.\l'ld .I. \:111 dCI I c l ic I l. :'(J{)(). (iCIHIIIll' "lIIVL') .md dl:ILll·tni;:lti(111 (,j

l'Ild()pll: tic h:lltni:1 cxhihit in« :1 lx-uclicial l·IIi..TI Oil )'Im\ tit .md (kn'I(lpllIl'llt 01 IH)pLiI

tin', .. \I'plicd 111\il()IlIIlCIILt! \liuohiolo:,) 7)(;): 7·IX-)7.

1:1\101 Ill. \Ic( ormick \1". :'(){)X. Internal 11:1I1"LTihl'd',P:lll'l jlllllll'!" .uu]
'.l'lJlI l·IlU.... I()I illljll()\ed clt:II:lltni;:lti(111 01 h:l..idiolll\Tet()lI" orchid mvrorrh iv.r-; ~l'\\

1'1t:1tl!():'i·.t IT!: I().'() I()".

1:1\lor Ill. l Irun. II l. Ilod)'eo., SA. :~(){).1.l.vidcucc IiII' Ill)corrlti;al ran'" III a

clte:ltill:' orchid. 1'r<lcel'tliIW' 01 the I{o)al SocielY or I .oudor: :~71:1) .1\.

1:1:lor 1)1 . l irun-, II l. lcakc .11<, I{l'ad I)J. :~()W. Mycorrhiv.il .,peci licit: .md
lunct inn ill Ill:ul-Itcterotlopltic pl:lllh. Ill: v.u: dcr l lcijdcn M( iA, S:lIldl'l" I (l'lh).

\h,uIIJII:'U! F,u!u,~~\. Hcrliu: Splilll'n-Vnla)'. p. \7,)-·11·1.

I :1\lor Ill, Hrun-. Ill. S;:IIOI:\1 .'I:. Ilod,'e" SA C'{)() I ). I li\l'l,),l'IICl' III
1l1:l()nlti;:t! "peci:t!i;:ltioll within I/nu!(·ctris spicat« « )rcltidaCl':ll'). a
1l(1I1plt()t()<, ynthct«. dl".ert ()rcltid. ;\lllcril':111 JOllm:tI 01 Hot:1I1) ()(): II(,X 117().

IIL'llll)lIillall\,-( Illilkl .I. I{oltr I, I{oltl Ie I Ill.,,, vAI{. :)()():~. I )i.,c()\L'!'\ or all

l'llll()plt: tic :tI:'a ill (;ill!-;,::u hilllhu. ;\Illnicill J()llmal or Hol:111YX():'U7-7 II.

1',:I\kelma 1.:\. II(lI11ke (', ~elrtl"ov ;\1. WL'illl'!' .I. 11Id;vllski IL .)()()X,
1'l()dllctiOIl or :'ihhcrellic :Icid', hy ;111(lrcltid-ao.,,,oci:ltcd Filsurillll/ !l/'lIlikrulil/ll "traill,

111IlI':tI ('l'lll'lic, ;llld Iliolo:'y ·1): I;')\-I·I<H.

I cltida .11'. :\r;I\':lki \1. 1':t!I:lla I'S. I')X(,. Ha.,idimjlore lill'lllalioll 11\

('('f'uluh{/\ie/ill/JI '.p, oil ;1:':11'.\l:u,jo)'ia 7X: )X7-)(>:~.

I IIl;t!i I. ()lIilllio I. II":dc kl). I ()()(). 1.lldopltytic rllll)'i ill kavc" or f{u/JIhIilU

11I1e/ull!n, 11I1l:,:t!Sciellcc 1·1: I I-I X.

I Ilkr ..c11lT \1. Scltllittkr \1. :'()()(), I)illitioll-Io-L'.\tillclioll cliitivatioll 01 kar-

illlt:lhitill:' clldojlit: tic t'tlll,'i ill hccclt (rl/_!:IISI,I'!I'ulic(/ I ..J I )ilkrl'llt L'lllti\atioll
kLillliqlIC" illlllll'11CC t'tllli,:t! hiodi\cr"ily a.,..,l",',1l1L'IlI.Mycolol'ic:d l{l'''l':IILil III: ("')-

(,""I.

Vi!:'al:\ I{, ClIhl't;1 \IA. I ()().1. ~vlolcCltlar "ysicillalics alld plljlllJalioll hiolo)') or

Nhi::Uc/lIlliu, :\llIlll:t! I{nil'\\ oll'ltytojlatltolol'yL~: 1,\2-1 'is.
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\'r;t!\t;ld I. \llllll11;ICiln 1.1 .rvlor AIS. ~~(J()I. Mycurlili/al "YtltilL·\i., between
I'tlt1:,;t! <tr.rin-. Id the Ifll/IC'II(}\C\JI/lIIs crica« ;I)'I'IL'I'ate and p()ll't1tial L'l'toillycorrili/al
;1t1dcricoid ill)',h, \:L'\\ Pil: tollll'i.,t I ')I( I): I ,U-I ')~,-,

\\;titn ~\. (jilktt 11.1, I()()X, 1()<)7 111(,N red li.,t or threatened pl.uu«.
S\\it/nhlld (,j;It1d): II( \: -lilL' World ('OIl\LTv;ltiolllllli{)lI. p. xc):).

\\:111/:Iillllll \\\:, Y;lp \11'. Iln(), l</ii::llc/lillill\lI/lIlIi. a "L'cd-hurtlc p;ltIH))'CII of
I rcncl: be.in ill \Lth: ',i;1. l'vrt an ik a ~)(I): 11-1').

\\';IIClip .III. I In I, SPlTilicity or mycorrhizal as<;oci;ltioll III SOIlICI\ll"tl;tiiall
tcrrcvtrial orchid-. \:C\\ Pil: toIC))'i"t 7(J: ,II-·I(),

\\';IICllp .III. I I)XI. I Ill' mvcorthival rcl.u ionships {)f Austrulinn orchids. ~C\\
I'il:toll)~'i\t X7: \71-\X I,

\\';IIClip .111.1albot I'IIIL 1')()7, I'LTfl:ct ',tatc'> of l</ii;:IIc/lillill'> ;l'>\oci;lted \\ irh
orclrid-; \:C\\ Pil: tcd(wi"t (d): (d I-(d I.

\\';It:III:lhc I, I In:'., Pictorial At la-, {)f Soil and Sccd I'lllll'i: Morpil{)I()I'ics ol
'ldtllll'li I lItll'i .md ~l': t{) Spccic". ~c\\' York: ('I{(' I'ress. p, 7X_')(),

\\ili!'ilalll 1)1, (j'\:cil .II', IC1',IIII1',"CIIliN. Caldwcl l HA. Me< 'ortllick M~, 2(J()().
SCLlI IOIl\,l'\ it: ill tl'llc\tri;rl ()[cili(b-potclltial li)r persistcllt ill sifll sced h;IIIKs.
Hi()loL'ic;t! «JlI',L'r\;ltiIJlI 121):2·I-Hl,

\\ilitc 1.1.Hrllih I, IL'C \,1 ;Iylur J, I ()()(). Aillplilicatioll alld dire:ct Se:qlle:IICill!'
()r I'tlll!';t! rih()\Olll:t! I{\::\ ~'Clle:\ li)r pilylo).'cllctics, Ill: IlIlIis M. (lell:lIld 1>. SlIillsk), J.
Wilitc I. cditor". 1'( 'I{ protocol\: ;1 I'll ide: t{) Illctilods alld ;Ipplicltioll, S;1I1I>ie:vo:
,\c;ldclllic PrL'''\. p.; I ')

\\ih()11 1>, 11)1)'), I IIdopil: tc tile: cvoilitioll or a tertII. alld clarilicatioll of its
IhC ;llId dclilliti()lI, ()ik()\ 73: 27,1-:27().

Wril'ilt \1. (jllC\t 1>, 2{){)'), Ikve:I{)Pllle:llt of lIl),colTili/al associ;ltiolls III
('lIllIdel/ill jillciclI/lI(/III/. SclhY;llIa 2():\2X-n,1.

Writ'ilt \1\1. ('ro,,\ I{, ('()W,L'II" I{I>. May TW. Mcl.L'all ('H, 20 I 0, Ta\OIl(lI11ic
;ll1d I'tllll'tiollal cil;lr;lclL'ri";lti{)1I of hlll!_'i frolll tilL' ,c..;('hIlCill{/ \'c'm/i/i'n/ L'(lI11Pic:\rrolll
C()III111ol1;ll1d r:lrL' orcili,!'" ill tilL' I'L'III1" ('II/iIi/I'llill, Mycurrili/allllte:ntL'tl, IcitL'd 2() I ()
I,L'hrll:lry I 21, ;\ \ ai I;lh Ie fro III il ttp:l /\\ \\ \\, "pri III'CI' Iill k .COIlI/COIItc:llt/27 I '),Ivt,I7 I I 2k ')I'i

Yliall I.. filII I. Y;rll~" I.i SY. 1111II. IllIallg .11..2010, Mycorrhi/al spL'cilicily.
pre:fl:rL'lIce:. ;llId ph,licity of "1\ \Iippc:r orchids li'olll SOlllh We:slL:nt ('hilla,
\1:corrili/alllltcntcll, Icilcd Oil 2()I() March 2()1. Availahle fro III
hlt(1://\\ \\\\ .\(1rill).'erlillk.colll/COllte:III/,117'i227()v:l()()()2'i I
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