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wulunesinusesnidnyive93198wdy (traditional Indian medicine) niidyn12897173%
(traditional Chinese medicine) LLazQﬁﬁfyapmaamanﬂ (homeopathic and western medical
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ABSTRACT. Lichens are a unique life style in the Kingdom Fungi. They are a symbiosis
between algae or cyanobacteria and fungi. They have been used in traditional medicine;
including traditional Indian medicine, traditional Chinese medicine, homeopathy and western
medical herbals. The diverse diseases for which lichens have been used include arthritis,
alopecia, constipation, kidney diseases, leprosy, pharyngitis, rabies, infections, worms and

infestation. The secondary metabolites, such as usnic acid and atranorin have been reported
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to be bioactive in traditional medicine. Animal investigations on secondary metabolites of

lichens have demonstrated antimicrobial, antitumor and immunomodulatory activity.

Therefore, the secondary compounds in lichens have high potential of medical use.
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FiFafiGnI Tawasn Jaagluaronans
\#Aa31 (Kingdom Fungi) dulnnjatlu
f3vunaalelulaa (Division Ascomycota)
NeNWININNITasaz 98 (Uszunmh 13,500

'
aa o

78ia) uazagdiTuwiudalalulaan (Division
Basidiomycota) WuLNg93a8as 0.3 (Uszunm
50 Biha) uanmnﬁﬂmﬂunajuLLamwa%?\Iﬂ
(Anamorphic fungi) 8nseasas 1.5 (Uszunm
200 T#a) (Hawksworth, 1988; Honegger,
1992; Hawksworth & Honegger, 1994; Kirk
et al., 2001) a7ntatautiay 20,000 viia
wudn lataurarsadaiidnaniwlunsldidu
grsnelsalauazlatauurssfiaaiunsa
Sudsenuld (Chevallier, 1996) Liasann
latanu9siandasnssssuananduie
(toxic substance) sannnisunlaranly
Judszmuwnialdinunliadasfarzisuas
WanLRBITRaRa 1981355 M ui s
ABLTWN (Agelet & Vallés, 2003)
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wangwadidaginislalawmminen

INTIUNUAANFIWNT T3z loTid
NN IALAUAILAAAITIEN 15 3 ntuiinuag
nidyanvesrduids (traditional Indian

medicine) W38138N31 9183197 (ayurveda)
NnnAayve91179% (traditional Chinese
medicine) uaznidyyivasziiglsy
(homeopathic and western medical herbals)
(Agelet & Vallss, 2003) f1i1 “latew’ Tums
Snenlsndeasenuneininludiin Slnsa
(leprous)” @981989m35nElsaRwslas
‘5%msﬁﬂﬁ£‘hﬁ1w%mwaanaaﬂs‘fﬁl%ﬂiﬂwﬁ
TudaslWfnmodawenldisuiu wonanit
$51897un15bE baLaw Lobaria pulmonaria
Snwlsadaauazlsafiioafvanaslanld
latau Parmelia sulcata (Rizzini, 1952) WAz
fngnumssnslsadauanlawam Xanthoria
parietina (Bown, 2001)

wass iU s uluaased 18 19
laLau Evernia furfuracea Lﬂumﬂ%mﬂ
(Launert, 1981) wonannitillataudnnanssiia
fifinangudradainldinmaintle Snw
amslsadanies Snwreinislsanaana
LAZIN®IBINTLIANNSIS (Pereira, 1853)
wazamnduiinmsldayulnaidusinulae
wunsldlaiudnnaisaiialuana Cladonia,
Evernia, Lobaria, Parmelia, Peltigera,
Pertusaria, Physia, Rocella, Usnea L8
Xanthoria (Perez-Llano, 1944b)
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annwangupidyginisldlaaudue
Fnwlia wohiimslglaeunassiialuans
Peltigera awviasnuludszinelasuane 14
P. aphthosa LHuentnawend (vermifuge) Laz
P. canina \Jwen3zu1sat1980% (laxative)
(@597 1) uanmnftﬂ'awugmmﬂﬂamu
Li’lum%fnm‘[mﬁwqﬁmﬁm’%aimné’uﬁw 1lag
lE'lawan Peltigera sp. wannuwsnlnoanly
e 4 %é’amﬂifmhmwauﬁuumju
v il (pint) ldautiasnsnan1svaslse
AIN&1D
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(lichen metabolites) AnsldUszluniiating
wwIna1elun1Igusgadnd1sg 1w duds
wuafiisoraliiialsa (anti-mycobacterial)
dwlisa (antiviral) SUEI8INNTENLRLRT D
T Huesndrun138nay (anti-inflammatory)
g13eduthe (analgesic) VAR b (antipyretic)
HUHINIANTIWIBLTAR (anti-proliferative)
o & s A ' fa Ada Aa
wazgugInNuLluiudolTanalTIaning
MNMTITENUIaa LAl (cytotoxic effects)
winldhdaatuinmhamssmdnnlaen
v € n‘ J ' 1 =
Uz lomiindnunnuny udasnelsiany
g9 lNUNITATIIFOVUATINUINIBNINUN
dl L= o a YV &
ey aanIsssumann laaw Ul
B15N®I8IN1TVRILIAGIIY  AURILVIA
(Miller, 2002) n3w1a13an laranldld
Uszlopiiifasniaeafiasnnainnguaes
a a { 1 =) v J

sanduniinlaaundazsiiaaiieduan
(Boustie & Grube, 2005)

v a > 6’: S A
N3 lEEIsIINT RN latanduSInLATISY
[ Y a
nalmnalsn

AMUALABYBIENITIINTIAN LALAY
faansninllFiduend§3ue (antibiotic)
suanudnduliiuiningmaasaoud
ASadAnITIER 15 (Lawrey, 1986) ludl a.q.
1944 Burkholder uazame laSiSuduatn
Aeniumainsnssysumaann laewluldiu s
wuafFenaliiialsa nuanIITNaraLANY
s lumain Wlsduend§iue anlaen
42 ol WU 27 wie SanusanIndues
maesyiavulavasuuafield (Burkholder
et al., 1944; Bylicka, 1952; Vartia, 1973)

g35330Ta9n e ui Isseunisin
Wil §Fmzaniigamsnitsdio nia
aaiin (Mordraksi, 1956; Shibamoto & Wei,
1984; Rowe et al., 1991; Dobrescu et al.,
1993; Abo-Khatwa et al., 1996; Rowe et al.,
1999: Cocchietto, ef al., 2002) ¥anaNiL
SINUIN TS F TN A NRanu TR NS89
malfidumnujiue 1u nsaafiiia (vulpinic
acid) uazuan lusn (atranorin) LWAWUIEH
mMIkasuans lusuiasnin (Lawrey, 1986:
Lauterwein et al., 1995) IBITUMANN LaLam
iuﬂéjuﬁlﬂuﬂm \Tw NIAgada NIABela
(evermic acid) WAz NIAFAWHEA WUIILI
masugimasyaulavesuuaiidounsauan
168 1w Staphylococcus aureus, Bacillus
subtilis W8z B. megaterium WGNWUINRIT
lunéju‘ﬁLﬂunw]f:vlajmminﬁuﬂz\imim%ty
wwulavasuuaiSaunsuaule i Escherichia
coli Wae Pseudomonas aeruginosa (Lawrey,
1986)
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Frufaviaranfiuana1snn 1w axdlan
(acetone) LaaN@IdA (alcohol) AraliWasy
(chloroform) latafiadinas (diethyl ether)
LNIUDA (ethanol) LUNIUBR (methanol) LWae
PNasaoudinas (petroleum ether) 30 laLan
%mmﬁ@mmmﬁuﬂzomim%ryl,auimaa
wuafiseldnaesiia (3197 2)

N3 1Ed195338B AN latad UL T D37
nalmnalsa

miﬁﬁumamnvl,amu%mmﬁ@ﬁqw'§
lunssudadesnelinalsale wu as
W'l5@%  (parietin) ®17uaUNIIA3 LU
(anthraquinone) lasld@vinazaisiuniuea
(Manojlovic et al., 2005) wana ndiead
PewmMIassssumaanlatawlUsuds
\Baalsafiounsia ledun Microsporum
gypseum, Trichophyton mentagrophytes
waz T. rubrum lagldasanaanlaian
Protousnea poeppigii W8e Usnea florida
var. rigida 91U3znaUfIBENTTIINTG LT
nyatalalainsada (iso-divaricatic acid)
5-lwInalsaaaduaa (5-propylresorcinol)

N30 bA3AN@A (divaricatic acid) UWSENINDREA

ﬂ'l‘ﬂ‘liﬁ']iﬁi‘iﬂ%’lﬁ'ﬂ’l ﬂvl'él LAKEUEN L‘IiE)V["Jia

INUIWANTIERITTIINTIAIN baLAn
FusageliSaldondnastes a135770T18
shafivnlUnagey e niagaiiaanaain
lataw Teloschistes chrysophthalmus L2
1IN ISGURNAN laLAw Ramalina celastri
(Fazio et al., 2007)
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nslga1ssssNTIG N lartawtilnarsan
OBNADHTE

QU

RIBITNTNANN bLAUARITRAN T8
manldldidumsdueyyadase 1w a3
Aluda (phenolic) asiufiasatsiatan
(methyl orsenillate) NIAaaLwitada (orsenillic
acid) R13uaNI LUK nIaLaA LU (lecanoric
acid) WATNIARANAN (stictic acid) law
g1ssvsnmaadnaranululaiaw Cetraria
islandica (Gulcin et al., 2002) Parmotrema
stuppeum (Jayapraksha & Rao, 2000) LLag
Usnea articulata (Lohézic-Le Dévéhat et al.,
2007)

U a v 6
N9 1T &350 1A IN batARAIRLTA S

<
NI

ASANHIATITRTBITNTIAN laLan
dadnuraanziIiluszauiasl JUanswuin
fasnarssiadauauisalunisiuds
MILTIWVDITRENLLTING LT FITUNUWITU
(pannarin) &1308TUEA (orcinol) EANUYDEIK
(tenuiorin) LAZRIILNTIADALTARIWG (methyl
orsellinate) nnlaian Peltigera leucophlebia
uam}'mf':wui'lmsmuy&aa‘%ummmEJ’U5&
matasLiulavesimasuzisaawy (breast
cancer) LTRBNLLSIAUE DU (pancreatic cancer)
uazlaaNsl59a1 l§Ina (colon cancer) lu
LIRS LAl (cell lines) (Ingolfsdottir et al.,
2002) 813800 lULawnadluu lnalelod
(bianthraquinone glycosides) LaZ&1TABLALNAR
Fluloe (colleflaccinosides) nlaian Collema
flaccidum fnadussmaasuiaulavosioas
W39 leun (Rezanka & Dembitsky, 2006)
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nslaa1sssInzIfanlatantilnarsiia
Usz@nSnnpdaani

fhyiuimslfamanoyumananiang
3ha LﬁaLﬂumiﬂs:éjuqﬁﬁjuﬁuiui’mmﬂ
Feiningmsasuazaunaluwanuaula
WNT% §13535uman latauiinnaseu
mavnllfiduasnszqualiduiu du
s1stainalslnaunn (heteroglycan) was
sLwsnguan (beta-glucan) &nia laann laias
Thamnolia vermicularis var. subuliformis %

Nonuwmsrin lunesay Lﬂumsmzéuﬂﬁ@juﬁ’u

'
A

wananIInagau it uwnuiTawn a1atitas

mmnﬁvxmﬂﬂﬁ]fi’]’ﬂl,ﬁm‘*ﬁaaﬁ’uszuugﬁqu W
TueilE3a (Omarsdottir et al., 2007)

N9 IEE1353INT RN LaLanIUEIN1TE39
13 InlaBLa

83570 TAN latawluadnsWand
(family Graphidaceae) $81 prRaNTEIUNT
inlusudemsansseinlsiug (tyrosinase)
1OURNARILLNTNUOR LT Graphina glaucorufa,
G. multistriata, G. salacinilabiata, Graphis
assamensis, G. nakanishiana, Phaeographopsis
indica (Behera et al., 2006) wu'lataul
uI0suUsEMule fa Umbilicaria esculenta
Wae Usnea longissima (Kim & Cho, 2007)
sunsasussmymnsasnlsdualdimui

assvsnmannulwlatawiunislgilsclamns

a P =

= \ A Ada A o
Vl,ammﬂunqmammaﬂmuwmmin
FIIFIINTIGRIDAITNALARNNLANA199N

bl U

=1 g; = =1 U
WDTUES luﬂaquummmummuwums
5339718310 laLANINN41 10,000 Tha

(Huneck & Yoshimura, 1996; Mathey et al.,
2002; Papadopoulou et al., 2007) Waatndls
Na78 290NITINIIUNITNURITTITNTNG
- N -
shalnad g [ANAIK o19LkhedunnnnSANEN
FaunnulaanlaTuanuawlatiundn
luﬁﬁ]fp‘ﬁ'uLLa:aﬁuﬁﬁ'ﬂLﬁmiaaﬁ'umﬂh
135339 n laran LUl se Tomitluan
1 AI tg/ 1 Qo a @
@199 MANNNTWTUAY INATIBNBANTITY
A ° o =2 4
Arnu AT mTutsdsslomiveslaan
a P A =
Tudnnrinitsnaninitaarnnishs batantdn
ﬁmﬁﬂd%maqmmwmmﬂmaaﬁaLL's@lﬁ?au
NRuNITNUBLIILNIAAY AIBUWEITTITNTNG
a a A A o a ) =
NnwNTIaseiTHaN AL IINAUILLAI
v 2 & A A A = Ao
adudandudnniadennrislunisansniae
dasaatnoInun1sun llFU s loaminalunis
NMIUNNTLRZNNTNEAT6D b

fu‘na‘gﬂ

MnnangwnuissAsiunsinlaeu
Wselomliomssnulsneg Sanwiiui
Susiudesadaased 15 nuhasssmma
viamasninnlaauldnonwdautnigs
ﬂswng%é’mgmhmquﬂ‘*ﬁ%dtﬂ%{}ﬁﬂﬁgtgﬂ
20971788 lupidygivasniu uas
nidynyrvesziglal wonanitgefinsld
Tawaudugninenlsaludszmedug udliny
o duaanBalaney 13w RI1TUIY
dszpFdlasdszorivuaiinisldlaian
Usnea spp. %oﬁm@qaﬁalum‘s%’nmim
nsziwzewstadtraduman daulu
Uszinelnowunsltlanunanssfialuana
senanradumauutainistiariasguiu
lagwuluriuuoumeasineanidaainiie
aouuniifiTouaniadenudszindsy iou
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Plant Salt Stress
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ABSTRACT. Salinity is a kind of soil including too much salt. It is a major factor affecting plant
which leads to agricultural problem around the world. In the present, the problem is increasing its
seriousness. The crops grown in salinity would obtain three types of plant salt stress as:
1) Osmotic stress caused by salt in the soil which would make the water potential to be
decreased in lower level than normal. Consequently, the plant would have more difficulty in
sucking the water, 2) Stress from accumulation of toxic ion, and 3) Stress caused by construction
and accumulation of anti-oxidants against the free radical substance. Therefore, when the

plant received salt, it would have mechanism in preventing the cell from receiving danger
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from stress condition in the lowest level, for instance, the Na® salt would be dismissed from
cytoplasm to be stored in vacuole for keeping the ion balance, or constructing more free
radical substance or compatible solute substance, to be accumulated in the cell for keeping
the water balance. The study of plant mechanism in salt stress would be guidelines for
conducting research study in developing the plant species to be endure with Salt Stress

situation. As a result, both of quantity, and quality of product would be increased especially in

major economic plants of global people.

ArdAY: AwAn, augalasa

Keyworbs: salinity, ion balance, compatible solutes
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aa 1 a =3 Q a o v
LBTUUABLNAT LATAUANTa Aenmain Inih
VNN 15 LOBTURABLNAT (A13190 2)
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(Electrical Conductivity)  223@# (Soil pH) 2a9Ah (Exchangeable
(mmhos/cm) Sodium) (%)
AnLaw >4.0 <85 <15
Aulw@n <40 >85 > 15
Guidnlodn > 4.0 <85 > 15

WASINNN: Cardon & Mortvedt, 2001
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arolufiga (zhu, 2007) lastawizludu
chickpea WuINNiAULTNT® 25 mmol L
NaCl azvilwnisiasgyiavlaaaas (Flowers
et al., 2010)

NTAWLAN (halophytes) &ananniduinan

3
ANTITNTIARN

'
a

duodulududy Fanwaen

' A a A A R =
ANYIRIANA INANITRANLRLILNRDIINULAY
1639 (Flowers et al., 1986) 13w azlimadfila
' A A a o o A A
(daNinda) NuTimlunazanduiNanas
% A U A = A 6
JULNROBNINNGUAT lasdinfaanioag
% a = oA A v @
Fr9fsniy Hindenindaudrtusanlag
AU BRIAAN (Zhu, 2007) wana NG
A = A A A A
GwAnaziing Inneaiinmnfazaiugulinnm
=1 =1 = %
inRaluloiay 30 wazlune waziinisyUsu
sugaaasludniialiizaanngain lulsle
(Shabala & Mackay, 2011) AT 1WING
sunndsuaeiydvlaldluanuifnszaugs
13 181382818 NaCl N3zauaNNLTuT%



18

500-1000 mmol L (Colmer & Voesenek,
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suadnoaaad (Zhang et al., 2012) INUIH

FUIR PN

LRSUWAVBINANZLDBLNG (Chookhampaeng
et al., 2008) YWD AN BINANSN (Rubio
ot al., 2011) 1ludu FiuinilsoaLie
flazaadrdndeasludalasnisazausns
compatible osmolytes LLaL&13 osmoprotectants
(Bohnert et al., 1995) v3ovinlaoaufilwiy
luu 3 luwadqlea (Niu et al.,, 1995) Ao
VNTUA 1T% Mesembryanthemum crystallinum
225U R UNTTUIUMITN LN LA FURN
woude c3 lwnaretduwuuies CAM
(Crassulacean Acid Metabolism) Lﬁa\‘ﬁ]’mﬁ’ﬂ
CAM lszansmwmsldinlunmsdse et
dpusigenidis €3 wazandathnluaniz
mauﬂmdﬁmﬁammigzyﬁmfw Tuaniaz
LATEALNRE NTIL&319 PEP (phospho-
enolpyruvate carboxylase) 2819719132
(Zhu, 2007) UazWUNANITNVEY PEPCase
(phosphoenolpyruvate) &9 (Ostrem et al.,
1987) ﬁmﬁaLﬂ%m@ﬁﬂazﬁnmﬁa%aﬁm:
(Asada, 2006) sﬁamiawaﬁmz WadUsunm
WNYNANTEUUAe 9 IaaduisunIw
AIRILATIERABuRIluARa lTNANEAG 8
(Smirnoff, 1993) ﬁﬁdwmmuﬁ%muqu
PTGl D RR AR LI R LR E L'ﬁ'ammagiaﬂ
(Khan et al., 2011)

wanNinNUAILaIN S S IdIHasDsa
MIONVBINAR WUIWRaNTRAeTRaTaaT
NNIIBNAARY LT% LAA Pteroceltis tatarinowii
fisamnissenaaaaiieldsuinde Nacl 17
mM L LLﬂ:ﬂ’]idﬂﬂﬁ]zQﬂgugdLﬁN%uLﬁaL‘ﬁlu
JAUANMNTNTUTBINRS (Sheng-zuo et al,,
2006) lwaida Kochia scoparia (Borzouei, 2012)
uazkaaat g (Zea mays L.) (Khodarahmpour
et al., 2012) A MFTUNANITNULTUNY
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danalonan

Ariududasinmangalosau lasioad
szazawlosauiisnduusiialosoufiduiis
wellostiwldlfimaslesusuany (Zhu, 2003)
lugn1nziasoainfedadIuIzning K'/Na'
Tuwlalnwanadubafianuddyuin Und
lwadiaziivinnm K™ §9 (100-200 mM)
U530 Na* e (1-10 mM) (Apse & Blumwald,
2007) S9UWATIINGNBNNANSA Na® AuAn
dulusananlolnwaady ievinlw KNa'
g99% (Glenn et al., 1999) luimadis
Limileuiuisasans toasaadiiiodl Na'
aravaguinneluiadazl Na'-ATPases
w38 Na'/K'-ATPases ig78lun13d3y
auqalana Tagsunsniazdu Na* sanld
1a8@59 (Zhu, 2003) udluimasins Na* a1
gﬂsﬂﬂwmﬁﬂm Na' transporter LLaz K'/Na“
transporter Yn1% Na* ulolnwansdudann
fmazdy Na"liviudaleavie ldldin
UATNLABLTAN 1ALDNAULIITUINNAINY
drednguaslisnan H-ATPases uaz H'-
PPiase 94U H' aanan bolnwanadu lazaw
Pudala aantiu Na'/H* antiporter 3=UU
Na* aananlolnwaigfuuwaniy H' lu
wifnlea (Apse & Blumwald, 2007; Blumwald
et al., 2000)

dadaldsuinde Axezdinalnnisde

a

FWWIWHIB SOS (Salt-Overly-Sensitive)
Wadnilosioas (Turkan & Demiral, 2009)
FTUUNMIFIRY MU SOS tDun1Ivnmu
FIUNUVEY SOST SOS2 SOS3 SOS4 Uag
S0S5 lag SOS1 Lﬂuiﬂiauﬁumnagiu
Lﬁaﬁmsﬁaﬁ finsaaziilwEosardanuwuinni
700 Wi Hnthfilunmstu Na* sanainioass
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wannu'leaauvas H' lwiaad (Zhu, 2003)
sos2 fqmautaidulusdulawa (serine/
threonine protein kinase) %ﬂﬁﬂ%L?mﬁﬁW%ﬁﬁﬁ
139U AT (catalytic domain) a%ilﬂﬁ‘i_lmf;l
snuazilu LLazﬁauﬁﬁmﬁwﬁmuqu (regulatory
domain) ag’iﬂﬁﬂmﬂﬁmm%ﬂaﬂ% ARENL
1us@u SNF1 luflad (Liu & Zhu, 1998) SOS3
Lﬂﬂﬂiﬁuﬁé’mmmi@ﬂmnawyj' myristoyl
(myristoylated protein) ‘ﬁlﬁl‘ULLﬂaL%UN "fde‘flu
amusyanmluwlolnwansdu (Liu et al., 2000)
SOS4 Lﬂuﬁuﬁm:@umsa%"m pyridoxal (PL)
kinase lulalnwatada dau SOS5 ot
‘u’%nmﬁaﬁﬂuuaﬂmadlﬁaﬁmmaﬁ fusetlany
Lrasanafed mlioasiianstavenaad i
(Shi et al., 2003)
fududindeazanoiluduuin tnde
a:ﬁﬂﬁmiazmﬂluauﬁmwmﬁmmgﬁuuaz
mliiemsuaneivaslosan lesauvas Na*
(mwﬁ 1) azgndmﬁg’maﬂ@y HKT1 (high-
affinity K+ transporter-1) S‘f;dﬁ]z‘ﬁ'@“umdm‘i
NUDES AKT1 (Arabidopsis K+ transporter 1)
lun19uh K whguwad (zhu, 2003; Tirkan
& Demiral, 2009) ATAdITUs I Na’
ﬁu‘%nmﬁaﬁmmaﬁ nalnaaan13iu Na’
PILTARDI NIULUTA sullegIwinensas
Fuineunia/uaznadan Na’ tigioad
I@]méﬁ%’u§a3tywmﬁﬂaﬁmsna§awauﬂu
IﬂiﬁuluL?iaﬁuLsnaa‘%%al,auvlsnﬁﬁ@auaum
ga Na' lulolnwaady wie SOS1 (Zhu,
2003) é’mvmvﬁmf:azgﬂddvlﬂﬂh ca® Gvnilu
MsIRfy N Mea lgy SOS3 SOS2 Uaz SOST
aua1au SOS1 azidualtuleosauvas
Na* aang&uammaﬂmﬁmﬁwﬁﬂu Na*/H"

antiporter ¥mziinaniu Ca™ az'lunizdu
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1#%&319 ABI1 (Arabidopsis abscisic acid-
insensitive1) Gainunldifianisuaasaan
2898% NHX1 (endosomal Na® (K')/H"
exchanger) uszlwamiifiennu s0s3 Waldsy
fyrmaznIzduniin H dhguadilen
inaldlunisuanfouiu Na® wSa Ca’ &
S0S2 ﬁaz"[ﬂm:ﬁumsﬁﬁmumaa NHX1 uae
CAX1 (cation exchanger 1) furdalaalvifa
msuanilaewlosanves Na/H' uss Ca®/H’
Winazin Na® nia ca® fAduanAulyly
Tslnwanadaluifivl3fudalos sau sos4
nazduliiinmaaine PL kinase Fnilasns
PL-5-phosphate (PLP) %wmﬂmﬁm:ﬁums
¥9uBad SOS1 uaz AKT1 AWMU Na®

Osmotic stress

FUIR U

sanuaniaauazi K idgmolusad uaz
LﬁamiazmﬂluauﬁmmLiuﬁugdﬁmzﬁﬂﬁ
Waannziasoaeaaludn waztnunliaing
go3lun ABA (abscisic acid) @9ga3lan
mﬁ@f‘:a:m:@jl”umiﬁﬁmmaa Ca”™ Uz SOS5
LTULALINY (Tirkan & Demiral, 2009)

Tunrsasanuda winiraaidnganiae
au@;avlsjﬁmmﬁmﬂuﬁ%ﬁaﬁu Na“ 88n3n
lolnwanady Ca” aznszduldiiansaing
ABI2 2zfugimsvineuues SOS1 Tunnsiin
Na" aanguanioad WaEEUEINISTINNU S
S0S2 uaz NHX1 lunsin Na* luuiul3
w2l (Tirkan & Demiral, 2009)

O-linked carbohydrate chains

SOS5 Apoplast

PM
Cytoplasm
ABA
Na*
ABI1
Vacuole
ATP | ADP+Pi
ADP+Pi | ATP
/
v H-ATPase PM
Apoplast

SOS5
Maintenance of cell expansion

HY

AN 1 UHBNITWLEAINS INMTTUAIRY QI MILaZNIABUAUEIA AL DAINED lagszuDvas 3@
SOS (Salt-Overly-Sensitive) (ﬁm: Tiirkan & Demiral, 2009 aauiladu1an Shi et al., 2002; Zhu,
2003; Zhang et al., 2004; Chinnusamy et al., 2005; Mahajan et al., 2008; Tirkan & Demiral, 2008.)
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N1IdedNd1T compatible solutes

TugnzUnd Nnfirasiisnaadnduassin
(water potential) anludin Ressezaasn
@@ﬁﬁmﬂamiﬂﬂﬂ'ﬁmw UasANTAANERd
w9zAnaIEen g 3NN lugandu uazly
udiilafialésuinda siazanoindaasiinarily
AnTadnduasinludnanas ®InaaaseINN
5’1ﬂﬁﬂjﬁa:11]&m’1m@mfnmn?m1ﬂ1ﬂﬁ T
Aw9UTuA laun1IRLANFT compatible
solutes Tusniileaasadnguassiluin
LLﬂfzﬁﬂﬁﬁﬁ@Mﬁﬂﬂ’Lﬂﬁ HONINNIERLAY
finusfirdsseanludingug 1w s1eu
violuds avinlindnssndeelulsle
athsdaiiies lunszuamwmseng g veeFsiidia
laddnazduianIesainauTnazaaazs
&1 compatible solutes %uvl,@qf (Hussain et al.,
2008) aﬂﬂﬁ@ffuﬁ’ﬂ:amﬂuﬂ%uﬂtl&ﬁf,;m
Turaanaz laInasunIudanITUIRINIYN®
YaIlTaaLaztan kiend 9 wag livinlwaraanu
\unsa-enslwaoss Hemadfeuudas (Yokoi
et al., 2002) mﬂumjuﬁmm:a;Ji’l,ugmfﬁma
Imaqmﬁm 3w Winlaa (fructose) uaznglas
(glucose) W1aNaLEITon 13% nIanlag
(trehalose) NN ua (raffinose) LLa:Wi;anu
(fructans) waanasaa Low wadnaa (Sorbitol)
Luninaa (Mannitol) NALTaToa (glycerol)
waziunfatan awludnea (methylated
inositols) nyaazilu laur Iwsdu (proline)
1nadu wndu (glycine betaine) wazlwsan
L8 (proline betaine) tJudw WUINND
Auaunasriavzazan lnadu wmdn uas
Twsdn suiaadulndnaanuluiaored
Aizoaceae, Apiaceae, Cyperaceae, Iridaceae,

Juncaceae, Juncaginaceae, Poaceae,
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Primulaceae Was Zosteraceae waiinaa
wului o 9d Plantaginaceae Wazuuukinaa
wulu Laguncularia racemosa W uNs296
Combretaceae 11w (Flowers & Colmer,
2008)

CRPIRVLIIELE TR

A

WaRmaioaszdnurldifanisaing
msmmaamz i superoxide radicals,
hydrogen peroxide (HZOZ) IWae hydroxyl
radicals (OH") T992VNANUFRIBAI ) VBILTRER
wu 1U3dn nsafiiaddn laduusiimdnsg
L% Lﬁ'aﬁmmﬁ AL Rt L P VORI LERE
ayflugﬂl,au"l,snﬁ (enzymatic antioxidants) L%
superoxide dismutases (SOD), catalase (CAT),
ascorbase peroxidase (APX), glutathione-
S-transferases (GST), monodehydroascorbate
reductase (MDHAR), dehydroascorbate
reductase (DHAR), glutathione reductase
(GR) uae glutathione peroxidases (GPX) %38
aﬁ’wmiﬁma%aﬁm:mﬂﬁagﬂugﬂmuvlsﬁﬁ
(non-enzymatic antioxidants) L% glutathione
(GSH), ascorbic acid (AA), tocopherols (TOCs),
carotenoids (CARs) Las flavonoids Lﬁa
AN9aaNI8uNABEIE (Hussain et al., 2008;
Karuppanapandian et al., 2011) &1361%
mg;&a‘ém:mdwﬁauﬂ?{ﬂumimgaa%ai:
sLﬁagﬂugﬂmiﬁvLajLﬂuﬁumﬁmmﬁm \T% SOD
I singlet oxygen (O,) Thnanodu
HO, &% CAT, APX uaz GPX aziduu
HO, T¥naneuin MDHAR uaz DHAR
321138% MDHA (monodehydroascorbate)
wae DHA (dehydroascorbate) Thnanedu
AA uas GR 9z1UR8% GSSG (oxidized
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glutathione) 1¥nateidu GSH Judn
(Karuppanapandian et al., 2011)

u‘na‘gﬂ

@ = v, & A
luﬂaﬁ;um:muvl,mwwuwmamimum
a = £ '

UszauilYn1aInautAuuINd s LazdINg
ATLNUNNGUAN G ROABAT 1w Twan1e
Aa oA ' A ° o A K o
‘mJLnaaazauaQlu@umlmmwm@uﬂﬂ’ﬁ
e X . -
1FonTn AIBWNTIIREFUEITUNITRA L%
compatible solute vl#ATaWITDGAUN
U1 le wazwuin@udurni ldATInI TR RN

. & &
Na* lulalwaigduvasioasunduunaziiln
AUATUADLTRS AINUNTIIGDITU Na® 8anan
LIRS uanmﬂﬁamﬁuﬁalﬁﬁmﬁm*mwaﬁmz
A & ° oA A A o o
VANNINTW YA RTEna InNsg 98I0

a d‘ LY 6 @ a
auyadaziadnilaaaad drwaniziaiea
' A a & & o A A @

UL g AU mlEAsdanIng
WSAulaLazNANEARARY AInUIIHIRITY
A A A % o =
ARAINNA1ENLNYITBINUAITANEING LD
mimauauawadﬁmﬁaagjﬂuannzl,ﬂ%ml,nﬁa
2 A ' A =a
FINTUATRANTNR LALATAINNRINITA
Iunﬁiﬂ%'uﬁuﬁamma%iiaﬂﬁl.l,@m@haﬁ'u
= = o o A
Fanwanslunsansna lnnsuTuavaInT
A ' a a g ° '
Luaagjfl,uama:msﬂmrmmaauﬁ]zm"l,ﬂgms
Qs =) s 6 A =3 =) s o 6
AalRanaaWuININULANNIa U TULT9WuS
A A o v A A ' a
‘wmwasl,%wl,@mmwugwmwﬂumaama:msm
i lawuinanaunsniwzdanldluanin
@ummm:’[ﬂ@mamamngmu Tagtanie
WDLATHINA LU 117 WIn wzlame Wudu
uaﬂmnﬁﬁﬁuﬁuﬁmmwﬁﬁmié’maﬁu
‘nw,ﬁwLﬁaﬂizéjuiﬁﬁﬁﬁﬂaﬁuﬁwuwﬂu@iaama:
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The Sunflower Family (Asteraceae) in Thailand and Biodiversity

Conservation
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ABSTRACT. The sunflower family, Asteraceae is one of the largest families of flowering plants
in the world. It is widely distributed throughout the world with the most diverse in the temperate
regions. The members of the family grow in a broad range of habitats but mainly found in the
open area. There are approximately 260 species in Thailand. Many species are of economic

and medicinal values, while some species are listed in the checklist of invasive alien species.
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The invasion by alien species is one of the most leading causes of the biodiversity lost,
especially for native species. Therefore, the study on diversity and taxonomic revision of the
family in Thailand are needed in order to define the native and alien species and also their
conservation status. Both alien and endemic species are important for the biodiversity and
conservation approaches. Besides that, biological information for these plants, e.g. physiology,
seed dormancy and germination, distribution pattern, invasion mechanism, are required for
controlling and management of the alien species as well as conservation of the endemic

species.

AdIAY: WANMUATIU, MIBRINY, ANURANRANINNTINN, TRARUTAITU, TRAWUT
AinNINTIH

Keyworbps: Compositae, Asteraceae, conservation, biodiversity, alien species, invasive alien species
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1.

12.

Cicerbita chiangdaoensis H. Koyama
Eupatorium doichangensis H. Koyama
Gynura hmopaengensis H. Koyama
Saussurea venosa Kerr

Senecio boluangensis H. Koyama
Senecio craibianus Hosseus

Vernonia calcarea (Kitam.) H. Koyama
(= Koyamasia calcarea (Kitam.) H. Rob.)

Vernonia chiangdaoensis H. Koyama
(= Acilepis chiangdaoensis (H. Koyama) H. Rob. & Skvarla)

Vernonia doichangensis H. Koyama
(= Acilepis doichangensis (H. Koyama) H. Rob. & Skvarla)

Vernonia pseudosutepensis H. Koyama

(= Acilepis pseudosutepensis (H. Koyama) H. Rob. & Skvarla)

Vernonia sutepensis Kerr
(= Acilepis sutepensis (Kerr) H. Rob. & Skvarla)

etal., in prep

Koyama, 2001
Koyama, 2002
Koyama, 1988
Koyama, 1981
Koyama, 1988
Koyama, 1988
Koyama, 2003

Koyama, 2005

Koyama, 2004

Koyama, 2005

Koyama, 2005
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Vernonia pseudo-birmanica H. Koyama

Koyama, 2003
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1.

Camchaya pentagona H. Koyama

Koyama, 1984a
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2
3
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Camchaya spinulifera H. Koyama

. Camchaya tenuifolia Kerr

. Senecio namnaoensis H. Koyama

Synotis phupeakensis H. Koyama

. Vernonia namnaoensis H. Koyama

(= Acilepis namnaoensis (H. Koyama) H.Rob. & Skvarla)

Koyama, 1984a
Koyama, 1984a
Koyama, 1988
Koyama, 1988
Koyama, 2004
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1. Camchaya loloana Kerr var. pseudotenuiflora H. Koyama

2. Gynura dissecta (F.G. Davies) Vanijajiva & Kadereit

Koyama, 1984a
Vanijajiva & Kadereit, 2011
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1. Gynura calciphila Kerr

2. Vernonia ngaoensis H. Koyama

Vanijajiva & Kadereit, 2011
Koyama, 2004

(= Acilepis ngaoensis (H. Koyama) H. Rob. & Skvarla)
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1. Cicerbita garrettii (Kerr) H. Koyama

2. Cicerbita putii (Kerr) H. Koyama

3. Gynura siamensis Vanijajiva & Kadereit
4. Ixeris siamensis (Kerr) H. Koyama
5

. Vernonia principis Gagnep.

Koyama, 2001
Koyama, 2001
Vanijajiva & Kadereit, 2011
Koyama, 2001
Koyama, 2005

(= Acilepis principis (Gagnep.) H. Rob. & Skvarla)

6. Wedelia thailandica H. Koyama

Koyama, 1985b
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Genetic diversity of canna lilies (Canna L.) analyzed by RAPD markers

a a
Ta9n1y 21T
ONGKARN VANIJAJIVA®

15NN anAneaauasinalulad wnAneaunTAgNEuas, N9NNY, 10220
Biology Program, Faculty of Science and Technology, Phranakhon Rajabhat University, Bangkok 10220,
Thailand

UNARALD. ANURAMAAENIRUENTINVIRTLUENAWNTTNINTIUIU 15 arat3lanld
waftaanflafd dadantwnmasuuuguawia 10 Hadlalndauwin 9 lwsweilumsfnm
ﬂ%i{ fa OPAM-01, OPAM-03, OPAM-12, OPB-01, OPB-14, OPC-01, OPC-05, OPK-05 uaz
0Pz-03 1 wswaifivhnsmaseuluoudifuletaauninue 102 way Tsfamadoud 100
fi4 3,000 giUR unaudiduafiduandns (polymorphic band) 31w 40 woy (39.21%)
AenzidnarianulndBaneiugnisndisiives Nei & Li (1979) Hdn3zning 0.316-0.968
wazidoaaiaulasunsulagis UPGMA @aaldsunsy SPSS (version 18) GRHRRLISIRGDFY
V!Ylﬁ%'ﬂ‘im“fi‘i 15 raghefilelumsanmneassileiiu 2 g

ABSTRACT. Genetic diversity among 15 accessions of the genus Canna was investigated
using Random Amplified Polymorphic DNA (RAPD) technique. Nine decamer RAPD primers
(OPAM-01, OPAM-03, OPAM-12, OPB-01, OPB-14, OPC-01, OPC-05, OPK-05, and OPZ-03)
were chosen in this study. A total of 102 DNA fragments, varying from 100-3000 bp, were
amplified, of which 40 (39.21%) were polymorphic. The value of Nei & Li (1979) similarity
coefficient ranged from 0.316 to 0.968. A dendrogram constructed by UPGMA clustering
method using the SPSS program (version 18) revealed two major clusters of 15 Canna

samples in this study.
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Tosns 38T T2

ArdA: v!ﬂﬁ%'ﬂm, ﬁmaﬁv!m%'ﬂm, Wmafinansianag, mn&mmﬂﬁmﬂmaﬁuqﬂﬁu

Kevyworps: Canna, Cannaceae, RAPD, Genetic diversity

NI

WNIIN (Canna L.) aanliidyansol
AILNUVDIIWN D %’@Lﬂuﬁmﬁ'maqmﬁm
A ' & [ A A
ﬂagiu'saﬁwwﬁﬂm (Cannaceae) L72734
ﬁuﬂ"ﬁLﬁﬂquﬁﬂmwaamiﬂi:mﬂﬁufaglu
Mvaiusmld Usznaudmuann®n 10-20 wie
(Maas-van de Kamer & Maas 2008; Tanaka,
2008) NN IANB VDY Larsen (2008) WU
ludszinalnofitoluanaiiiios 1 ofia (Canna
indica L.) W8 1 mﬂﬁ‘ufgﬂwau (C. x generalis
L.H. Bailey) anwuzlasm lidudzdugnane
wneng ludsuaey adwduniegldan
Y X A & a = A
somulunazluanamiaiuan ludului@en
a A £ ] %
fdondnrwalng eansau junen danoly
unay dnlurwiwnwkuulunge aanaan
I , & A A oA A
Wurtaaseindassea umml,wmdsmﬂaw
suldmiaunduaan (petaloid staminode)
a ] a o 1 =
fawialng lassuwiauazdFunanaranuly
mmﬁ@ﬁuf sauﬁommLLﬂiﬁumaﬁuqmm
A a £ o @ A
fifaluldnoramnsinm (nwh 1) wanay
Arvyvsznolufiiwfanauden (Maas-van
de Kamer & Maas, 2008)

mm]”aHa%%’mﬁmumwudmﬂﬁ%’ﬂ‘m
Py A o A A [
fdnsnwnaziaun liduiniarsgialag
A o ' ' A g
Luaomﬂmaﬂmmuimymaawﬂuﬂqmu
UV NAATITIw b wawwn 1ol
qmm%mmmmﬂﬁ LT mm'ﬁmd:mé'm IGF
LLﬂdmﬁ] vuaw (Tanaka 2004; Tanaka et al.,
2006) ®anaNNHIIUHITINDI1815aNA
{ U 1 1 Q 126’
Nladanarnang g PBIUNTINWANTN
LAFTINYIRRINRANY LT FITRNAIINLAIN

swndugimaasgdulavashis HIV Al
aﬁtﬁqmadISﬂLa@?? 1D (Woradulayapinij
et al., 2005) athdlanaw hasaniolunguii
10918A LU IR UNIFUFIWINIFINN
(Maas-van de Kamer & Maas, 2008) TIUNI
galdtnuin1s@neiaunaInnatenig
. ) L X
wWupnswvesislunguimneuludszinalng
A = % @ AV o =
fin1sAnwdeyanurnisunldenaiiu
Uazlomflumagionssuunanenus 39am3
\ugwdayadwiumislduszlomilududnig
= > a
iwmmiﬂiuﬂ;awuﬂuamm
=2 ° | A Ada <
mAnsnMITuunnguEsiidialasm
21AUANNLANANNNFUTIUINLTINITA
FTIUUN LAUNATINITONAUAN BUT T AT IY
FTa91nana8Usen15 laganized1is
A Ada AaA o v A @ o &
Tngsddfandansmelndlfuinu aann
nmslfinafianisdruiiluianaiudiniu
A A Ao A A A . I
i3avdlafifiszanTannaztinaiuayu
° a = A & AA
N353 LUNENANIINHI laginatiaaisiang
(RAPD: Random Amplified Polymorphism
& A A { o Ao
DNA) iiuniklwnafiamsilaananiniide
ﬁuwﬁwmlifﬁﬂmmwﬁuuﬂimoﬁugmm
PYBIRINTIANUDLILNIAANY  LnaRdATNAIW
& . 4 o o
aulag Wiliam et al. (1990) T901AURANNNT
2 a e & g a AaA 6
FIansRuNaLdwad8InaiaNdens (PCR:
Polymerase Chain Reaction) 3nnn1Tld
Iwsimasuuugy (random primer) Nfuwa
10 #adlalng nluldgmwiznudnla 1wl
1 4 v A & A' 6 1
guiunuduwaithnang Walwawesuuugy
sy launudduiatiwansluianis

d' ° v a a A e v
‘Y]L%JJ’]Z&&H]:‘YI’]EL%Lﬂ@NaNa@leﬁaTi“llu&l’le@



ANUARINNARN Uﬂ?dﬁuqﬂiiuﬁl E]GV!‘YI‘E%'ﬂH"I

@T\‘ﬁfu{l’aamamﬂﬁﬂf:ﬁa;ﬁ%ﬂ'ﬁ’iovlzjiuﬂu
ﬁadmmia;&mﬁ'mﬁ'ua"wﬁ'mumadﬁlﬁma
wWhrnneuinas nIaTagaUNaNaaNTans
ausannladng lasnsvindlanlnslWsds
unaznlsgias Fonunudiiuiaildane
iidunluslud inafiaasiafannlaine
lidudou Iddayaann dldieligs 1Hf5unm
ALdutaan 25-100 wilunsudadfasen
agglsianunuinnafiaansiafNangsiite
IMARALUIENT 13U ANUAITIvaIIULLY
fBuefle dausnasimmasassuiiell
nanInanasindeRannnisdu (Vanijjiva
et al,, 2005) inafinariiaRagninlulslunis
ANHIAMUAAINANIBN IR UENTTNYBINT
#aInnaluTha (Nybom & Bartish, 2000;
Vanijajiva, 2011) 3988IRTENaNNTINGA
Piyachomkwan ef al. (2002) la@sntannaiia
orflandunlFTuunynsIns WL 1Wwad
LL@]ﬂ@hdi:%deUﬁuﬁfﬁﬁ’mﬂ%’lummﬁ@
LLi”JdLﬁaqmm%ﬂﬁuvlﬁ wonannit Patra et al.
(2008) ldwanafinansieRaiunumnaie
ISSR (Inter Simple Sequence Repeat) 41178
lunsdnsauuandInIIRuInNIINYa s
WNTIN® 10 SBWUE Lﬁ'aLﬂuﬁaga‘Lﬂums
Nauﬁuﬁ:maaﬁmnaﬁ'uﬁluﬂszmﬂﬁmﬁﬂﬁ

mi?mHﬁ%’ﬂﬂ%ﬁﬁi’@]qﬂsmaﬁlﬁaﬁﬂm
ANNRAINRAIIN IR UTNTTUVBIWNTINEN
Affneuem T AnITLaneeiw 2370
a719880UANNINATAVAINNTININAN B UL
19 lapimaiinaiiena Sawan13isuesgay
aRuaRuNIIILRNEBRUT A ndauaz
590157 Tunstiedszlomidanisinluls
Tuenudra g da'’ld
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ad o A =

ADANUBBNITANTN
® o 1 -~

NLNUAIDUNINY

ﬁfﬁaﬁlLLa:Lﬁuéhazmv!ﬂﬁ%'ﬂmaﬁmu
15 @28819 32®I19381 9.00-10.00 . LNBUN
ludanungNaALAWaNTaNTNATIRANAN L
o a A =
FUFIUWINYIVIYIENT (013190 1) 390D
ANBUVRIAEN (MWN 1) MNILAIBENIVEINT
BUINEN I NTaulwizT1 anIinganaas
uszinalulad anAIngauTAYNIZUAT

v A& o A 4
MIFANAALDWLD LLAENIININDDT

u?ﬂua'aumamwﬁnmaﬁmu 100-150
N5 WIMNANRZIAGILUINA 2NN
inunualaslulasiawmar (liquid nitrogen)
lasltansazans CTAB aaudasannituas
Vanijajiva et al. (2005) A32988LAMNINYAS
aLSuLaI@Uﬁﬁﬁ'@"[é%ﬂ‘l%mﬂﬁﬂmigﬂﬂﬁu
WBILWRI (UV spectrophotometer) “71' 260
wilwauas uasit 280 wilnauas unanadia
alanlnslwsgaunezmlsaaanaia @ty
0.8% wrdiutefildunasauiiiodaiian
Twswafifiosdn s1uusduw 10 lwswed
(@13519% 2) ldur OPAM-01, OPAM-03,
OPAM-12, OPAM18, OPB-01, OPB-14,
OPC-01, OPC-05, OPK-05 waz OPZ-03
(Operon Technologies, California, USA) lag
Usuasansnonuaildlunisiinysunn
ALawaLYINNL 25 ul Ysznaueie 10x Promega
reaction buffer (100 mM Tris—HCI pH 9, 500
mM KCI, 1% Triton X-100), 0.4 mM dNTP,
0.6 mM primer, 0.5 unit Tag polymerase
(Promega), MgCI_ AanuTuduuanananu
A2 3, 4, 5 mM wazld 25, 50, 100 ng V89
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fiSuadunuy wnldia3onAnlsuimeans
WWIN370 Thermohybaid PX2 ﬁﬁqmwnﬂﬁ
Iuiizu@au@ms] &9fl initiation denaturation
QUANT 94 BIFNLTALTHR Witk 4 W U
1 300 @G UWNNN 94 BIANLTALTUE
W% 1 17 30 Juh gnnil 36 BTN
Wik 1 WA wazannil 72 esenimalfu
W% 2 W W% 45 30U WazaNae final
extension ﬁlqm%gﬁ 72 29ALTALTUE W%

Tosns 38T T2

lagnafiadianInslniaunaznlsaiaa
Faudu 1.8 % niudoudoatduluslud
WIBUNBUNUALAULEXNA331% (100 bp plus)
(Fermentas) av19gunudiduianislduas
daanlalonadiniaios Gene Genius Bio
Imaging System (Syngene, Cambridge, UK)
laolgldsunsy Gene Snap (Syngene,
Cambridge, UK) faidonlwswaifianunsn
WnLSun o uazldunudiBueiifionuuanes

5 Wil 99K 1 39U @MANIULATEN  swdnednadng

@1519% 1 sagsRafildlunmsdnen
svid  anwaenaly unaInLAL RNYLAVADEN
C1 &9 50-120; adwiaed; niAwdadden NIINNY OVC10/4/10
C2 g 120-250; Mawidsy; inimnaessaw/aing NIINNY OVC12/4/10
C3 & 100-200; MdwIe; inimnaedan/siag NIINWY OVC15/4/10
c4 &9 110-230; MdwIed; inimndesden NIINNY OVC16/4/10
C5 & 120-250; Mdudegnonang; inimvaasdan  wunid OVC19/5/10
C6 & 100-250; MduIed; inimnteddan NIINNY OVC25/5/10
C7 &9 45-85; aawlTe); IninAwReIdeu Unumil OVC26/5/10
C8 &9 50-80; MduLIE; inimntesden NIINNY OVC10/6/10
C9 & 50-110; MduwIed; inimnaesdan Unumit OVC12/7/10
C10 g4 60-80; MAwTnL; v mnaasdan NIINNY OVC13/7/10
C11 &9 65-95 MALIeD; Inimntesden uuny3 OVC15/7/10
C12 &9 55-85; MALIe; inimnteddan UUNLI 0OVC09/8/10
C13 g4 60-90; MawdnL; v mnaasdan NIINNY OVC13/2/11
C14 9 45-80; MdAwLIe); Inimntesden Unusi OVC15/2/11
C15 & 50-95; MAwIe; inimnaassan NTINNY OVC16/2/11




ANUARINNARN Uﬂ?dﬁuqﬂiiuﬁl E]GV!‘YI‘E%'ﬂH"I

& Y

MINATILYVINA

"3Lmﬁz'ﬁﬂ”agamnmiﬁﬂmgmmwaa
LOUGALAWLANTAINAIAIIINNITATIVD

2819188 3 Y9 N IWILNATNAALRANTIWIN
6 o < % a &
9 lwsiwas Uwindeyazduuuunudidnie

d a

mﬂ@%‘uﬁuaqvgﬂﬁ%'ﬂmlu&ﬂwm:mﬂﬁ@LLa:
L AaUAUA LWL WLIaNAURUILE BT
Taorwuadansol 07 dafiauaudifuie
waz 0" 1o liRauau EwafmuraEa i
LLéTnC'nTa%JamSLﬁ@LLavamﬁmmuﬁﬁ'uﬁnm
WAL BN UANUA R WLAZANNUANGN
mmlmmzsmdwﬂimﬂwawgm%’nmiﬂsl
ﬁ’m’.)m*iwzvmmdﬁu‘gﬂi‘m (genetic distance)
uazaILanlasunsy (dendrogram) lagsin
@iﬂizﬂzﬁwawwaﬁ'uqﬂisuﬁvlﬁuwai’waLqu{]ﬁ
mwlnﬁ%@maﬁugnﬁuﬁm?% UPGMA
cluster analysis Wa principal component
analysis (PCA) mN35M7284 Nei & Li (1979)
Iﬂmmiuﬂamﬂ'sma%ﬁlﬁuﬂﬁ%mﬂ:ﬁ‘*ﬁaga
@199 luniisuaseitaeldsunsy sPss
version 18 (Norusis, 2010)

A1519N 2 S1AUIIARLE NG 10 IwsiuaIn T

lunsfinm
Primer Nucleotide sequence %
number (5" to 3") GC
OPAM-01 TCACGTACGG 60
OPAM-03 CTTCCCTGTG 60
OPAM-12 TCTCACCGTC 60
OPAM-18 ACGGGACTCT 60
OPB-01 GTTTCGCTCC 60
OPB-14 TCCGCTCTGG 70
OPC-01 TTCGAGCCAT 60
OPC-05 GATGACCGCC 70
OPK-05 TCTGTCGAGG 60
OPZ-03 CAGCACCGCA 70

51

HALAZIII0E

NsAALAaN ININDIHAZNISIAITH AL

a &
12153 11%3)

mﬂmsaﬁ’@ﬁLSuLaﬁnﬂluwﬂﬁ"ﬂm
laguaaiagndsIunuansazaly CTAB WU
v A = oA A A o v
mmmaﬂ@mamavl@wuqmmwmmmu
MIMIATaN3 1a8aNNNIITPIDATRIUYAINT
gananuaifl 260/280 wilwuas wuiiaglu
9 1.7-1.8 LEAIAARINENAGLAWLE LA N3
AmnwaLaziilaninInaseunulwiiued
2% 10 lwsiwas wulwsiwasnlwaqnw
LANAIIVDILDUALAWLD UL 8IA Y DI1WIU
9 VL‘WiL&Iﬂ% R OPAM-01, OPAM-03, OPAM-
12, OPB-01, OPB-14, OPC-01, OPC-05, OPK-
05 Waz OPZ-03 (NWN 2) myUTudTum
A ° aaa AA & A
saadlumsvnyfisenidens wudinanw
Wuduaasdidwaduluy 100 ng 1ANANE®
& AdAa A = A A o
o1fledandunudiduianiinnuantags
1 o v 6 6 a A
nnzaudan1Iu lWlEaiaszhasLane b
Juaondatlle TIR0AAFAINUIILINWANT
ﬁm:nmm%mrmmﬂmw‘i'uqﬂﬁwaaﬁm
ananszTadinmaiinansiofdues Vaniajiva
et al. (2005) Awuinaansalialduiaduluy
A A v o Aaa A A &
Aanudutu 100 ng ludfAsewdarssw
25 pl wilANANEARSLaNANTALIN AINY
~2 A vA & % A v o
F08anlTALEULAUULLNAMNLTNTY 100 ng
s msu ledoud §isenfidersiiemstinen
Tuasdh  #anNINRTINUINAMVLTNT U DI
MgCl. N1326U 5 mM Thunu@iduiantalan
A ° @ v A Aaa AA & A
@ wanza It a3 sl e Adeonsiie
=2 6 A a a
nsansUuuyersefdueIwnsinm Tap
Usumanuiduduvas Mgcl Aldlunis
anwanidaaglutianuduiumnagiu
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2NN 1 LLama"'ﬂwm:ﬁuamaﬂmamm%'nm 15 @28819

Tosns 38T T2




ANUARINNARN il“/l”ldﬁ%‘lqiﬂii“"ﬂ aavg*nﬁnm

SRIUMINANEALA UGS UL N NTIATIZR

815LaWa (William et al., 1990)
A A ¢ AAAv @ A oA
Wasannaiaansianaaldacasfaiile
YTINIZIRHA LNt TauaN a9t lulnaan
MIUSHUAS VLU ULN LA AN NALBWLDY DI
vgﬂﬁ%'ﬂmﬁ'd 15 G889 39 laVINMINaRaLT)
NIRNA 3 A39 LNl unITEUIUNANITANEN

a [ [ 4 A 6
NRNIIILAINCH ?J’]SLE]W@'%’]ﬂﬂ’]'ﬂ“I?ILWiL&I 83

LLUUEﬁj&Jﬁﬁ@]LﬁBﬂN’]ﬁG%&J@ 9 Tila Iuwﬂﬁﬂm
. . . o X
1% 15 @288719 WUINHWOUALDWLaLNAY 1
NINNA 102 wau (Nuu1aasue 100-3,000

TR

M 12 34

M 12 345678 9101112131415

3000
1000 ==

500 B

5 6 7 8 91011 121314 15
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ALUR) fAardudads 11.33 wouda bwsinas

° S a A = A A ' o
IUT IR UALE UL N AU WIALANFAIIN
W% 40 4oy AeLdun 39.21% IwINas
A6 oo A = A A &
Vﬂ,%mmmmumaummﬂﬂq@ fa lwswes
OPB-01 Aaullu 14.71% uazbwituasuiad
ﬂ'ﬂﬁunuﬁLﬁul,aﬁl,l,@m@mﬁ'ugaq@ﬁaﬂ %
Twsiwas oPAM-12 (Julwsinasnlwaiuin
Lmuﬁl,ﬁul,aﬁaﬂﬁqﬂ Aot 3.8% wWan1ms
FATTALDUALDULBNINNG WUILDUALDULD
daulnginldanuuandranuazaglugag
0.1-3.0 kb

10 11 12 1314 15

M 1 234 56 78 9101112131415

M 123456 78 9101112131415

AN 2 FUMUUUDUALERLBVINNTININ 15 1889 3INNNIYIN PCR-RAPD; A=OPAM-01,B=0PAM-03,
C=0PAM-12, D=0OPB-01, E=OPB-14, F=0OPC-01, G=0OPC-05, H=0OPK-05 a8z 1=0PZ-03 (M= 100 bp

DNA marker)
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NSANEIANENARSLAZANINABANTS

WWGN I

HANITILATIZATANFUANTURUINTS
WHINITUAI8IT UPGMA cluster analysis
LRZWIAN similarity coefficient 283 Dice
(Nei & Li, 1979) shalisunsu SPSS version
18 (Norusis, 2010) wuitasiaiulnada
maﬁ'm;nﬁuﬁmagluﬁw 0.316-0.968 lae
Mataunsinm 11 ddanulndfanis
WHENITUNLMBIWNEINE C12 mn‘ﬁqm
D 0.968 (96.8%) HIUMBHWHNTINW C3
ﬁﬂ'ﬁmminﬁ%@maﬁugﬂssuﬁuﬁaasha
wnsinw C13 vesfiga Ao 0.316 (31.6%)

Tosns 38T T2

(@997 3 wazn g 3) NndaygansIangal
AMNFNAUINIRUTNTIN M lRuLIngy
vgﬂﬁ%'ﬂmﬁﬁﬂwuﬂu 2 Ny Ao nq’uﬁ 1
Usznaumiumaininnsinm C1 uazaiegs
C7-C15 LLazﬂq'uﬁ 2 dsznaudlsalngng
WNBINI C2-C6 (i 4) Taawuindaegng
vgﬂﬁ%'ﬂmnajuﬁ 1 Lﬂunq’wﬁﬁé’ﬂwmzmd
A Winenaait fanugs 45-120 LouALAT
LﬂﬁiLWﬂQ’ﬁLﬂu%ﬁugﬂiwﬂﬁﬁUﬂ'&'maﬂ
FANWULUAVVWIALAN NI 1-3 LTUALNAT
duuvgm%fnmngluﬁ 2 Lﬂuﬂguﬁﬁmqu
100-250 LTWALUAT mmmﬂ@ﬁﬂu%ﬁugﬂiw
ARENAUADN N9 6-15 LTUALUGAT

@13197 3 azilanulndTan1aiugnImnaeIwnsinm 15 Made aN3Tuad Nei & Li (1979)

Taxa C1 C2 C3 C4 C5 C6 C7

cg8 C9 C10 C11 C12 C13 C14 C15

Cc1 1.000

C2 .720 1.000

C3 .609 .933 1.000

C4 545 .815 .815 1.000

C5 476 .769 .769 .897 1.000

c6 .609 .769 .769 .815 .933 1.000

C7 545 720 815 .769 .815 .815 1.000
C8 .667 .720 .815 .667 .609 .720 .857
C9 667 .609 .476 .667 .609 .609 .667
C10 .720 .545 .545 .609 .667 .769 .609
C11 .720 .667 .667 .476 .545 .667 .720
C12 667 .609 .609 .545 .609 .609 .769
C13 .667 .476 .316 .667 .720 .720 .667
C14 609 .545 545 476 .667 .667 .720
C15 .667 .476 .476 .667 .609 .609 .769

1.000

.769 1.000

.815 .897 1.000

.897 .897 .933 1.000

.857 933 .897 .968 1.000

.667 .933 .897 .815 .857 1.000

720 .897 .857 .857 .897 .897 1.000
769 .857 .815 .815 .857 .933 .815 1.000
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100
Similarity (%6) Leceacaaaaaaa . ., - e J
Ci1

C12 ]

C10

C9

Ci14

C13

C15

C1

C7

Cs8

Cc2

C3

C5

(9]

C4

AN 3 LﬂuIWSLLﬂiuLLammm&'uﬁufmaﬁuqnnwawg‘ﬂﬁ%'ﬂm 15 @189 Naalasit UPGMA
cluster analysis @Mu35N13089 Nei & Li (1979)

1.04
é"‘—" .~~~~’;
s cs C6 s,
! C3 ° ® e
' [ ) ca p T T -
\ ° r Seen
051 . @ A1
. . c2 o i o7 .
............. %, CL @ cC8 .
. .,
. L Cllg cidv,
RN o0
N - S \
< cis @ \
O 00 e 0% '
o ~.~... CI. C14 K
.......... "‘
054
-1.04
-1.0 -0.5 0.0 0.5 1.0
PCAl

NN 4 MIIANFUNNTINI 15 datd deIBNIIanauLLL PCA aai5n13ued Nei & Li (1979)
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NNMILIDURUAN A INE NBFNRAT
ﬂnawgﬂﬁ%'ﬂmmjuﬁ 1 WU AN WM RIAgIU
IneraanreInuwnsINwITha C. indica
Aatsenwlinawninil (Larsen, 2008) d7u
WnsSNENgN 2 wuhiisnwosdmgIuinem
‘ﬁaa@ﬂﬁaoﬁuﬁﬂwm:é'mgmﬁﬂmmawgm%'ﬂm
aNNEY C. x genera/is“?lll Larsen (2008) &
ussnsansme L ad1915A@ Maas-van de
Kamer & Maas (2008) lataual# C. x
generalis Lflu%aﬁad (synonym) 283 C. indica
st wazeal6Rasandn C. indica umfia
ﬁﬁmwuﬂiﬁumaé’mgmﬁﬂmgamﬂ il
uunaanannwlaenn 39 laiaueliidusia
Aflanududauniaienin C. indica-complex
FUAQRANTBINMIAAANNR UL INITIUT %
ANIAINET mmﬁaammﬂmiﬂ%'uﬂ'gdﬁ'uﬁf
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The relationships among pigments level, phenolic compound content

and antioxidant activity of extracts from some medicinal plants
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ABSTRACT. The extracs from seven medicinal plants including Derris scandens (Roxb.)
Benth., Senna alata (L.) Roxb., Scheffera leucantha R. Vig., Morus alba L., Carthamus
tinctorius L., Momordica charantia L. and Camellia sinensis Ktze. were prepared using 95%
methanol as analysis solvent. It was found that C. sinensis extract had the highest level of
total pigments (chlorophyll a, b and carotenoids), followed by Se. alata and Sc. leucantha
extracts whereas the methanolic extract of M. alba contain the lowest amount of total pigments.
Moreover, the methanolic extract from Cam. sinensis showed the highest level of total phenolic
content, followed by methanolic extract from M. alba, D. scandens and Se. alata. Both methanolic
extract from Car. tinctorius and M. charantia showed the lowest total phenolic compound
content. The highest antioxidant capacity was found in the methanolic extract of Cam. sinensis
by DPPH assay. There was an exponential relationship between total phenolic compound
content and antioxidant property with R> = 0.9523. In contrast, there was no relationship

between pigment level and antioxidant activity.

Arda: smi’@lq, s13Usznauiuas, éf'ma%aﬁmz, ﬁﬂjmqmvlm

Keyworbs: pigment, phenolic compound, antioxidant, medicinal plant
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ABSTRACT. Cleisostoma arietinum (Rchb.f.) Garay is a Thai orchid which is considered rare.
The preservation of them is needed due to number of orchid population decreased rapidly.
Encapsulation-dehydration is an alternative method for long-term preservation. This study was
aimed to examine the suitable media for seed germination, protocorm induction and proliferation
and also to establish the optimal condition for protocorm preservation. The seeds were
germinated on modified MS (1962), VW (1949) and NDM (1993) media for 30 days. It was
found that NDM medium greatly promoted seed germination and protocorm proliferation. The
protocorms reaching a diameter of 0.5-1.0 mm, aged approximately 45 days, were encapsulated
with Ca-alginate for artificial seed production. They were then precultured on NDM medium
supplemented with 0.25 M sucrose for 7 days in the dark. After that, they were further precultured
in NDM liquid medium supplemented with 0.75 M sucrose for 2 days. The precultured beads
were subsequently dehydrated in a laminar air-flow cabinet using silica gel for 0-120 min. The
dehydrated beads were then preserved under -20 and -80°C for 3 and 7 days. Viability test
by 2,3,5-Triphenyl Tetrazolium Chloride (TTC) indicated that the best dehydration time at
-20°C and -80°C were 90 min. and 120 min., respectively. The survival rates at -20°C and

-80°C were 40 and 60 %, respectively.

Ad1a: Wwaaigy, nmsdsuiaan, naaeldiauwe

Kevworbs: artificial seed, dehydration, Cleisostoma arietinum
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The effects of distance from the urban center on plant
diversity and composition in homegardens of Shan
communities in Thailand

PraTeEP PANYADEE", NATCHA SUTIARITIAI & ANGKHANA INTA

Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 52000, Thailand

ABsTRACT. Homegardens are traditional farming systems which located within homesteads,
continuously cultivated by and for households to ensure comprehensive household’s nutrient
requirements as their main function. In this study, we investigated plant diversity, homegarden
composition and the effects of distance from urban centers on plant diversity and composition
in homegardens. Field surveys were conducted between October 2010 and October 2011 in
three villages; Tham Lod, Mae La Na and Poong Yam, in Pang Mapha District, Mae Hong
Son Province. In each village, at least 10 households were randomly selected. The owner of
each homegarden was interviewed by a semi-structure method including vernacular name,
used parts and method. A total of 243 plants species were recorded in this study. Most of
them were used as foods (36.5%) and ornaments (24.9%). Additionally, the study has showed
slightly negative effects of distance from urban center on plant diversity but showed more
effects on plant similarities, particularly medicinal plants.

Kevyworbs: agrobiodiversity, edible plants, ethnobotany, Pang Mapha, Mae Hong Son

INTRODUCTION more than 10 minutes walked from
homestead (Fernandes & Nair, 1986; Sunwar
etal., 2006). These cultivated plants provide
household immediate needs and guarantee
food supply during unfavorable times or
disruptive events (Galluzzi et al., 2010).
Besides plant cultivation, homegardens
also serve other household activities such
as households’ leisure places and as small-
scale experimental sites for new plants
(Hoogerbrugge & Fresco, 1993). Not
only providing benefits to households,

Homegardens are a traditional farming
system in which diverse plant species, mostly
including fruits, vegetables, ornamental and
shade plants, are continuously cultivated by
and for households to ensure comprehensive
household nutrient requirements as its
main function (Fernandes & Nair, 1986).
Homegardens are usually locates within no
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homegardens also serve as biodiversity
reservoirs at all three levels: genetic, species
and ecological.

Plant diversity is often used as a
biological health indicator (Naeem, 2002)
and homegardens are one of the systems
that have high diversity. The diversity in
homegardens is affected by several factors
which are classified into four categories:
agro-ecological factors, homegarden’s
characteristics, social-economic factors and
gardener’s characteristics (Wiersum, 2006).
Among these factors, social-economic
factors, especially urbanization, seem to play
important roles in changing function from
subsistence to ornaments (Kehlenbeck et al.,
2007) and reducing homegarden size,
leading to decrease in plant richness (Galluzzi
et al., 2010). However, urban and suburban
homegardens still serve multiple functions
for households: food, breeding and
experimental sites for both livestock and
plants, and also modifying microclimate
(Smith et al., 2006).These functions of
homegardens are mostly maintained and
determined by their biodiversity.

Pang Mapha district is located in
Mae Hong Son province, in the northwest
of Thailand. Most of the area is covered
with mountains with few plains between
hills. The populations in Pang Mapha are
composed of several hill tribes with major
groups including Shan, Karen, Lisu, Lahu
and Hmong. Due to the high mountains that
separate this district from other regions,
life styles of people still rely on nature, so
homegardens still play important roles
in their subsistence. Shan, called ‘Tai Yai’

PRATEEP PANYADEE ET AL.

(Fig. 1) by Thai people is an ethnic group
which prefers permanent settlement to
migration for shifting cultivation. This
results in complex homegardens which
accumulate both plant species and
ethnobotanical knowledge through many
generations, however there has been little
homegarden research in Thailand (e.g.
Moreno-Black et al., 1996; Gajaseni and
Gajaseni, 1999) and no such research focuses
on Shan communities. This study aims at
surveying and analyzing plant diversity and
function in these homegardens. We also
investigate the effect of distance from urban
centers on plant components and diversity of
homegardens.

MATERIALS AND METHOD

Data surveys were conducted during
October 2010 to October 2011 in Pang
Mapha District, Mae Hong Son Province,
northwestern Thailand. Three Shan villages
were selected and at least 10 homegardens
in each village were surveyed. In each
homegarden, the owner was interviewed by
the semi-structure method. Main questions
included plant’s vernacular names and use
methods. Plant materials were collected for
identification. To complete our objectives,
the criteria for village selection were
developed, included:

* The selected villages should be
composed most of Shan people with small
numbers of other tribes.

¢ At least one village should be located
near an urban center and another located far
from urban centers.
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From these criteria we chose two
villages located near an urban center: Tham
Lod village and Mae Lana village, and one
village located far from urban centers:
Poong Yam village, as study sites (Fig. 2).

Plants in homegardens were grouped
into eight categories including food, food
additive, medicine, ornament, animal food,
material, social uses and other uses (Cook,
1995). Except for weeds, all plants both
cultivated and non-cultivated were recorded.

The average number of plants per village
was calculated by the program PASW
statistics 18 which was also used for
calculating mean percentages of plants
species in each groups. The Shannon
diversity index and Jacquard’s similar index
were calculated by PAST version 2.12.

REesuLTs anD DiscussioN

Plant species richness in Shan
homegardens

Homegardens in this study were all
located in homesteads with clear boundaries
of fences or walls. Most household leaders
were farmers who owned their farms outside
the villages. Homesteads in all villages were
located near hill sides and some homegardens
were located on high slopes. There were not
clear boundaries between house areas and
homegardens. Therefore it was difficult to
measure the size of both homesteads and
homegardens. To avoid the effect of
homegarden size we chose homegardens
which had size approximately 50-60 m?
which were the most common homegarden

sizes. A total of 243 plant species were
identified, which were grouped into eight
categories. The table shows the average
number and range of plant species and plant
diversity in each village (Tables 1-4). These
high numbers of plant species were also
mentioned in many studies (Fernandes &
Nair, 1986; Kumar & Nair, 2004; Peyre et
al., 2006; Sunwar et al., 2006; Tiyakoat et
al., 2010). The greatest advantage of high
diversity in a homegarden for a household is
serving all of the household’s needs,
especially food.

Dominant plant species in Shan
homegardens

Crop plants were the dominant species
in most homegardens because the
homegardens were important household
nutrient sources (Hoogerbrugge & Fresco,
1993; Mendez et al., 2001; Trinh et al., 2003;
Yongneng et al., 2006). Among many types
of crop plants vegetables were the
predominant crops in the homegardens.
Most of them were annual or perennial herbs.
These plants were suited to homegarden
because they did not need large spaces. This
was one of the factors that determined choice
of plant species in homegardens (Hodel
et al., 1999; Abdoellah et al., 2001; Quiroz
etal., 2001; Kehlenbeck et al., 2007). In their
study, the six most common vegetables were
Acacia pennata (L.) Willd. subsp. insuavis
(Lace) I.C. Nielsen, Solanum xanthocarpum
Schrad., Moringa oleifera Lam., Bauhinia
purpurea L., Cucurbita moschata Duchesne
and Trevesia palmata (Roxb. ex Lindl.) Vis.
Herb and shrub vegetables were suited to
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homegardens because they needed small
spaces for growing or could be planted in
pots. Four of six most common vegetables
were shrubs. Beside small space needs, they
were easy to cultivate, needed less cares and
also produced sufficient products all year
round.

However, it should be noted that the
five most common species in this study were
lemongrass (Cymbopogon citratus Stapf),
chili pepper (Capsicum frutescens L.),
mango (Mangifera indica L.), galangal
(Alpinia galanga (L.) Willd.) and ribbon
dracaena (Dracaena sanderiana Mast.)
(Table 1, Fig. 3). Among these plants, three
of them (lemongrass, chili pepper and
galangal) were grouped in the food additive
category. Compare with the food group, this
group had lesser species richness but they
were very important spices in many kinds
of foods. Plants in this group were mostly
small plants (herbs or small shrubs),
therefore they needed small spaces or could
be planted in pots. From these reasons they
were commonly present in each homegarden.
Trees were one of the most important
components in homegardens. Most trees
cultivated in home gardens were fruit
trees. They also provided shade for both
homestead and lower plants. Moreover they
also provided soil nutrients from their
litter (Gajaseni & Gajaseni, 1999). Mango
trees were cultivated easily and they also
provided, besides delicious fruit, young
leaves which were consumable as a
vegetable by some households. From these
reasons mango was the most popular tree
among trees cultivated in Shan homegardens.

PRATEEP PANYADEE ET AL.

Ornamental and social use plant species

Ornamental plants were the next largest
group found in this study, second only to
edible groups. This group had both high
species richness and proportion in all
homegardens. The five ornamental plants
most commonly found in different
homegardens were Euphorbia milii Des
Moul., Rosa spp., Zephyranthes rosea Lindl.,
Cuphea hyssopifolia Humb., Bonpl. & Kunth,
and Hibiscus rosa-sinensis L. As with
ornamental plants, most socially used plants
species also had showy leaves or flowers,
particularly plants which were placed daily
in the shrines. Although, these plants also
used as household decoration, they are
grouped in a separate category due to their
main function. Among these plants, ribbon
dracaena (Dracaena sanderiana Mast.),
palm lily (Cordyline fruticosa Gopp.) and
Belamcanda chinensis (L.) DC. were the
most common species. The first two, ribbon
dracaena and palm lily, were commonly
placed daily on the shrines and the third was
popular for cultivation because it was
believed to have supernatural power which
can prevent misfortune and evil.

Medicinal plant diversity

Although edible and ornamental plant
richness was very high, medicinal plants
were rarely found in homegardens.
Among all the homegardens in all three
villages, only 16 species were found.
Among these, only two species: Sida acuta
Burm.f. and Plantago major L. were found
in all villages. Both of these plants
grew spontaneously in homegardens.
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Sometimes they were considered as weeds
by gardeners.

According to the interviews, we found
that Shan people did not prefer to cultivate
medicinal plants in their homegardens. Most
medicinal plants were gathered from forests
outside the villages by herbalists in each
village. These herbalists believe that
medicinal plants which grow spontaneously
in natural forests possess more powerful
medicinal effect than medicinal plants
cultivated in homegardens.

The effects of distance from urban
center on plant diversity and components

In this study we found that Tham Lod
village had highest number of both total plant
species per village and average number of
plant species per homegarden while Poong
Yam village had lowest of these numbers
(Table 2).

Tham Lod village had highest plant
diversity, using the Shannon index, however
it differed slightly from other two villages
(Table 2). Poong Yam village, the farthest
village from an urban center, had the lowest
diversity. These results might be due to the
negative effect of distance from urban center.
The percentages of number of plant species
in each group is presented in Table 3. In all
three villages, food plants and ornamental

plants, respectively, have the highest
percentages. The high proportion of both
edible plants (food and food additive plants)
and ornamental plants with low proportion
of other plant groups found in this study were
rather different from other homegardens
surveys in different parts of the world
(Blanckaert et al., 2004; Albuquerque et al.,
2005; Thompson etal., 2010). The differences
between these proportions of plant groups
resulted mainly from the preferences of
homegarden owners (Gajaseni & Gajaseni,
1999; Kumar & Nair, 2004).

Comparing between each village, there
were no significance differences between
percentages of food additive, food, medicinal
plants, social uses and other uses in all three
villages. In other groups, fodder groups had
shown a difference of percentage between
Tham Lod and Mae Lana villages but there
shown no significant differences between
these two villages and Poong Yam village.
On the other hand, there were significant
differences in percentages of ornamentals
between Tham Lod and Poong Yam but there
was no significant difference between Mae
Lana and other villages. The last group,
medicinal plants, showed a significant
difference between the village near the urban
center (Tham Lod and Ma Lana) and village
far from the urban center (Poong Yam).
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Ficure 1. Shan life style. A. House in Poong Yam village; B. Shan temple; C. An old man in selected
household wearing headdress, characteristic of Shan culture; D. Potted plants in Shan homegarden;
E. Shrine of household god which is always decorated daily with showy flower mostly from homegarden.

Ficure 2. A. Letter A indicates the location of Mae Hong Son Province; B. Letter A indicates the location
of Pang Mapha District; C. location of some villages in Pang Mapha District. The studied villages are
shown as stars and the closed circle shows an urban center. (source of image A. and B. from http://maps.

google.com and C. adapted from Rasmi, 2006.)
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Ficure 3. Some of the most common plant species found in Shan homegardens. A. Cymbopogon citratus
Stapf; B. Capsicum frutescens L.; C. Mangifera indica L.; D. Alpinia galanga (L.) Willd.; E. Dracaena
sanderiana Mast.; F. Ocimum tenuiflorum L.; G. Carica papaya L.; H. Euphorbia milii Des Moul.;

I. Artocarpus heterophyllus Lam.

TasLE 2. Information and results of each village.

Tham Lod Mae Lana Poong Yam

Number of surveyed homegardens 17 13 18
Distance from the urban center 9 km 17 km 55 km
Ethnic groups Shan Shan Shan
Total number of species 196 138 131
Mean number of species 36 a 29 b,c 25¢
Shannon index (H”) 4.93 4.66 451
Range of plant species per homegarden 23-52 18-43 13-36

Note: Differences between mean numbers of species are analyzed using ANOVA, followed by Tukey HSD’s
multiple range tests. Means in a row followed by different letters indicate significant differences at p<0.05.
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TaBLE 3. Average percentages of number of plants species in each use category in each village.

Tham Lod Mae Lana Poong Yam Mean
Animal Food 1.05a 3.76 b 1.904ab 2.24
Food additive 18.80 a 19.52a 17.63a 18.65
Food 352l1a 35.04 a 39.11a 36.45
Material 0.73a 0.35a 0.00 a 0.36
Medicines 3.84a 445a 1.13b 3.14
Ornament 29.12a 22.55a,b 229ab 24.86
Social 10.8a 14.1a 17.12a 14.01
Others 0.44 a 0.23a 0.21la 0.29

Note: Differences between mean numbers of species are analyzed using ANOVA, followed by Tukey HSD’s
multiple range tests. Means in a row followed by different letters indicate significant differences at p<0.05.

The effects of distance from urban center
on plant species similarity between each
village

Table 4, using Jacquard’s similarity
index, shows the similarity between each
village. The results demonstrate the effect of
distance from the urban center on plant
species in homegardens. Poong Yam, the
farthest village from the urban center, had
least similarity with both Tham Lod and Mae
Lana, compared to the similarity between the
latter two. The difference between Poong
Yam and other villages appears clearly in
medicinal plants. Medicinal plants occurred
in small numbers in homegardens of Shan
people in this study. Among 16 species found
in all three villages, only five species were
found in Poon Yam village. Acanthus
ebracteatus Vahl, one of the five species that
occurred in Poong Yam village, was a
medicinal plant found only in Poong Yam
village. This plant was introduced by a Thai
person who married and then lived with his
wife in Poong Yam. Other plants in Poong
Yam village, except for Zingiber montanum

(Koenig) Link ex Dietr., were non-cultivated
plants which grew spontaneously in
homegardens. Therefore, the distance
from the urban center showed negative
effects on medicinal plant species richness.
Christine (2009) assumed that the difficulty
to access available medicine and healthcare
were the cause of increased numbers
of medicinal plants in homegarden.
However, in this study, Poong Yam village
people who seemed to hardly have access
to modern medicine and healthcare, in
contrast cultivated fewer numbers of
medicinal plants in their homegardens.
This resulted from the preference of
homegarden owners. According to the
interview, Shan people did not need to
cultivate many medicinal plants in
homegardens because, in all villages, there
had their own herbal specialists who prefer
to gather medicinal plants from forests
around their villages. Poong Yam village was
the farthest village from the urban center
but located nearest the natural forest
therefore there was no need to cultivated
medicinal in their homegardens.
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TaBLE 4. The Jacquard’s similarity index
between each village.

Tham Lod

Mae Lana

Tham Lod
Mae Lana
Poong Yam

0.46

CONCLUSION

Atotal of 243 plant species were found
in this study. Most of them were food or
ornamental plants. The preferences of Shan
people for medicinal plants grown in natural
forests lead to low numbers of medicinal
plant species in homegardens. The distance
from the urban center showed slightly
negative effects on plant diversity. However,
this factor affected clearly on plant similarity
in Shan homegardens, particularly on
medicinal plants.
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ABsTRAcT. Helicia pyrrhobotrya Kurz, previously known from China (Yunnan) and
Myanmar, is reported from northern Thailand. The species is described and illustrated.

Kevworbps: Helicia pyrrhobotrya, Proteaceae, new record, Thailand

The genus Helicia Lour. (Proteaceae)
comprises about 100 species (Weston, 2007).
The distribution is in South India, Sri Lanka,
South China, Taiwan, South Japan
throughout Southeast Asia extending to
Melanesia and East Australia, with centre
of diversity in New Guinea (Sleumer, 1955;
Na Songkhla, 1987; Weston, 2007). In the
account of Proteaceae for the Flora of
Thailand, seven indigenous species in the
genus Helicia are recorded (Na Songkhla,
1987). During the expeditions to Doi Phu
Kha National Park, Nan province, specimens
belonging to this genus were collected and
later identified as H. pyrrhobotrya, a new
record for Thailand. The description and
illustration are based on Thai specimens cited
below.

Helicia pyrrhobotrya Kurz, J. Asiat. Soc.
Bengal, Pt. 2, Nat. Hist. 42(2): 103. 1873;

* Corresponding author: p_srisanga@yahoo.com

Received: 30 March 2012
Accepted: 25 May 2012

Forest FI. Burma 2: 312. 1877; Hook.f. in FI.
Brit. Ind. 5: 191. 1886; Sleumer, Blumea
8(1): 65. 1955; Qiu & Weston in Fl. China
5: 194, fig. 173, 1-4. 2003. Type: Myanmar,
Martaban, Brandis 1408 (holotype K).
Fig. 1.

Tree up to 15 m high; branchlets densely
rufous tomentose, glabrescent; terminal
buds densely blackish rufous tomentose.
Leaves simple, alternate, chartaceous to
subcoriaceous, oblanceolate to narrowly
obovate, (20-)30-40(-45) cm long, (5.5-)7-12
cm wide, rufous tomentose on both surfaces,
glabrescent, base cuneate, apex acute, margin
serrate; midrib crested above, raised or strong
crested and prominent below; primary veins
10-14 pairs, raised and prominent below;
petioles (1-)2-3 cm long, rufous tomentose,
glabrescent. Inflorescence axillary or
cauliflorous racemes, 20-35 cm long; axis
3-5 mm wide, densely rufous tomentose.
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Flowers in pairs; pedicels 3-6(-8) mm long,
densely rufous tomentose, connate at base;
bracteoles linear, lanceolate, subulate, ca.
2 mm long, densely rufous tomentose.
Perianth 4, white or yellowish, free, (2-)
2.5-3.3 cm long, glabrous inside, densely
rufous tomentose outside. Stamens 4, sessile;
anthers arising at the base of flower bud head,
4-5mm long, glabrous. Ovary ellipsoid, 2-3
mm long, glabrous; disc ca. 1 mm high,
connate, truncate; style excentric, 18-22 mm
long, glabrous; stigma 2-3 mm long. Fruit
subglobose or broadly ellipsoid, brown, 2-3
cm long and wide. Seed 1, violet, 2.2-2.5cm
long and wide.

Thailand.— Northern: Nan [Doi Phu
Kha National Park, 19° 10" - 19° 13" N
101° 05" - 101° 07" E, Srisanga 939 (QBG),
1294 (QBG), 1300 (QBG), 1448 (QBG);
Srisanga & Watthana 637 (QBG)].

Distribution.— Myanmar (type), China
(Yunnan).

Ecology.— Lower montane forest,
1,400-1,700 m altitude. Flowering: March-
July. Fruiting: December-February.

Note.— Helicia pyrrhobotrya is
characterized by its densely rufous tomentose
of branchlets, leaves, inflorescence and
flowers.
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Ficure 1. Helicia pyrrhobotrya Kurz. A. flowering branch; B. flowers; C. fruit.
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The genus Agapetes D. Don ex G. Don (Ericaceae)

in Thailand
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ABSTRACT. A taxonomic revision of the genus Agapetes D. Don ex G. Don in Thailand
is presented. Twelve species are recognized. A key to the species, descriptions, ecological
data and geographical distributions are provided.

Keyworbs: Taxonomy, Ericaceae, Agapetes D. Don ex G. Don, Thailand

INTRODUCTION

Agapetes D. Don ex G. Don is distributed
from the Himalayan region to south China
and mainland southeastern Asia and
comprises ca. 80 species. It belongs to the
tribe Vaccinieae Rchb. (Stevens et al., 2004)
but the generic delimitation has not been
solved satisfactorily due to the very closely
related polyphyletic genus Vaccinium L.
(Stevens, 1985; Stevens et al., 2004;
Ruizheng & Stevens, 2005). In Thailand,
Agapetes may be distinguished from
Vaccinium chiefly because of its larger
corollas, usually more than 1 cm long (only
A. inopinata Airy Shaw is sometimes shorter
while Vaccinium in Thailand generally has
much smaller flowers). Generally there is no
difficulty in separating the two genera in
Thailand and it is practical to keep them
separate. The last revisions of this genus were

* Corresponding author: santigsbg@gmail.com

Received: 24 February 2012
Accepted: 20 June 2012

those of Airy Shaw (1939, 1948, 1959), but
he did not himself give a description to all
species. Historically the study of Agapetes
in Thailand was begun by Fletcher (1938).
He listed four species of Agapetes in the
Florae Siamensis Enumeratio, namely A.
hosseana Diels, A. loranthiflora D. Don ex
G. Don var. glabrata C.B. Clarke, A. parishii
C.B. Clarke and A. saxicola Craib. Sleumer
(1966) reported two additonal species:
A. lobbii C.B. Clarke and A. bracteata Hook .
ex C.B. Clarke. Recently, another new species,
A. thailandica Watthana, has been described
from Doi Suthep, a well known botanical
exploration area (Watthana, 2001). This
present work is a part of the revision of the
Ericaceae for the Flora of Thailand.

MATERIALS AND METHODS

This treatment for the Flora of Thailand
is based on the herbarium specimens from
AAU, BK, BKF, BM, C,CMU, E, K, L, P
and QBG. Abbreviations follow Thiers
(2012). Comparative morphology was used
to delimit species in all cases.
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TaxoNomICc TREATMENT

AGAPETES

D. Don ex G. Don, Gen. Hist. 3: 862.
1834; C.B. Clarke in Hook.f., Fl. Brit. Ind.
3: 443. 1881; Ridl., Fl. Mal. Pen. 2: 204.
1923; Dop in Lecomte, Fl. Indo-Chine
3:699. 1930; Airy Shaw, Bull. Misc. Inform.
Kew 1935: 24. 1935; Sleumer, Bot. Jahrb.
Syst. 70: 97. 1939; Airy Shaw, Kew Bull.
1948: 77. 1948; 13: 468. 1959; Sleumer, FI.
Mal. Ser. I. 6(5): 878. 1967; H. Shuhua, Acta
Bot. Yunnan. 5(2): 142. 1983; H. Shuhua &
F. Ruizheng in W. Zhengi, C. Jie &
C. Shunkun, Fl. Yunnan. 5: 287. 1991;
Stevens et al. in Kubitzki, Fam. & Gen. Vasc.
Pl. 6: 184. 2004; F. Ruizheng & P.F. Stevens
in W. Zhengyi & P.H. Raven, Fl. China
14: 504. 2005.

Shrub, often epiphytic; roots thickened
or with woody tubers. Leaves spiral or
pseudoverticillate, margin entire or remotely
serrate. Inflorescences axillary or terminal,

SANTI WATTHANA

(sub-)corymbose, racemose or solitary.
Flowers usually large, (0.8-)1.5-6 cm long,
bright red, pink or white; pedicel gradually
thickened towards the apex, rarely slender,
articulate or rarely non-articulate; bracts and
bracteoles usually small, sometimes
foliaceous. Calyx tube adnate to the ovary,
cup-shaped or globose, limb separated into
5 lobes usually fused at the base. Corolla
tubular, tubular-urceolate or campanulate,
lobes 5. Stamens 10, connivent forming a
tube but not fused; anthers granular, with or
without spurs, extending apically into two
long, narrow, free tubules which open by
apical pores or slits; filaments short or long.
Ovary falsely 10-locular, inferior; disk
glabrous or hairy; style filiform; stigma
capitate or truncate. Fruits fleshy berry with
persistent calyx. Seeds numerous, ellipsoidal,
the testa reticulate.

Twelve species and one variety have
been recorded from Thailand.

KEY TO THE SPECIES

1. Corolla campanulate or campanulate-tubular with long lobes, more than 1/3

of the corollalength ..o,
Corolla tubular or urceolate-tubular with short lobes, less than 1/3 of the corolla length .... 4
Corolla shorter than 2 cm (including the 10DeS) .........cccooeiiiiiiieici e 3
..................................................... 4. A. lobbii
Leaves ovate-lanceolate, apex acuminate-caudate; blade 3.5-6 cm long .... 1. A. bracteata
Leaves obovate-oblong, apex obtuse; blade 2-3cm long ......ccccceeveeeeeee. 9. A. saxicola
....................................... 6. A. macrostemon
Corolla straight (rarely slightly curved in A. setigera var. verticillata before opening) .... 5
Filaments longer than the anthers .............
Filaments shorter than the anthers .............
Corollalessthan 1.2 cm long ........cccceevenees

o g wwbhbdRE

Corollalongerthan2cm ......cccccceeeviveennnns

Corolla distinctly curved ...........ccccoovvnenes
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6. Corolla more than 1.2cm long ..................

7. Leaves small, up to 3.5 cm long. Flowers tubular, ridged; pedicel articulate with
the ovary. Young branches with dense long hairs (rarely shiny and glabrous)

............................................... 2. A. hosseana

7. Leaves large more than 4 cm long. Flowers narrowly tubular-urceolate, not ridged;

pedicel not articulate with the ovary, Young branches glabrous ........ 11. A. thailandica
8. STAMENS WIth SPUIS ...t 9
8. StAMENS WIthOUL SPUIS .......oiviiieiiiecic ettt be et are s 12
9. Calyx lobes oblong-triangular longer than 7. mm ...........cccccovevivernnane. 7. A. megacarpa
9. Calyx lobes triangular shorter than 7 MM ... 10
10. Corollalessthan 2.5 cm Iong ....ccooevveiiiiiieiiiiie, 10. A. setigera var. verticillata
10. Corollamore than 2.5 CM IONG ....ccciiiiiiicc e 11

11. Pedicels with glandular hairs ...................
11. Pedicels glabrous ...........ccovcvieieivnnnnenns
12. Corolla tubes less than 3.5cm long .........
12. Corolla tubes more than 3.5cm long ......

1. Agapetes bracteata Hook.f. ex C.B.
Clarke in Hook.f., Fl. Brit. Ind. 3: 448. 1881;
Brandis, Indian Trees: 405. 1906; Airy Shaw,
Kew Bull. 13: 503. 1959; Sleumer, Dansk
Bot. Ark. 23(3): 303. 1966. Type: Burma
(Myanmar), Moulmein, Thoung-gyun, 1,500
m, T. Lobb s.n. (lectotype K! selected here).

Agapetes subcaudata Merr., J. Arnold.
Arbor. 21: 381. 1940. Type: Vietnam,
Annam, Dalat, rain forest, 2,000 m, 12 March
1939, H. Greenway 24 (holotype A, picture
at K!).

Epiphytic shrub up to 1 m high, with
sub-cylindrical woody tubers, adnate to the
tree trunk; branches terete or subterete, with
glandular hairs turning glabrous when old.
Leaves spiral, ovate-lanceolate, 3.5-6 by
1.2-2.5 cm, apex acuminate-caudate, base
obtuse to rounded, margin entire and
revolute, with 2 glands at the base, glabrous,
coriaceous; midrib slightly prominent above;
veins 5-6 pairs rather obscure; petiole 2-3 cm

................ 5.2 A. loranthiflora var. glabrata
................................................. 8. A. parishii
............................................ 12. A. variegata

long, hairy, flattened and grooved above.
Inflorescence an axillary or terminal raceme,
4-10 cm long; peduncle rachis and pedicel
pubescent with glandular hairs; pedicel
0.7-1.4 cm long, articulate at both ends, apex
thick; bracts lanceolate or elliptic, apex acute
to acuminate, 6-12 by 1.5-4 mm. Calyx tube
cup-shape, 1-1.5 by 1.5-2 mm, pubescent
with glandular hairs up to 0.5 mm long; calyx
lobes 5, separate almost to the base, 1.5-2 by
1 mm with glandular hairs outside, acute,
margin with dense short white hairs. Corolla
campanulate, white, 12-15 by 4-5 mm; tube
4-6 by 4-5 mm, sparsely pubescent especially
near the base; lobes narrowly triangular,
7-9 by 2 mm, strongly recurved. Stamens
10; filaments ca. 3 mm long, hairy; anthers
narrowly oblong, 2.5-3 mm long, granulose,
apex with tubules, 6-6.5 mm long, with
2 spurs, ca. 0.9 mm long, opening by
elongate pores. Style glabrous, 1-1.2 cm;
stigma truncate; disk glabrous. Fruits
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globose, hairy, ca. 0.5 cm in diam. (when
young). Fig. 1A.

Thailand.— SOUTH-EASTERN:
Prachinburi (Khao Yai).

Distribution.— Myanmar (type),
Indochina.

Ecology.— On mossy tree branches,
in evergreen forest, alt. 900-1,300 m.

Phenology.— Flowering February-
March.

Vernacular.— Sa mek khao (&z1dn117).

Specimens examined.— B. Hansen
et al. 11367 (BKF, E, K, P); E. Hennipman
3945 (BKF, K); Kasem 457 (BK); K. Larsen
et al. 27 (BKF); M. Poopath et al. RP 6143
(BKF); T. Santisuk 6890 (BKF); T. Smitinand
& H. Sleumer 8342 (BKF); S. Watthana 1104

(QBG).

2. Agapetes hosseana Diels, Repert. Spec.
Nov. Regni Veg. 1: 16. 1905; Craib, Bull.
Misc. Inform. Kew 1911: 404. 1911; Dop in
Lecomte, Fl. Gen. Indo-Chine 3: 700. Fig.
80. 1930; H.R. Fletcher in Craib, FI. Siam.
Enum. 2: 311. 1938; Airy Shaw, Kew Bull.
13: 505. 1959; Sleumer, Dansk Bot. Ark.
23(1): 79.1963. Type: Siam (Thailand), Doi
Suthep, ca 1,500 mto 1,700 m, 12 December
1904, C.C. Hosseus 219 (holotype M!;
isotypes BM!, K1).

Epiphytic or terrestrial shrub up to 1 m
high, with woody tubers; branches with dark
brown setose hairs, rarely glabrous and
shiny. Leaves spiral, oblanceolate, obovate,
oblanceolate-oblong to elliptic, 1.7-3.5 by
0.6-2 cm, base cuneate, apex retuse, obtuse
to mucronate, margin entire and revolute,
with 1-2 pairs of glands at the base, glabrous

SANTI WATTHANA

on both surfaces, coriaceous; midrib distinctly
prominent above near the base, prominent
and thick beneath; veins 6-9 on each side,
distinct above, obscure beneath; petiole
1-3 by 1-2 mm, glabrous, flattened above.
Flowers bright red, orange-red or light
green, solitary or fasciculate with 2-4 flowers
on axillary leaves or branches; bracts
attached at the base of the pedicel, broadly
triangular ca. 0.5 by ca. 0.7 mm, hairy and
ciliate; pedicel 1-1.8 cm long, glabrous,
thickened at the apex, articulate at both
ends. Calyx tube 2-2.5 by 2-3 mm (ca. 1.5
by 1.5 mm when dry), hairy to subglabrous;
calyx limb campanulate, 2.5-3 mm long,
divided to 1/3-1/2 of the length; calyx lobes
shortly triangular, ca. 1 mm long, apex acute,
hairy outside, glabrous inside. Corolla
tubular, 15-23 by 3-5 mm, with 5 longitudinal
ridges, glabrous on both surfaces; lobes,
triangular ca. 1 by 1.5-1.8 mm. Stamens:
filaments flattened, white, 7-10 by 0.4-0.7
mm, sparsely hairy to almost glabrous;
anthers 3-4 mm long, granular, with 2 spurs,
1-2 mm long, dimorphic; tubules 2.5-4 mm
long, opening by elongate pores. Style
1.4-2.4 cm long, glabrous; stigma truncate;
disk glabrous. Fruits globose, 0.8-1 cm in
diam. Seeds numerous, oblong-linear, 1.8-2
by 0.8-0.9 mm. Figs. 1B-D.

Thailand.— NORTHERN: Mae Hong
Son (Khun Yuam, Doi Khun Huai Pong),
Chiang Mai (Doi Chiang Dao, Doi
Suthep-Pui, Doi Inthanon, Doi Mon Chong,
Chom Thong); NORTH-EASTERN:
Loei (Phu Luang); SOUTH-EASTERN:
Prachin Buri (Khao Yai), Chanthaburi
(Khao Soi Dao).
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Distribution.— South Myanmar and
Laos.

Ecology.— Epiphytic shrubs on tree
branches in evergreen forest or terrestrial
shrubs on rocks on limestone hills, or on the
ground in open areas at high elevation, alt.
1,250-2,500 m.

Vernacular.— Sa pao lom (gztn1aw).

Specimens examined.— C.F. van
Beusekom et al. 1288 (BKF, K, L, P), 1349
(BKF, K, L, P), 1749 (BKF, L, P), C.F. van
Beusekom & C. Phengklai 2429 (BKF, L);
N. Fukuoka et al. T-62289 (BKF), T-34552
(BKF); Garrett 333 (K, L); R. Geesink et al.
7975 (K, P); B. Hansen & T. Smitinand 12781
(AAU, BKF, E, K, L, P); E. Hennipman 3298
(L); C. C. Hosseus 351 (K), 354 (L, M, P),
359 (E, M), 393 (K); K. Iwatsuki et al. T-9684
(L); A.FG. Kerr5328 (BK, E, K), 5587 (BK,
E, K), 9633 (BK, E, K, L); F. Konta et al.
3892 (BKF), 4385 (BKF), F. Konta &
C. Phengklai 3892 (BKF); H. Koyama et al.
T-32711 (BKF), T-33273 (BKF), H. Koyama
& C. Phengklai T-40004 (BKF); T. Koyama
15633 (BKF); K. Larsen 21 (BKF, L, P),
K. Larsen et al. 2785 (BKF); J.F. Maxwell
87-1532 (BKF, L), 90-195 (L), 96-147
(BKF); D. Middleton et al. 4491 (BKF);
S. Mitsuta et al. T-45352 (BKF, L);
G. Murata et al. T-15313 (BKF, K, L);
C. Niyomdham 6 (BKF, K), 5227 (BKF),
5319 (BKF), C. Niyomdham & R. Kubat
1373 (BKF, K); E.P. Nooteboom 831 (BKF,
K, L, P); P. Palee 116 (BKF, L); C. Phengklai
7097 (BKF), C. Phengklai et al. 7420 (BKF);
P. Phongsena et al. 6120 (BKF); R. Pooma
337 (BKF), 394 (BKF), 624 (BKF); Put 3007
(BK, K), 4508 (BK, E); T. Santisuk 219

(BKF), 1026 (BKF); T. Shimizu et al.
T-10231 (L), T-18117 (BKF), T-20252
(BKF), T-20598 (BKF); H. Sleumer 4747
(L), 4752 (K, L); T. Smitinand 5475 (BKF,
L), 6676 (BKF, K), 7315 (BKF), T. Smitinand
et al. 10501 (BKF); H. Takahashi T-62504
(BKF), T-63675 (BKF); M. Tagawa et al.
T-2868 (BKF), T-9519 (BKF, L); N. Tamura
T-60285 (BKF); S. Tsugaru T-61861 (BKF);
Umpai 501 (BK); S. Watthana 1229 (QBG),
1230 (QBG); P. Wilkie et al. PW 447 (BKF,
K); Winit 1342 (BK, BKF, E, K).

Notes.— Agapetes hosseana is very
similar to A. mannii Hemsl. but it differs
from A. mannii by usually having setose
hairs on the young branches and red or
orange flowers while A. mannii is only
pubescent on the young branches with mostly
green flowers rarely red. Recent field studies
reveal that there are green flowered
populations of A. hosseana from lower
northern (Phitsanulok: Phu Hin Rong Kla),
northeastern (Loei: Phu Luang) and
southeastern (Prachinburi: Khao Yai and
Chanthaburi: Khao Soi Dao). They are
considered to be just a color form. A few
plants in the Khao Soi Dao population have
shiny glabrous branches. However, they are
still treated as separate from A. mannii
Hemsl., due to lack of pubescence on the
branches and the relatively larger leaves
(usually more than 1.5 cm long). Moreover,
the specimens of Watthana 1229 (QBG) and
1230 (QBG), from Mae Taman, Chiang Mai
province, show variation in hairiness with
few setose hairs and shiny young branches.
These shiny specimens are still considered
to be part of the A. hosseana entity.
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3. Agapetes inopinata Airy Shaw, Kew
Bull. 14: 299. 1960; P.F. Stevens, J. Arnold
Arbor. 66: 475. 1985; H. Shuhua &
F. Ruizheng in W. Zhengi, C. Jie &
C. Shunkun, FIl. Yunnan. 5: 298. 1991,
S. Watthana & C. Trisonthi, Thai. For. Bull.
27:19. 1999; F. Ruizheng & P.F. Stevens in
W. Zhengyi & P.H. Raven, FI. China 14: 514.
2005. Type: Burma (Myanmar), S. Shan
State, Loimwe, 1,500-1,800 m, 2 April 1929,
Kingdon Ward 8788 (holotype F, picture at
K!; isotypes SUNIV, fragm. A).

A. glandulosissima (C.Y. Wu ex W.P.
Fang & Z.H. Pan) S.H. Huang, Acta Bot.
Yunnan. 5(2): 148. Fig. 1. 1983.—Vaccinium
glandulosissimum C.Y. Wu ex W.P. Fang
& Z.H. Pan, Acta Phytotax. Sin. 19(1): 109.
1981. Type: China, Yunnan, Cangyuan, 1,600
m, April 1936, C.W. Wang 73251 (holotype
HP; isotype A).

Epiphytic shrubs on tree trunks up to
1.5 m tall, with subsphaeroidal gray and
glabrous woody tubers; young branches with
dense brown glandular-hairs up to 2 mm long
often pubescent; twigs glabrous, gray. Leaves
lanceolate to oblong-lanceolate, 3-6 by
1.3-2.3 cm, acuminate to caudate at apex,
rounded at base, margin entire and revolute,
coriaceous-chartaceous, dark green above
and pale green beneath; midrib prominent on
both sides; veins 8-11 on each side, curved
and joined at apex, distinct above, glabrous
on both surfaces; petiole glabrous, up to
2 mm long. Inflorescence shortly racemose,
terminal or axillary, up to 2-4 cm long,
2-6 flowered; peduncle 5-10 mm long;
rachis up to 10 mm long, greenish, covered
with dense glandular-hairs and often
pubescent; bracts lanceolate or subulate,
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1.5-4 mm long, brown, apex acuminate,
covered with glandular hairs, the veins
distinct when dry, with 2 bracteoles at the
base close to the bract, slightly smaller than
bracts; pedicels 6-8 mm long, apex articulate,
with dense glandular-hairs up to 1 mm long.
Calyx tube globose, 1-1.5 by 1.5 mm, densely
glandular-hairy with a lax to dense
pubescence; calyx lobes triangulate, 1-1.8 by
0.9-1.2 mm, midrib and veins distinct when
dry. Corolla tubular but slightly swollen
at the middle part, bright red, densely
glandular-hairy outside with a lax to dense
pubescence, glabrous inside, tube 8-10 by
5 mm; lobes triangular green turning red
when old, 0.8-1 by 1.5-1.8 mm. Stamens:
filaments whitish, flattened, 3-5 mm long,
sparsely glandular-hairy to glabrous; anthers
1.5-1.8 mm long, brown, with spurs on the
back, ca. 0.5 mm long; tubules 2-2.8 mm
long, opening by elongate pores. Style 8-9
mm long, glabrous. Fruits white, 0.8-1 mm
in diam., glandular-hairy. Fig. 1E.

Thailand.— NORTHERN: Chiang Mai
(Doi Pha Hom Pok), Nan (Doi Phuka).

Distribution.— Myanmar (type), China
(Yunnan).

Ecology.— On tree branches in hill
evergreen forest, alt. 1,600-1,700 m.

Phenology.— Flowering in February
and July; fruiting in March.

Specimens examined.— P. Srisanga
etal. 2430 (QBG); S. Watthana 224 (QBG).

Notes.— This species has a relatively
short corolla for the genus Agapetes, but
differs from the genus Vaccinium as found
in Thailand by having a bright red corolla
and relatively large fleshy white fruits
(Watthana & Trisonthi, 1999). Airy Shaw
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(1960), when describing this species,
placed it into his series Longifiles, subseries
Racemosae. The fruit is fleshy, and
comparable in size to some members
of series Longifiles such as A. saxicola and
A. hosseana.

4. Agapetes lobbii C.B. Clarke in Hook.f.,
Fl. Brit. Ind. 3: 448. 1881; Airy Shaw,
Bull. Misc. Inform. Kew: 37. 1935; 13: 476.
1959; Sleumer, Dansk Bot. Ark. 23(3): 303.
1966; H. Shuhua, Acta Bot. Yunnan. 5(2):
144. 1983; H. Shuhua & F. Ruizheng in
W. Zhengi, C. Jie & C. Shunkun, FI. Yunnan.
5: 291. 1991; F. Ruizheng & P.F. Stevens
in W. Zhengyi & P.H. Raven, Fl. China
14: 506. 2005. Type: Burma (Myanmar),
Moulmein, Thoung-gyne (not gyun), alt.
5,000 ft, 1857, T. Lobb s.n. (holotype K!;
isotypes BM!, K1).

A. racemosa Watt ex Kanjilal, Fl. Assam
3: 139. 1939. Type: Assam, Manipur State,
Naga Hill, hill behind Kohima, 1,800 m,
28 February 1882, G. Watt 6180 (holotype
E; isotype Kl).

A. corallina Cowan, Notes Roy. Bot.
Gard. Edinb. 18: 36. 1933. Type: Burma
(Myanmar), Myitkyina Distric., Htawgaw
Hill, alt. 4,600 ft, 30 November 1930,
Sukoe 34 (holotype E!; isotype K1).

A. stenantha Rehd., J. Arnold Arbor.
14: 350. 1933. Type: Burma (Myanmar),
between Sadon and Yunnan Chinese
border at Chiangtifang and Kambaiti, alt.
7,600 ft, November 1922, J.F. Rock 7514
(holotype A).

Shrub or epiphytic shrub up to 2.5 m
high, with sphaeroidal to elongate woody
tubers; young branches glabrous, angular;

old branches terete, with scattered lenticels.
Leaves spiral; elliptic, elliptic-oblong to
lanceolate, 4-10 by 1.2-4 cm, base obtuse,
cuneate to attenuate, with a pair of glands
near the base, apex acuminate to caudate,
margin remotely serrate near the apex to
entire, glabrous on both surfaces, coriaceous;
midrib distinct on both sides; veins 6-10 on
each side; petiole 3-5 by 1.5-2 mm, glabrous.
Inflorescence axillary raceme; peduncle
and rachis 3-10 cm long, glabrous to
subglabrous; peduncle 0.3-1.5 cm long,
glabrous; pedicel 1-2.3 cm long, of unequal
lengths, articulate at both ends, thickened
at the apex, glabrous; bracts triangular,
0.5-2 mm long, apex acuminate, margin
usually fimbriate with glandular hairs,
deciduous, with 2 bracteoles at the base
slightly smaller than the bracts. Calyx
tube 1-2.5 by 1.5-2.5 mm, glabrous to
subglabrous, smooth or slightly ridged; calyx
limb 1.8-3.3 mm divided to 1/4 of its length,
with 5 longitudinal ridges which continue
along the lobes, glabrous on both surfaces;
lobes triangular, 1.2-3 by 0.8-1.5 mm, acute
with a terminal gland. Corolla bright red to
pale pink with dark red streaks, campanulate,
2.2-2.9 cm long; tube 10-14 by 5-7 mm,
5-ridged, glabrous on both sides; lobes
linear-triangular, strongly recurved and
twisted, 12-15 by 2-3 mm. Stamens exserted;
filaments flattened, 3-5 mm long, slightly
hairy to glabrous; anthers 5-7 mm long,
glanular, without spurs; tubules 1.3-1.7 cm
long, opening by slits. Style 2.6-3 cm long,
glabrous; stigma truncate; disk glabrous.
Fruits globose, 4-5 mm in diam. (when
young). Fig. 1F.
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Thailand.— NORTHERN: Mae Hong
Son (Doi Khun Huai Pong, Doi Pui, Khun
Yuam), Chiang Mai (Doi Inthanon), Chiang
Rai (Doi Tung, Doi Nang Non), Phayao
(Phu Langka), Nan (Doi Phuka), Phitsanulok
(Phu Miang, Phu Hin Rong Kla, Phu Soi
Dao); NORTH-EASTERN: Loei (Phu Kra
Dung, Phu Luang, Phu Ruea, Na Haew)

Distribution.— Myanmar (type).

Ecology.— On large trees in montane
forest, on limestone and sandstone rocks in
open areas of the forest, alt. 1,200-2,000 m.

Phenology.— Flowering December-
March; fruiting April-May.

Vernacular.— Samek (szLdn).

Specimens examined.— H. Koyama
et al. T-31632 (BKF, QBG); J.F. Maxwell
06-117 (CMU, QBG); W. Nanakorn et al.
8235 (QBG); M. Norsaengsri 6457 (QBG);
P. Srisanga 2369 (QBG), 2429 (QBG);
P. Suksathan 1231 (QBG), 1706 (QBG),
2250 (QBG), 2293 (QBG) 3652 (QBG);
S. Watthana & P. Srisanga 193 (QBG);
S. Watthana & P. Suksathan 1623 (QBG),
1657 (QBG); S. Watthana et al. 226 (QBG);
M. Wongnak 82 (QBG).

5. Agapetes loranthiflora D. Don ex
G. Don, Gen. Hist. 3: 862. 1834; C.B. Clarke
in Hook.f., FIl. Brit. Ind. 3: 446. 1881.—
Thibaudia loranthiflora Wall., nom nud.
Type: Burma (Myanmar), Tavoy, orae
Tenasserim, W. Gomez in Wallich 754
(holotype K-W!; isotype K1).

Vaccinium verticillatum (D. Don ex
G. Don) Kurz var. elegans Kurz, J. As.
Soc. Beng. 42(2): 84. 1873; 46(2): 214. 1877.
—A. variegata (Roxb.) D. Don ex G. Don
var. elegans (Kurz) Airy Shaw, Kew Bull.
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1948: 89. 1948. Type: Burma (Myanmar),
Pegu Yomah, E and W Slope, Top of kambala
Tong, 3,200 ft, 24-26 February 1871, Kurz
2993 (holotype K1).

5.1 var. loranthiflora Epiphytic shrub
up to 1.5 m high, with elongate swollen
tubers; branches angular when young
becoming terete, glabrous and with
lenticels. Leaves pseudoverticillate, oblong-
oblanceolate, rarely elliptic, 4-14 by 1-5 cm,
apex (sub-) acute, base obtuse to sub-cordate,
margin slightly serrate at the upper part to
subentire, revolute, coriaceous; midrib
subprominent above, distinctly prominent
beneath; veins 10-21 on each side, glabrous;
petiole short, 2-4 by ca. 1.5 mm, flattened
above. Flowers 3-8 in an axillary or terminal
corymb; peduncle 0.5-1 cm long, rachis
0.5-1.7 cm long, with whitish pubescence
and glandular hairs up to 1.7 mm long; floral
bracts triangular, 1.5-2 mm long, acuminate,
with 2 small bracteoles at the base of the
pedicel, ca 0.8 mm long; pedicels 1.5-2.7 cm
long, slender, slightly thicker at apex, with
white pubescence and with glandular hairs,
articulate at both ends. Calyx tube subglobose,
1.5-2.5 mm high, 2-3 mm in diam. (when
dry), with white pubescence and with
glandular hairs; calyx limb 4-7 mm long;
calyx lobes triangular 3.5-5.5 by 1.5-2 mm,
apex acute with an apical gland, the outer
surface with white pubescence, glabrous
inside, midrib distinct outside. Corolla pink
to pale pink with dark pink streaks, tubular
but slightly swollen at the distal half, 3.5-4.6
by 0.8-1 cm (up to 1.4 cm broad when
flattened); lobes triangular, 6-12 by 3-5 mm,
obtuse at apex, 5-ridged, glabrous to scattered
with glandular hairs along the ridges.
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Stamens: filaments flattened, 3-4.5 mm long;
anther 7-11 mm long; tubules 2.3-3.3 cm
long, with 2 short spurs up to 0.7 mm long,
opening by elongate pores or slits. Style
3.5-4.8 cm long, glabrous; stigma capitate,
1.5-2.0 mm in diam.; disk glabrous. Fruits
white, ca. 1.2 mm in diam., hairy. Fig. 1G.

Thailand.— NORTHERN: Tak
(Umphang); SOUTH-WESTERN:
Kanchanaburi (Tong Pa Poom), Phetchaburi
(Kaeng Krachan), Prachuap Khiri Khan
(Thap Sakae); PENINSULAR: Phangnga
(Mueang).

Distribution.— Myanmar (type).

Ecology.— Epiphyte on mossy tree
trunks in evergreen forest, alt. 960-1,000 m.

Phenology.— Flowering December-
January.

Specimens examined.— M. van de Bult
510 (BKF, CMU); D.J. Middleton et al. 3729
(BKF); S. Watthana 227 (QBG), 4105
(QBG).

Notes.— This species is close to A.
grandiflora Hook.f. but its flower is smaller
and its leaves are oblanceolate with an obtuse
apex, while, A. grandiflora has elliptic leaves
with an acute to acuminate apex.

5.2 var. glabrata C.B. Clarke in Hook.f.,
FI. Brit. Ind. 3: 446. 1881.—A. variegata
(Roxb.) D. Don ex G. Don var. glabrata
(C.B. Clarke) Airy Shaw, Kew Bull. 1948:
88. 1948. Type: Burma (Myanmar),
Moulmein, limestone rock, banks of the
Atsan, T. Lobb s.n. (lectotype K! selected by
Airy Shaw, Kew Bull. 1948: 89. 1948).

Epiphytic shrub up to 2 mtall, with elongate
swollen tubers; young branches angular
becoming terete. Leaves pseudoverticillate,

oblanceolate-oblong, 4-11 by 1.5-3.2 cm,
apex obtuse, base obtuse to slightly cordate,
margin slightly serrate; midrib subprominent
above, prominent beneath; veins 10-14 on
each side; petiole thick, short, 1.5-2 by
ca. 2 mm. Flowers 3-6 in a terminal or
axillary corymb; peduncle and rachis 5-7 mm
long, glabrous; peduncle very short; floral
bracts shortly triangular ca. 0.5 mm long;
pedicel 1.5-2.7 cm long, slender, apex
thickened articulate at both ends, glabrous.
Calyx tube 1.5-2 mm high, 2.5-3 mm in diam.
(when dry), glabrous; calyx limb 2.5-3 mm
long; calyx lobes triangular 2-2.5 by 1.8-2
mm, acute at apex. Corolla pink with
dark pink streaks, tubular but slightly swollen
at the distal half, 4-4.5 by ca. 1 cm, glabrous;
lobes triangular, each 8-10 by 3-4 mm,
apex obtuse, recurved. Stamens: filaments
flattened, 4-5 mm long; anthers 7-8 mm long;
tubules 3-3.3 mm long, with 2 spurs at the
upper half, up to 1 mm long, opening by
elongate pores or slits. Style glabrous, 4.2-4.5
cm long; stigma capitate, ca. 1.5 mm in
diam.; disk glabrous. Fruits not seen.

Thailand.— PENINSULAR: Ranong
(Nam Tok Ngao), Surat Thani (Khao Nom
Sao), Phangnga (Sri Pangnga; Khao Kata
Kum).

Distribution.— Myanmar (type).

Ecology.— In evergreen forest, alt.
700-850 m.

Phenology.— Flowering December-
January.

Specimens examined.— S. Gardner &
S. Khumchompoo ST2096 (BKF); A.F.G.
Kerr 12046 (BK, BM, K); S. Watthana 1719

(QBG).



108

Notes.— There is some doubt about the
variation of hairiness on the calyx and corolla
of this species. More specimens are needed
to clarify the situation.

6. Agapetes macrostemon (Kurz) C.B.
Clarke in Hook.f., Fl. Brit. Ind. 3: 443. 1881;
Airy Shaw, Kew Bull. 13: 475. 1959.
—Vaccinium macrostemon Kurz, J. Asiat.
Soc. Bengal, Pt. 2, Nat. Hist. 42(2): 85. 1873;
FI. Brit. Burma 2: 87. 1877. Type: Burma
(Myanmar), Martaban, hill east of
Tounghoo, alt. 1200-1800 m, March, Kurz
s.n. (holotype CAL).

Epiphytic shrub up to 1 m high, with
elongate swollen tubers; young branches
triangular, with spreading hairs to glabrous;
old branches terete. Leaves pseudoverticillate,
narrowly to broadly elliptic, 6.5-11.5 by
1.7-4.5 cm, apex acuminate, base subcordate
to cuneate with 2 glands, margin entire and
revolute, coriaceous; midrib subprominent
above near the base, distinctly prominent
beneath; veins 10-13 on each side,
anastomosing, glabrous. Inflorescence
axillary or terminal raceme, 5 to 10-flowered:;
peduncle 0.5-1 cm long, finely pubescent to
glabrous; rachis 1-2 cm long, finely pubescent
or glabrous; floral bracts triangular, 1.5-2.5
mm long, acuminate, hairy to glabrous; with
2 bracteoles at the base of the pedicel,
slightly smaller than the bract; pedicel
hairy to glabrous, 0.6-1.3 cm long, articulate
at both ends. Calyx glabrous to finely
pubescent; calyx tube ovoid to ellipsoid,
2-2.5 by 1-2 mm; calyx limb tubular-
campanulate, 4-5 mm long, divided to
about half its length; lobes narrowly
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triangular, 1.5-2.2 by 1 mm, acuminate with
an apical gland, with slightly distinct
veins. Corolla tubular, curved, 25-35 by
5-7 mm, glabrous, slightly 5-ridged; lobes
linear-triangular, 5-6 by 1.2-2 mm, strongly
recurved. Stamens: filaments 1.3-1.7 cm,
flattened, glabrous; anthers 6-7 mm long,
without spurs; tubules 0.7-1.2 cm long,
opening by elongate pores. Style 2.5-3.5 cm
long; stigma truncate; disk glabrous. Fruits
ellipsoid or ovoid, hairy to glabrous, 1-1.3
by 0.7-1 cm, with persistent calyx. Seeds
ellipsoid to ovoid, ca. 1 mm long. Fig. 1H.

Thailand.— NORTHERN: Mae Hong
Son (Pai, Huai Hee), Chiang Mai (Mae Tang,
Wiang Haeng).

Distribution.— Myanmar (type).

Ecology.— On trees in montane forest,
alt. 1,400-1,800 m.

Phenology.— Flowering March-April;
fruiting June.

\ernacular name.— Maeo ham (LL&I'J‘L%’]),
Prathat kariang (ﬂi:ﬁ'@]m:m'%m).

Specimens examined.— S. Indhamusika
125 (QBQG); J.F. Maxwell 95-334 (CMU);
T. Smitinand s.n., (BKF); S. Watthana &
C. Maknoi 1059 (QBG).

Notes.— Agapetes macrostemon is
easily recognized by its distinctly curved
corollas, lacking banded markings and
having curved stamens. Kurz’s specimen
from Martaban (Kurz, 1877), Parish s.n.
(K) from Moulmaei and W.A. Robertson 131
(K) from S. Shan State have glabrous
calyces. Studies of Thai material showed
that there is variation of hairiness on
the calyx and corolla from glabrous to
pubescent.
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7. A. megacarpa W.W. Sm., Notes Roy.
Bot. Gard. Edinb. 11: 194. 1919; Airy
Shaw, Kew Bull. 1948: 80. 1948; 13: 472.
1959; H. Shuhua, Acta Bot. Yunnan. 5(2):
145. 1983; H. Shuhua & F. Ruizheng in W.
Zhengi, C. Jie & C. Shunkun, FI. Yunnan. 5:
293.1991; F. Ruizheng & P.F. Stevens in W.
Zhengyi & P.H. Raven, Fl. China 14: 507.
2005. Type: China, Yunnan, Shweli-Salwin
divide, in open thickets, Lat. 25° 6° N, alt
2,100 m., April 1917, G. Forrest 13698
(holotype E!; isotype K1I).

Epiphytic shrub up to 2-4 m high, with
elongate swollen tubers; gray young
branches angular, glabrous; basal branches
up to 5 mm in diam., with dense lenticels.
Leaves pseudoverticillate, rarely spiral,
elliptic-oblong to oblanceolate-oblong,
9.5-14 by 2.5-5 cm, base obtuse to subcordate,
apex acute to acuminate, margin entire
to slightly crenate, often slightly undulate,
with glands along the margin, coriaceous,
glabrous; midrib (sub-) prominent above,
distinctly prominent beneath; veins 11-16
on each side; petiole short, ca. 2 mm long,
glabrous, flattened above. Inflorescence
terminal or axillary corymb; peduncle up to
5 cm long, glabrous; rachis 4-10 mm long,
glabrous; floral bracts triangular, 1-1.5 by
1 mm, margin entire with 2 small bracteoles
at the base of the pedicel, ca. half size
of bracts; pedicels 2.4-4 cm long, articulate
at both ends, apex thickened, glabrous.
Calyx tube glabrous, cup-shaped, 4-5 by
5-8 mm (3-4 by 3-5 mm when dry), glabrous;
calyx limb divided to the base into 5 lobes,
narrowly triangular or oblong-triangular,
9-14 by 2.5-3 mm, distinctly veined when
dry, apex with a terminal gland. Corolla

tubular but slightly swollen in the distal
half, 4.3-6 by 1.2-1.9 cm, glabrous, red to
pinkish-red with dark red streaks, 5-ridged;
corolla tube 3.5-4.8 cm long; corolla lobes
triangular, 8-12 by 6 mm. Stamens: filaments
flattened, 3-5 by 2 mm, curved, hairy at apex;
anthers 8-9 by 1-2 mm, granular; tubules
3.5-4 cm long, with spreading hairs and with
2 spurs, ca. 1 mm long, opening by slits up
to 2 cm long. Style 5-6 cm long, glabrous;
stigma subobtuse; disk glabrous. Fruits
subglobose, 1-1.2 cm in diam., fleshy, with
persistent calyx. Fig. 2A.

Thailand.— NORTHERN: Chiang Mai
(Doi Angkhang, Doi Pha Hom Pok), Chiang
Rai (Doi Tung, Doi Nang Non), Nan
(Doi Phuka, Bo Kleua, Sakoen).

Distribution.— China (Yunnan; type).

Ecology.— On limestone hill and in
montane forests, alt. 820-1,600 m.

Phenology.— Flowering June-February.

Vernacular—Pratat angkhang (U@
819719).

Specimens examined.— J.F. Maxwell
09-29 (CMU, QBG); P. Srisanga 739 (QBG),
858 (QBG), 1581 (QBG), 1863 (QBG), 2112
(QBG), 2233 (QBG); P. Suksathan 1434
(QBG), 1462 (QBG), 1465 (QBG), 2261
(QBG), 2264 (QBG), 3621 (QBG);
S. Watthana 389 (QBG), 1443 (QBG).

Notes.— The type specimen of
A. megacarpa was collected by G. Forrest
in 1917 from S. China but has only fruits.
He noted that the flower was creamy yellow
with a question mark and the calyx ruddy. The
fruits were nearly ripe. Airy Shaw (1959)
provided descriptions from additional material
including branches with flowers. These
appear to be identical to all Thai specimens.
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8. Agapetes parishii C.B. Clarke in Hook.
f., Fl. Brit. Ind. 3: 445. 1981; H.R. Fletcher
in Craib, FI. Siam. Enum. 2: 311. 1938; Airy
Shaw, Bull. Misc. Inform. Kew 1935: 31.
1935; 1948: 90. 1948. Type: Burma
(Myanmar), Nat-toung expedition, 1867,
Parish s.n. (lectotype K! selected by Airy
Shaw, Bull. Misc. Inform. Kew 1935: 31.
1935).

Epiphytic shrub about 1 m high, with
elongate swollen tubers; branches angular,
glabrous; old branches terete. Leaves
pseudoverticillate, elliptic-oblong to narrowly
elliptic, 8-15 by 2.5-5 cm, base cuneate with
a pair of glands, apex acute, margin entire
and revolute, glabrous on both surfaces,
coriaceous; midrib subprominent above,
distinct beneath; veins 11-17 on each side,
anastomosing at the apex and with a distinct
marginal vein; petiole swollen 3-5 by
2-4 mm, flattened above. Inflorescence
axillary corymb; bracts small, ca. 1 mm long,
margin fimbriate, with 2 small bracteoles at
the base of the pedicel, slightly smaller than
the bract; peduncle up to 1 cm long; rachis
up to 2 cm long; pedicel filiform, 1.5-2.5cm
long, thickened at apex, articulate at both
ends, glabrous. Calyx tube 1.5-3 by 2-4 mm;
calyx limb divided almost to the base; lobes
triangular, 3-4 by 1.5-2 mm. Corolla tubular,
2.5-3 cm long, 5 ridged, glabrous, red with
dark red streaks; lobes triangular, 5-6 by
2-2.5 mm. Stamens: filaments flattened, 2
mm long, hairy at the apex; anthers 4-5 mm
long, without hairs and spurs; tubules 1.8-2
cm long, opening by slits. Style 2.5-3 cm
long, glabrous; stigma truncate; disk
glabrous. Fruits globose, 6-7 mm in diam.
(immature). Fig. 2B.
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Thailand.— NORTHERN: Mae Hong
Son (Khun Mae Lan, Khun Yuam, Mae
La Noi), Chiang Mai (Om Koi), Tak
(Doi Mu Sur, Doi Pae Poe, Umphang),
Kamphaeng Phet (Mae Wong); SOUTH-
WESTERN: Kanchanaburi (Khao Ri Yai).

Distribution.— Myanmar (type).

Ecology.— On trees in lower montane
forest, alt. 1,100-1,600 m.

Phenology.— Flowering November-
March.

Vernacular.— Pra tat doi (Uszviaaag),
Khao yen nuea (tuiwinita).

Specimens examined.— BGO Staff
8355 (QBG); W. Pongamornkul 1606
(QBG); P. Suksathan 2064 (QBG), 2968
(QBG); N. Tanaka et al. HN8336 (QBG);
S. Watthana 2322 (QBG), S. Watthana &
P. Srisanga 194 (QBG).

9. Agapetes saxicola Craib, Bull. Misc.
Inform. Kew 1935: 334. 1935; H.R. Fletcher
in Fl. Siam. Enum. 2: 311. 1938; Airy Shaw,
Kew Bull. 1948: 92. 1948; Sleumer,
Dansk Bot. Ark. 23(1): 79. 1963. Type:
Siam (Thailand), Loei, Phu Kradung, 1,200
m, on rocks, Kerr 8696 (holotype Kl!;
isotypes BK!, BM!, E!).

Shrub up to 1.5 m high, with swollen
subspheroidal tubers; young branches
glandular hairy becoming glabrous, gray.
Leaves spiral, obovate to oblanceolate, 1-3
by 0.6-1.7 cm, apex obtuse to acute, base
cuneate, margin entire and revolute, with
2 glands at base, coriaceous; midrib grooved
above, prominent beneath; veins 4-7 on each
side, sparsely hairy to glabrous on both
surfaces; petiole 1-3 mm long, densely hairy.
Inflorescence terminal or axillary corymb
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up to 4 cm long, 3-4-flowered; bracts
lanceolate, elliptic to obovate, 4-8 by 2-3 mm
broad, hairy, with 2 small bracteoles at the
base of the pedicel up to 1.5 mm long,
deciduous; pedicels ca. 1 cm long, with dense
glandular hairs, up to 1.5 mm long, articulate
at both ends, distally thicker. Calyx with
glandular hairs; calyx tube subglobose,
1.5-2 by 2-2.5 mm, sparsely hairy; calyx limb
2-2.5 mm long, glabrous inside; calyx lobes
triangular 1.3-1.8 by 1.5 mm, acute at apex.
Corolla campanulate, 13-16 mm long;
corolla tube 6-8 mm long, glabrous; corolla
lobes narrowly triangular, 6-7 by 2 mm,
strongly recurved. Stamens: filaments 3-5
mm long, flattened, hairy; anthers 3.5-4 mm
long, granular, with 2 spurs, 1.5-2 mm long,
opening by elongate pores. Style 1.4-1.6 cm
long; stigma truncate. Fruits fleshy when
ripe, globose, dark red to black, ca. 1 mm in
diam. Seeds ellipsoid, flattened, 1.1-1.5 mm
long, 0.7-0.8 mm broad. Fig. 2C.

Thailand.— NORTHERN: Phitsanulok
(Phu Miang); NORTH-EASTERN:
Phetchabun (Phu Hin Rong Kla), Loei
(Phu Luang, Phu Kradung).

Distribution.— Endemic.

Ecology.— On open areas of sandstone
forest, alt. 1,200-1,500 m.

Phenology.— Flowering December-
May; fruiting September-November.

Vernacular.— Ngao nam tip (1%41
inin 1), Yaang khon (2n9), Sri thanonchai
(ATDUWTE).

Specimens examined.— M. Norsangsri
999 (QBG); P. Suksathan 1269 (QBG);
S. Watthana 2200 (QBG); S. Watthana &
P. Suksathan 1557 (QBG); M. Wongnak 98

(QBG).

10. Agapetes setigera D. Don ex G. Don
var. verticillata Wall. ex C.B. Clarke in
Hook.f., Fl. Brit. Ind. 3: 443. 1881; Airy
Shaw, Bull. Misc. Inform. Kew 1935: 33.
1935. Type: India, Khasia, E. montibus
Pundooa Bengalae Orientalis 1821, M.R.
Smith s.n. in Wallich 753 (holotype K-W?1).

Epiphytic shrub up to 1 m high, with
swollen tubers; young branches angular;
old branches terete, glabrous, with lenticels.
Leaves pseudoverticillate, oblanceolate,
rarely elliptic, 6-9 by 1.6-4 cm, apex
subacute, base cuneate, rounded or slightly
cordate, margin slightly serrate at the upper
part, revolute, coriaceous; veins 9-14 on each
side; petiole short. Inflorescence axillary,
corymbose, 3-7-flowered; peduncle, rachis,
pedicel and calyx with dense puberulent and
glandular hairs; peduncle and rachis 5-8 mm
long; pedicel 1.2-1.7 cm long; floral bract
small, triangular, ca. 0.5 mm long, apex
acute, margin ciliate. Calyx tube subglobose,
2-2.5by 2.3-2.5 mm, with dense hairs; calyx
limb 2.5-3 mm long; calyx lobes 1.8-2 by
1.5 mm, triangular, with a prominent midrib,
acute at apex, often with a terminal gland,
glabrous inside, distinctly veined when dry.
Corolla red-pink with darker red-pink
streaks, tubular but slightly swollen at the
distal half, 16-18 by 4.5-5 mm, subglabrous,
with a few pubescent and glandular hairs
along the ridge, 5-ridged; lobes triangular-
oblong, 2-3 mm by 1.5 mm, sub-obtuse at
apex. Stamens: filaments flattened, ca. 2 mm
long; anthers 4-5 mm long; tubules 1-1.2 cm
long, curved with 2 minute spurs, opening
by elongate pores. Style 1.7-1.9 cm long,
curved at the upper part, glabrous; stigma
capitate, ca. 1.5 mm in diam.; disk glabrous.
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Fruits pale green, 5 by 4 mm when young.
Fig. 2D.

Thailand.— SOUTH-WESTERN:
Phetchaburi (Kaeng Krachan).

Distribution.— India (type).

Ecology.— On tree branch in evergreen
forest, alt. 960 m.

Phenology— Flowering and fruiting in
March.

Specimens examined.— D. Middleton
et al. 1799 (BKF, K), S. Watthana 2321

(QBG).

11. Agapetes thailandica Watthana, Edinb.
J. Bot. 58(3): 423. 2001.—Agapetes
variegata auct. non (Roxb.) D. Don ex
G. Don: J.F. Maxwell, Nat. Hist. Bull.
Siam Soc. 37(2): 183. 1989. Type: Thailand,
Chiang Mai, Chom Thong, Doi Song Mea,
epiphytic shrub on tree branch in mountain
forest, alt. 1,500 m, S. Watthana, P. Suksathan
& G. Argent 587 (holotype QBG!; isotype
ED.

Epiphytic shrub to 1 m high, with
thickened roots, entirely glabrous. Leaves
spiral, oblong, oblong-elliptic, oblong—
lanceolate to lanceolate, 6-15 by 2.6-6 cm,
apex obtuse to retuse, base cuneate, margin
revolute; midrib subprominent above,
prominent beneath; veins 8-10 on each
side, anastomosing near the margin and
sometimes forming a weak intramarginal
vein; petiole thickened, 2-4 mm long.
Flowers solitary or fasciculate on old
branches; bracts 0.5 mm long, elliptic,
ciliate; pedicel filiform, 2-2.8 cm long, not
articulated with the calyx. Calyx tube 1.5-2
by 1.5-2 mm; calyx limb 1-1.5 mm long;
calyx lobes triangular, ca. 1 mm long, acute
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at apex. Corolla at first solid bright red
with green lobes, the lobes turning red with
age, tubular but slightly swollen in the distal
half, 20-25 by 4-6 mm; lobes triangular,
each 1.0-1.5 mm long. Stamens: filaments
free, flattened, 1.5-1.7 cm long, white;
anthers 4-5 mm long, with 2 recurved spurs,
1-1.2 mm long; tubules 4.0-5.0 mm long,
opening by elongate pores or slits. Style
white, apex greenish, 2.1-2.5 cm long; stigma
truncate, green. Fruits up to 1.5 cm diam.,
glaucous. Seeds flattened, ellipsoid, ca. 2 mm
long, 1.0 mm broad. Fig. 2E.

Thailand.— NORTHERN: Mae
Hong Son (Khun Yuam, Pai), Chiang Mai
(Chom Thong, Doi Inthanon, Doi Suthep,
Doi Chiang Dao).

Distribution.— Endemic.

Ecology.— On trees in montane forest,
alt. 1,500 m.

Phenology.— Flowering November-
February.

Vernacular.— Prathat Suthep (Uszvia
JLNW).

Specimens examined.— J.F. Maxwell
87-1623 (CMU), 95-656 (CMU); S. Watthana,
P. Suksathan & G. Argent 587 (E, QBG).

12. Agapetes variegata (Roxb.) D. Don ex
G. Don, Gen. Hist. 3: 862, 1834.
—Ceratostema variegatum Roxb., Hort.
Beng.: 33. 1814 (nom. nud.); FI. Ind. 2: 413.
1832. Type: Bangladesh, Roxburgh Icones
2247.

Thibudia macrantha Hook., Curt. Bot.
Mag. 77: t 4566. 1851.—Vaccinium
variegatum Kurz var. macranthum (Hook.)
Kurz, J. Asiat. Soc. Beng., Pt. 2, Nat. Hist.
42(2): 84. 1873.—Agapetes macranthum
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(Hook.) Hook.f. in Benth. & Hook.f., Gen.
Pl. 2: 571.1876. —A. variegata (Roxb.)
D. Don ex G. Don var. macrantha (Hook.)
Airy Shaw, Kew Bull. 1948: 89. 1948. Type:
Burma (Myanmar), Moulmain, Curt. Bot.
Mag. 77: t 4566. 1851.

Epiphytic shrub up to 2 m high, with
elongate woody tubers; branches glabrous.
Leaves pseudoverticillate, elliptic to elliptic-
oblong, 8-15 by 2-5 cm, base obtuse, apex
acute to acuminate, margin revolute; midrib
prominent near the base above, prominent
beneath; veins 10-13 on each side,
anastomosing near the margin; petiole
thickened, 2-3 mm long, flattened above.
Inflorescence axillary corymbose or
fasciculate; peduncle and rachis very short,
glabrous; floral bracts 1-1.5 mm long,
triangular, apex acute; pedicel filiform,
1.8-2.3 cm long, articulate at both ends.
Calyx 5-6 mm long, glabrous; calyx tube ca.
4 by 4 mm (2-2.5 by 2-2.5 mm when dried);
calyx limb 3-4 mm long; calyx lobes
triangular, 2-3.5 by ca. 2 mm, subacute with
a terminal gland. Corolla tubular slightly
swollen at the distal part, red with dark
streaks, 3.5-5 by 1.0-1.6 cm; lobes triangular,
each 8-10 mm long, 4 mm broad. Stamens
3.8-4.8 mm long; filaments 5-6 mm long,
flattened, curved, hairy on the outer; anthers
5-7 mm long, granular, hairy on the outer
side; tubules 3.2-3.8 cm long, without spurs,
opening by elongate pores or slits. Style
4.2-4.8 cm long; stigma truncate; disk
glabrous. Young fruits up to 1 cm in diam.
Fig. 2F.

Thailand.— SOUTH-WESTERN:
Kanchanaburi (Sangkhla); PENINSULAR:

Ranong (Khao Pha Mi), Suratthani (Khao
Sok), Phangnga (Sri Phangnga).

Distribution.— Bangladesh (type),
Myanmar.

Ecology.— On trees in evergreen forest,
alt. 200-900 m.

Phenology.— Flowering in August.

Vernacular.— Prathad yai (Uszvialna).

Specimens examined.— C.F. van
Beusekom & C. Phengklai 441 (BKF); C.
Phengklai et al. 2921 (BKF); S. Watthana
717 (QBG).

Notes.— This species is similar to
A. grandiflora Hook.f. but that species has
spurs on the stamens.
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Ficure 1. A. Agapetes bracteata Hook.f. ex C.B. Clarke (Photo by Henrik . Pedersen); B-D. A. hosseana
Diels; E. A. inopinata Airy Shaw; F. A. lobbii C.B. Clarke; G. A. loranthiflora D.Don ex G.Don var.
loranthiflora; H. A. macrostemon (Kurz) C.B. Clarke
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Ficure 2. A. Agapetes megacarpa W.W. Sm.; B. A. parishii C.B. Clarke; C. A. saxicola Craib; D. A. setigera
D. Don ex G. Don var. verticillata Wall. ex C.B. Clarke; E. A. thailandica Watthana; F. A. variegata (Roxb.)
D. Don ex G. Don
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