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Abstract

A loss of habitattiansad cbbmangschbaodpéod,i
particular t he srearsridwlvys peenodesentiecsl asiusi hso maesn
such endemic species. A preliminaV¥gniclulra
siamensies cut when an ecosystem ismodifi e
of slimu -andu Exgonservation metheds &pbpeusbas
l3itu methods that are used for conservi
under natural-stconmdicbinses vahnhd oBEx met hods wu

outside the natwural habitats.

| start byipgruexemtsiemg/altn on met hods. The
nat ur al habitat iIs done by studying the
Vani |l | a (Oramddsuaiceae: subfamily Vanilloid

ForatstKhao Soi Dao Wildlife Sanctuary, CfF

move on to focus onVanhiel Inaa,t suitrdaehe npsoifl $l 0 malt

and fruit set .

Lastly, I i ¢ e ndontslee v&ExXxi on Met wods o
ger mi nati on and pl ¥ani ét a r egame n&iveed nu a

Cryopreservativani prat eddimeghnaisosbeen repor

Vanill a produces numerous minute deedents
Thus, using In vitro seed germination anc
successfully germinate the seeds. Protocc
oVani | | a hsisameresni sstawnmdmardii zedl oy dmys .

The findings of this thesis haveVahel pa:
siamemsiigde t heir hsaibtiu ad¢ 0 n swehri M &t itohne tEexc h

growani |l |l aisi ehmmern dsias s wheurreviivte dc aunlad dreadt.
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Chaptkentdoduction

1.l nt r odtuar tcoho @ s

Orchidsa the | ar gespterfmsg wecrointga i pd raahvt e8r5 g N
species, belong to the Orchidaceae family
habitats with various nutrityi ohnaav el iag hd g mps
cyclea mycorrhizal association (seed gerr
di stinct vegetative and floral character.i
Orchidaceae family is nntfamoensi@depadbdi &1 leyc o
floristry. Agamantiromrbedasgrfitbiradas aisplag
her bal medi ci ne. The orchids demamdeéaben:
species globallcyoldecaioasdlirtomoft heverat ur al
shift over the world may eause itnhetnhetia bne
as wel I . Thereforea plant tissue culturea
are reguwiirteud cionnservation and management
orchid biodiversity OfMdeiralen da laans sainfdi eBda i &as 2
Kingddmnt ae
Di vi:Magnol i ophyt a

Cl aAspgal es

FamiOry hi daceae
Ther chi dfeaxcmialey has been divi dedApiorstt@ &b o sd
Cypripe®Orechdced@pddardandadeaéoi deace

Orchi &hd daveded into two basic growth
direction of t apierb € ime e ong oadashgi hepho. Dh el st em
Monopodi al oravieir d $ ¢sgitnoghl 3en eanéaenmmiwli In®lsey have
centr al stems which grow continuously frc
bet ween The 4 tamoedifalsyor chi ds grows in th
rhizome sending out the shoot @&andendewellhep

section of stem issbbtageegpgamhedali heodo s

Il n addr thbdaa se poinpeh yopfe ¢ ihmpl amtr ows on anot h
a parasite and produces. ir@shidwn chhmodl kY

according to the way they retrieve nutrie

1



as terrestrial (growing in soil)a epiphyt
and saprophytes (growing on decaying or
Paphi opsepdpi. | &upvlan ch osgppo,t tnosr mal | 'y e qtua brliienh si

moi stur e. Epiphytic orchids grow on other
nutrients. They get the nutrients and moi
but I ive together wit huloitshmear Cspul cathnE@da aidna s

sppPhal aesnppadDieandr clpipu m

2The unique morphology of orchid fl owers

The complex structures of orchid flow
uni que morphologya oremhioddhecamn!|lbevedi sitgi Pg
features (@Ardhtdi &4l a@éRy. are typically zy
t hat can divided by onl-ymageimgl ee .| aMes
actinomorphic (maadmiahdgyt sgymeani b, di vi de
by more than one |l ongitudinal plane passi
sever al equal and i dentical pi eces. Act i
angiosper ms wlci Ifd oawegosmarrpeh an evol ved f ec
from | ong periodsf loofwedea weyl oppli athdi GB h(glyoesrarse

composed of an outleirk ewhsoerplal|losf atnhdr eaen pientnae

Sepal s afrfeeronfttieant eddi i n a O6dorsal é or Omed]
t wo Ol aterald sepals. They usually have o
which corresponds to the top petal bret we

bil ateral IOl gy rbredtorriec.t he fl ower opens do

during developmenta makingthe | ip point d
and is necessary to position thetlabeehus
as a landing platform for pollinators.
There are no stamens with free fil ame
reproductive organs are fused into a sing
awhich is posrig iomfnetdheatf I[tohweerc.enlthe ant her

the top and bottom of t he c ol dlnnkde rsetsrpuec
eparates male and female p-paof sidallibbat o

s
otheroptadantdspaollen is typically derived f

—+

oget her to fromlpolnliium)a CEoildguwliar:are cc
hort stalk (stipe o1 keawdisclia) utswo t € éne € &

n

(@

pollinariumé (plural pollinia) and becom



Or chaldwsays have numerous seed count up
orchids and the s®&edmn arne |lweirgyh h) i vani Ol &
poilni a as wel |l as rounded bl ack shiny ,
the thick testa.

3Endangered orchid species and conservat.
Many orchid species in the world are
| eading toe uthemmdrraotidradd f | ood, and droug
with which plants occur within a popul ati
density and fragmented -popduaingngl aht sun
| i msted recruitment due to a number of f a
matesa(ii) inbreeding depression caused b
reduced attractiveneissn tloi npiotldtiiroeu @ @ B Y fafnyo
additionada human behavior contributes to t
i mportant fators in accelerating their ex
and unique features; t e rmeofrd rdeva dteh e yS oamree

become endangered because they have been

To datea many orchid species in the w
which has resulted in a grdowisntga bilnitsehr etshte
profiles and conservation strategies of |

Such specRephiicprd diiglewirnm aC hmennai  ( Z2h0o0nég3j @ aasni ae
prinscaimpiBanama ( Zo2t0z0aB jaenrdoasBghtnansd Aust r al i a
et 2a010.3pirant heanammbhnebéand (DudLEyaianas tSoc
arietinuanMainneietraatt t a n20 Qh)gWfaonpdoaee 1t ui ladhali | a n d
(Thammasiri2@a@6ad) Soamkul

The conservation of wild orchids is su
developing the education and economy but
Il n recent yearsa there have been isnt usdp eecsi
in some generaa but the conditions of the
that |l ead to the ext popotrignuofiewsht ®d@RB ¢ ICih

Al | wild orchids in the world are prot
Endangered Species of W ld Fauna and f 1l ol
species are under conservation. Theplkawusy
an important part in the study and conser:

can be conserved by two basic techniguesa



and ex situ conservationacthméguese@mat enct
as habitat resumptiona pl ant reintroduc:
conservation strategies. These undertaki.

provide a scientific basic knoewl eafgewiflodr

n
characteristicsa communitcyi Ooholbogy®gecol:
0
(Lu

0 2e0t0 39 I..

3.1ln situ conservation

I n situ conservation includes the <con
mai mtnere and recovery of viable populatio
including forests and national parks. Orc
conservation), which is the bestrcWwagdg poban
is however, very difficult to preserve th
i's required. Conserving by growing orchid
di seases, and environmemndtali sstusuwalelsy. Hing

|l and use (Engelomann and Takagi

3.BEx situ conservation

Ex situ conservation means the conser v

outside their natural habiteastowwrlictesi faloudd
environment and placing them in artificia
storagea DNA storagea pollen storagea fie
The orchid seeds hABrehocamole xdi nedat ar ey f f
content and store at room temperature or
also tends to reduce. To overcome this pr

i mprove itthgiraveabBuch I n vi-toonssmiom@g,gee x|

and | aborious to grow and develop orchids
to somacl onal variation and | osatibodn mabDeec
1 918) .

40rchid propagati on

Orchid propagation relies on two path
sexual and asexual reproduction.
41 Sexual propagation
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Sexual reproduction, possessed by near

volving the formation of ovules and t he

a flower. It is considered as a pr-i mar
rm survival of the specibabduattohangeés
il ology can adapt to new environments, w h
respondingg enoi c b aZ2n@gdMdt)s. ( Zhang
Ou¢rossing is considered to be the mos
netic diverpmpdltlyi;nawhieorne asansedduse inbree
e of the selective pressures during t|
l'lination is easier to fertilieedionwulce:
hance the gene numbers contributed by t
|l ective. Avoiding selfing was one of th

rueg uof plant s2qZ&).ngNe a efratette laels.st hathe:
productive stratyeygyhehmeen anmn@iO@Pperr md |
vant ages of selfing can be described su
l'l'inator s, mai ntainpogulhatpomad, | auy omat
nes to the next g e nperroad ui cotni vaen da shbdr@i Bnéghi cne
erefore, evolution has favoured a var
giosperms, sucbrapselbit adi n2ghl & )k i aamnde hgeeail t:
he fertilization of a flower &a&aygeonét ea:
entical plant) .

The most efficient met hod of native t e
rposesgeirsni saedon. Terrestrial species
rmination but Iittle is known about the

997) suggested that their specific endo

envol ved directly i n regulation proce:
rminati on. Il nitiation of germination re
ich means the embryo must be alide masd
subjected to conducive environment . Th

ed bmrutver come (Mabeadran and Bai

Among t-lhearsiereg pl ant s, orchid pro@uces:s

mm) or wed4hugi)(n0g.W3el fruit capsule can pr o
26060 upitbidnmseeds 2RO®prtWi talmda Di xown si z

or

en

chid seeds are able to float in the air

anlgl iorchids to become widespread and su



the flowering plants, orchid pollens trayv
However, mo st orchid seeds drop neaatri obny
germinating and everntamal I(yRolhe@dm®Bi8nagn da mMi aad

The seeds contain a smal!/|l embryo but
ger minat e. Further mor e, they | ack enzymes
| i pidtIdyi r®@s a major nutrient source. Due

the orchid seeds employ a symbiotic relat
This fungus wutilizes soil organisd mpatt esrmug
providing nutrients, mineral s, and water

growth (R&®&9LMPY sSISedMBGt) h Seed ger mination i n a

known as a symbiotic ger mi nahtiidosn and wi de

4 A exual propagation.

Vegetative or asexual reproduction doe
(or poll en) and they could transfer all C
the genes in sexuailtiiomdifvardusadrsyi.valn, apacmpt

i ndividual s havevedv asmretxaugad ad h@d &) diuya |l s ( 2

Under uncertain or harsh environment al

have been foundpasltimhatfilhgweriocgsamred ceas
to avoid the risk of a breeding failure ¢
di scovered in China, accepted name of a
used anobhhem mecbkBafeguard its multiplicat
the pseudobul b could produce gemmules (in
cells) to enlarge the colony and ensure i
if it flowers or not odcuersisng( Zihtdarodgjoinagn eevto |au

Il n South Africa, terestS.all ioPpwlbatdsm @i Kk

D harDespaeri s,Paglwerpywroatiasmn@at gol umhdefel e
deel oped additional twubers on | ong stolon
on the stems or pseudobulbs and growing i
found in some terrestrial orchmdset hadwdy
the old plant, which ger mi nat®iss an eu. pfllaon
tripetaldoniddceasrhdawealumder ground stems <call e
number of |l eafy plants aspebees todefteers

with many i ndi2v0i0dOual s (Kur zwei l

The most widely wused method to propagse



tissue culture techniqgue that can facilit
numbedi sodfaee and desirable plants in a sh
l ittle | and usage.

5 The genus Vanill a

The genus Vanilla, which belongs to t hi
Vanilla vines beinModt safovtereesle adpge dihees tal
the Vanilla vines andVatnhielilra ,spMBamikefcaleipao m
subpompomti ve VaoniMelxaspdgmpama( wil besapr ead i
America), Vanill a pompona subsp. pittier:i
parts of CenWVaai |l IAaestuebtsah £ bM&ims il 4 a stuablsipt. e
haapa/paill a swhsgXarsiilslean stuwmbh@@r a h,uMaanhiul | a
t ahi tsaurbsipsdloingi are grown to produ\aniVvdnmi

pl anipfrolviaing 95% of the supply to world
genus Vanilla are maubityopoaald 1 egitoonpi ch
and Asian continents. Most are threatened
is further accentuated bw. clpilmas$id p&mtaing
endanger ed, anse tploeo |l priinmairtys greegi on of or i
subjected to considerable anthropogenic s
ofnat ur al reSmoen®e89) (Sohe vegetative repr
predominhetvdmwmirll a species grown, makes i
gene pool. The secondary gene pool of vani
in America, Africa, and Asi a. These spec
paticul ar interest for the genetic i mpr o\
resistance to disease (fusariosis, Vviruse

dependence on the photoperihad hf owrantithé i innc

presence of other aromatic or medicinal m
51 Poll en, Fruit, and Seeds
Vanilla flowers are pollinated when po

the same or dilfker &ani fl awand. mbat ot her

of pollen produced by orchids is shed as
united pollen grains). Similar to other
shouhdir flowers not become pollinated, t



seeds within the flowerdés ovary are not f

the stigma. The pollen grains geaogfmi aactel U
to deliver sperm cells that wildl ul ti mat e
ovule development ensures that no energy

—h

ower during the shortwvetimdealthkhat mosti ®r

pollination of the flowers and fertilizat
fl ower whithers and eventually fal-bsanmnway
fruit (vanillai draodcurMhi al segpaam absciss
ovary and flor al perianth. As the fruits
coat , composed of sever al cel | |l ayers be
contrast twiet mealr by orchid seeds, which ar
in which the embryo is surrounded by onl\
compound, Vani |l lin, which gives the frui
fgaance, is produced not by the seeds or
(papill ae) t hat l ine the interior wal/l 0"
vanillin production, howeverrwaeavobpohgr sea
University showed that tdgé¢éseosndaskbbulearz
involved in vanillin biosynthesis and see
5 Zaxonomy and phylogeny of Vanill a.
Vanil |l a aensd artes meemhbaetrisv of what is 1|ike
plant s. Many are restricted to remote reg
of i nfor maaniolnl aa bpoloahn iafsolmeat hods of cul ti v
themdsticated vVvines, techniques for frui-
nat ur al history of the entire genus Vanil

A systematic study of these pldanbtys choanst rhboev
Il n recent year s, their taxonomy and phyl o

primarily through -baans & dh cd aetaass eidn ussyes tOEf a8 N A

Came20opPpClame20B6). Botanists now consider &
a Vanilla flowerds column to have risen b
of nearly all ot her orchids (i.e., thhose
s ufbami |l i es) . For such r easneoms ,c |Vaasnsiilfliae da nw

uni que subfamily,f avainliy | ¥a mdielalea i dlehaee siusb p
the orchid family tree and r clhairdgaec emaocen oics

Asparagales (including onions, agaves, hy



estimates about the evolutionary age of
Orchidaceae can be -ltlr9aicerd |ypaa& kesntdo JBanesrdearra s.
Ramire20@7) alVanill oid orchids, in turn,
clocks can only provide minimum ages, SO

I n the evolution ofbsvtaant il @t eed Ohymodlse
among botanists that the Orchid family ha
pl ants. To support this opinion, bot ani st
among orchid gemamy arnd whpedhi eéesan be hybri
However, molecular phylogenetic studies o
Orchid family is recently evolved.

5. BistriWanist maneaimsli Peyond.

Five dififémewt nean havV¥arbielelnaVigaiudldid fa& reaapeh
Vani |l |l a @ahstiadreensal b6 t hese Asian vines do
commer ci al purposes. The Asian vanilla vi
much ré@seabelken doWanialbloafsicamenssi § t wo coO
white and red. The white colour is nicknam
Ared breado because dfi ktethehapgrmres eancda hafd alpee
is the only one with a slight aroma of v
Sout heast Asi a, including Thail and, Cambo

i n sout hern ChinaVsMamane&li &ad e dri dloalthictvsess tco

| i Xeeni | | a, atmo@gamhbodi a, di scovered by And]
Abl ack breado at Kew Gardens. I n Thailand
very well within suitabl et cosnldaddiomg, nmaamie

and also due to the presence of the two |

namely Chiangmai and the east of Thailand
the ecology of in entunahddiexg spolul icroantsie
endangyerieadng nOsricshi daceae: Vani |l | a) in the t
Wildlife Sanctuary, Chant aburi province |
research involved etcwdyigng atl hd aicthpacct ad f ¢
SiVu si amemdiys in Chantabur.i above 400 me
successful establishment, sever al ecol ogi
Vanill a simmetnsi sipo rTthan't ecological facto
waterfalls high above 1200 masl . I n the
temperatur e, host trees temperatur e, h u mi
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ctor.heVameaeirn ifsadt or influencing the gr o
observed by their tremendous size, att
l'icifolia and Pterocymbium tintorium) (
sl . Al s o, sufficient availability of wa

ree observed benefits found were 1) enc

creasing fruit yield and qbtalihtey p3panpr
ually important ecological factor in th
e edge of waterfalls which contributes
tritM.onsifaomentshes wild is organic mater.]
omposition of vegetable/ ani mal residuce

c
di at ed breakdown of organic materi al
e

vation wifthigédgulaatdi cWwWadei am@usineshiand

1 i n. This wild vanilla does not |i ke
ick succulent | eaves resulting in burnt
nt hs, which coincide with flowering/pol
dnocarpus illicifolia and Pterocymbium

the edge of waterfalls -80% ¢ hade a othesrey

midity and prevents burning from intens.

ui t drop. The flowering and fruiting pe
ailand is | ocated in tehgeu antoorrt hleirnne hleink es
d China, where vanilla wvines fl ower 0
dagascar, Uganda, Ecuador and I ndonesi a
cember and fl ower t wiceolamgyeal. fhite of
omoting flowering at the edge of waterf
chanistic stress. Water stress induces

ny other plantsetetfésosswent TKhaopiSiomc iDmp
mperature in December and January that

e apical tip, killing it, and breaks th
or al budsdhitso pdacelicep. is seen i n many Va

The mountain range str et chWs siinamée —rChainshe

e found. The elevation in which the wvan
ue pol | iorsdatoaonra, bEler ismpelt iV s sw aasnedhi $sircsoivte rsee
rmed. The most I mpoWt aiitamdmhiactietr i samc]

0ss bred by hand wplha ntihfebhneostee tdw gsdVandidl

uld have shared a common ancestor tens

10



ago. The success of thiVs expeenmastdi d¢ man

ones, can be crossed wi t h one a nhoet hfeur t |
I mprovement of Vanilla crops such as resi
cold tolerance, or even new, more aromat.i

54 Vanill abs cl osest orchid relatives

The hiechashi tatation of genus Vanil |l

phyl um Ant hophyta (flowering plants), cl a
Orchidaceae, subfamily Vanilloideae (the
Vani |l lian Wanihl | oi deae, t here ar e n o few
Pseudovanill a, Erythorchi s, Cyrtosi a, Gal
Epi stephium, Pogonia, I|Isotria, Cleistes d
mo gitt verse of all. Two closely related tri
tribe, Pogoni eae. Except for Mainodduar,r iwhgi
distributed throughout )t hehaabpibebaeregnt
genus from tropical South America, five g

Australia, and two genera from New Caled

which are endemic to t hweerie odkkladerdvead! dadurdi,

years ago. Both genera are monotypic (onl
these two species is that Clematepistphiu
rainforests as aottchembspgcivesneof UWanmiklel a
produce no aeri al root s. |l nstead, they cl
| arge | eathery |l eaves exhibit pr-omkegnt at
t han exphuoaltvely as in mosat ydreahinds (aCmadn
Dickl9ea). The fruits of these orchids ar
seeds with circulDachiwdagsae a( Ca&a@®©®Bg e &\ d
seeds are also found in three other gener
and Galeol a. These are closely related a
Thailand, Cambidia and wad®a,cifdrct hedsatn dsu
are | eafl ess, climbing vVvines, t wo of wh i
chlorophyll . These nonphotosynthetic gene
fungi ). The | eafl essanidgemrud oP4deied oo ahreirl It avo
eventually develop green pigment within i

Recent studies have shown thatofheaaibd
(Cameron a0 Mon ithear ms of hierarchical cl i

11



aer i al roots produced at each node of t |

remar kably similar to those of Vanil |l a
accommoded esevechyg and so are dry, dehiscen
The two vanilloid orchids are a tremen

greatest amount of r¥seglrzmithaksi beeonlf v caw
|l i nages tdaéhapthead t o a variety of habitats

devel oped flowers of dM.v eprlsasaiyfodolensat hé no ol
species of significant agricultural whkalue
and species, ou80p0O0Oftoneaettuhah!l 250066Qrring

unique in the family. Rat hdr39i tspiesi pastn
Vanilla, all of which are &rmi Manytofande

Sspecies are rare and in great danger of e

5. 5 TFlhdaked Species of the Ol d world
Thesé&aar el a,tghowengi ®n the island of

j ustde uMosunt ain Kinabalu National Park in
i n Gabon, Congo, and on the island of Pr
Vani |l |l a amdaeariildlaiasp @l ytlwopiosf t he most wide
Afri caétswa weanttiyve species of Vanilla. They
thick stems and | arge fleshy | eaves. Thei

fanciest display in the genpaeaepbabedg!| pmijin
tY¥. siamBobbdsmadein Uganda, Angola, and Ta

5 6 ClosesVamiell laa amniedamelesirs di stri butio
The cl osesvt rsé laanteindehse iof di st-Fre dbwed onp &

of thel @l dAfwoirca and Asia) in tVer msa hahfteetnis
genuine black gold, the first natwural hyb
of Reuni on, Rai at ea, Huahine, Moor eahe Ma
second most i mportant Vanillinét phiotdarcdaing

primarily a hybrid betvweeh gttimteo Nmmd terr il ¢ g
V. od(oparteant avlanp & i endtrleeh istiampdiiasn ] fteok capt tF
| eaves are narrower. The hybriddéds fl owers
around the | abellum, Vanucpl dnbfldlirat tuwmralni K
olW. odorFdtoaver ing tseasductcadtleynpled)d eanrde i(nl

sunnier weather during the fresh season.

12



main period between July and Sept dmmarar wh
The ends of s®s8hé hbangi3ygi ngftlednfact S8 eorweeeas or
flowers on the stem,)faoront Hdd way 1lt5h gy oawea s
opens at dawn and fades during -2hfel ewems n
each day.

Tere is no pollinating insect in Frenc
manually early in the morning to prevent
stigmat a. The bean is ripe after bepoemeo
yell ow and then natural browning occuers
aroma compounds into corresponding aglyco

ripening process starts fromathedhlkotbhte@am
collected and Vcut adir eEmd it fernu isthordafer t han
are highly fragrant, and entirely differe
i's best descri bed lansd ekeadi,n g hfel ofrraalg raamd ef rou
fruits is unlike any other, primarily due
a molecule with a light floral aroma that
i n t he cyonfnedcutsitornyar T hve ftiaviieo tuseundbssgpseocw i ensg oof I
of TaWiti aaisétetmashpisi.e ntsaBiutoBEpapdpet aBiutbsms i
rea,Vred aBiutopgpsab,ur &@mhdt aiutbtsgpbi i l ong

For mo st vanil |l as culM.i vpaltaend rf vod @ hae svs d &
hi scence of the fruits. To avoid this s

l'l'y matur ed; and then ripeness ridsansitld par

—
v < ®

hi beasssrarely develop split ends and t
aroma stil!/ intact .
Ot hers c| osVe rsa lcanddksdnsa baafl ufemwsnd | ust

Mount ain Kinabal u, National Par k i n Sabz¢
el evations of approximately 300 meVYareisl li a
polylilepif®und in Uganda, Taanziaa, aandKeagalt
Principe. All these Vanilla vines do not
future interspecific hybridization breedi
for Vanilla industry |l ooks promising.

5 7Tm@er ci al viability and security of

Vanilla is a flavouring, derived from
Me xi can Vopp eaqiidso /tiha@ most | mportant of al/l

13



saffrtcdhre acmmst expensive herb and species
seed fruits and harnvteesntsiinvge. arTeh eb omohr dl avbao
vainill a, a diminutive of the Spanish iwor
translated si mpCygl wambifidn t Md o poarii.c &m ep e o0 |
Vanilla Orchid, called tlilxochit]l by th
credited with introducing both2&a.niPdlal iam

required to get the vanilla frpoltl ifmatm avih
gl obal cultivation of the vine. Three maj
al |l of which are detra vdaes damer iac a,p eicrreelsu d
day Mexicdopl Bmey o¥ami.l | 39 ,f rgagprwann i n Madaga
and Vanilla pompona and its subspecies f ol
America. A majovraniyl loaf ctohnee swofrrlodnd st he spe:q
commonly known as Bourbon vanilla (after
Madagascar vanill a, which is produced in
sout hwestern IIimdliomresOaearMaamadgascar and |
twiohird of the Worlddés vanill a. Despite t|
As a result, Vanilla is widely wused in |

manuf act uroimagt,h earnadp ya

Unti | -lt%hteh ndedlnt ury, Mexico was the chie
entrepreneurs shipped vanilla fruits to
producing vanilla there. Aft esc&cdenoad Wb
pollinate the flowers quickly by hand, t F

were sent from the Reunion to the Comoros
the instruction for pol |l | na&teiumg onhem.ndByt
|l slands produced 200 metric tons of wvani/l
mar ket price of wvanilla rose dramaticall"
ravaged key croplandsghPtheesarémail®80shd
of |l ndonesian -Va&os,) at heé ncarmhteelmitdhat had
distribution since its creation in 1030,

years, to nkaltobgr &d®$20 per

A good crop, coupled with decreased de
vanil |l a, pushed the market price down to
cyclone Enawo caused a similar spilke itho tU
fertile Sava region, as well as 1 n Samba\
accounts for a majority of the global pr o

14
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l'tivation and vaninl bifnvaroouwst egsen
he |l eading producer of natwural wvani
ed only 10 tons in 2006. An est i ma
red with nvamisltleiand doefr ivvaend |lliag nfir ui t s
nilla is still high and Thailand is
north of Thailand. I myself have s
hnof Thail and, where conditions are

Using wild relatives in horticultur
diversity of orchid species is st
i ng species have been found that ar
tip of Tierra del Fuego. vHoswe vaerrr, a
S in the orchid family. The Royal

(4

red orchid hybrids. I n fact, art.i

5

differing genera, are eamsmobory. cAom
use rather than in the wild. Hy br |
, intermediate flower for ms, dwar f
sual for hybrhde mbsodesbwet hhe pan

known as polyploidization), of t en

5 »w < »w O

own phenomenon. Hybrid plants may
to telefataevarwhndentahgconditions
nger than either of the parents.

i ds do not hybridize frequently ir

nw 5T o O

were artificially pr odausc etdh eu nsdpeerc
y related, hybridizers find it rela
volved to insure that they poll i mat
of Charl es Darwins tCtbaeyr ihwarec eswo |

i zation within the same fl ower and

arrier includes synchronized time a
ators thatl yr eoomaei norfcahiitdh f up e ctioe so nan
i sms of incompatibility recognitio
s in natur e, but they do exist. T h e
Amer i ca anmddi viindculauldse fhryobmm itdhei gener a
t hes. Confirmed natur al hybrids fro
r, presents a scenario t hat i s SO0

15



documented amongl IN2eospepieal aNdn yet art.i
unknown for the genus.

Three Vanilla hybrids have been docum
suspected, but only three Vanilla hybrids
an umdedpnatur al hybrid between a pair of
of Puerto Rico. I n several l ocalities in
Vanill a ehdamniclull atd@raaowiehd at aget hemrequenrdt It
flower at the same ti me. Both species are
from the other when flowers are absent, b
mor phol ogy and using DNA ftihnegseer psryimmptaitnrgi cm

be found Vanilla vines that produce flow
common species or F1 generation. Using a
ecological evidence, reessee avicrhes sarde,moinsd &

bet ween the two cl oselcy awatatbzadrdsea lsltaetra s p

59 An Artificial Vanilla Hybrid

Ar med with the knowledge that Vanill a
coll eagueenat obheBattamy, Providence women¢
successfully crossed, by hand, anot her n
artificial conditions to test whether fer

t heaei Ml a vines could have shared a commo
millions of years ago. The success of thi
distaintly related ones, can be w@rnddgyed o
i mproving future vanilla crops such as r ¢
cold tolerance, or even novel wvanillin fr
My sel f, the second person to have accom

pl aniafnadl. i asi aanse N a 15t o f my research thesi

percentage was 26% and | have had tlhet $ra
growing as F1 generation and hopefully t|
baek ossing to obtain F2. This will take &
species from th&aeitiva Vhmil laamdtiemes s
5 10 Vani |l |l a pipmprtaume megntand chall enges
The | i kely candidate for wiolpgppospeni g
chall engesV.mussita nbten stiTidea i 4 iaanrde ncsoinssi der ed a

16



AGi ant o and robiustl emds |d@m opmest udity an:i
i nterspecific hybridizatVonsi ameméeiss r5d ainth
pat hogenic fungal and viral diseases. Fun
Sclerandu@ol |l etotrichum. HoweveNWNpltama Sdil 3
very serious and has resulted in crop d¢
plantations in many vanilla producing cou
Indi a, and even in Thailand. Fusarium rot
shoots of the plant. The stem and root in
to a significant | oss of yi e¢lodasnaéd Is&¢ ®mane r
rot but the attack on the stems i s most
vascul aaxypamosmst em.

The second pathogenic disease are the
concern for wamvédr at tpe oldaustt ifoew decades,
expansion in the cultivation areas awd i1
pl anjV.ol p@ampaymd t a hpiltaenntsaitsi ons t hr oughout
Cymbidium mosaic virus (CMV). Viruses ar ¢
bacteria, fungi, plant s, ani mal s, and hun
their hosts athethe eegifnhihge dForterre, 2
one or few genomic ribonucleic acid (RNA
encapsulated in a protein shell called th

The second opportVvni siyamamnudtshceh ad Xl ternag eh ii
phyt oestrogen in the green fruits. Thi s
produced in the ovaries. This can be extr
chemically produced pebbesrésrsthe WwWomah me
carried out in Chiangmai, Thailand by Phe
Chemistry, Faculty of Dentistry, Depart me
conclusive effectstopf ophythee sotersageorb| act i
examined on the proliferation of hFOB 119
frozen human faet al osteoblastic cell [ i n
i ndi cat ed trhoagte nt heex\Mprhagctte pidritiodmi ¢« ed t he char
of a natural bone promoting compound.

The future to Iimprove vanilla |l ooks L
technology developed can be usked pmnoduatn
somatic hybrids, making way for genetic |
vanilla species, accessions, seedl ings,

17
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most effective meanasniolfl g rsop eeccitd sn gc
rotection in their areas of origin.
are found are often subjected to st
S. This typeefbdr eomnsley viae i emvicaag e d
conservatieve ogt raa tthageridi &I )y.h € HFbdow eov ¢
ity of wvanilla, which includes more
Vi g otmpeari enhkes -sttudi €Ebnsaltvat bor
i seméent coflextion, therefore, appea
otecting vanilla genetic resources.
ay, t he most i mpnodr tiann t F rcaoniclee:c t R eonrsi
peration I nternational en Recherche
Polynesia, Etablissement Vanille d
al doHi st oiren Nantduirae,| |len d iMaNnH NC @ r daannt
and in the United States. Several

g quantities of wvanilla specimens i
s Univeamei rp, BRt@anbeal Garden in Br
total, around 50% of global diversi:
se collections, essewitvaaldry swmimdrthoem
r, similapl aont nsmecoes, ovaerl |l a gen
xtinction of genetic erosion -$int umarl
tives for conserving species -must t
seonhi ab B protect the diversity. T
ecure and brighvitwidhoma @eoOwoprn ese rfu
so makes it easier to promot esmpedeu
esearch studies that have been made
|l ar biology tool s, knowl edge of wvan
e properties of different species i

tciroena of a gl-sbtal -saipttduwecxokl loefc tiinons o0
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based on branches in the three continents
resources, could result in a consddeciadht

economic Iimprovement of wvanilla. The
associated with biotechnology techniques,

oiting the specific clarraecstiesrtiasntciec st c
aphyl |l ous, could provide a means of diver
future climate change. The creation and d
resistant, more produat iawnma, oarhcerr iaclemrat i
I mprove the |livi-sigalcendgn dmomwvanao i |Tsomaelrnlosdiu

t hat t hese research studies and conserva

mat er i al exchanges badweenseaollhecptriogr ams
especially by relaxing the rules of the C
the existing exemption in the Convention

Wild Fauna Ta&Emd .Fl ora (ClI

12 Ecology, biology, and morphology ¢

5
There exists a bit of controversy as

terrestrial or epiphytic orchids, so the
I nitiallys oeammilnat eseeied t he soil with the
penetrate deep into the rich organic humt
fungi that help them to obtain essenti al
vines. After germination, the young Vvines
and function. These aerial roots are prod
| ength depending on the speamoegs. thAhami 2| tro
to 1.2 c¢cm) in | e&ngtphamdhiendainas otttheese spfeci e
than 50 c¢cm (20 inches) in length. | n s o0 me
i nches) in | ength. Irte sc ainn blee nagst hl.o nign asso nt
are straight so as to absorb moisture fro

trunk asansddm.isn amensi s
Il n ot hers, they coil tightly arstumdngr
hol d. As i n most orchi ds, the aeri al root

t hat acts to absorb and hold water and ar

plant s. S¥Y.memarstuicthe maigie i n areas of nearly
al most exclusively in tropical pal m swamp
of the aerial roots may contain chlorophy
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of clgi mpwaard, it is common for the | ower

or di e. But it is still able to derive al
of its nutrition from mineralwnditssohoedd
At this point, the vines can truly be cal
have flexible stems, and many do. However

specVi.esh,i, ol aphryoldluac e tmisn wior ¥ hstcker t han

t hosw osfi aMne ndsiilsl onmiyarbe as thick as a bab
stem is smooth and green. I n ot her Vanill
stems of somerobbthe bepatiesso€aVanill a

reddi sh orange <colour when ¢t owvwiamrdgreW.h at a
| avi.cullmttahese | eafless species, t he st
hot osynt hetuicch dteraddtewsrsess.pe®Xi es al so exh
ength of a steshapgediagttheevinecno€s se
the vines are able to shrink by curling
ausimagnepretr anat omical damage as might oc:¢
Vanidilat sehaada out from ot her species
growth habit, whose stems have |l ost their
a nsdh oerrte cat member of the pr Vmi mex\.cgne

s
dwaanMi. i i ndlachao d Han iamd.l i i aamemwsiass a Vvi ne, C
X

® o

isting tree (also called a tutor)Yrepascle

=]

a plantation (on trees or poles), or i

owth environment is referred to as its

L «Q

|l so the climat e, geo@l amley, idndrloovsalasge

—

he support, very much | iVke kti ma,bail naesn o @
and. granai Ugamida, resulting in a few fl oy
and V¥Vt hglraninffedipai ng countries, fold the
so that the vine stays at height accessil

fl owering.

5, 1CGul ti vati on

Il n general, qguality wvanilla only com
production met hods. Commerci al vanill a pr
field or Agreenhouseodo operation. The t wo
hei ght and number of years before it star
necessities. 3. Amount of organic matter
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conut, mango trees, or evenhoaemednt!| pombe
a | evel to an elevation of 1500 metres
derate r-aoaodalimm, Ey@hIly distributed tF
timum temperatur 89 fAO(GHYt itvbaetiidedny aArGed

(5®8) AF) during the night. Ideal humidi:t
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t e

no

pr
st

vV a

dr

nditions, it can be achieved by an evap
grown near the equataardi @agd od n bedr%) p o Isy
mi dity are generally available naturall
done in the region within a band of 10
Soils for wvanilla cul ti veatsi oonf sohrogualndi cb
amy texture. They must be well drained,
i1 pH [ evel has not been well documenit
ti mum soil pH of aroumd Dord.peMulgah with
considerable portion of mul ch should |
opagation, preparation, and type of sto
em cutting or byttisegueacptbgery ardeh
| vines need to grow under 50% shade, 3
|l ture, the approach is inspired by tiss
ve beedopromamnséda tissue culture but al
vanilla vine. I n vitro multiplication h.
ot ocdbubthearke body provided with rhicodiyds
t h), r ctooitogs, and stem nodes. Orchid pol |l i
mal e reproductive success, how infrequ
I'lination of orchids goes wunnoticed.

Il n gener al ,i ntghehafpipresnt tfhiroeweeryear s f ol | ¢
e used as supports, or when vanilla is

e |late second year, -ldWercmvhemgy malrleeru se
ndroowo ngor e vigorously as a result of moi
rmally flowers once a year in the nort!l
mi spher e, due to a higher availabicltiotrg
omoting flowering. The physiological <cu
ress, for exampl e: a . Drought: Wat er st
nilla and many ot her plants to flower.

Il n Uganda, svamiilclea af lycevaer, as a result

y Sseasons. b . Cool temperatur es: The
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Americas that induces fl ower twigntaerre twhee nl
masses knowhead il ow down more or | ess
dropping temperatures to below 10 AC; the
flowering durig that year. Cooler tempera
apalc dominance of the plant while stimul
management :

I n I ndia, growers are recommended to g

fl owering: (1) pruni ngl5t hcem, api2calt etmppr lay

I rrigation, (3) abundant wuse of irriigatio
of the support tree canopy to increase |u
of sunlight is not so high that 1t <cause
floral buds: HOMPwYgndhaenal APl abdmeaoall & hbetk
m and placing them on a horizontal suppor
of serial roots.

There are two methods of pollination i
second is byoatiaommi cBaés hiamdt he genus Eul
Euglossi, which are wusually characterized
fondness among the males for c«hild efcltawer &
and GE20ils00) n. i

Il n some cases, the male bees appear t
ourtship with femal es, Eul aema is one of
reen. | nst-eiade ohesbobweptygies aresthr olwai !
odies that are often have yellow or oran
f a bumble bee. After years of specul ati

t he natuiMahi Iplod |apnhda haoef deid ricodNi ¢ a | speci

l ossini, in the subfamily Apinae, C o mn

e

g

re the only group o f-pacroarshiitciucl amembbeeress dn
soci al behavior. Mo sitt aa fy tthheo utgrhi bae 6fse ws
hibit simple forms of eusociality. Ther
ner a: Eugl ossa, Eul ae ma, Eufriesea, Exa
re exclusivel yCefnadurad iiAmeBSboah @®he gener
|l ept oparasites, and reside in the nests
haracterized by brilliant metallic colo

ather pekteam @asdfood from a variety of p

- @ O X © Q@ ® O ©® m Y O T Q O
c

or nest building.
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Some of the same food plants are also
hatching and do not return. Fragyamodi €o0E
| egs which are wused to collect and stor.
t hroughout their Iives, primarily from or
where all species are excl usilvhedsye poorldhinc
produce nectar and hide the pollen on a s
visited by females. The whole pollinariul
fl ower.

The chemicals ar e ppihcekse d nupg hwes ifrog esl peegcs
from there by rubbing the brushes against
are pressed into groves on the dorsal edg
waxy hairs wheincihn gb loofc kt hteh eg rodpy &k earcd vii htyo i
hind tibia. The accumul ated fragrances ar
pites in the forest under sta&krey . ,plwuwlter § Odat
2010) . muhleataecdc uwol at i |l es were |l ong believe
attract femal es, however, female attracti

been
mal e odo
coll ecti

gat her ¢

demonstrated

i n behavioral expaeariomen

urs i s to sdgtnal f enad lee si g(Eo0kEIdA)x, ap
ng orchid fragrances needs great
ompl ex odour mixes.

514 Arti-pocimahatHibaod

Toogpmnuce Vanilla fruits without the aid
the pollen from the anther to a stigma.
was a black slave named Edmond Al biusf in
bamboo inserted sideways into a flower ju
and forward. Il n this way, the anther <can
deposit a smear @folpolinlaenm.onTad ma viaitodwressesl fWa
flip of tissue, rostellum, that separates
of a female pistil Once fertilized, the
has fail ed, t hewi tthhhen K Iwoos stoom tdhrroepevada y ¢ a
planiffolita takes up to nine months to rea

As VYaomil |l a,stamensiakes eighteen mont hs
not pollinate al/l the flowers that t hey
produce the |l ongest and straightest fruit
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down &dy.edadwni addition, pollinating too mal

plant, resulting in inferior vanilla frui
wor st .

5 15 -pSdllfi nation in Vanilla vines

Il n BWazpéalvmareossmianlhsabi t t he top of palm
buds throughout the year, but only fl ower
artificially with a sprinkling of water.
flower st heme iy®tan unusually high raVM.e of

pal mar dmi s pattern i-gpolbleisrn ateixpnd,aiinre dwlbiyc h
secretes an excess of fluid which fploololdesn

grains to |l eak across the restrictive ros
fragrant and the flowers are small and no
t he unusual habitat andnparlivomvearkien g hriesq wai rpe

focrultivation (2D0®;uxHBEwnedn kGerli saobndil Bel anger

516 Vanilla seed germination

Nearly all vanilla produces minute bI a
conditions wiitomosuti pa wdltohs emyrceolrarthi zal fung
be used to successfully germinate the see
heaee been standlad78 i KeddcGm d4©958L. Mi h9®H5)e.t
Seed c¢wl tdurfé erent basal media indicate th
requirements for the initiation of ger mi.|
temperate climaBeg) ( MTheoget mahati on of se
of culture and the initial stages of germ
of the embryo followed by rupturing of €
protocor mg.mi Seaeds dgeect |y i nto plantlets
benzyl adenine (BA) al one, without any i ni

most of the protocor md irkemdiemmft tpeg i sremdda awi
shoot s.geMuambs hskoogbs ( MS) medium gives
medi um,-viftorro icnul t ures ovi tvraoni d ulat. urHo weare
germination of seeds and selection of wuse

be mapagatred for -bbeai piagtdngeamateri al
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517 Vanilla Cryopreservation
Protocols for conservation of gene poc

well as cryopreservation ofpoadateassiannds DAA
et 2411.5) . Combining the available gene po
genetic base and in combining the useful

Il nterspecific hybridization requicries sayn
availability of viable pollenV. Ppl amidf é It i
wi | d re.l atsiivaememesi scr yopreserved after d e
cryoprotectant di met hyl -1s9u6l0fCo xiimdi etl riaggud rdc r.
cryopreser vé.d plodwleiefrs]l secac cessf ul My sBaten
flowers resutt spegAr(nGoodz8DI%9epzl . The seeds obt
generation were successfuntlyetcsu.l tViresei Itiot
assessment of cryopreserved pollen from \
cryogenic methods for conservation and ma
This is of great nigmparotsasrecse dfuari niga dihlei tbal
distribution and exchange of gehmphbasmpaa

(Odoux ardl1@Gnisoni

6.The Cli mate of Thail and

6. 1 General Climatic Conditions

The climate of Thailand is influenced
sout hwest and northeast monsoon. The sout
stream of warm moi st air from the I ndian
over the country, especially in the wind
period 1is not only <caused by the sout hw
Convergence Zone (1 TCZ) and tropicallcycl
May is the period of first arrival of th
rapidly and prevails across southern Chin
a dry spell over wupper Thail aonnd.ovlieTrCzZ hteh el
and Northeastern Parts of Thailand in Aug
I n September and October, respectivel y.

brings cold and dry airnfaoch bheramaijoycb
especially the Northern and Northeastern

part, this monsoon causes mild weather an
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monsoons vawiebh tbhesB8mat bweshern monso
and en@Ochgbem, mvldi | e northeastern mo

ober and-Febduagyin mid

6. 2 Season

From a meteorological point ofi dedcwint
ee seasons as foll ows:

6. 2Rainy or sout hwest eiMay ma rCscohobnd es ¢ a s
t hwest monsoon prevails over Thail and
test period of the yeaxcieptioomi August
thern Thailand, where it rains abundan
the northeastern monsoons and November

6. 2¥Wi nt er or nort heas tGcrtno bneokh stboo nmis ¢ A s «

dest period of the year with cold in D
re is a great amount of rainfaldl i n th
ober and November.

6. 2S8 mmer -nonsproemn seéasiFredpr madyMayo i mi d |
nsitional period from the northeast to
ecially in upper Thai |l modt with April b

6. 2Surface Temperatur e
Upper Thailand, NoetheadhteerMNmo,rt@emtnr al ,

Xperience a |l ong period of warm weathe
nder the tropical |l atitude zone. Mar c h
aximum temper athurneesaru s4udald yorr emaor e, e X

here sea breeze moderates afternoon te

ainy season also significant |-Waya arnedd uac

sually |l ower thhe #“OUE€mMmi ng woind eai r f
educes temperatures to fairly low valu
arts, where temperatures may decrease
emperatures aoeghbenterahéyyeamalt dbéebause ¢
f this region. The high temperatures <c
ifurnal and seasonal variations in temp
hai 6 &8Rdi nf al |

Upper Thailand wusually experiences
t heast monsoon, which is a main factoc
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S u

mmer s are characterized by a gradually

The ednsof sout hwestern monsoon-Magadantibd i
October. Rainfall peaks around August or
flooded (Table 1. 4). However, dry spells
seaisont he Southern part is different from
both the southwest and northeast monsoon
coast of Southern Thailand receoitwvenbehli glOn
contrary, the rainfall in the East coast
of the following year, which is also the
According to the gener al annuatyrai
receiv-d,50D0Ohm per year (Table 1.4). Some
Trat province in the Eastern part and Rani
receive more than 4,500 mm mamyeacur dninmoat !
side which |ie in the central valley and t
Tabll&S&ehsonal temperatures (UC) in various
f r o m-21091801.
Temperature Region Winter Summer Rainy
Mean North 23.4 28.1 27.3
Northeast 24.2 28.6 27.6
Central 26.2 29.7 28.2
East 26.7 29.1 28.3
South 26.3 28.2 27.8
Meanmaximum North 31.1 36.1 32.4
Northeast 30.6 35.2 32.6
Central 32.3 36.2 334
East 32.0 34.1 32.3
South 30.4 33.0 32.7
Me an mi n North 175 21.8 23.8
Northeast 18.7 23.2 24.4
Central 21.2 24.6 24.8
East 22.3 25.2 25.2
South 22.8 24.1 24.4
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Tabl.&xtreme maximum temperatures (UC)
19821015.

Region Maximum Date/Month/Year Province
temperature
North 44.5 27 Apr 1960 Uttaradit
Northeast 43.9 28 Apr 1960 UdonThani
Central 43.5 29 Apr 1958 Kanchanaburi
14 Apr 1983

14,20Apr 1992

East 42.9 23 Apr 1990 PrachinBuri

South
- EastCoast 41.2 15Apr 1998 Prachuaghiri Khan
- WestCoast 40.5 29 Mar 1992 Trang

Table 1.3 Extrememaximumtemperature¢’C) in Winter

Region Maximum Date/Month/Year Province
temperature
North 0.8 27 Dec1999 Tak
Northeast -1.4 2 Janl1974 SakonNakhon
Central 5.2 27 Dec1993 Kanchanaburi
East 7.6 16 Jan1963 SraKaeo
South
- EastCoast 6.4 26 Dec1999 PrachuagKhiri Khan
- WestCoast 13.7 21 Jan1956 Ranong
Basedon 1951-2015period
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Table 1.4 Seasonalainfall (mm) in variouspartsof Thailand.Basedon a period
between1981010.

Region Winter  Summer Rainy Annualrainy days
North 100.4 187.3 943.2 122
Northeast 76.3 224.4 1,103.8 116
Central 127.3 205.4 942.5 116
East 178.4 277.3 1,433.2 130
South
Coast-East 827.9 229.0 680.0 145
Coast- West 464.6 411.3 1,841.3 178
Basedon 1981-2010period

6.2.6 RelativeHumidity

Thailandis coveredoy warmandmoistair duringmosttimesof the yearexcept
areasfarther inland, where the relative humidity may significantly reducein winter and
summer.For example the extrememinimumrelative humidity valuesaremeasurecround
only 9 % at Loei andChiangRaion 23 March1983and23 April 1990,respectively(Table
1.5). In the Southernpart with a maritime characteristiclimate, the humidity is relatively

higher.

Table 1.5 Relative humidity (%) in variouspartsof Thailand

Region Winter Summer Rainy Annual
North 74 63 81 74
Northeast 69 66 80 73
Central 70 68 78 73
East 71 75 81 76
South
Coast- East 81 78 79 79
Coast- West 78 77 84 80
Basedon 19812010period
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6.2.7 Cloudiness

Cloudcoveris normallylessfrom Novemberto March. Perfectlyclear
skiesaregenerallyfoundthatis areasonwvhy extremetemperaturesisuallyoccur.Most
cloudsin this period are high cloudsbut cumulusand cumulonimbusmay be seen
on some occasions.During the southwestmonsoon, most clouds in the sky are
convectiveclouds. Clear skies areseldomin this period exceptduring Junewhich hasa
few days.Cloud coveris normally lessfrom Novemberto March. Perfectlyclearskiesare
generallyfoundwhichresultin theoccurrencef extremetemperaturedMost cloudsduring
thisperiodarehigh cloudsbut cumulusandcumulonimbusnaybe seeron someoccasions.
During the southwestmonsoonmostcloudsin the sky are convectiveclouds.Clear skies
areseldomobservediuringthis periodexceptin June,in whichthe occurrences low.

6.2.8 Thunderstorms

Thunderstormsn upper Thailand often occur during the period from
April to October,while thosein the southernpart experiencehemduringMarchto
November.The maximumfrequencyof thunderstormsn upperThailandis in May.
Convectionandthe confluenceof cold andwarm air streamsjs the main factor for
thunderstormsThe afternoonand eveningthunderstormsccur due to convection
while the othersoccurdueto a confluenceof windsfrom differentairstreams.

6.2.9 SurfaceWind

The patternof surfacewind directionis characterizedy the monsoon
system The prevailingwinds during the northeasimonsoonseasorare mostly north
andnortheasin upperThailandandeastor northeasin the Southerrmpartwhile they
arein the south,southwestandwestdirectionoverthe countryduring the southwest
monsoon.In summer,the prevailing wind direction is mostly south, especiallyin
upperThailand.

Thailand normally is affected by tropical depressiondecauseof its
location farther inland and somemountainrangeswhich obstructand decreasehe
wind speedbeforethey moveinto Thailand,exceptin the Southermpart, which hasa
relatively high risk of tropical stormsand typhoons(Table 1.6). For instance,the
tropicalstormii H A R R | hiE NathonSi Thammaraprovincein Octoberl962and
thetyphoonii G A YhibChumphonprovincein Novemberl989andthelatestonewas
thetyphoonfi L | N DvAich hit PrachuaKhiri Khan provincein November1997,
asit wastropical storm.By consideringthe annualmean,tropical cyclonesusually
moveacrossT hailandabout3 - 4 timesayear.FromJanuaryto March, Thailandhas

neverexperienceguchcyclonesAccordingto historicaldata,it canbeseerthatApril
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Is thefirst monthin whichtropicalcyclonesmoveacrossrT hailand.A relativelyhigher
frequenciesirefound from May onwards particularlySeptembeandOctober.They
usuallypassthroughthe Northernand Northeastermpartsduring the early southwest
monsoonseasonand will move acrossthe southernThailand from October to

December.

Table 1.6 The frequencyof tropical cyclonesmoving through Thailandduring 65
years(1951- 2015)

Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

North - - - - 5 2 10 17 25 11 1 - 71
Northe - - - - 1 6 4 18 33 25 4 - 91
ast
Central - - - - 2 1 1 - 7 9 2 - 22
East - - - - 1 1 1 - 3 13 2 - 21
South - - - 1 1 - - - 3 15 24 9 53
7.Vahl a si(aRmelnfsee sex Downie) in Thail and

Il n Thailand, five differenVarmwialnlid,Var afi
pil V. eragp\h.y lalbab\d.dasi amAhki shese Asian vanil
any vanillin for commeNVNci pll ap.ufpodmmamd Th
tahitiehsicé all produce the vanillin arom
vines are tmpostanndheonbBs$ and spices in t
vanilla vines are not well known or docur

date about them. Only one of these Asian \

durmagur at Vonsiambhei s he amount is not en
vanilla commercially.

For the diVst rsiiltameinasnlsaager scal e, it i S
Thailand (Fig. V1. 28) amé mfsoitudthidis! ilsnt atvdes, gr e e n
evergreen forest, and Tropical rain fores

500 to 1,000 msal
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8.Thai Orchids i n gepaenrdalT.o mbersrtoew day, Toda:

Thailand is situated in the heart of
i ndigenously cultivated and wild orchid s
extension of the Himalayan mountainchicdchge

of many species. For generations, | ocal
vill ages but grew them in conditions si mi
trunks of |l arge shade treesislsr saemdiarsg Dte
Vanda, and Paphiopedilium species, while
and totally ignored. In 1875, when Thail ar
of the development i3 BSéim$ cecbDnmanedi alo B

assignment of European missionaries cCcame
i deas, one of them being the raising of ¢
house and pl antdiengc otnhteamm niemr smanSome ot her
plants from Brazil, coffee from Africa, cC
and South American countries, which becam
mo s t orethudsesd i@ttrher died and only few h.

various colonies of Britain and France, I

Vanivliinas were introduced and still &ahchve
registration, I was gi vea&aniplelr aniisns a@heinasnogr
(Pongkrai) located in the north of Thaila
is a primary forest and waspobesmntl|l eofbera
especially VY.hesiwamAnhkirsaaivioirnagbhl e ext ernal f
el evation at 900 meters, high moisture co
to boost the fl oswering with frequent mi

Il n the monsoon season, plenty of rain
waterfalls and streams. The forest Vahskl &
vines were clinging for strohgbisuapoon. al
fascinating thing about this vine is duri
are about the size of a coffee cup and it
attractive floweuttaoné thagactekezpdopgcahai
The fl owers come in two colours, namely w|
frequently found than the red flowers. O\
propertyodedieched t he forest for a coffee
business in South East Asi a.
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Nowadays, more | and iidfmeitrhge olesevarhefdd £feoT
pl ansarn ia@anl arge scsdloe.beTHhéiel andt omalfp ecaojfofre
botMrabica and Robusta after Vietnam in
Ministry of Agriculture and t Bea9ri vateea s
areamround 50fange to say, ndofafnde Vh eda ma mf
bl ended wiltahvoandé@rioame Mati agemscamaanddihtedo s
popular three cofbeelmnhgtca®t hasdtlise being
north of Thailwmlmidc Hreehsaushtyle@ c vt wr a | sur vi
gradually dcomnmanegheenyWiedda mAnst 8. moimeme n
I S € on sawdeeerde daesa ® t produce iasnyoofVvama t bbhager
farmers, butcofl@mgi & thoiaamissair sted eothi sds a p

9Research Ai ms

This thesis purposes to:

(1o foster as much uanbdoduttet &wnidigin ginmma 8 s |
Thailand. This species mafnyVamiplelrast s elrietste|
repoomn etdhi s subj,eckeépth lmagn & aotl | chet ai |

(2No encourage their conagawvtatoOnNf unume
phar ma cceu property in phytoestrogen.

(370 di scourage aadl ldeecstt ruct i on of Wi

encouraging the artificial propagation of
AConser vat,aoxWamwirlolj@ctYiones intulres emogr tim ICthi Ta
have <col | edctwidl dunVweannitbgd mi watne sprfamper t y an
removed from the forest by the forest rat
hapyeéadtthem in my very own nursery.

(4o promote the future cobédWmmegicaomarhshidss

and their seed ger mi,amdi Gmyoptanel edatrege
10Thesis outline

Ilhade vdi dielpe ci f itcheaifnmosl lionwi ng parts of t
as under:

Chaptlehre 2current i mpact of environment

on the distributwiosi améodestraecbsygat emm. T
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ar
en
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S i
bi

ans of protecting the diversity ofeiVYani
eas of origin. However, the natural are
bject t o strong demographic pressur e
tabli shment of ex situ distributeiggyn ftoh
ot @ digee meggt i c resour ses.

Chaptlurt3her mnvesbi gdtei cwmdeanstandhnpg e

rphdlresget,, and potentisalameolsiisnat or of

Chapteer di gpmerdsuicses numer ous erdisnutwe thl &
d thna d thteer skin. They do not gerTmisrsaitee cu
c heciagnu eb e uucsceeds stfawld y g.er P ommtad ®@o lt hef cre ed

| 't ¥resboDhmersiberen standardized.

Chaptleode®el op a new pr ot orcvoaltoMotnrsait aengeyn
terms of survival rate and regeneratio
Chapt@anddl usi on andTHhiust uirse tPhreo sfpiercdts . r
Md si da me nTkheas d . Ne @ chlee sgse nted o ¥a y & s aluekees is
noyt hervVawiilld a speci es, are threatened wi
eas of Thail and. Any itnhepetues nmustat ity
cou,r abguetd t he creation of ex situ collect
nservation method means resources are r

chni qgqlithees col l ection of gl obal na t wyoernke t d
sources, molphomEatye ngerd miunat i amo rcsoiud a@r a
ogress in terms ahddihentfiuftiuac ea ncd nesova nvami
amemsiThdhleamdevel opment i 9 geropeasbsng as:

otechnology techniqgues, mesaents wW@.ni Td ae X

t hhent er ©iydc i fddi lwaartai cooner Wst d c ailmeknes irseso s g latn c -

an

co

hy

d to disease. To prroduhceer ian nnaevwd n Folt Ihgea n
mpo,undmgdiebi fruits. To produce and obt
brivli ztehdai hatWwdt eabkimoédnsis in Thail and.
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Chap2erl mpact of Ecol ogi cal Waancitlolras
si amRmodife ex Downie (Orchidaceae: V

at Khao Soi Dao Wildlife Sanctuary,

1Abstract

Some species of the pantropical orchid
i ndustries, including food, phar ma¥enoti ta
siamemssias l eafy vine endemic totheaidland.i|
oV. si amensits | | unknown.

This study aims to ¥xami amermdiesudiast ciol

we |l | as to investigate the iIimpact of en\
ecosystems. eve do6heéepriopoasehlli objectives, a
moi st forest at Khao Soi Dao Wil dlife San
fact or¥. whiemmernugiss were assessed in two st
(1M 50 were set up near waterfalls (NWA)

A total of 66 species of woody plants
for i mportance val ue Ptnedreyxg o,fDaV)a pwe mes fde

Strombeygli @nichaor neaandi ogpPpyaos. transitori a

The highest number of tree species, nt
and evenness were found at the NWA compar e
act as sup\yp.sr amdmsidsheofpl ant families Ma
Achariaceae.

The resulty¥. shioamagrhdsihpbo asdialptedwdloln su
the NWA study zone which contained a highi
AFA. rAllults reveal ed Vt hat améadshiks ssttruidbyu tairc
i mpacted by tree hosts. These species hayv

softer b atrrke & hhaons thso.n

2l ntroducti on

The gvamuhdalsaa pantropi celt 208010 ;r i Hdiu mi aonnd
et 28&11.6) , cont ainin/g tph eamidd to P Ip ldngp o0 M@ & chiee st r
Americas aWd tahki tbhhbnsds e used in a varie

phar maceutical s, cosmetics, et o2l@d0c9c)o. aEnxd rt:
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V. si ganelnsadsyendemi c to PWdillaand®eed@d 8émd
exhibit t he character i gtrioomo £if h @ c tuss M dausna
phyt oestrogen 2VaApchamt aspr & of being

phar macological intethstdi detablbedoniWfecm
siamemssisparse. An under standi ngcoanp othfeent s«
terms of its survival and colonisation wo
utilisation.

Vaniilsl aanusual amongst ot her orchids i

climb up ttrhee shegasthoddiyentser obt s, eventuall
| oscommgt act with P2Otelis. | A Camemont he spec
ability to colsprics @ sa (rZa mgne r onfa nt raene2 000 3ms t
Bergstrom2@ad@y, Cartleoulyh $ nsatrnbésecs|icaatseeds olkaeregne
be f avoulr9e9d6 ;( Redtr2@i0s3g neMuZ@Iiz3; Ber gs t2rO®M@)an
Il nformation on the distributVi oms, amde sadtsh e
speciVasirtetmafirmsg ment ar y.

The aim of this study is to investiga
distriYutsioamerd®irest ecosystems. Specific
to whicshi amemoisdandpeci siee class dependan
addition, the diversity and composition o

anal ysed.

3. Materieahsdand M

Thetudy was conducted in the KhW¥X) , Soi
Chant haburi ,218hai lchrosenFifg@.r har bouriYg ea
siamenthe forest at the study site otat he
moi st forest. We divided the sample plots
mabove sea |l evel (asl) amasll QWwkirg2Br gast ( &5
study area, twmlpey maercact eliotsarl 1Wat er f al
in adjacent forest ar eansf r(oAnfr Ag a can23acat 2EdA)rg t (ak
Il n yeveample plotlmiflianwegeadoassratted for
measur ement of env2To)nmehitalld fwecrntlor waeaFc g
period from November 2016 to July 2017.
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Fig2ite®d) The estindyt hsei tKhao, Swhi ©h o iasvalreyc fa
evergreen forest (DEF) Khao Soi Dabi yv I d{
The sampl el pD)t svef 80 set up Aewhiteswatweer)ala
adjacent tAgblackspase) araad (c)llOmsgmedwates of

every sample plot.

3.0 stri Wut s o mme fKaios Soi Dow waterfalls

Surveys of Y. s$ir daimmenlsaorsg edfweec & ec,onwdhicct

Thailand where a tropical rain forest hav
t he di stW.i bauitavmenrhsoiis one natur al forest ar
numbevwr. ofi ameresi § hi s nrdeuscetaerdc hatwaksaoc o0Soi Do
are | ocated at Kao Soi Dow Plant and Anin

Thail and. HerVe, sdiasaesmighbesstciroinbeodf by using
(Drone;)2 Fi g.
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Figur&urazZvey on d&i stsi ipmetnsiomsgofinmanned aer.

Phant3omsr one was wused to take aerial
mountainous |l ocation, from the highest |1|e

origiwaofertflaé |l s from the highest point, i

of this region, especially the host trees
the waterfalls) from the highestespaisntp otsos
with Vanilla vine:mtgr dvhiendhoasnd tatetesamidrog n
t he movement of the wild elephants from
polymer batteries, each droneutas. madake tb
the drones are similar to those used in s
turned on, its computer starts the GPS an

two minute process O0GPS edcdtttiengyg tamdedtoamlkli ing
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t he
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Van
09:

iWhem.|l aunched properly by allowing th
satellites, the Phantom drone wialtlorr e
ns thefttransmitter

However, the new Phant om 4t hParno iitss nporwe
owi ngr ool Wwteitare raBiat H oRvleantlameh caynd Pha
d at KSD. The three main purposwsl|l ahdP
map covering, 2) To observe Human act

veys.

3.2l ant sampling

All trees possessimag &retasin dica ydt e weo
dy plot; data speoradesdname,] udeamether a
a hyddo gelthger presenc¥. osi ameesits bbst t
ereco@Ei2627) . Hespaci menns were coll ect e
il ous regional fl oroasesdndHewdrag i dieng 0o Biatng
3.3 Measurement of Environmental facto
Soil temperature and moisture content
r sampling areas in each study simia. S
soi |l -PwiotoH a@ypei Digital Pelr5mo nEeATed, (T
an) . Soi l moi sture contenmi was$ helhs oai m

sture sensor ( TheT aDePvriocbees tLytpde.F,MgQaxn2b.rb
fteecrpper ature of the host tree was meas.!
illa vines at each study sdtien ddyt iemesi
00 AM to 5:00 PM
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FigarAlj acent {({AFABsrte areaasarcradesat upper
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Figar(@ ) FIl owesi ama-dXicst s (Mtoesrtodyhbeieggm t ent
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Fig@rSBupportivhg stiraees resfir At prded (ts stem d
height (1.3 mB)V.weri enreeapddtrsd ewler(e measur ed

Figa@rMachine for measuremantd 0O0b) (mdi sobul et
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3.4 Data analysis

The tree community was characterised u
Shannon diversity index (HNj, ( 3) Evennes
of tredtepeéeci wedree tondssess the differenc
number of tree individual s, Hand E at | ow

The Shannon #) vies sadadmmamldyexuged to cha
i n plant comabh988y. (Magus estimated by:

O B 0'Qat0Q 66éé6. (1)

Where proportion of species i relative
and then multiplied by the natweaud!| ttioga@gryp
I's summedeadresss and: multiplied by

ThEewas calcul ated as:

E= H'/ I nS eéeé. (2)
Evenness value ranges from O to 1, wit

order or raenteqgsupaelcliyesabaundant ( MaguH'r aéhn,d 1 ¢

were performed with the PAST software pac

An I mportance Values (1V) referred to
value, mportlece percentage, gives an over
of a plant species in the community. It

IV = iR DRtF RC eéeé. (3)

which i s;

(1) Relative density for each species

RD#n/En | 6666. (4)

Whiaoahs the number of indi vidual s of a

releatdevnsity of the given species.

(2) Relative frequency (Rf)
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Rfi B= fil 666é6.(5)

Which is the frequedicwi doefd ab ygitvheen ssupne c
for al(#)species

(3) Relative covierage for a species: I

RG GiEC eeéeée. (6)

Where the coverage (C) i's the proport
projection to thergrsounfd tfhreo np Itahnet ,a earnida li s
i's the sum of the basal areas (computed |
species, and ni is the total nunflersof hen:
coverhgseabrarea for all species.

Tt ests were used to compare the means
height of Nostsi dbmeetenseiednort he LDN fared emlce L
temperature and moisture comal sot abese®sed

t est st was wused to compare differences

content among study areas (i.e. t he UP an
AFATJt est were performedWwndbwSPESPYE&rl n2o
USA) and datlheclkded wearmal ity and homogenei
Shannon di versity i ndex ( HNj) and Evenne
Pal eontological statistics software packa

4 Results

4.1 Dist\Vanbiultliao agioaKmen sSios Dow waterfal
For the dWVstsi bmemsenmaddf scal e at Kao Sc
can be ablper otgo afmmgd pmessi ons autonomous

approyi Ot eli nut es and over -2amkdiwhiamlic ed eoff €

condition of c¢climate and topography. Dr on

an espoeunr ce softwar e, and it recorded vide

aerial ppbobbgrda0 cm pixel resolution.
Result of aeri al photographs g¢amebe n
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vegetation cover maps of surveyed areas.
I's along the waterfall route, (WRHEr He d@n dane
I's over a distance ofr & 8ndglf Brsiwdatts hsi hgohw na b
Vsi amensnies can be took photo by using dro
found at over a distance of 18 meter.

To observe Human activity detection by
was noticeddonnt gi ks aweéseaobserved from th

daily enthusiastic walker in order not to
especially in heavy monsoon rain. @nl2yY 146
and 2017. There was an extreme drought wh
of flora and fauna. This could be seen us
i nformation could facilitat e smoroe ptaarrgoet et
areas.
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Figardéd®m®Aer i al photographs over a distanc:

ground
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Figurdeli al

photographs
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4.2 Plant community

Of a total of rle3cdo ridneddi viind utan e tprleoetss, 6
belonging to 60 genera in 34AppendilepsTaiel
the wupper site (UP), t heHyndonsotc ad mi(sB aidl)i,ct
foll oRedr bg ymohtiaufni @®m)ophea pPabNMyrar pywa pani
(140Dn0Di osgvyarrda ¢ d2V8ppdndi Xx) .Tabktl et he | ower s
domi nant trARlechhprre(@ds0 wiqwed g vfiod U alBst/dhoany o s i
ceyl diip@aospyros( 1BOf ectrrahs20)Preadggot @0 )al ¢
Appendi2y . Tabl e

| mportance Value index was <calcul ated
values of | WHywlenroec afr opu(nsdl 2iFI@igreg io fc ¢ Imib i w(m® 7t.i 3n)c, 1
Dal bergi @2>.D3),epyros (ar6kRgamaya p@nd.cu)l
(Appendix 2). At LW higPReerygb(u3als.B0b3d)s,pVr o
def eC2 38 iBt3r)ombosi & 22 eAdlAcahnoi rcnae(a2 1r.u3gBb)soea p g r O !
trans(iz0.(pSp)endi I Whabket he greatest richne
of individuals, Shannon diversity index a
compared with adjacente tdi fffeemreantcear aves e (
signi Tti eBtn;t0 HO 8;.-2 .2da)2.

4. 3 HostVvani ééa Bommensi s

Of the 287 individual t Meesi aneenw seissed,t
10.5 % (n=30) (offaBWe&lordeye pslpaenctises from t he
accounted for 28.1% of all host trees, f
(10.BR®Y .highest number of tree host speci
hosting trees perwidquiadrhaet )| oaver c esmpgarsed( 1.
di fference was notlt etat 2P0 jOc 0I51. yT29d Bn ilT h &

great est number o f i ndividual tree hosts
compared owverh gihtees (1.6 N1.03 SE), howev
(Tt eyt ;2P>1 0. 05 TabH)d 1T hedeirgesults suggest t
nor abundance of host trees i ¥%. asgagmelft et

study area

The diameter at breast height (DBH) of
sites (36.6 N10.79 SE) t hhktnesass ©WPe3W@plper
Figcd..13he height of the tree hosts was al
SE) than at the Ugpdad,;s2iksedd Kingldd ND3 80 SE;
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Tablle i st of Wossi amaasgnbfor of f o nndedavri dwaat! esr
ar gad&NswWA) at | ower and upper sites.

number of
| ower upper

Family/ species

Achari aceae

Hydnocar pWw,d niglicifolia 0 4
Annonaceae

Miliusa mollis Pierre va 0 2
Orophea pPol PE€ar pa 0 4
Bignoniaceae

Mar khami a( Watlilp.u)l at a 1 1
Mayodendr  Kur ghetmr z 0 1
Combr et aceace

Terminalia Piigrrrorenul os a 0 1
Di pterocarpaceace

Di pterocaRpxls. aédxat@s Don 1 0
Ebenaceae

Diospyrod$l. d®f et et xher 0 1
Di ospyrosBakhnsitori a 1 0
Di ospyrosKkuwazri egat a 0 1
Euphorbiaceace

Al chor neaLoruurggs aM¢ |l | . Ar 1 0
Fabaceae

Mill ettia | eucantha Kurz 0 1
Mal vaceae

Pt erocymbi u(nBIltainnccot)o rMeurn 0 11
Mel i aceace

Agl ai a( Rodxubl.i)s Wal | . 1 0
Myrtaceae

Syzygium SMizgg) oMeres. & 1 0
Phyl l ant haceae

Bi schofiBl ymewani ca 1 0
Rhi zophoraceae

Carallia( bowarc.h) aMear r . 1 0
Rut aceace

Murraya padani)c Wlaatka 0 1

Vitaceae

Tetrasti gma (I Reaircrosstt.a)p hAll 0 2
Total species of 8 12
Tot al number of h 8 30
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Fige@reran (NSE) of (a) species richness,

diversity indexplamd (cd)mmuwmertnye sast ocafdj ac en
bar) and near waterfall areas (NWA; whit e
4. 4 Environmental factors
Soil temperature was significantly hiq

than at the | owese= Slift=€Bs, FO.B5)L2 NO6i B SOmMper
also significantly hidghegtatl PkOBReOFATgAd ¥ h an

Soi l moi sture was significantly highe
|l ower site®<q.3001 NBe5dBSDference was found
soil moi sture was significahttdsts=hi2dPlxdr, a

0.00RI 4.

Surface temperature for host trees wa
compared to the | ower sites (27.4N0.6 SC
significantly higherTtadstt;h e PABAOMIb@.02 .alt4 t
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5Di scussi on

The plant c o Mhawnn il tl iae ®sci eatneesnesa asnt ai n a

However, there were no differences in tr
near waterfalls (NWA) and adjacent fores
di fference in theVnumibabsofoumdi vi dual s

The results showedVt hat avmeresifsorudidv iadu
areas when compared with the | ower areas
These results suggest that theilvawealalofVa
plants may not exV¥.l asinaméres tdi estatibeart i loann d
oiv. si aamenresicsan be found at higher el evar
association Rvidrhodyhmbihwombtmtmrdteodiatm col | e
have a higher | evel of soil moi sture con
results show t h\At stihaemedniseiesr sbudyomarefs c
higher | evel of merdtalie eodtehtsonéeartwa
been rfeprordateler phgmmes9 q;Pakarlr.i 2AOM 3et Ber g
2008), and( 2Mu(d)z whoadeported that three
for -diazesks ,t rehereas frequency of ocCCcCurT T e
i ndependent of host tree size.

According to theipgreedarctt ogtsudy,n miaarta
and their bark characteristics$heanecamosp
V. siamAngreateV. isnicavdemsiesunfl on 19 wood)
the plant families Malvaceae, Annonaceae
bark on the | ower part otppeeeparunbkfand
structure might be a factvVor si mafsle u ®muaidn g n
groupsudfarvaespi phytes (Wyse20lnsd) .Burns 201

The mo s t commonPtlkro®tcy nmbrieuem( Msi nat en
Sterculioidae), known in Thailand as Pho
growing to about 45 metres tamin Thamet rea
unbecled for up t ol 93200 )me tTrhees nt(riBemecsspvinearng ag ri o
as in the wild for | ocal use as a source
the bark are used to make rope. The bark
due to the preswhicteeodWw i sahnigm$. ahlde very

const rmacttcihoens,, veneeX9ah)d. pulp (Brown
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Al'l host trees found in this study have &

C

ar &a, si armeainxitd ai ns | engt hosd eosf 58 ttoo 1205 cnm
results suggest that | arger DBH and heig
that i nfluen¥e ¢$hameunsadle nccoendaft | D20isl )( K° st
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ChapteKFl 03 al mor phol ogy and VBat &€hatn

si am&kmd if Bowrni e ( Orchi daciemeThavialnand
1Abtract
The orchWadihtpépaaast r opi calt disechrudesi oot

partiYadialrll ey Jpmlc&krsi. f exn\dAngro@wsd nfardoem t he tr
Americas, and t he MWitiabhsitt ddmosnmse r TB @&t3H hsypberci |

used in various industries, including fc
repel |l entnadnd et&kfdod¥t | i Rmeérnei *kr Doowm.hai l
Here we investigate the flower mUrpho

S i amemlso wse r moarnpdh opl colglyi natii mdi ceaxtpep & tmets &
pol l i mant 6 ed. Thus undergoing pollinatior
Visiting gihnseicitssecte grouwBpdsatwedea,colCbé¢ e,y
He nti @r a, Hy me n o p t Marnat, cadig®apti dopppttresgraa tewe-mtt y n
e ght i ns-egpéeclhes pmMost frequent visiting g
account for the | argest value of frequen
The mai dhvi sctegpak fnossa | i kel y t hed paotl | Hanoa 't
Dao in the eastern region of Thailand. Th
Vanililkee pollen before exiting with the p

|t i's therefpoll isnudtgiessin aerddintsilasti nchost
beseatnder nat wrhaolweowendivtiisdan ations are-infr

| i mi whteinor o mpamadIld| iteoxap e roinment s .

2l nrtoduction

The family Orchidaceae, possi brllyd t(hBso rs
et. ad2008et.Cddabsles), is renowned for its di\
str atMa ggiheesnte(2d@0109) . About 27000 species ar
every 15 plants currently descriehedc2QO@5bp
At the same ti me, for many orchid specie
This i sy etsrpueec ifadrl epi phytic species wher

makes observation difficult.
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Il n many tropical areas, sp¥anmwklcatr @k
| iTanas -amidp hhyetnres ( Cameron 2011) .t h&hevi dgel
cultivated tV.opplcardt fcaglomaipd andurce of nat
most of the &anihbR& spepdaitewvedfy | arge and
are invariably ephemeral pnugual Ffgwl Aetir B
Four species arVe nmgthiydd at,o VT,b p\.ll ashicarmes,a s\.
i ncluding theV.wipgled miaftaillisa w a tDé #Bea utt @ tsMak |

2018). They al/l occur as trailing vines
little is knowrV. also @ameinls & s brvaosl aghy uogfht , a
century, to be an endemic speaciioenss osff aTnhean

(1905, 1907 and 1909) were by theilB®rdi2t)i.s
He was the first scientist to be sent t o,

many plants species. Akl thoi & hep dHeirmhams uw
Royal Botanic Gardens, Kew, UK; although
Herbarium of the University of Aberdeen.

Vani |l | a Reoilafnee nesxi sDowni e is a robust s
( Yunnnadn )praobably Cambodia (Schuiteman, pe
of pollination experiments and ob¥aenvhta

species have beeqposlUggaeseddt hoobegh set fgn
rostell tAmeh@et and Cameroret. 2003 PA;r @@ e haon
Dressler 2@®10;a2006) nskhygpwever, t he majori
(Peakall 39 4l $BHAo etnars and @Camernrcrs 020231
most common reward for or chiRdo upboilkl iannadt QArcs
1987 alt Wawmgth | aanreep ekcnioewsn t o producet.aafl
1996). V&avetlt alns ptehcei elsmer i can t Eo@$ slse@sr e
(Dressl er 1981) , a tribe thatneicd aknowrod
orchidse{Dall%eon) . So far, there is no di
behavi ovraniin | &nBs pectd iomlls9O 9 6 et .Gaxyyalnlt) . Many o
also developed different types of decept
Dodson 1966), a strat egWwa nkinlolwan nstpbehc ee/ssme €
tropics; although, theemaaonts UeATeaafs (@&
Cameron 2003) .

Vani | | a issi aonie npsairst iecxutlraarc tisn taenrde shta vaes b e
phar maceuti cal properties in the treat me

have an underseangohfi odtibe bpetogy, no
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the species, but also for the exploitatdi
phar maceutical properties. This study th

siamen28yrsalatpoll inati on, and 39WV.poslila mean so

3. Materials and Met hods

The study was conducted at Khao Soi l
Wil dlife SawW)t,uaGhyan(tknSaDour i, Thail aAB) {13
and at a second site in Chiang Mai ABRyovi
Both study sites are classified as tropic
accessiVbi i mpneto®it v sites. Thtehestfuldywevaisn g
May 2019 to June 2019.

3.Fll or al moYamioll log ysiodmensi s

Nine inflorescences were randomly sel
flowers were randomly selected on dachli
characters were measured within one hour
near est 0.1 mm. The number of individual
These data were used to cal cul stce ntcltee av ¢

3.2 Natural pollination and pollinatotl

A combination of two techniques was u
i nsect pollinator-set wime tt lho dav,e r aencdo hr aéii gniwte & I
devices ZWML&)y .avWherse dgdehreonvseirss wer e obser ve
visited the flowemnest were caught by sweep

Three Brinno 200TLC digital camer as,
Canon were set up by using argpedsly Thei

recording of pollinator diversity, activ
Mor eover, t he DVR can objectively impro
diversity and activity oviee poretcs wemanl
insects visited on inflorescence as reco
cloth to protect the flower from the ot he

6 weeks during 2t O® pgeeyf ir2addh OR16t 102 5J u n e
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3.3 ldentification of visitors
Al | i nsect specimens were identified
were perfor meid ukseiynsg (tTax gncemor n 2a0n0d0 )J.o hTnf

Thrinchostoma species was identified by
Natur al Sciences in Brussels and ot her ¢
University of Chiang Mai . Soames e nosfechi gshp
and period time of the day. I nsects were

3.4 Data Analysis

A frequency of occurrence (FQ) was us

i nsect gr oup eignu esntauyd ye hscietces.f each i nsect
FQ (%) = (number of ti mes tiont avlhirchmbeéeire a-
times) 1100.

Tt est was used to compare the means
(classified byt amvVompbodmhmeowess) WBiediore app
test s, we tested for normal ity and homocg
transformed to meet conditions of nor mal
Statistical rafnoarlnyesde swiwehr eSPpSeS Ver . 20. 0.
Chi cago, I L, USA) .

4 Results

4.1 Mor pVWadiolglya 6dioavmeensi s

|l nfl orescences emerge as a | ight gree
518 ¢ m. l ong, médgtanehteedn (aarahyubranched)
opening) occurs in the earilyembromngehe Fb
i nflorescence upwards. Each inflorescenc:
with each flower |l asting i@pcmoathoes, day

with acoclroeraend or yé Inlkow adredllAiE md ( Filagwer s

pedicell ate and each flower is subtended
with the |l abellum being | ower most . Vilnt e
si amewhsgicsh, has a white | abell um, afs warei Im
and the "Vedsbprmnwdemsak | abel |l um, i's extr
vines of wvanilla).
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FigB8r(@dA), (C) and (D) showinvantihe ac smmane r

(B) and (E) showing tVvhe smaemensamser "red |

The corolla consists of two upper pet
mal |l er, and a trumpet |Iaathepgddmsabet bbm. of
airlike project-iiohes , appoamuanag, awdbdedael diam
nderneath the anther-poihéeragi $amebpbhaeh
n ltehlkeeddmufmace. The adamlad ran .t owh ihdhalbees d huans i

ong hairs on it32)venA rsailngd er faancteh e(r Fiigs.

o © T o

containing four pollen masses (resembl i ng
texture) covwverded Tlhhey @ oomaphlk stigma i s si
separated frolm kda rembar arhe n(tfHeappobkt ehaun

The ovary is infend.or and elongate (Fig.
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FigB8rRl or al gmoVepfhiollloa. s AineRbsower front v
View; (C) Flower front view and without

the sepal s, petal s, |l abell um and ovary,;

of Itahbeel | um (cont .)

63



2mm

2 mm

2mm 2 mm

Fi gu3fkl dr.al moVWVWamioll logysio#me CoiIl ssmn front

side view; (C) Longitudi-mads ; ;se(D) oo rdgi tcu
of col umn wmatshsout( Epo |Alngnrh &r) dap | a md ap o IAIni
Pap = Papill asmakair; Po = Poll en
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4 F2l ower visitor diversity

A total of 8 orders, representing 28 r
to fl| oMwerss dafa®8 jes3Hi)g. Hymenopt ee amanaamrei tuy
species (80 %), followed by Diptera (50%

Observations were made ofV.i ssamenct Bat
their activity and frequencw. ofsi awietohs ir &
significantly higher frequency t3hdnhesat|
F=4 . B<60,. 05) .

Tabl ®i ¥elsity of insects caWghsi adamemnsigs v
OrdeFamily; species) Mophosp Occurt
( %; Nay
1Bl attodea B( Bltsgdl . €lalr iy & @ 5 10
sp.icbxkroaches
2Col eropt(eChysGimey ¢ 6 phy ie & 4 33
beetl es
3Di pt@hrraysops. e. fl i es 3 50
4 Hemi ptera (Charytsamioird a 5 5
spi.t)rue bugs
5. Hy me: n o( pAtpeipdasse ;a m a gsopn.
ThrichopitiTddna ch®pt o2ng
Hal i cNomag. Nolms p.Tb2)e ¢
(Dol i ¢cho@d.€almp o rs@t. u gl ,
Campoms@pt@a2mp o rs@t. u 3, L4 80
Pol yrsapc.B€rls,mat sgpastler
Cremat sgpaGrtzemat sgais t3
ant s
6 . Lepidppt e@aad Bl 1 10
butterflies
7. Mant odesapi.MMani sdae 1
8. Orthopt epiag)r(aAscsr hi odp pde 1 3
Tot al 28
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FigBrBlegecies of Hymenopteracapsutedgohh
video recor di;ngBX DiiRegsopheaMp @pp, ©NDMsp. 2
and ThE) nclepst BBead arrowpolnldemademgsi t ed c
ThrinchsopsAb2reapt ured pollinator speci mens
Botanic GardMans MaeCRi mng
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Fig@8rA series ofH)vidle®bwisngdhhest(adBmavi siting
oVanil |l a;s(8meResdsarrow indicates the abs
offhri nchpst oddma bef o/ma if d fotaveHr)i. nhK hreed arr o
the poll en gr alihnrsi nocntsghshteddmahafr taei bf ea Vil gy«
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Vanililke pollen was ob3éarvaedhsgst othhaea n
Thrinch@pst 2maas t hey Wi st & draIgEEG4A-T laBw@ r s
35)Thri nchhmwesdsoma aWghtsi ameme i sneasur ed. Mo
measurements of Trei mocphepsattdlmas hewee ohese
functional height of 5 mm. They had a tot
of 3.9 mm, with a thorax width of 38) 2 m
Thrinclmpst 2mal so had a functional height

12 mm, of which the thorax Il ength is 4 r
height o0of372 .mm (Fi g.

Fig@ctMor phol ogi cal meéasgremdnnhal ofe¢”A) on

Thrinchgswiotmha mor phol ogi cal measur ement s
height ( TH) indicated with white arrows,
yell ow arr ow.
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1 mm

Fig@@crt®hrinchgpswio2mma mor phol ogi cal measurem
and thorax height (TH) indicated with ar:-r
dotted arrow.

Foll owing Wi s istiaafmeonmsd rest h by n cahE.t o ma n c
Thr i nc hsops.t20 mahat Vwaslli tkar rpyoilnige n, the ovar
doubling in length in a few weeks. It was
within one to three days, the fl owermelwp.ul
The sVMzesidmandi Py insect visitors were
in the elongation of the pedicel, with ¢t

and eventually to green, shhki®d)n.g @rhley parees
out of 28 fl ower s T h3r. i6reg sgasatsolnpaa ih bl ¢ Begs 2d m

and developed into a fruit.
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FigBr(8B8) A fVawmit | afaditaeme ndTidsrti antcibsaps t yma

4. 3 Pobdhawitmrr observations
The behavihoi nctsggshanndt i nclsgpatwana obser

as much detail as possible, i ncludjanngd t h
the time it spé&8@j.inHThtéohechhovwweirce¢Engt irl |
The observation for pollinators began on

day equipment was set wup at 06.15 before
On a few,iadccwassi omast sepgeei bhg pol bbnation
constant rain and moperfr hgcimisondOnhi bhge afr
approached the fl owandlimdhemoti tmakae darmuy | at
fl ower. AR 2 0 a4 5maatpeplryo x 8; NON B & B ¢ hboese o m

specimens per day visited the flowers
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FigBr®nt ering Stage. Showing different st
pol |l i nlahtriiomc th@getBohha&Jpon | anding on tobealahb
theeoént he fl ower, dr awn Doy Tthhee bferea glroannecre
the inner flowetr EBEMobeogmsehgwiogramagteh |y elels
the flower as guidelineingiGde H)hd&d hfel bhwer .t

towards the exit and positioning its body
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Ashda fThr snclhest campgpr oafclhew¥.raeshaitmeen s ¢ 15t
over two minutes hovering round the open
onto theThealhb@ehcbtwhan eofhai rs wap ot btedb | aacbte | d

supporting pad as wel|l as Wi dVatggadddl ®e t
Johnetolh@ b 8; &0 h2@0d008h) t hi n a ,(ftehve Decomsdsart e
along the | abellum and into the flower. |

can be clearly seen atetdacfhoerd mioneittys sbeaccok
turning its body around. The distance bet
waat | east 3.2N0.2 .(BSD3IAWB)E30Wwa imeke ( &i gd
functioonédl t he&iB@p e

Il proved difficult to observe the behayv
particularly because the flower was situ

observation was made facing a bright ©6hyg.

majority of the time crawling on and arc
around the |l abellum with its head | iftec
mechani cal i nteractions betweerrtphetlaeeo

Rasmussen (1985) suggestedhéehét!l awshiaped)
and often provided with a tuft of retror
retreating, to raise theire baootyhTelae deft he

pollinator is expected to have a functi ol
pollination mechani sm.
5Di scussi on

Observation of natur al poll ination
Thrinchkhpsetcamas bee was captured on DVR. T

suggestinwat po it ppddiadnsdhednbyobeaet spaeci es.
the only case of pollination observed ou
i ndicates that-limetepdecipessi bl potbento |
very |low fruit setThat n8 st alnhd ti micshsg@tt Wdne
compedvrith tireuinomet for cont t dred=ldi nf | cownwee
The low fruit set might be expl ai nled |boyw

pollinator abundance, resul t;i2ng | iomwsefmuoa n
poll en reaching t hgolsltiigasage efwidahg tlstmean p o |
quality, when the weather iIis too hot or
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Its viabilett.ya2(0Tor5e)mb | Hoywever, this may n
occasion unusually hhieghwiflrdu.i tA usteotg acnayn hbaes
occur I ia naslpteacw e s , al l of which have ur
(Houseanta2d@le 0 ;-ASenas amld 0Dr;e dautb@&iGk))y, but
'S no ev\V.desncaewmetansamw@w g ; fl owers that are s
do not set seed (pers. obs.).

Results presented here sug@bsitnthest oy
1 almhdr i nclspst mar e Vpobki amdoepbobbgical me
t he oper althirvien csltsgzset o2nfafVi. | mada meam s hs f unct i o

which i s the approximate height at which
based on the Il eg length and oveoerrsaldnditzhee
mor pholVogyyiafmansiasz e t hat the species is

with the present k nowl \¢amngislpleat i epso,l | alnlat o
pollinated by dntifgereert ab2pAchkpkemmanil 9B9 8 ¢
and St ei neAr elnf97 ;a nSo tCoa Per reonm s2 Ca0B) 10B)oetsaskIr e
the observations of the fl orVal smoavmpahosli odge
a bee that 1is ofTha isnpewpsfticgmasN@ eqt sairc hs e
observed as potenti al pollinators, as th
mechani sm ( RoublX%87a)nd TAtek egspreadnil @ apr m @ g ¢t «
an incentivel fobheahtewébnspasra defense frr
research, the mosptolflriengauteintg g rnosuepc tosf fnoounn
oV. si avmesnxindg s, which is also tereute al®9®8p
Jolms and2806i ndetr.s&dk0o0v6g Schi2G13) .and Joh

Fal se nectar guides such as fine spot
searchingpotacti @an pbyl®86at oFs (&Ni pessenbl

red dafufhiasirs on the surface of the | abel
similar manner. However, floral fragrance
cues for bees when ori enhteaitri nagp paribiasciho (afFnrd
1970) Varliglelnaws is known for its fragrant
fragrance currently known. Fragrance se
pollinat &/asisfpderm i nedsn § eSeod oC a2nleOt3a;b i a 6.K§010 6

Hous eledl2d0d1lr0 ;-ArSeort as a 2d 10Mr; e RAIAeHra r. i For e x a
unusual hi gh f rVwihta mssiid omiseeadsi csetdt rbiybut ed
floral fragtr.2a®#lde) ( GHed s(&2H00ll0d)erdescr i bed h

fragrant Vpobowegmandhaftoaat a greater numb
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I ndi vidual flowers with a faintVv.frsag@gmamdes:!
only perceptiblelaketlypsehdi ppahceat Mogt |
fl owe/r s sofbreemsiise of its conspi cuades cainog
(Roubik anti9&@cker mMhel loovmangener sur f¥.ce ¢
si amemeiat esnarasetofrom the rest of the f

cl euspe ori entation of the pollinator.
There was a clear indication of the p

off. As soon as the bee |l edtwittthea fmoswlei

prevent other insects going in. After te

the ovary and the remainder of the flowe
away and the ovary es aratyesd tHmo wewelrl, wintshu
results in the whole flowescéanmlArSmgaso fafn
Dr e s0 1lelr) .

6Conclusi ons

This study suggestThirt mataaiee esmaeo fp\tlhlei r

siamen¥he pollination mechanism is quite
the bee passes the central bump on the |
the pollination process by coming iamtdo ¢
| at er with the stigma i n anV.t hei abnyd dsies
Thrincheset,omander natural conditions, app
to artificial pollinatiom {( 2c0misumes suc.l
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Chaptlem ™Mitro seed ger méenat a vmoma h dfa

si ameAnsiesndemi ¢ species in Thail and

1. Abstract

This study reports thén vitro germination of selpollinated pod ofVanilla
siamensis native to Thailand. Theanilla seeds were asymbiotically germinated on
difference culture media under aseptic conditions. The results showed that, New
Dogashima medium (NDM) supplemented with 2% sucrose, 15% coconut water (CW), and
0.7% agar gave the highest levels of seed gatmin at 10.1%. The fastest and highest
percentage seed germination was achieved using NDM supplemented with 2 mg/L
gibberellic acid (GA). Seeds on this culture medium germinated withi@ Weeks in
comparison with 1011 weeks on culture medium withoutapt growth regulators.
Protocorms were transferred to different culture media and various concentrations of 6
benzyladenine (BA) to assess the protocorm development.

The results revealed that %2 MS medium gave the higher result in survival rate of
protocam than NDM. Culture media with BA showed the survival rate higher than that
without BA. BA at 2 mg/L gave the highest shoot formation at 100% significantly
difference from culture medium without BA. Plantlet development wasptzied after
subculturing on2MS me di um s up p |l e me nnapghthaleneacetic acid. 5
(NAA) for 8 weeks and successfully acclimatized at 91.7%. We conclude that MS medium,
at half strength of nutrients, supplemented initially w&hmg/L BA, was ideal for
protocorm developmengnd later with NAA (0.5ng/L), supported plantlet development.
The protocol outline here and potentially variations on it can be used for mass propagation
of this endangered species and used as guideline for improvemgnts@amensisand

conservationn vitro.

2. Introduction

The genus Vanilla is a cosmopolitan genus of orchid found throughout tropical
regions. Although the genus is comprised of 110 speciesy itganifoliaoriginally from
Mexico that makes up the vast majority of commercial Jangroduction. Vanilla is
commercially <cultivated for its pods, f
substance, vanillin, is extractedVhile V. planifoliaoriginated in Mexico, it is now widely

cultivated in many countries including Madagasddexico, Indonesia, the Philippines,
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Papua New Guinea, Fiji, Jamaica, Costa Rica and Peninsular India; Indonesia and
Madagascar, however, ma k e (Bwpath® andBhak010)t h e
The product of Vanilla, vanillin, is widely used in ariety of industries including food,
pharmaceuticals, and cosmeiiBenuga and Kuma2014) It is the second most expensive
spice in the world after saffron. In addition, vanilla is unique within the Orchidaceae as it
is the member of the family to prockl edible fruits.

Within South East Asiay. siamensigRolfe ex Dawnie) is one of the many thick
leafed species of vanilla, and is one of five species found in Thailand (others\being
albida, V. aphyllg V. griffithii andV. pilifera). Flowers ol. siamensigan be differentiated
from other species by the presence of fidder hairs at the apex of the labellum. Within
Thailand,V. siamensiss locally abundant in evergreen, dry evergreen and tropical forests,
at 500 to 120@naslV. siamensisLike other species of vanilla, it produces a climbing vine
that will climbs up the trunk into the canopy before cascade downward. However,
anthropogenic pressures have resulted in the rapid decline in the natural habitat and as &
consequent a reduction in thember ofV. siamensisvithin its habitat. While the decline
of the species is of conservation, the lost of the species could lead to the lost of important
biomedical products. Recently it has been shown that extracts from the fruits of
siamensisexhibit characteristic effects of a natural bone promoting compounds such as
phytoestrogeifRenuga and Kumak014)

Generally, vanilla is propagated by stem cutting of mature vine. However, the
propagation rate by this method is slow, labour intensive andctimguming. At present,
the application of biotechnological tools to questions around vanilla has focused mainly the
development oin vitro multiplication methods as alternative propagation and germplasm
storagein vitro. In vitro seed germination is nesasy due to low seed production, hard
seed coat and low germination under natural conditions.

Standardization of tissue culture technique can, therefore, be used to help solve
problems of propagatigi€hugh et al2009 Gonzalezt al.2009 Guat al. 199; Knudson
1950;Morwal et al.2015. At present, thén vitro germination and plantlet regeneration of
V. siamensigare still limited, however an understanding of technique can be used for the
improvement andh vitro conservation of vanilla. Further, sigssfulin vitro germination
of hybrids (V. siamensisx V. planifolig) is still in its early germinating stages of
developement. Here we studied the effect of culture media and plant growth regulators

(PGRs) on suitable germination of vanilla seeds andldpment of protocorms.
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3Materikbéet mods

3.1 Effect of culture media on seed germination

To determine the influence of culture media on seed germination subsequent to
protocorm development, vanilla pod (bean) was cleaned by washing with rtspivwgter
for a few minutes, then cut open vertically and the seeds removed on to filter paper. The
seeds were suida sterilized by dipping in 15%v/v) sodium hypochlorite (NaOCI)
solution containing 0.5% (v/v) Tween 20 for 10 minutes, after which th@sseere then
rinsed three times with sterile distilled water. Sterilized seeds were placed onto New
Dogashima medium (NDM) or % Murashige and Skoog (¥2 MS) or Vacin and Went (VW)
medium supplemented with 2% sucrose, 15% coconut water (CW) and 0.7% #gar, wi
without 0.2% (w/v) activated charcoal (AC).

All cultures were maintained at 25+1°C under & péotoperiod with light supplied
by coolwhite fluorescent lamps at an intensity of 10 umwois® photosynthetic photon
flux density (PPFD). After culter for 10 weeks percentage of seed germination was
calculated. All experiments consisted of three independent replicates with 10 culture bottles

per replicate.

3.2 Effect of plant growth regulators (PGRs) on seed germination

Based on the results of the picus experiments, the most suitable medium was
selected and used for further investigation. To determine the influence of PGRs on
enhancement of seed germination frequency, vanilla pod was clean by the same processe
or protocols as mentioned in the prws experiment.

The sterilized seeds were then placed onto NDM supplemented with 2% sucrose,
15% CW, 0.7% agar and various concentrations of gibberellic acid)(®GA 6
benzyladenine (BA). All cultures were maintained under the same conditions as eention
in the previous experiment. After culture, percentage of seed germination was recorded
every week. All experiments consisted of three independent replicates with 10 culture

bottles per replicate.

3.3 Effect of culture media on protocorm development

To determine the influence of culture media on protocorm development, the
protocorms were transferred to NDM or %2 MS medium supplemented with 2 mg/L BA,
2% sucrose, 15% CW and 0.7% agar. All cultures were maintained under the same

conditions as mentioned ihd previous experiment. After culture, percentage of survival
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rate of protocorms was recorded every week. All experiments consisted of three
independent replicates with 8 culture bottles per replicate.

3.4 Effect of concentrations of BA on shoot induction

To determine the influence of concentration of BA on shoot induction, the
protocorms were transferred tdWws medium supplemented with various concentrations of
BA (0, 0.125, 0.25, 0.5, 1.0, 2.0 mg/L), 2% sucrose, 15% CW and 0.7% agar. All cultures
were mantained under the same conditions as mentioned in the previous experiment. After
8 weeks of culture percentage of protocorm forming shoots was calculated. All experiments
consisted of three independent replicates with 8 culture bottles per replicate.

3.5Effect of concentrations of naphthaleneacetic acid (NAA) on root induction

To determine the influence of concentrations of NAA on root formation, the shoots
of 1.53 cm in height were transferred toM% medium supplemented with various
concentrations of NA (0, 0.25, 0.5, 1.0, 2.0 mg/L), 2% sucrose, 15% CW and 0.7% agar.
All cultures were maintained under the same conditions as mentioned in the previous
experiment. Percentage of shoot with roots and number of roots per shoot were recorded
after 8 weeks o€ulture. All experiments consisted of three independent replicates with 8

culture bottles per replicate.

3.6 Acclimatization of plantlets

The in vitro plantlets with weltleveloped roots were removed from culture vessel,
washed thoroughly in running tagater to remove residual agar medium before transfer to
sand: compost mixture: coconut husk (1:1:2)-in¢h plastic pots. The plants were grown
in a shaded house under 80% shading. Percentage of survival plantlets was recorded afte

8 weeks of transplamiy.

3.7 Statistical analysis

The experiments were set up in completely randomized design (CRD) The test of
significant di fferences among treat ment s
test (DMRT)
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4. Results

4.1 Effect of culture media on seed germination

Aifter 12 weeks of culture, seed germinated from all tested culture med@bseased,
but the germination percentage significantly differed. The seeds cultured on NDM supplemented
with 2% sucrose, 15% CWhpnd 0.7% agar gave the highest level of seed germination (10.1%).
In the same culture medium, seed germination rate in the medium without AC was higher
compared to medium containing 0.2% AC (Fig. 4.1). The result indicates that, the seeds cultured
on this nedium could imbibe water the best leading to soften of seed coat. In addition, oxygen
could enter the seed together with water caused the seed germinate as early as possible. Tk
germination process started approximately about 9 weeks after culturingthisitperiod the
embryo continued growing larger, seed coat bursted, embryo emerged from the seed coat an
rhizoids appeared (arrow) (Fig. 4.2a). Twelve weeks after culturing, protocorm with shoot apex
and leaf primordial continued to grow (Fig. 4.2c).afttthe protocorm reached about 2 mm in
length, the protocorm turned into green color (Fig.-d)2c

15

9 =

§ 104

=

£

£

s

=14]

=

$

75 5 b
0 +— —— - R _— :

12MS 12MS+AC A" VW+AC NDM NDM+AC

Culture media

Fi gurkRerdc.elnt age seed germination after cu
without act(AQ@) efdorcBhd&a2scweaed k sespond to SE
different |l ettersP@O.e0k)ignificantly diffe

79



Figur@&erMdmi2nati on of vamiolywli a hseeedads$ apge NOM
anmdhi zoids (arrows) for med o nmnwetetkes sur fcaucle
11 weeks of cul-durcace\ élgorpadeats omaomja v & h ( & th 0
after 12 weeks of culture (bar = 2 mm)

4.2 Effect of plant growth regulators (PGRs) on seed germination

The effect of PGRs on seed germinatiordulturing on NDM supplemented with
2% sucrose, 15% CW, 0.7% agar were shown in Figure 4.3. The fastest and highest levels
of seed germination were obtained on this medium supplemented with 2 mg/IS&s&ls
on GAg containing medium germinated withiii weeks in comparison with 101 weeks
on the same medium without plant growth regulators. After 10 weeks of culture, the highest
percentage of seed germination was observed (18.2%). Both concentrations gdv@A
nearly the same effective on seed gernmmabut far different to that obtained from BA
and PGRfree containing medium. The seed germination rate in the medium without PGRs
was the lowest (5.6%) (Fig¢.3). Although the highest germination level was observed on
GAz containing medium, however puomorm remained yellow with some turned into

brown color and died after germination for 4 weeks (Fig. 4.4).
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4.3 Effect of culture media on protocorm development

The role of culture media on protocorraveélopment was presented in Figdr®
The component of nutrient in culture media showed a significant effect on the survival rate
and growth of protocorm. At 6 weeks after aualig, protocorms cultured onMs medium
had a survival rate of 79%, higher than those on NDM (21%%&)igin ¥YMS medium,
protocorms showed the development of the sidadeleaf primordial and developed into
shoot, whereas protocorms on NDM had not change. The sizes of protocorms still the same
as initial culture (Fig.4.6). Thus, ¥MS medium was found to be the bettoice for

promoting the development of protocorm into shoot formation.
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Figure 4.6 Comparison of protocorm development after transferring onto ¥2 MS (a) and
NDM (b) for 6 weeks (bar = 0.5 cm)
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4.4 Effect of concentrations of BA on shoot formation

After 8 weeks of culture, protocorm on a culture medium with BA shanweidher
survival rate than culture medium without BA. Significant differences were observed among
concentrations of BA for survival rate, shoot formation and number of shoots (Table 4.1).
The highest survival rate (96.7%) was observed when protocormsuireed on 2 MS
medium supplemented with 015 mg/L BA. BA at 2 mg/L exhibited the highest
multiplication of shoot at 100%, followed by 0.5 and 1.0 mg/L BA (93.3 and 96.7%,
respectively). The number of shoots per explant was not significantly diff@tesniculture
medium with 1.0 mg/L BA was suitable for shoot formation (Table 4.1).

Tabd4d &£€f fect of concentrations of BA on sul
V. siafmeesn sculturing on I MS for 8 we

Number o)

Surviva spoot fe¥%mshoots/ expl

BA ( mg

( %)

0 73. 3c 0d 1 33

0. 12E¢E 76. 7bc 23. 3c 1 67

0.25 83. 3ab 73.3b > 00

0.5 96. 7a 93. 3a 5 00

1.0 96. 7a 96. 7a > 67

2.0 93. 3ab 100.00a 5 33

Ft est *ox *ox ns

C. V. | 11.5 11. 6 37.3
** —gjgnificapoOl @wddsrfherestgatficantly dif
Mean values followedhby wheostama khett eingd
(POO. 01) .

4 . Bifect of concentrations of NAA on root induction

After 8 weeks of culture, rootinduction on culture medium with Ngdawed better
results than culture medium without NAA. Significant differences were observed among
concentrations of NAA for root formation. The highest root formation (100%) was
observedvhen shoots were cultured orM& medium supplemented with 0.5 mg/IAN.
There was not significantly different for number of roots aghaoncentrations of NAA
(Table 4 2). Complete plantlets werobtained after culturing on MS medium
supplemented with 0.5 mg/L NAA for 8 weeks and successfully acclimatized at 91.7%
(Fig. 4.7).
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Tabl €f4e2t of concentrations of NAA cont a

of rovot si@fheresi culturing for 8 week

NAA mg/ L) Root f dr%mi Number of (rr ool

0 58. 3D 1. 33

0. 25 83. 3a 1. 45

0.5 100a 1.55

1. 100a 1.67

2. 100a 1.67

Ft est * o ns

C.V. (%) 10 . 3 42.0
** =gjgnificaPoDl P1ldi hBerenbtasignificant]l
Mean values followedhbyp Bheotfame bhetetaepns
(POO. 01) .

Fi g u?Seh oflootr mati on on | MS medium containin
afterculturing on | MS with 0.5 mg/ L NAA
mont hs of acclimatization (c) (bar = 1 <c|
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5. Discussion

There are many different culture media used for asymbiotic germination of orchid,
including MS, VW, Kundson (KC), and NDM. Since orchid seeds, including vanilla,
contain very little or no food storage tissues, and as such there is a nutrient requirement fo
initiation of germination. The results from this study showed that NDM medium provided
a good germination rate of. siamensisseed while prolonging survival rate of the
protocorm probably due to the high contents of mineral in medium. MS medium with a
reduction of constituent®thalf its original strength (MS) has been reported to give a
good response in protocorm developmg@htraida et al2013) Zuraida et al(2013)studied
the effect of growth on shoot foation, the result showed that¥s mediumgave a better
response on shoot formation than full strength MS medium. However, MR@@R)
reported that full strength MS medium gave better results than KC medium, for in vitro
culture of vanilla. The minimum geimnation (26%) was observed inM% and naximum
(85%) was recorded in full strength MS medium supplemented with 2 g/L tryptone.

The requirement of PGRs for germination is considered to be related to the
utilization of lipids that constitute the primary storage material in most orchid sekds. It
been observed that unless storage lipids are utilized, germination does not q&dinue
et al. 1995Paulet al. 2012)The phytohormones, BA and GAre important in regulating
numerous plant growth and developmental processes. AddingirGéulture medium
increased the percentage of germination. Seeds on this medium germinated Wdthin 7
weeks compared to 101 weeks on medium without plant growth regulatorsz @lays a
significant role in flower development, fruit development, shoot elongatidrisaknown
to stimulate seed germination in a wide range of plant spéCiesmas et al. 2005)The
result is similar to the findings of Mel2009)who reported that GAincreases the rate of
seed germination. This might be due to effectiveness o, Géhich at higher
concentrations overcome dormancy, causing rapid germination of seed. Higher
concentration of GA proved to be more effective from their respective than lower
concentration. However, the present study indicated that percentage of germiveion
low, which might be cause by the hard seed coat of vanilla seeds. To active a high
percentage of seed germination in the further, research should focus-toeapmeent of

seed as a preulture method.

For shoot induction, the culture medium with BAs significantly difference from

culture medium without BA. BA is a cytokinin hormone, which affects cell division and

85



shoots multiplication. Moreover, this study also showed the same corresponding result as
of (Zuraida2013) They reported that BA playle in shoot formation oY. planifolia

After 45 days of culture, 1 mg/L BA showed the highest shoot multiplication at 6.06
shoots/exfant and shoot length at 4.5 camilar to Tan et al(2011) a mean number of

4.2 shoots per callus was produced on madiontaining 1.0 mg/L BA and 0.5 mg/L NAA

with a mean shoot length at 3.8 cm after 8 weeks of culture. Janarthanam and Beshadri
reported that shoots were only formed from the callu¥.qgflanifoliawhen the medium

was supplemented with BA in additioa NAA, and no shoots were induced when BA or
NAA were applied alone. BA at 1 mg/L combined with 1.5 mg/L kinetin (KN) gave the
best result in shoot induction ¥t planifolia (Abebe 2009)
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3. 1IntPl Mat erial s

Seeds were dwred on XMS medium supplemented with 3% sucrose and adjusted
pH to 5.7 with 0.1 N HCI before adding agar and autoclaving at 1.05 k¥g1@1rC for 15
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Content (MC) was calculated using the fol

MC % = [(BeadBeddesthr weweging we)i gthtBe dd

After the dehydr at ipolnu ntgheed bienatdos ALMe efeo r
rapid warming in a wat errmsbawehr eatt r4a0ngsSf efrorr
medium supplemented with 1.0 mgl/vl) BAg,ar3?
sur vi weals rdetteer mined by counting the numb
after 8 weeks of culture. Regrowt h was e
t hat developed new shoots after 16 mont h:¢

3.BEdfncaps-vulatibncation

Prtoocor ms were ensoadgiswn a®Pedit matoedmds t h
di sper.BveCh €0 RO 0s o launtdi cal hawddnt 6or 30 minut
approximately oThd Imemadsn wéeleenegde faftiecdi ebnyt
plantivatron sol ©tCi dr2 v@PV8R0s mitunr)@ t iTohnes
consisted of 3 ®% ((w//w)) celtyheyd Beanle,w/g¥l )y cadil m
sul foxide without sucr oseerien tlriarus fde utMiSe dne
containing freshml PWVEeEd siod tud iAdK ufdomd 02 4d ehhoy
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L N. For rapid war ming, ctreyro tbuabtens aw e r4e0 AiQm
beadsumwleo®ded with basal cul t2Mr s ume disem f
min, and t hemltird#$s fmedliheedn.stuor wagaldet at eni n
count i ng otfhep rnoutnobceorr ms nt radtt erre rBa iwreedk sgrod e
was evaluated by counting the number of

mont hs of culture.

3.5 Statistical analysis
The experiments were set up CIRD) c avinp Ih
repli Gatginoms .canciemedn dwadnlbwa e h cweaast naesnstess s e

analysis of variance (ANOVA) with Duncan
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4 Results
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Tabl eEf5 et of dehydration periods on sur
plungi ng-LiNrptnad IpNufphging into LN (+LN) fo

regrowth medium for 8 and 16 weeks

Dehydrat MC (9% **Survival **Regr oiwt

-L N + LN -L N + LN
40. 5 100.0r8.33 83.300.0C
18.1 83.33.16.6 41.678. 33
14.1 66. 67 33.3 33.3325.0
7.03 0.00d 0.00 O0O.00¢0.00O

o A~ N O

1'The data was recorded after 8 and 16 we
**significanPQOy. 0dli,f fMQ emntMoaitst ure content
Mean values followed by the same | etters
(POO. 01) .

FigurRr dt.d&B3corms devel opment aft ede hcyrdyroaptrie

met hodnofokA)yopreserved protocor ms; ( B) C
dehydration for 2 hours; (C) cryopreser Vi
= fn) c
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PVS2 Ipdfumrge ndReismutld sLM.bt ai nevdi tfrriofm ceantciaopns L
indithaedt he i mmersion in PVS2 is damagi
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for cryopreserved protocor ms t wattr wker ea
treat meeven after Q6] wersprodsarcodepryot
initial growth by devéFbpgment Thbifs shodic
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encapswuilt@atifoincati on method may need to

cryoptesarwd this plant.

Tabl Ef5e2t of exposure time to plant vitr
rate and regrowth of prot-bdprasedwptbaongtin
(+LN) for 24 hours afterr dulatnur iln6g woere krse |

PVS2 (m**Survival rat**Regr owth ( %)

-L N +LN -L N + LN
0 100.000.00cC 100.00a 0. 00D
30 16. 67b 0. 00c 8. 33D 0.00D
60 8. 33bc 0.00cC 0.00Db 0.00D
90 0.00c 0.00c 0.00Db 0.00D

1"'The data was recorded after 8 and 16 we
**significanPQOy. Odli fferent at

Mean values followed by the same | etters
(POO. 01) .
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prevent injury by chemical toxicity or e
PVS2 séLambandi Tetukalzak?2).@8T had . ma@s0t@ ppa mm
i nvolves the i mmersion time of sampl es

dehydr gtCeadn atedluce the toxicity of wvitrif
survival ( Wathiga nddto n g 1)2.0 2OHi2s; wa hhee wiadento f
cryopreserhMiegth exeod andrsy rates were al so
al 2Hwul2et al. 2013; Thammasi How20@8,;, Wat ai
PLBs did not survive afteviptuhgcagiontpr
Because, the toxicity of vitrification s
i ncubations i nThéder egwlotpreoft eci daagauli @atni dn
was relatedAwnad GCHozagthBEumm&kdhandl4) repor
tissues proved to be very sdanpsiicteisvedetroi VF
clusters of in vitro plaotl etasnagedaibred d
(@api ces delrusvteadr sf roofm icn vitro, pvamitllea sa pi
not be cryopreserved .using the vitrificat

Among avail abl e Cryopr eserdveahtyidornat t e @
received much attentioni mml eteceady egcecand

effective procedures which allow for hi
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Mor eover, this technique causes noenoixtiicv
expl@mapova et al. 201d8Hm . Zancbddionet t Ak
from ©obObéh cemtcrapls-déaydmoati on afvd t reinfciacpas
experiments indicatdetdydhati bheteeaamenlk ai
noor yopreserved pr odt acoo rtrhse whnetna pcsountpaatrieo n
Thus, prmpottcaudntmaiMeduwir obBeOfbdr 3 @&y ss,0da nuar
alginate and dehydraddedohbys!| dmfoare ail un(
suitable methodofoprotVopirammem$ias i on
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Chaptéenér al Di scussi on

1.Di stri bWatniiodn aofsi amensi s

I n the observation of various Vanill a
seem to -bepe niefsiho dtiurte hostHpwev err,e ncte Kace e
Vanilla vine will adapt and chose their
Th¥si amemsitdhe wild is predominantly | oca
within a clear for dstnt GmMmo soerng afnarc intag t leir
wat er-mair ®asre and high humiditywi tThhi i ha ¢
forest, t he Pbeaochbsumfitbhe tnecotrrieunt r ees ar
constant shade, meirt teoro tweamki nthems der t o
bl oomWs i amensi s

Il n sone wdywme moits have t ®teampiaotiral moaitte

areas and its nutritive requiPtemd¢ otrsvhenbe
It is al ways mo Vst .s i afmerstshieesr ¢ oduer vaegleosp me n-
habitation is sloped below the wooden tr.

the top. At the Kao Soi Dow, thet gedgaedof
water areas fall where the soil is well
The preference choice of the tree is I mp:
heat of the sun or frometéaefwinwat andas
compost .

Wher @ na,omparison to Tahiti, the trad
for sever al generations where the Vanil|l
provides support anngd osrhcahdiedr. f oThd htewa | i &
Vani | | a araenhitth@d nispiist ii d¢an dnatchud aifi mad Jyant orho pdhda
cur)c.asGliricidea is a | eguminous \paminltl aw
nitrogeilnt sggpewandui egliyres frequent pruni
|l ess pruning to | imit its growth, as | ea
this time when flUYwaehiindosts$son occurs i

ThBt erocybi utnr dee ndiogtiruimbut i on i smfwund
5ngrid techniques. The trees thrive bett
oPtentosigmft and can reVaiamenseifs&soi sh &
Fe®Rtenumriees have been observed to have

t hVesi amensies, tightly packesd aanwenrs ietshr ee aycehae
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top of the tree canopy, the vines cascad
al |l flower buds are ready for pollinatio
l evel, t wo t o t hrheaen gmedtorwens forfo ma etrhiea | n or doeos
the flat roots with fr iPhgaed deadodehse ruisnegd etx
support.

This study can be used for integrated
of wiV.d ssipeme essbowlfpadt of [ nVsisiuamenmn

re were clearly ptraelsemaetdonhaard 1) mepn

® @D @

ir population and disperse, and (2)

| i n.t os i anmednesri snat ur al fcrooodi t henr ef&fuh

—
> O > O ow

tograph, it iV el awierheg i dirsetsreinkt vetdi a rh act a

O T T

ne i n particul afHiys adtondy tchen whad es h ovor

entory and conservation -taippée i mappiomg,

,
> < O O

d cover, monitoring Vand i iameaen®mitairryalo re cc
be appliedstbyao.nE€Ebdagbehity of th
tonomously with a |light touchh kyntshe ad

T < 9 9 S
-]

ace does require some manual contr ol t

o u 9 O

rcles dodn ODgerhemagyomnssions flown dur

—
>

e drone was found to be one hundred pe
returning to its |launch pad. However, on

dr onieclwhl operated crashed into the fores:c

eft above 45 metres above ground as a

operated by a drone expert, was al sondgost
storm which carried the drone with it an
third hexagonal drone was hired and oper
full of details and supported mg vait @& dpes
and presented in my thesis.

2Pol l i n¥aomirsl afsi amensi s

Thssudy suggest s Thraitrobeelbssetodmad et genpe

V. siamé@heipollination mechanism is quite
the bee passes the central crest on the |
pollination process by coming into conta

with the stigma in anot h\r sfsldogiebnr i nElbwe v

98



bee under natur al condition i s | esThd av

conclusion for polliiWanifbloaweuc ewwedg$h isnm ma l
colour, shape and fr aganccer emas)y tthhreo upg ho bn
pollinator may t emgoerwarridliyn gs hpilpatna d ut comnagapr

(Johmst @adh003) .

3ln vitro seed germinati anahtdapbaameati:

I n concM8sien,;suisgeesd edu Iftour e . BA cont
sttiable for shoMB Sopmhementaddwith 0.5
result i n root i nduction. This i1is the fi
Vanill a.siTamenpirvotocol ensures the high
vitro plantlets when transferred to greert
endangered species and us\Wwd sasameln sdicesi 9§ enrev
I mitro.

I n the case of root induction, cultur
than culture medium without NAA. This pr
al. (2008) who reported that, M. heplhawgdrfeost
achieved on the medium supplemented with
3.3 roots per shoot and a mean |l ength of
study carried out by 20809art whram sdehd® N @<
pl aniwfasl saaippressed with an increase in ¢

were successfully acclimatized at rate of

4. In Situ and Ex Situ Conservation ofVanilla siamensidan Thailand

This study can Dbter autseegdy ffoorr itnhtee gcroant seedr
use of wiVd spameddvi@abfaghdé phrt of I n sit

V. si atnheenrsei swer e cl early presented that (
established their population and dispers
natural pol bi amelesi eifat ural conditiwht &f
aeri al photographs, whi cch aimereslicesanr | bye ptroec
using drone in particularly along w&terf

si amensies from high position ®§n alkei ahowt

using drone for invent ory and consteirnveat i
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of | ocal

mapping
nartall

1. Conservationof ecological
yp

interactions & evoluti

2. Plant Community
and controllingfactors

ecosystems.

.

|l and cover, m¥d.ni $ioamermys |
1. Preservation of genetic diversity
Population
restoration o
1 o
¢
1
_./ 2. Sustainable use of biological O.‘ .
resources: manner pollinationand - ko

tissueculture

Figurlentéedlr at ed cdnmsadrewgyt ifomr darhde sustaina
Vanill a siamensi s
55Future ré&seatth of amensi s

Many pl ant species are threatened wit
probabl Wwanhrukafewamehsioscurs in decl-inin
situ conservation of this charismatic sp
conservation is also to be recommended
cryopreservatneedtteohbeqtuail osed ut cwarses
i s, moreover, vital to enaVWl esifaumahhseoh ries
i mperfectly understood, for example with
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Appendices Figures YA 1 D) This is the famous waterfalls at Kao Soi Dow whéaailla
siamensigan be found growingThe dominant host support trees are Rberocymbium

trees, a soft bark trees which they prefer to grow on the edge of the waterfalls for water.
Research locatiorkao Soi Dow.
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Appendices Figures A-D) The drought year of 2018017. Thdevel and flow of water
at the waterfalls was very low then normiiese pictures were taken in 2016 to 2@heén
severe drought, forest fire, short and warm winter, destroyed much\¢diiia siamensis.
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Appendices Figures 3A-B) The same occurrence in depletion as tlagewalls moved
downwards to 300 metre above sea level.
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Appendices Figures 4A-B) Very dried parched land in 20:-2917.
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Appendices Figures §A-D) Extreme low flow of water from the waterfalls duestdreme
drought of 20162017.Showing the dried and shrivelled roatVanilla siamensislinging
onto the host tree. The leaves became pale greetour @nd drupped to forty fivdegree
downwards. This is to reduce the transpiration rate.
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Appendices Figures 6(A-B) The forestranger at Kao Soi Dow on patrolling to warn
people about the wild elephants movement.
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Appendices Figures 1A-D) Many trees died resulting from the severe drought towards
the lower region of the waterfalls. As the trees and bushes died and eventedlypdr

this lead to them being easily prone to fire starter. Many floura and fauna were destroyed
as well as wild animals.
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Appendices Figures §A-B) Showing sign of dyindgPterocymbiunspp. Two weeks
later, the forest fire destroyed many of the trees with what remaining of the Vanilla vines
attached to them.
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Appendices Figures 9A-C) The tee barks oPterocymbiumo r fiPor E Gayo
remarkable har act eri stic of APineapple eyeo on
commonly found growing on the edges of the waterfalls up to 1000 metre abdeestea

as shown from the aeridtone .Destruction of the banana plantati@nd the

el ephant 0 a® emuglopgopfi n g
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