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Evaluation of genetic relationship and identification in Calanthe using nucleotide

sequences of rbcL and matK gene

UdITIU WAy’ Andl Yunduns’, 153Y quasena’, adlvn aasde’

Maliwan Nakkuntod®, Sattawut Chumpooinl, Worrawit Suktrakul’, Sunisa Luangtuel*

L 1A3INTINGT ANEINEIMENS WINeRBLIART fivadlan 65000
! Department of Biology, Faculty of Science, Naresuan University, Phitsanulok 65000

Correspondence: sunisaluanglue@gmail.com

unfnga: ndwlifanadenidudundelifuniendaelibsodefinanszneiuglusanalne fanuzvesneniiaisam
wifidnunrduginememeniardduiindedu dafu TunssuunndelinguifesordeaudunguasUszaunisalgs e
i7ainqusrassAnvvmumarnvatemaiugnssuwaznissuunlussvrinvendsldanadonidu feswuiiedlolng
V048U rbcL uagBu matk uarairausugiianuduiusnsiugnssuvesndieldl 8 vlla Useneusag 17 39813 outgroup 3 viin
#2838 maximum likelihood aMnNANSANYINUIT Bu matk fArumanevatenieiugnssugenindu rbel Wothuasunugd
mawugnssunyandaelifid osdueenidu 3 na'u anwnsadwunndaelianald esuduld 5 wia Ae C vestita,
C. pulchra, C. clavata, C. densiflora wa¢ C. triplicata wa bl @509 wundn 3 ¥ia (C cardioglossa, C. rubens kag
C. succedanea) ¥ Ssiuagiiuldindu matk fusednsnmlunmssuunsesusieldfiniiBu ool Woduuszansnmlunssiuun
awieseviadlelndlunaelsnanaduarluiundoamumisdu o iudy

o

mdfny: naqeldfu, nasulidsende, maslsnanad

—_—

Abstract: The genus Calanthe R.Br. is terrestrial or lithophytic orchid, which are widespread in Thailand. They have
beautiful flowers, however their flowers and pseudobulb characteristics are similar. Therefore, a high level of expertise and
experience for identification were required. The aimed of this study is to analyze the genetic diversity of Calanthe using
the nucleotide sequence of the rbcL and matK. Phylogenetic relationships among eight species including seventeen
samples with three outgroup species were analyzed using maximum likelihood. The results revealed that the nucleotide
sequences of the matK have higher genetic variation than the rbcL. From the maximum likelihood tree, the Calanthe
species were divided into three clades by matK. matK can distinguished five species of Calanthe, namely C. vestita,
C. pulchra, C. clavata, C. densiflora and C. triplicata of Calanthe genus. Nevertheless, matK sequences from three species
(C. cardioglossa, C. rubens and C. succedanea) had no informative characters to distinguish each species. These finding
indicated that a single matK is more efficiency than rbcL gene. Other plastid and nuclear regions were suggested to

improve the potential classification.

Keywords: terrestrial orchid, lithophytic orchid, chloroplast
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1. uni

néwldindundenindudnogluideen Epidendroideae Usznaude 3 ana léud anaiBesindu (Calanthe RBr.) anatdes
W71 (Phaius Lour.) uazanaidaanduinden (Cephalantheropsis Guillaumin) ndaeldinguilidunguuesndasldfu uagndaeld
Senfeiifinswlyiulamaseavieneiiudng Seidnuasiiddyie fluwuuiuiu eenfidnvaidurensnuuunsyay nduld ee
wazndunen ddnvaradieiu Uanenduuinuenesniduuan sy 8 §u wensendu 2 ngu fimsnssareiududndiulngjegluede
Tnendaeliiana Calanthe R Br. 3o \ovhdu WWuanafiflouslg) Saudndtemn 216 ¥iia 1] daulngnuly woide seanside
witle nn1ewddin leduaud wonsni uazewininas lud 2014 dsreulunisde Flora of Thailand wmmaluaﬂau
Tuussinelng 23 win ndelsianaifdnuasidu fio Srulidnsaroruthiuwuy dignndas (pseudobulb) Unwinasidiudunay
flungu lufivween Ader waedisestuiu aendvwienarluaudmenuunslng ienonilenguintuasiuasuduiiiiu unas
dudontulaundunen snissydvlaludmdalunietnfuan dauwlvgdundasliifu ndelifit uuuiiu visiandundelibende
foifu vanevdedeinisnszareiuglunanesmia wu C cardioglossa wunisnszeiugludmia uldesaeu Wodlml Uy
gnIfng iysysal Awalan ey veuwnu el guas1vs 1l UseaiuAstus Usi3uus uasuien seued 4314518 wazian
wivniinfinunisnszateiugies wu C densiflora wumsnszaneiiugiies 3 Swmin Ao fvalan msysal wasiae it [2)

nsTnunddnuueneduguing1ves 30 sy warlu luivdndaelsl danudgmiiadiedu Ao Turadnvue
yosdaguingrfivangsmiu uaruisdnunigiindretuunn [3] ndawlifinededusuinervesnenunldlunisduun uiusana
pRNABNIEIZAYNIAWITIY N3Tuunenafesldssenaruiy (4] vieladassngumnaen winldtwigeraiateianain
Tunsthlldanld fsdunslideyameiugnssafisimnzvssndaglindiglunissuunagyiilildnafigniesdeiu (5] Fefimsfine
Auduiugnsiugnssuleglddduiandlelnduinabdndeauduraslsnatadaiusanus Calanthe uwiuseanidu 3 anages
ndwlsianataanluajoglu Calanthe so3a3180 Styloglossum Sunswiiauenaanunaglu Preptanthe (3] Tafvasisans i
fduieseiaiomng sequence-related amplified polymorphism 38 SRAP anunsauuandelsiana Calanthe saniiu 3 ana
g98 WuAeItu wiflurewin C rubens Ridl. #U C. rubens Ridl. var. alba #ifianuduiusmaiugnssudilidaiau esnndu
néelifinfeiugnineglunguifsdiu uilnnuduiusmeiugnssilnddatundeliuinduluanaiferiuinnndi [6] azwiulén
nsduunvsessyiinlagldduguinetegiufeifeeifonnudiuigeasUssaunisaiinun1sTwunegaun

Tunsadianefinsinwelngldlnsuoduiining 4 wnzdmsuividsldimsanvudiidosidade Tnswedunwiadioren
Tinalinaiu viedosndenlnswessumunnlimnyautuiieiiinu fafunmahdsuledlelndimumisanzandunnsgu
Tumsseyastidinluszdvein Sondt Adueunslén (DNA barcode) Falumadaiisuazgnsos uldszyulnludeddin dmsu
nsfnumisueusléanmspuitliluiiy nsihfisuetiniiedsawazaaelsmaadvatsusnauiinsziiiemus i
WilzaN Wy internal transcribed spacer (ITS), riburose bisphosohate carboxylase large chain (rbcl), maturase K (matK),
psbA-trnH intergenic spacer, NADH dehydrogenase F (ndhF), ycf1, rooC1 Wwag atpF-atpH intergenic spacer [5,7-12] 1o
Consortium for the Barcode of Life plant working group t@usnisidanuiinalelnavesdu rocl fu matk sauiu [13] Faans
fududuiieglunaslananaimdueuazduduiifivulg Tneflvuiaunnndt 1,000 duua 2sdndelififuadifimnuvainansga &
aundnduuinnuazinisnszaeiugiinlan vilnilefnufidueunslaaudmuinusazanafdanuunnsiistu msdwunndaeld
ana Coelogyne ddiuiinadlelndvasiiu roct fUssAnsnmAnindu matk [14] Sendaelifursanaiaiapivislufufiunnseiu
Usgavnmaestuasiinmnuunnadaiusieg wu a@na Paphiopedilum 8 rbcl anunsaszywazdndwunlidningu matk [15] Tuveue
fiana Paphiopedilum Mnuszmeluuaud Bu matk aunsaseyndaelifluanailéfinindu roct werusnmsswiniudu 4 (Ts2,
atpF-atpH waw tmiH-psbA) [16] fatunuiseilfsdnwamumarnuaemeiugnssuuasnissuunndelianadonidululszme
Ine Wngldauiiandlolndlunaslswanad 2 Ushia fe 8u rbcl waz8u matk

2. gUnIaluazIsN1INaaes
2.1. fegeiildluanuise

Rusegslundrslianaidosindu 8 wia Usgnauds 17 fog19 910 aaumgnumansaudanszunadidsng S
Fedlnd (MR), anungnuaansviusuinaivallanlunsesivins Jminfivalan (RK), anetuwiswd Jawdaivalan (PH), 9100
058 Ywminay (PR) waggunetimL Fardaunasysal (NN)
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M99 1 gllavendeldanadenidiuwagdnustenldluanidy

Sufl Feansty @einenmand) anuiiiu NuIEo
1 Calanthe cardioglossa Schltr. MR CCA MR
2 C. cardioglossa Schltr. RK CCA RK
3 C. clavata Lindl. PR CCL_PR1
4 C. clavata Lindl. PR CCL_PR2
5 C. densiflora Lindl. RK CDE RK
6 C. densiflora Lindl. PH CDE PH
7 C. pulchra (Blume) LindL. MR CPU_MR
8 C. rubens Ridl. RK CRU_RK
9 C. rubens Ridl. MR CRU_MR
10 C. rubens Ridl. PR CRU PR
11 C. rubens var. alba RK CRUA RK
12 C. succedanea Gagnep. MR CSU_MR
13 C. triplicata (Willemet) Ames MR CTR MR
14 C. triplicata (Willemet) Ames PR CTR PR
15 C. triplicata (Willemet) Ames NN CTR NN
16 C. vestita Wall. ex Lindl. MR CVE_MR1
17 C. vestita Wall. ex Lindl. MR CVE_MR2

2.2. MsanARDULD

anmmduendeliiannludieds CTAB method fisinutasainizues Doyle and Doyle [17] Stuneussl Feluantsvana
0.5 n3u wuslululpsieumanliiduns antudreluadunaselulasiwussinduuna 1.5 Sadans 15 1X CTAB buffer (2% CTAB, 1.4
M NaCl, 20 mM EDTA, 100 mM Tris) U3u1as 600 lulasdns uag beta-mercaptoethanol Ysuns 10 lulasans ndunasalisn
wdilufigamgd 60 esmwaiea WWunan 60 Wi nduvaeslun vn 4 10 WAt wdsndudn chroroformisoamy alcohol
(24:1) Y3193 1 o ndunaealiunun 4 thilusiesfianuids 10,000 seusewit Wunan 10 wdt dreansavaesuuildavase
Tyal i 10 mg/ml RNase A U3uns 10 lalasans diluvafigumafi 37 esenwaidoa Wunan 30 w1 wenlusiudnadede Phenol
chroroform:isoamy alcohol (25:24:1) wag chroroform:isoamy alcohol (24:1) TntunnazneuREueRis 3M sodium acetate
U31193 1/10 Wi WAy absolute ethanol USuns 2 wih thluuiigumail -20 esmwaiGea 1unan 45 uit thludumissiiaus)
10,000 seusewd \Jurian 10 Wit damzneusie 70% ethanol tludumissfinnnungs 10,000 seudeund \unan 5 widt an
nnouliiuisiionngiivies asansngnousae TE buffer (10 mM Tri-HCL, 1 mM EDTA) ndsnniiunsiadounmamuazU3uiniiuie
flaalddeisdidninsTrzaaluornilsaina 0.8 wWedbud Tu 1x TAE andudesaeliuaseiudrsuiinas uaztadnsganduuas
YosETaraefinNueInay 260 waz 280 WIluAS
2.3 MaiiaUSanamdueudnniy rocl uaz matk dremaiiafidens

ihduedldunfindsnaiiduesomainiens Inedu roct Welwswos rocL1F (5-ATGTCACCACAAACAGAAACTAAA
GC-3’) uaw rbcl724R (5’-CATGTACCTGCAGTAGC-3’) [18] 81 matK 1delnsiuas matkKUF (5’ -ATATCCGCTACTCCTTCAGGAG-3")
uag matkKUr (5’-CGAGCCAAAGTTCTAGCACACG-3") [19] TnailansiaiiluufiAsen &l 1X PCR buffer, 1.5 mM MgCly, 1 mM
dNTPs, 0.2 uM forward pr|mer 0.2 UM reverse pnmer 1.5U Tag DNA polymerase (RBC, Taiwan), 50-100 ng DNA template
waz distilled water annturfindSinaiisuedioniofigens Tgaumgiuay nanwisil pre-denaturation 94 aamwamjﬂa 5 W1l
denaturation 94 asFwa@ya 30 3N annealing 50-60 ayFwaRYE 30 U extension 72 BsANwATYE 1 U mmm 35 38U
uaz final extension 72 esrnwaded 10 Wil ndntunTIvEsUNaNaRldEITBENTNs S Taluesnlsawa 1 Wesidud lu 1X
TAE 9ntudesngliuasyiudrtuiinua

HGencPlus  Cogibthal $D Ut 12
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2.4 mahldEgduaznamdduianglelng

thuandndilduyilfusanisetiiendidagu PCR Clean-UP & Gel Extraction kit (PureDirex, Taiwan) A529a8UNAKAR
n&snyilvuiandaeisaidninsTridaluornilsana 1 Woddusd lu 1X TAE andudesnielduasyindaduiinna mndumon
Mg dmivimainuilinalelng Inegearsazareldavaonlulassunsihdvun 0.2 Tadans udrdsarsazanglumanduianglolna
U39 Macrogen Inc. Usymanvald
2.5 Minsevideya

dioldasuiandlnsiiundnides (alisnment) felusunsu GeneDoc version 2.6.002 [20] waz ClustalX [21] as39aeyil
andlelnamelusinsu Chromas (Technelysium Pty. Ltd., Helensvale, Queensland, Australia) MNTAATERALdT LS
ﬁuqmsmamﬁwiﬁaqaL?ﬁuaaﬁfﬁu Tuusudu rocl way matk aaglusunsy MEGA neosTu 7.0.26 [22] Ingld phylogenetic tree
seiiaula maximum likelihood fifindrelfudinduluisddon Epidendroideae mﬂgmsﬁmﬂa National Center for Biotechnology
Information (NCBI: https://www.ncbi.nlm.nih.gov/) \Ju outgroup mwﬁ‘if 81 rbcL Ysznaunie Mischobulbum papuanum
(AF264169.1), Collabium chinense (KF235082.1) way Tainia dunnii (KF235099.1) wazdu matK Usenaunie Mischobulbum
papuanum (AF263672.1), Collabium chinense (KF673830.1) wag Tainia dunnii (KF852708.1)

3. HAN1TVARBILAZNTBRUTIY
3.1. MmaauUSanaddueusaBu rocl waz matk
AdueUsaEy rocl uaz matk fiansaiinuiinald fvuauszanm 700 Aua uazUssuial 1,400 giud mudidu

3.2. menszidiuiinndlelnsuasiiu roct uaz matk lundasldianaigesindy
3.2.1 M3nssaauiianglonavesdiu rocl “luna’aaiuanawmmmu

Sduiaadlelnduing roct vendaelifanadesthiusi 8 wlia saviavmn 17 fegts Sanuenn 543 dua Sudaudius
7 122 fla 664 Usznaumigusaeysny (conserved region) 529 s1unis (97.4 1asidus) variable sites 14 fuwis (2.6
Wosidus) wusdu parsimony-informative sites 5 @uuids (1 1Wasifud) uay singleton sites 9 fusns (1.6 Wesidud) inaau
ci’uuﬂimdﬂ’uqﬂssmsé’u§uLmeiLmuﬁﬁumv§jLua (base substitution) 14 sumys (2.6 WesiFu) Fsmsunuiuany 2 PRUNTY
1A nsunuiLuums@du (transition) W 9 fwis (1.6 wWedldus) wasnsuane$u (transversion) wu 5 fuis (1 Wefidud)
dowvasduinadlelnduesdu roel Wunsnogilu wui aunsowdsudunsnogiluld 180 # nsnexdlususnifunsnogilus
7l 42 uazFrgavheidunsnoziiludil 221 Tnesdumisinadlelndidnsnaneiuseglusumisvestaneud 1, 2 uay 3 dan1snane
wuglulanouil 1 way 2 dwaliudsudunsmeriluwandeiu Tusuefimanaeiuguedlanouil 3 asdsulunsneilumilouy

gnuiepalenaiunuan 624 Mdulanaun 3 dnisildsudunsaesdlunivanaaiu (M1579 2)

M9 2 Mumiswazeiinvainisnaneiuuuunsunuivestindlelausiangu rocl

sUBUUNIINABWUS duntsuudduiiiaglong (dunisvaslanau)
MIWNUALUUNS LT 237, 240, 411, 444, 465, 489, 581, 583, 606
MswnuiLUUnT e Ty 252, 579, 602, 624, 638

nadidunienameld lainy

auihedlelndvesdu roct WuuTnaideuiun@nwanuduiudmaiugnssuwadlilunsduunseyrialundelivas
ana dwdundelianaidesiiululssmelne Su rbcl nueuwdsiuneiugnssukuunsunuiivesguadios 2.6 Weosidud Ty
fu rbcl HuBufiidmmmaunuiivesinndlolndsnindudu q Ailunsiinset idesnduiaiaeuluistalnldlunszuums
p3siveulaoonled fafudu roa. Faddduiiandlelndduuinueyintgs dmalinunruwdsiunsiugnssuldiiosndndy
Tnalolndusnadu q [7,14,23] uwituiliderdeausaiinsunamsuefameaiaiidensidiede universal primer uaxildns
mwdsalunsmaduinalelnsigs msAnmmdueuslanlundelsiana Paphiopedilum Bu rbcl Sauudsiumsiugnssusm
fign usiUszauaudsslumsmarduinaalenduaziinaunmlusedvd 100 Wosidusd ganinusnmusywingdu tmH-psbA wag ITS
fifinunwluseAufifies 94.12 way 89.47 wWedilud susu [7] uenannilana Coelogyne Hamuiuusiumaiugnssusinfian 1o
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Wieuiu matk 8ndae [14] waegnslsfinudu rocl dsnsgniauaidudnniadenuiodudiasiulunisiasizianuduiudns
ftugnssuuazmsduunndaeldl 1] Wesanduiidsnsiiuszansnimnissuunlusedu Order w3e Family [5,7]

3.2.2 mnneidRuianalelndvasiu matk TundaelfanaiBosidu

duinalelnduiinm matk vesndasliianadosivuis 8 9iin sauanun 17 fogs finnmen 667-679 quua lag
C. densiflora §ianu811 667 Alua C. clavata 1ANUYN 668 eLua C. pulchra 11813 673 duua C. cardioglossa, C. rubens,
C. rubens var. alba, C. succedanea, C. triplicata Wag C. vestita #A714813 679 ALU ansuilindlelnausnuduy matk
Usznaudisuimeuiny (conserved region) 648 siuvius (94.9 wWesidus) variable sites 35 siwwis (5.1 wWosdus) wuadu
parsimony-informative sites 25 s (3.7 Wosidus) uaz singleton sites 10 fuvits (1.4 Wesidus) WewSsuidisuiuddui
2nalelnsuTn matk 9e3 C. cardioglossa 3ngiudieya NCBI wud1 fhndlelydidudausidumisdt 142 s 820 Taefaedlelndifn
AL sefugnssusERUBuLUUMSUIUYeIgiUa (base substitution) fasun 41 fusds vsiwdadunsnaefidungly
sedfualin 12 fums uenandsmuntadfisdu (insertion) vidensuamely (deletion) UVBIALUH Fasun 19 #1519 3)

M99 3 Aumlawagelinvesnisnaeiugvesiindlelndusinuguy matk

SULUUNITNAEWUS funiIuuaauiaglang

AsWNLALUUNS LT 162, 214, 245, 292, 315, 343, 445, 499, 502, 508, 554, 574, 590, 625, 640, 651, 713,
763,814

sWUTLUUN e STy 160, 174, 240, 308, 318, 324, 346, 402, 411, 413, 415, 452, 471, 580, 617, 707, 780,
803, 807

mafistuvieramely 257-265, 270-275, 279-281

fu matk Wudnuinamilsigniunldlunsiiesgianuduiudmatugnssulufivasdndell losnnd Sasauudsiu
maviugnIsuge LLavmwuamwauuummﬂiwumqwuaﬂﬁmLmumﬁmmuuavmmmEJVL‘UﬁuamLua‘[,wmamt,mmaﬂma Tnenaaelal
aﬂammwumﬂmmwqumwuwu ALY PR sRuEeramel e iuioealalnd ddundaeld
anadue Bulifmuanundsiuiigatuientu enadesnmnduiuiidsnmnsiiaunnmsiigininBudu q (23-25] Srduiandlelnd
FafluszavBamlunssuunuaviemeiiss Vi duiiduennslén wu ndwlifinsydvinluthivanivssansamlunissuun
szaurdaingu 63 Wesidud wazszduana 78 Wesud geninavuiliadlelndvesdu roct Tunisduunsedueidaindu 29
Woesidud wazszauana 36 Wesdud [26] Wwdeanunaielilndana Paphiopedilum 81 matk awisaduunluszausila 64
Wesiliud aandndu rbel (9 Wesdud), ITS (55 wWesdus), atpF-atpH uay trnH-psbA (25 wWasiiug) [16] i matk Fadagn
dnlilunsfnwmanuduiusuasnsduunluseivedn siudgnintdlunsfinwifidueunsiandndae

3.3 MadwTeauduTuseTugnIvaandasltanaigaindu
deRansuununinnuduiusmetugnasueeadu roct uay matk lundaslfanadesidusia 17 wia dedouls

maximum likelihood w1 dfuihndlelndvestu rbel annsautindelianadenivuoondu 5 ndu fifies 1 «lin Aarunsn
LLEJﬂaE]ﬂf\]”Iﬂﬂél’JEJImuﬁqaLg@ﬂﬁ”ﬂ;}}ulﬁ A C. triplicata Usynause 3 @eens eun éhaemﬁlﬁumﬂéﬂl,mqﬁa Jmdnay (PR), @y
wonuenand Yaviadedluml (MR) wazdunevinumn Faiamasysal (NN) gndneglunguifisauazusnesnainviinduserstaiou
Tuwneiian 7 viin s 13 foghs liannsausneenaniulglussdurin Tnegndneglungui 1, 2, 4 way 5 (1 2)

Turnedigiuindlelnidu matk annsauvaindaelianaidesihdueeniu 3 nqu fall nquil 1 Usenouse 4 oiln wis
oonidu 3 nquden Tnsnqueenil 1 Uszneudie C. cardioglossa (MR uag RK), C. rubens RK wag C. succedanea MR naueasil 2
Usenausie C. rubens MR uag C. rubens var. alba RK LLaxﬂqimiaEJﬁ 3 Usgnausme C. rubens PR uay C. vestita (MR1 kag MR2)
nauil 2 Usznausne 3 wlia e C. pulchra (MR), C. clavata (PR1 way PR2) uaz C. densiflora (PH uag RK) uaznguil 3 1fung
994 C. triplicata (PR, MR wag NN) (0w 3)
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dodmeimnudiiuimetugnssuvendaelanadenihiudedduiondlelnivesdu roct way matk wuih didud
ndlelnsuasBu matk annsousnndaglianaeshiusendu 3 ndu WeiSeuiisufumslienesiauduiusnisitugnasuan
UIIBYDY Zhai wavAuy ﬂﬁ’gﬂlﬁaqaﬁyﬁ)aﬁﬂé’umﬁuﬁ 1, 2 uaz 3 A9 Preptanthe, Styloglossum waz Calanthe mua1aU 1y
ndawlslungy Preptanthe fdnvmsieu Ao azfislulugguds gnndrefdnvarervuasiauialng dundasldlunga
Styloglossum fidnuaiziindneiu @e floral bract ldfianuuu ndurenuaznauidssuiusendntios uarildonaniiinusadiuuy
voadgnndae wardmiundaeliingy Calanthe fdnwaisunnsanndnaesngu fe floral bract Aavu [3] uennigamuiingasls
aqatﬁaaﬁwéﬁ’u 3 ¥in Ao C cardioglossa, C. rubens, C. rubens var. alba, C. succedanea Wag C. vestita JANUFUNUEN
ftugnsuilnddnfumn andnvasdugnineowis 4 wia Jnegluanades Preptanthe fidnuasiau Ao drdulidnuaziluwuy
d19nnéae (pseudobulb) oruth vualngy iWusulivionsinse wdalulugguds ndudssiivus uasdidnumeg column wing lsi
Weufunduthn [3,27] Beaenndesiudeyameiugnssuannuinaluinnduatasaaslswaiasiidn C cardioglossa uas C. rubens
ogluanadenifisaty (3] uenanimadinseanudiiusnsiugnssudemadiaeaoiiiofidn C rubens way C. succedanea o
P8 WAC. cardioglossa QﬂLLEﬂ@@ﬂﬁ]Wﬂﬁgﬂaawﬁﬂ [6] Em]Lﬁaammﬂ%'a;g‘asuENLwﬂﬁﬂLaam%wﬁﬁaﬂmgmmﬂﬁLéuLEﬂ,uﬁamﬁaa
Jsliinadiumnrsandeyadaguineuazdoyansitarviuianalelndludadsasuiuaaslswanas [6,28] d3u C. vestita, C.
pulchra,C. densiflora, C. clavata was C. triplicata ansnsasuunldsedduinadlelnsuestuy matk Fuanssandiuiianile
ndvesBu rocl s wunldlams C triplicata wiiu Tunssuunssiurindeyaildmainnuusiumeiugnesumelusdomuay
fanuwdsiuluseavuiags [5,7,29] msld8u matk saufiugu rocl ﬁgmaumﬂu core barcode @wsuis [13] o1aldfidnsain
isswodmiundaeldanadenhduidosindu matk fuszansamlunisduunlddnindu roct othuldsausueiaan
UsrArBnmmssiuunas lundelifusanadesaliussavsamlunmssuunanasds 9 Wosidus [16] fedudu matk Failuszavnm
Jumdueunsianldfninslisanudu rocL wiedu rocl iiesdudien

ﬁ]Wﬂ‘ﬁauuaﬁﬁﬁuﬁmﬁialwﬁ‘uaﬂgu rbcl wag matk Selalifisanefiagsuun C cardioslossa, C. rubens, C. rubens var. alba
way C. succedanea ¢ Wioriuusyansnmnisswunlusydurinenalinssiudnadu q Wiy wu Svuindlelndudng TS
LﬂuﬁLé‘maﬁa&ﬂuﬁ’;Lﬂ%‘aauamﬂuu%nmwdwﬁu ﬁé’mwmnmuﬁmaamaqa [15,30,31,33] denaliminuudsiumanugnssuaaudng
g9 fiussAnsamnmsduunndieldlunateana [15,32] Afeg1amu Chen uazane [12] AnwAdueousidn 4 U3 (TS, matk,
rbcl uag trH-psbA) lundaglifana Cymbidium vinmsewinedu ITS fanuudsiumaiugnssugeigalasfiaviniu 11.2
Wediiud weluana Vanda Wudnanavilsifanuuusiunsiugnssuvesdfuinalelnduinm TS ge lnegeia 30 Wefiiud
Tuvauedidu matk wag rocl SannuunUsiumaiusnssndies 2 Wesidud [33] wisluana Dendrobium Afidduiiandlelnduiom
TS fuszansamlunisduunlddninuznadu 4 110] weluana Coelogyne fidrduinadlolnduina ITS fuszansaiwlunis
Swunndeld 17 wfia 16ani18u matk, rbcl way rpoCl [14] uafmﬂﬁmiﬁﬂmmif&’wu,uﬂsuﬁmﬁuaaﬂé’wlﬁuuqlfuﬂuﬂismm‘%%
LLasﬂﬁﬁﬂiﬂﬁﬁaiswqmmqmé'faLLuzﬁﬂﬂ%’éwﬁuﬁmﬁiaiwéu’%nm ITS Sufudu matk dneae [8,34]

4. ayunan1Imaaeg

nsfnudduiiedlelnsvesdu rocl way matk lundaelfanadenidulutssmalne Hanua 8 wia $1umm 17 fedh
wuirdrduianalelndvesdu matk Tanuuusdumeiugnssunazgunuunisnanefiganindu rbet TagwuitsanuuUsiunis
fugnssuuuNsuUTLazmaiistuses msvemeluresdiuiiadlelns ethinadaumugimaiusnasuannsausnndaglifly
anatos Preptanthe sanananages Calanthe ¢ uenanidamuindu matk amsnsuunndelsils 5 vin drundeliisn 3 «in
nsiesesidfuianalelnduinadu o wWiudy enatediadeyanuuusiumeiugnssuitethanlflumsduunls

ANANTINUTENA: VTUNTEAM NIAITIINGT AMYINIAIENS UnTIneIdeusaIsNvinIsBeean i Janaunsal uasiaseslle
lun19v139e wazauideldnsqarluldnisfdesveveunn anasuns Joslvamina Aueuius natuin wavauviely
Ueydudat AlimnueyasziilunisiivieguwasdayaUsenauntsvhauideluasad
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Abstract: The southern region of Thailand has a widespread consumption of indigenous vegetables that are rich in benefits,
but there is a lack of studies to confirm the properties of these vegetables. Therefore, the objective of this research is to
focus on studying the antioxidant activity using DPPH, FRAP, and ABTS assays, antidiabetic activity through the inhibition of
Ol-glucosidase and Ol-amylase enzymes, in addition to evaluating the total phenolic and total flavonoid content of 14
species of indigenous vegetables from southern Thailand. The study found that plants with high antioxidant activity
included Careya arborea, Anacardium occidentale, Phyllanthus littoralis, Litsea elliptica, Bergera koenigii, and
Archidendron jiringa. Plants with moderate antioxidant activity included Senna siamea, Syzygium antisepticum, Etlingera
elatior, and Emilia sonchifolia. Plants with low antioxidant activity were Solanum torvum, Parkia speciosa, Leucocasia
gigantea, and Parkia timoriana. For antidiabetic activity, plants with high potential included C. arborea, A. occidentale, E.
Elatior, and L. elliptica. Those with moderate activity included P. littoralis, S. antisepticum, S. siamea, B. koenigii, and E.
sonchifolia. Plants with low antidiabetic activity were S. torvum, P. speciosa, L. gigantea, A. jiringa, and P. timoriana. This

information confirms their properties and expands the use of local southern Thai vegetables for various purposes.

Keywords: local vegetable, antioxidant, antidiabetic

1. Introduction

Thailand is located in a tropical region with high annual rainfall and humidity, especially in the southern part of
the country. This climate contributes to a great diversity of plant species, many of which are consumed as food, either
cooked or fresh, and used as traditional medicine to treat various diseases such as diabetes, skin diseases, and hypertension
[1]. Studies have shown that southern Thai indigenous vegetables are a rich source of phytochemicals with promising
properties, including antioxidant, antimicrobial, and anti-inflammatory activities [2,3]. Therefore, consuming these

vegetables may serve as an alternative approach to preventing and reducing the risk of diseases and other health disorders.
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Diabetes mellitus is a widespread non-communicable disease affecting over 830 million people globally, with
cases continually rising. It results from disruptions in insulin production, secretion, or function, leading to hyperglycemia
[4,5]. This condition generates excessive free radicals, particularly reactive oxygen species (ROS) [6], which intensify oxidative
stress, causing vascular complications such as retinopathy, nephropathy, and cardiovascular diseases. Oxidative stress also
impairs beta-cell function and promotes insulin resistance [7,8], worsening the progression of diabetes. Current treatments
include oral hypoglycemic drugs like acarbose, miglitol, and voglibose, which inhibit carbohydrate -digesting enzymes to
reduce postprandial hyperglycemia [9]. However, these drugs often cause side effects like flatulence, diarrhea, and
abdominal discomfort, and some patients develop resistance [10]. Thus, the search for natural enzyme inhibitors and
antioxidants remains crucial for developing safer and more effective diabetes treatments. Since previous reports have
indicated that various plants possess blood sugar-lowering and antioxidant properties, this has led to the rationale for
conducting the present study.

This research aims to investigate the bioactive compounds, antioxidant activities, and enzyme inhibitory effects
related to diabetes in 14 selected indigenous vegetables from southern Thailand. These include Leucocasia giganteaq,
Anacardium occidentale, Phyllanthus littoralis, Litsea elliptica, Careya arborea, Syzygium antisepticum, Emilia sonchifolia,
Bergera koenigii, Senna siamea, Archidendron jiringa, Parkia speciosa, Parkia timoriana, Solanum torvum, and Etlingera
elatior. The findings will help validate the health benefits of these vegetables, promote their consumption, and provide a

foundation data for further applications in disease prevention, treatment, or product development.

2. Material and Methods
2.1. Collection of plant material

Fourteen types of popular Southern Thai indigenous vegetables were collected from the same location in
Phatthalung Province, Thailand, in June 2023. The plant was identified to the species level by morphological characters. All
samples were cleaned and trimmed to retain only the edible portions before extraction. The description, scientific names,

Thai common names, and parts used of these vegetables are provided in Figure 1.
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Figure 1 Description of fourteen plant material; (A) Leucocasia gigantea (Bonkoon, Petiole), (B) Anacardium occidentale
(Mamuang Himapan; Leaves), (C) Phyllanthus littoralis (Manpu; Leaves), (D) Litsea elliptica (Tammang; Leaves), (E) Careya
arborea (Kradon; Leaves), (F) Syzygium antisepticum (Samet Chun; Leaves), (G) Emilia sonchifolia (Phakkad Nok Khao;
Leaves), (H) Bergera koenigii (Mui; Leaves), () Senna siamea (Khelek; Leaves), (J) Archidendron jiringa (Nieng; Seed), (K)
Parkia speciosa (Sato; Seed), (L) Parkia timoriana (Rieng; Seed), (M) Solanum torvum (Makhuea Phuang; Fruit), and (N)

Etlingera elatior (Dahla; Flower).

2.2. Preparation of crude extract

All plant samples were dried at room temperature until completely dry. Then, they were ground into powder using
a mechanical grinder and macerated with ethanol at a ratio of 1:10 at room temperature for 7 days. The extracts were
filtered through Whatman No. 1 filter paper, evaporated at 45 °C using a rotary evaporator model R-300 (Blchi Rotavapor®,
India), and stored at -20 °C in the dark.

2.3. Evaluation of phenolic and flavonoid compounds
Total phenolic content

The total phenolic content (TPC) was determined using the Folin-Ciocalteu’s method, modified from Blainski et al.
Briefly, 25 plL of each extract was mixed with 125 pL of 0.2 N Folin-Ciocalteu’s reagent in a 96-well plate and incubated for
5 minutes. Subsequently, 100 pL of 10% sodium carbonate was added to the mixture. The reaction was then incubated in

the dark at 25°C for 60 minutes, and the absorbance was measured at 765 nm using a microplate reader. The results were

expressed as milligrams of gallic acid equivalents per gram of sample (mg GAE/q).

Total flavonoid content
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The total flavonoid content (TFC) was determined using a modified aluminum chloride colorimetric method based
on Molole et al. In summary, 100 uL of the extract was mixed with 100 uL of a 2% aluminum chloride solution in a 96-well
plate. The mixture was then incubated for 15 minutes at room temperature, and the absorbance was measured at 415 nm

using a microplate reader. The results were presented as milligrams of quercetin equivalents per gram of sample (mg QE/q).

2.4. Determination of antioxidant activity
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay

The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay was assessed with modifications based on Gen et al. In brief, 90 pL
of the extract was combined with 150 pL of 0.1 mM methanolic DPPH solution and 150 uL of the extract in a 96-well plate.
The control reaction consisted of 150 pL of methanol mixed with 150 pL of methanolic DPPH solution in a 96-well plate.
The mixtures were then incubated in the dark at room temperature for 30 minutes, and the absorbance was measured at
a wavelength of 520 nm using a microplate reader. The inhibition percentage is calculated based on the absorbance using

the following equation.

%inhibition = (Absorbance...— (Absorbance...)

* 100 Equation 1

Absorbance .

The result was reported as the concentration of the extract that scavenges 50% of the oxidant, or ICso. The ICso

value was calculated by plotting the inhibition percentage against the plant sample concentration.
Ferric reducing antioxidant power (FRAP) assay

Ferric Reducing Antioxidant Power (FRAP) assay was determined following Igbal et al. The FRAP reagent was
prepared by mixing a solution of 10 mM TPTZ in 40 mM HCl, acetate buffer (300 mM, pH 3.6), and 20 mM FeCls in a
volume ratio of 10:1:1 (v/v/v). For the reaction, 285 ulL of the FRAP reagent was combined with 15 pL of the extracts.
Trolox served as a standard. This mixture was then incubated in the dark at room temperature for 30 minutes. The
absorbance was measured at 593 nm using a microplate reader, and the results were expressed as milligrams of Trolox
equivalents per gram of sample (mg TE/g).
2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assay

2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay was estimated with a slisht modification from
Thaipong et al. To prepare the ABTS radical, mixed 2.45 mM potassium persulfate (K2S,0s) with 7 mM ABTS in a 1:1 (v/v)
ratio and incubated the mixture at 25°C in the dark for 16 hours. For the samples, 20 pL of the extract and 180 pL of the
ABTS radical were added to 96-well plates. The control was prepared by adding 20 pL of methanol and 180 uL of the ABTS
radical to 96-well plates. The mixtures were incubated for 15 minutes at room temperature, after which the absorbance
was measured at 734 nm using a microplate reader. The result was reported as the concentration of the extract that

scavenges 50% of the oxidant, or ICs.

2.5. Determination of antidiabetic activity
Ol-glucosidase activity
The inhibition of Ol-glucosidase was evaluated using Figueiredo-Gonzalez et al. To prepare the assay, 100 ulL of

potassium phosphate buffer (10 mM, pH 6.8), 20 uL of Ol-glucosidase (1 U/mL), and 40 pL of the extract were mixed in a
96-well plate. The mixture was incubated for 15 minutes at 37 °C. After this incubation, 40 uL of 2 mM pNPG was added,
and the mixture was incubated for an additional 15 minutes at 37 °C. Following the second incubation, 100 pL of 0.1 M
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Na2CO3 was added to stop the reaction, and the absorbance was measured at 405 nm. A control was prepared by using
the mixture without the extract. The inhibition of Ql-glucosidase was determined using Equation 1, and the results of the
antidiabetic activity by the Ol-glucosidase inhibition assay were reported as the concentration of the extract that inhibits Ol

glucosidase by 50%, or ICso.
Ol- amylase activity

The inhibition of O- amylase was estimated based on Figueiredo-Gonzalez et al. 200 pL of the extract and 200 pL
of a 1% starch solution were added to a microcentrifuge tube and incubated for 10 minutes at 25°C. Then, 200 uL of O-
amylase solution (0.5 mg/mL) was added, and the mixture was incubated for an additional 10 minutes at 25°C. Following
this, 400 pL of DNS reagent was added and incubated for 5 minutes at 100°C. The reactants were then cooled to 0°C for 5
minutes. Next, 50 pL of the reactant solution and 200 uL of deionized (DI) water were transferred to a 96-well plate. The
absorbance was measured at 540 nm using a microplate reader. A control was prepared using the mixture without the
extract. The inhibition of Q- amylase was determined using Equation 1, and the results of the antidiabetic activity by O-
amylase inhibition assay were expressed in the form of the concentration of the extract that inhibits O- amylase by 50% or
ICs0.

2.6. Statistical analysis

All experimental data were measured in triplicates (n=3) and the results were reported as the mean value +
standard deviation (SD). Post-hoc comparisons between the extracts were conducted using Tukey's Honestly Significant
Difference (HSD) test. P-values < 0.05 were considered statistically significant. The statistical analyses were calculated using
RStudio Version 1.4.1564. (Posit PBC, USA).

3. Results and Discussion
3.1. Evaluation of phenolic and flavonoid compounds

Total phenolic contents, measured using the Folin-Ciocalteu’s method and expressed as milligrams of gallic acid
equivalent per gram of sample (mg GAE/g), are presented in Figure 2. C. arborea had the highest total phenolic content at
238.38 + 15.04 mg GAE/g, followed by P. littoralis (103.08 + 11.61 mg GAE/g) and S. siamea (100.61 + 9.71 mg GAE/g).
Previous studies have reported that C. aborea contains various phytochemicals, particularly phenolic compounds such as

quercetin, ellagic acid, and tannins [18,19].
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Figure 2 Total phenolic content of fourteen Southern Thai indigenous vegetables are presented as mean +

standard deviation from triplicate measurements, and superscript letters (a-g) indicate statistically significant differences as

determined by the Tukey's Honestly Significant Difference test (p < 0.05).

Terms of total flavonoid contents were determined using the aluminum chloride method and were expressed in
milligrams of quercetin equivalents per gram of sample (mg QE/g). According to Figure 3, A. occidentale exhibited the
highest level at 23.08 + 4.60 mg QE/g, followed by E. sonchifolia (14.50 + 1.23 QE mg/g) and S. antisepticum (11.20 + 1.01
QE mg/9). P. timoriana had the lowest total phenolic content (3.50+0.36 mg GAE/g) and total flavonoid contents (0.07+0.01
QE mg/g). Previous studies have shown that A. occidentale contains a variety of phytochemicals, particularly flavonoids
such as quercetin, quercetin-3-O-rhamnoside, quercetin-3-O-rutinoside, myricetin, myricetin-3-O-rhamnoside,

amentoflavone, and agathisflavone [20].

Phenolic and flavonoids are powerful antioxidants. Phenolics can neutralize free radicals, quench oxygen, and
chelate metals due to their strong redox properties. Flavonoids, as polyphenolic compounds, are excellent hydrogen and
electron donors, with their radicals being stable due to electron delocalization and intram olecular hydrogen bonding

[21,22]. Additionally, several phenolic and flavonoid compounds have been reported to possess excellent antidiabetic

properties, such as gcallic acid and kaempferol, which are commonly found in vegetables. These compounds can bind to
the active site of enzymes, and their compact structure prevents substrate binding, thereby inhibiting enzyme activity
[23,24].
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Figure 3 Total flavonoid content of fourteen Southern Thai indigenous vegetables are presented as mean +
standard deviation from triplicate measurements, and superscript letters (a-d) indicate statistically significant differences as
determined by the Tukey's Honestly Significant Difference test (p < 0.05).

3.2. Determination of antioxidant activity

This study on the antioxidant activities of 14 selected indigenous vegetables from southern Thailand employed
three different assays. Each method provides complementary information on antioxidant capacity. Ferric reducing
antioxidant power (FRAP) assay measures the ability of antioxidants to reduce ferric ions (Fe>™) to ferrous ions (Fe2™) under
acidic conditions, producing a blue-colored complex. The results were expressed as milligrams of Trolox equivalents per
gram of sample (mg TE/g), as presented in Figure 4. It was found that C. arborea had the highest antioxidant potential at
337.48 + 25.48 mg TE/g, followed by B. koenigii (160.31+12.12 mg TE/g) and L. elliptica (155.15+28.46 mg TE/g).
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Figure 4 Antioxidant activity by FRAP assay of fourteen Southern Thai indigenous vegetables are presented as mean

+ standard deviation from triplicate measurements, and superscript letters (a-e) indicate statistically significant differences
as determined by the Tukey's Honestly Significant Difference test (p < 0.05).

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay measures the ability of antioxidants to donate
electrons or hydrogen atoms to stabilize the DPPH radical, resulting in a color change from deep violet to yellow. The
result was reported as an ICso value, a lower ICso value demonstrates a higher antioxidant efficiency of the plant, as shown
in Figure 5. It was found the highest antioxidants ability in A. occidentale (ICso= 0.17+0.01 mg/ml), subsequently by P.
littoralis (ICso = 0.19+0.02 mg/ml) and C. arborea (ICso = 0.20+0.02 mg/ml).
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Figure 5 Antioxidant activity by DPPH assay of fourteen Southern Thai indigenous vegetables are presented as mean
+ standard deviation from triplicate measurements, and superscript letters (a-e) indicate statistically significant differences

as determined by the Tukey's Honestly Significant Difference test (p < 0.05).

The 2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assay is based on the reaction
of antioxidants with the ABTSs" radical, causing a color change from blue-green to colorless [25,26]. The result was
expressed as an ICso value, a lower ICsq value implies a higher antioxidant capacity of the plant, as presented in Figure 6. C.
arborea had the highest antioxidant capacity at ICsp = 0.03+£0.00 mg/ml, followed by A. jiringa (ICso = 0.12+0.01 mg/ml) and
A. occidentale (ICso = 0.14+0.01 mg/ml).
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Figure 6 Antioxidant activity by ABTS assay of fourteen Southern Thai indigenous vegetables are presented as mean
+ standard deviation from triplicate measurements, and superscript letters (a-e) indicate statistically significant differences
as determined by the Tukey's Honestly Significant Difference test (p < 0.05).

This study found that several southern Thai indigenous vegetables are rich sources of phytochemicals and possess
antioxidant properties, particularly Kradon (C. arborea), which ranked first in total phenolic content, as well as in
antioxidant activity measured by the FRAP and ABTS assays, and third in antioxidant activity measured by the DPPH assay.
The strong antioxidant activities in C. arborea may be attributed to the presence of its active compounds. C. arborea has
been reported to contain several bioactive compounds, including ellagic acid, n-hexacosanol, taraxerol acetate, quercetin,
B-sitosterol [18], hesperidin, kempferol-7-glucoside, and maslinic acid [19]. Many of these compounds have been reported
to possess antioxidant activity. When compared to studies on the antioxidant activity in commonly consumed plants, C.
arborea has shown greater antioxidant capacity than many other vegetables, such as Brassica oleracea (cabbage; DPPH ICsg
= 1.79+£0.06 mg/ml), Lactuca sativa (lettuce; DPPH ICso = 0.22+0.00 mg/ml), Cucumis sativus (cucumber; DPPH ICsy =
7.21+0.24 mg/ml), and Allium cepa (onion; ABTS ICsp = 1.14+0.16 (mg/ml) [27].

3.3. Determination of antidiabetic activity

The antidiabetic activity of 14 southern Thai indigenous vegetables was studied using two popular assays, namely
Ol-glucosidase inhibition, and Ol-amylase inhibition. These enzymes play a role in breaking down carbohydrates into simpler
sugars, which is an essential step in the digestion and absorption of carbohydrates. Inhibiting these enzymes can help
regulate blood sugar levels [28], which is beneficial in managing diabetes. The results of the antidiabetic activity by O-
glucosidase inhibition assay and Ol-amylase inhibition assay were reported in the form of the concentration of the extract
that inhibits the enzyme by 50%, or ICso. A lower ICso value indicates a higher antidiabetic effect of the plant. For the Q-
glucosidase inhibition assay shown in Figure 7. it was found that C. arborea exhibited the strongest antidiabetic effect, with
an ICso value of 0.70+0.12 mg/ml. This was followed by E. elatior (ICso = 0.91+£0.16 mg/ml) and A. occidentale (ICso =
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1.81+0.19 mg/ml). Similarly, in the Ol-amylase inhibition assay, as presented in Figure 8. C. arborea (ICso = 0.42+0.10 mg/ml)
also showed the strongest antidiabetic effect among all the plants, followed by A. occidentale (ICso = 0.65+0.06 mg/ml)
and L. elliptica (ICso = 3.53+1.64 mg/ml).

Careya arborea-
Etlingera elatior -
Anacardium occidentale
Syzygium antisepticum 1
Litsea elliptica-

Senna siamea+
Phyllanthus littoralis 1

Emilia sonchifolia

Bergera koenigii

Solanum torvum-
Leucocasia gigantea+
Parkia speciosa
Parkia timoriana-
Archidendron jiringa-

ICso (mg/ml)

Figure 7 Antidiabetic activity by Ol-glucosidase inhibition assay of fourteen Southern Thai indigenous vegetables
are presented as mean + standard deviation from triplicate measurements, and superscript letters (a-c) indicate statistically
significant differences as determined by the Tukey's Honestly Significant Difference test (p < 0.05).
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Figure 8 Antidiabetic activity by Ol-amylase inhibition assay of fourteen Southern Thai indigenous vegetables are
presented as mean = standard deviation from triplicate measurements, and superscript letters (a-f) indicate statistically
significant differences as determined by the Tukey's Honestly Significant Difference test (p < 0.05).

When comparing the antidiabetic activity of Kradon (C. arborea) with popular consumed vegetables, it was found
that C. arborea exhibited higher antidiabetic activity than many other plants, for instance Brassica oleracea (red cabbage;
Ol-glucosidase inhibition ICso = 3.87+ 0.12 mg/ml) [29], Allium cepa (onion; Ol-glucosidase inhibition ICsy = 1.27 (mg/ml) [30],
and Solanum melongena (Bell pepper; O-amylase ICso = 2.02 mg/ml) [31]. Previous studies indicate that hesperidin and
kaempferol 7-O-glucoside, which are secondary metabolites in the chloroform C. arborea leaves extract, have the ability to
dock with the porcine pancreatic O-amylase structure, thereby inhibiting the enzyme's activity [19]. Additionally, the

methanolic extract of C. arborea leaves was able to reduce blood sugar levels in alloxan-induced diabetic rats [32].

The findings of this study demonstrate the potential of plant extracts in antioxidant activity and the inhibition of
enzymes involved in carbohydrate metabolism. Therefore, promoting the consumption of these plants could serve as an
alternative approach for preventing and managing diabetes, as well as complications arising from increased oxidative stress.
However, further research is needed on their in vivo biological activity, absorption, and toxicity of active compounds before

they can be appropriately applied.

4. Conclusions

The study focused on evaluating the phenolic and flavonoid content, as well as the antioxidant and antidiabetic
activities of ethanol extracts from 14 species of indigenous vegetables from southern Thailand. It was found that several of
these vegetables are significant sources of phytochemicals with good antioxidant and antidiabetic activities, especially
Kadon (C. arborea), which exhibited the highest phenolic content, antioxidant activities via FRAP and ABTS methods, and

the strongest inhibitory effects on Ql-glucosidase and Ol-amylase among all the plants studied. The results suggest that
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these vegetables may serve as good dietary sources for preventing or managing complications associated with high blood
glucose levels. However, this study was an in vitro study. It is recommended to further isolate and purify the components
to enhance their biological efficacy, as well as to identify the active compounds responsible for the observed effects.
Additionally, further studies at the in vivo level and clinical trials should be conducted to confirm the results of this study

in the future.
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Effects of chitin-biochar materials on growth of Pathum Thani 1 rice cultivar
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nsefunmadanin uddeidlivaglediu-lulewifannsnduaiunmsnsgivlaasdiiunananvesdnild Tasld Tanlafiuninuas
lulewsTunnunavuarlitususufuludamduiunndeiu warliludnm 200 Alanfusels tionnaeuyszavsamlunsdaeda
nswsaiulauaznsiinandnvestiiiiugunusndl 1 Tnemsusaiuannd viudusons ANuEwY AudNnssaMAzIIUILTIADND
wuin ansnseunsTinmitiiesdussnevvedlafiuninuaglulensunavlusnsidn 2:1 aunsafiudwiudusienslsiogadideddy
maadd lurnzilafiuninuarlulendnnldlushndu 1:2 wasnslilefuminfissesnadeafiuuliilfhuududenafiudu
Fanavesnsdaaududusions vilvnuiwiunwionsgeigaluganismaassitldiulaiiuvsinuaslulevsunaulusngidm 2:1
nshiansnsgdunedinmuwuuing 4 linadeaugs Adedianssa warAnnudsluegdiduddgmeada 1nuan1smeass
Aiduirfagianwladiululomsannsadufiduasnssdumdinmiensdaadunasiyiviawas mslinandnvestnld g
annsathlUldlunsiauisnsugniniivssavsnmuas dsfuthlugenuiunmsomnssolulusuan

mddny: lulews, ansnszduniadinim, lafiy, AuTUAMIIeIYNS

Abstract: Rice is one of the most important economic food crops. Rice cultivation methods have developed to maximize
yield, including the use of biostimulants. In this research, chitin-biochar materials were applied to enhance rice growth and
yield. Fermented chitin (FC) - biochar materials produced from rice husk biochar (RHB) or bamboo biochar (BBB) at a rate
of 200 kg/rai were evaluated for Pathum Thani 1 rice growth and productivity. Tiller number per plant, plant height,
normalized difference vegetation index (NDVI) and panicle number per plant were used to evaluate plant response to FC-
biochar application. FC — RHB at 2:1 ratio was demonstrated to significantly increase tiller number per plant, while FC - BBB
at 1:2 ratio and FC alone showed the tendency of the increase in tiller numbers per plant. Furthermore, the FC — RHB (2:1)
treatment also increased panicle number per plant. No significant differences in plant height, NDVI and SPAD values were
detected among these treatments. These results suggested that chitin-biochar materials could be considered as a

biostimulant to promote rice growth and yield leading to food security in the future.

Keywords: biochar, biostimulant, chitin, food security
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Prafunidddufivnasegiiiluemsndnvesuyed inensnsiinnsiaunisnsdgninadielildnandaiias laun msdaden
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aoug maguasne mstesturindnlsauazusasdng mirmueamseduilimngausudansladeweddsdisumugs Jeing Anw
nsldansnsgdumadanin (biostimulants) iellunisdaasumsiiunadnvesdnguse wu mslédadia (humic biostimulant)
mmimﬁmamamlé’ﬁd 74 Lﬂaiﬁum‘iumﬁuﬁmimmam 1 msldasannanaiwsne Kappaphycus alvarezii waz Gracilaria
edulis amnsafisenugs tmiinuis waskandnuesinld 18.4 Wesdud uenanidiasafinufinamessmemnssesdisndulu
A (Fe, Cu, Zn waz Mn) saudssnailusiulumdadn (2] nslduuaiiide Stenotrophomanas maltophilia S¢3 Aiflanuanunsetu
nsuangesluy IAA famisndaaiunisaigidvle Lﬁuﬂ%‘mmmawﬁmLﬁmﬁﬂuﬁumimaammmuqu wargeanunTaseans
2-Naphthalene-sulfonic acid fivinuifinsesu systemic resistance il affasunisidvarsvosdonelsa (3] uenanil
lafiu-lalos iWuamsnszdumedanmdnedendsiifnshuldesnaunsuaeludveimsduaiuniaaiyioln uaznszdunaln
mstesiuiivainanuaiendis o Wudu

lafiu Wuanenedudnanlsduazdesdusznauradhulngian (N-acetyl-D-glucosamine) ldandaisimanerslsnen sl
wagdad fanuannsolunmafivinalulasautazarfveu dwaliinsnsedunmaaiyvlnvesiald [ Snsldlaiulums
NISNYATOYINAINNAE LYW N1TALATUNITIASYLAULAYOINY NTEAUAIUATUNIUADAIULATEA N1TAFYITENINNY
uazrAunIsTidulsslend nanauifmanilafiudadumaienlunslddmiunanunsidiiluewan (5] mnmsdnudeunth
wandlifiudan1sld fermented chitin waste (FCW) #i¥ewas 2 anunsaifiunandnvesinada (6] msltlalagiuainuuadiise
Aspersillus niger a13130dUa3UNTNKAZNITHITYAULR wazdiaunsaannisiinlsaludalusawadludriiudeeuuald [7] n1sld
FOW daiasunisunannauasiiusandatiuguyusd 1 lnsvhlifuiismemmdnifindy wavduadunssuiumsdunszidouas
293917 [8]

uaﬂmﬂm'ﬁﬁwuﬁ%miﬂqﬂ%ﬁ’;Lﬁ@lﬁlé’mamamﬁqﬂuﬁ’; ETQﬁﬂwﬂﬁmmﬁﬁzﬁﬁ%miﬂqﬂ“ﬁnﬁmmmammiﬂamﬂéaeLLﬁ”a
Sounszanfiluawmuisdumainnnglaniou Insamenisiundnidnstabluumuiiduawelunsudesuiadion (CHy)
warlunfasanles (N,0) Faufavsasswindifuufaiounszaniiddnylunsilfiiamadsuuasanwgdenie (9] lulowns
viorudinm (biochar) Tmsusulussdusznaundn nanandanaiiiinannisaanessnemiuieuluaniniiusaaneendiou
wieiloondiautien 138NNSTUIUNNTEINISUENERTBRIEANS B (pyrolysis) Ima%amaﬁ%’ﬁﬂLi‘;lu'?aﬂl,wé‘aiéﬁmﬂmsl,wm [10]
Taglulowsindnlddaaauiflunsiisnandnazgniunldiiioinguszasdlunisinifuaiven iesanluleniiesdvszney
maafideasuouuiiugs awnsoasiegluduldlusserinauiu uasdifiufi fadunege dwmaldfinisgaduanseng 1 147
uazUanUdosaivaulasenlasooniniiuduliAnduegied q [11) mafignsusesiuiiisimegsiinadennuannsolums
AaUFAsedng @ muftaienisuanildsutszquaniusinemislufiu dwalilulownsansaldlunisuiuusshusandiuyium
wanaals [12-13] uagnisldlulewisarasusuugenunmivluszozenn iesandaeiia pH uastiun1sviiauvesgdunis
Tufiu Fody Seanansathlulensluliuudgsiudoninsuluandould (14] venanilfsdinmsAnumavesiulens 2 wia fe Tulowns
nvhednlnauaglulomsnnunay Trufutdlulasiauuimuss q nuilulendin 2 slnaunsaduaiunsfunandavesdn
wavaunsaannsUandassufiaseunsyananuidila [15]

wihnslilulensffinuautinsiuasdisnsuguiivsograforannsoiumandnldgaiefosas 10 usdosliluTuaugeds
10 fustorenans Feagvinliiduyuiigatu Tumandutumsldlulomshuiulaiiu saeUsuupnuansitararugauay soiveshu
wnBaty esnlulevsifuifiasinediduiiogendovonauniduasiinuautifidodenmsinuresnauvadluiu Feeluns
govaneansdunicang 4 dwalinisldtandanmuielafiufivssdns amduunduuazarunsoifuusuamandnld [16-18]
e aneditedsdauufgruiinisldlulovdhudulafivasannsduaiunmnadydulawesfunendeld warluvusfortud
awnsadniivasueuatiufu annsUaesuiaseunszanluudnuazanunsofmeruaulanunsnslunisldleanmluwdnld
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2. gunInluazisn1smaaes
2.1. w3suiaglaiunvugusuiululaws

osdUszneuililunsisdontanlaiv-lulens leun lafiumin (Fermented chitin; FO) filsanannniswsinudendasie
wuATiY Bacillus licheniformis Tua1nsans 0.1% colloidal chitin minimal medium §198340M138015%84 Kananont wagAniy (8]
Tulewns (Biochar; BC) lé’mmﬂmsmﬁmi‘uiam%mﬂfa@mﬁaﬁamqmsmwm I¢un wnau (RHB) wavlsl (BBB) Tnethesdusenauaniy
U 9 gos Tneildnandauasthmiin fall
YANTVARDIA 1 FC: RHB §ndin 2: 1 4an9naaedil 2 FC RHB 8msndau 1: 2 gan1svinaesd 3 FC: RHB Shsndau 1: 1
YANTVARDIA 4 FC: BBB Ssidm 221 yansnaaedil 5 FC: BBB §ns1dau 1: 2 an1svinaesil 6 FC: BBB Sasdu 1: 1
LazYANIVIAGRs 7-9 i FC, RHB vide BBB ifleaenuifisn mudidu TnsdyansnasesiilildaianTaninla o Wumsneassyn
AIUAN (control)
2.2. Anwnavesiagladiu-lulevrsdenisiasyivlauasnandnvastnalussiuiEaunaaas

2.2.1. Ugntaiuguyusil 1 mlmvmmaumiwvmmaﬂwuﬁmﬂﬁum%ﬂmﬂwmu nsun13 Inevinisunziudnasiuiy
van 21 mﬂuummi{]ﬂmaﬂ,uﬂ'ﬁvmwuLaumuﬂuaﬂmn 16 1 $1au 2 Fudtenszans vhnmaveaes m saFeumeluladnsuan
117 gudidetniuyusiil Jmiauvusii TAE I UL TSMARBNUY Randomized Complete Block Design (RCBD) $1u7u 4 §luusi
avgns warldtanlafiufitususmiululensustazgaslusng 200 Alansusiols lneld 2 adsdendausnldluduneuntsntoniu Tneld
asiu 7 Furounstinduaziiednileony 45 Fundamzwdn mslieiaiiuazansindndngiivdnismidumsniuiBnisund

2.2.2. Yamsasqivlavesinlasiunanisneass lawn Anuainisalunisuanne (tillering ability) lngtusuiudusens
(tiller number/plant) AUgeFU (plant height) TneTaanseuiuiuiwanelu Taradedfunssamie NDVI (Normalized
Difference Vegetation Index) hewpseile PSI PolyPen RP400-UVIS (Photon Systems Instruments, Drasov, Czech Republic) i
A" SPAD fivsueniiseuilenvesly fewa3esdle chlorophyll meter (SPAD-502 plus, Konica Minolta, Inc., Tokyo, Japan) gL
oyann 2 dawindansireugn uazduiintusenaen dsunefeduauiundsindauiiiusennen fanrwausalunisesnsas
Tnetfuduusnsiens wazdaesifudanuaunsalunisadisdeeldans

%N15831953 = (Fusasena/Iuudusiane) x 100

2.3. Aaszvidayanieana

Annegideyaiildfonisienginuulsusiu (ANOVA) vesmsiasqpivlnvesiinloldsutanladiu - lulovrfuuusng 4
wazUSeuifisunnuuanesesAiadedieds Duncan’s Multiple Range Test (DMRT) Tagldwaniuas IBM SPSS Statistics (version
29.0.2.0) uazdisziuiodidyil p < 0.05 wagsvaumansassadudade + Andeauuninsgu uasiieneinuuaniiues
AAETEMIN 2 T student’s t-test

3. NAN1INAABIAZNITBAUTIY
3.1. wavasTaglaiiu-lulavshanisnsgiiulnvasdanugunusd 1

nslanlaiiu-lulevsiduansnssduniadinmdmanonisasgivlnvestniugunusiid 1 lnvanslafiuninuaululews
MNUNaY (FCRHB) Sns1dan 2:1 anansanszdunsainssunusiusionsligaiiantis 1.3 wih Wewisufugamuny luvasifioafugas
Afladiuntn (FO) insegaiien Aaansanszdunisairsdnnuneldiduiiendu witosnindedisuiunsldlafiunsinuaslulens
Nnunauiniisasd 2:1 dwduganmaneaesildsulafiuninaaululew$ainls (FC:BBB) Sadru 1:2 annsaiiudiuudusiens
16 1.15 wih leifisufugnmunu (A m 1 n) nansAnwaenadesiunsdnwwes Kim wazane [19] Finuimsldlulemnssudule
vilnazanetn (slow release fertilizer) fislnuantAifislulasauluiuuisaivlafiumin awnsafisrandaldnnninslddend
(urea) iesetnadien nsldlulomsauiulefiunindswalinisufulsnuautfivesiulianugnuauysaiinngsdu esnnlulewns
ﬁmmmﬁmauﬁﬁuﬁﬁﬁwL‘W%m Jeanusadfunisinifvilasausasneanesals muﬁaﬁmmmsﬁu 9 Lﬁuﬁa&imﬁwawéum%é
LLaUIUIamimmmauumwLaamamimmumawaumeﬂumwmﬂiumiaaaamamiaumama 9 Jadamalit ma‘lamsﬂsumuma
Framwidelafiunauiululen$tianuansalunisnssdunaasydulasesufindiunntu (16-18] deinsldarsnszdumedanind
fidmusznovreslulenifisinfudmaliinisnsedunisiudwiuneldinaty Weswinuszansnmaeslulenituey fu
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s gaunniiuagFaasuduiithunen Jedwaligasniilulensanunavduaiunisadansuand1aangasidilulons anls
lumandufiunuinansnsgdumeaininaunsadaasunisasyivlnluwdvesaugsesiulaliunnsisiuegrafiteddglunny o
N1319899 (0N 1 2)

[ Control B rFcess (21) [ FC
[ FcRHB (2:1) [ FC:B8B (1:2) [T] RHB
[ FcRHB(1:2) [ FcBBB (1:1) [ 888
[ FCReB (1:D)

40+

Number of tillers/plant

14 28 42 56

100+

ns

80+

ab

ab

Day after transplant
60+ boao 2T

a
2
abc 20 ab
jcd d | bed
28 4z

Day after transplant

ab,
Cubed | abe ot abcbed & Pabed

40
) ‘ | |
0
14

a1 savesTaglafiu-lulensdedniudusiens (n) wazaugs (v) vastiuguyusiil 1
ns nued Widanuuanseiueg i ded1Ayn19adfafn p<0.05 §nwsn1¥IdInquiiuanaatumriownansim
WARIAIULANAIIRE LT AYNISEDAT p<0.05 WalUauisuAaaenie3s DMRT

Plant height (cm.)

L

wenniinslitanladiu-lulewfiluananssdunsdnlunsasgnsdmalidnndan NOVI fidsuenfvgunimuositiuazen
SPAD fivsuanaudeavestuiiatliunnsnsiusgrafitodfdwussyey vegetative auilaszey reproductive (AW 2 N uay )
wandliiiudsnslaansnszdumstanmlilddsmalitifemuaieaiidmalidniionnslumdssuasamsadnwaninyesinls
anysallanaenszezanisignifieuminduyaaiuau Wudeiun1sAnyives Chokwiwatkul uwagany [20] wud1itar NDVI uag
sPAD lsiunnsrstuilelilafiuninuasunaulunnyanisnaass uaziilodnilony 84 Sundansédreugn awnunsanasesdn NDVI
uay SPAD Fauansiianisiiiganizidennsy (senescence) wadluss lawmnduingsyes ripening uarszergnuanieuiuiien
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[ Control I rFcees (21) [ FC
[ FCRHB (21) [ FC:BBB (1:2) [ RHB
[ FCRHB(1:2) [] FC:BBB(1:1) [_] B8BB
[] FCRHB (1:1)
f
1.0+
0.8+ ns ns ns e

NDVI value

56 70 84
Day after transplant
U
ns
60+
ns ns ns ns
L p k3

o 404
S
®
>
o
g
v

20+

04

42 56 70

Day after transplant

M 2 wavesiaglafiu-lulewnisean NDVI (n) uagen SPAD () vesdmiiuguyustil 1
ns Wilowriins vl munedwaves treatment lunsiazdrsanlifiauuansafuegedifuddynieadng p<0.05
ns Wiloidunss munedanaves treatment w1 2 renatlifinnuuansstuegaitudfynsadaii p<0.05
» iaidunse vnedawares treatment w09 2 Trnafinnuuanaaiuesdidfyn1eadnn p<0.05 WewSsuifieudie

Student’s t-test
> uilodunss MuNefwaYed treatment 193 2 FnadianuuanAiueglitud1AyYNsaian p<0.01 Weallvuiisu

¢y Student’s t-test
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M504 1 wavesianiaiiu-lulavisdednuiniuesnnen IuiusiswenalarALA1NTlUNTATINTN

gATENTAINILAUNITINN JuanABN* IUIUTWFDND AUANTOIUNITATI9T
(3u) (539) (Sovaz)
Control 92.88 +1.49 "™ 17.00 + 2.00 ™ 83.44 +321"™
FC: RHB (2:1) 93.25 + 1.55™ 2188 +3.12" 96.36 + 10.16 ™
FC: RHB (1:2) 9475 + 4.48 ™ 18.13 + 1.65"™ 91.05 + 11.00 ™
FC: RHB (1:1) 92.00 £ 2.35 ™ 1850 +3.16 ™ 86.26 + 2.85 ™
FC: BBB (2:1) 95.75 £ 3.52 ™ 1850 +2.45™ 89.99 + 5.00 ™
FC: BBB (1:2) 92.13+£320"™ 19.25 + 4.66 ™ 86.48 + 459 ™
FC: BBB (1:1) 94.88 + 450 ™ 17.00 + 2.16 ™ 84.44 + 1222 ™
FC 89.38 + 0.85 ™ 20.13+253™ 9219 £275"™
RHB 90.88 + 1.80 ™ 1738 +0.85 ™ 80.42 + 1.68 ™
BBB 9238 £511"™ 1763 +1.49 ™ 8344 +321"™

Note: Toyatunsisuansiisrnade + Andeauuninsgiu

* 3909 1WIUTUNRIUNANIUDTIUDRNABN

-4

3.2. uavasianlaiiu-lulevrsenananvasdriugunusii 1

mslitanlafiu-lulevsiluasnssdunadinmmuildiinadesuiuiueenaen Suiusieens HaEAWATINTOIUNITAS
Tedildeddymeadi (ma1e 1) lasnud YMInAnesfilé sy FC iilssogaieafiduuiusennenduiian uazyanismaansi
1¢%u FC:BBB (2:1) §lFusonmengsiign dwsumsliduusiiens wuin msliansnsdumaianin FCGRHB (2:1) shlvdniisuu
mavenegiign dsganingamunuilifimslimsnszduianiwdiuiesas 29 dudnnunsensiifidiuiuggnsesasn lHun gans
NAABIRlFFy FC Lilssagafien Feldruaussdenagainimaauauissanadesas 18 mslviansnszdudanimiid FC:BBB Sadu
1:2 TdnussioneganiymuauUsznadesay 13 (M9 1) mud iy

ieAmnamanuannsalunisaiiess Jadudiivavenfannuanysalvesiuinn arwamsalunsaiiesnuaslvinandn
1§ wuin 1 3 yamsmeaesiifiauaansolunisaiesannnitiesas 90 Aeyanismaassiilésu FCRHB (2:1) yansnaasiiliu
FC:RHB (1:2) wazynn1snnaesdilél FC 1ilesognafion Tnsyansviaaesiily FCRHB (2:1) nadiuiumamnniign waeiinrwanuisely
nsaduragsiigaaaiiiandunaanauantfvesiulen fifimnunaiiuasiisngugs annsagadusinemsiiadasusi lafiu
wifn (FC) ¢ dswalidmiisgemsiifismodmsunmsaineniuszosiaies wufstunenuieunhdidnsflafiuminide s
ogafisnazmsltlafiuviingiuduunavannsaifinduausisdensligeiian (8, 20)

Nnuanmsvaaeanuiniaglafiu-lulew sanunsavimihiiduasnssdunmdinmiiivssansawlunsdaaiunisiadaivle
Lagn5a3195299099 dawalifiuudlduiiaziunandsldfniinslideniifiesedinien Saiuszansamlunsduniad ondl
hauladwiuinensns nawnnaduiimsliteedluliomnn fdwadodemugauaiysaivesiuluszezen uenaini lu
Tenidsfinuant@nfanuasiigs amnsafnifusinemssng q Bludulduu daduvsslevidonisinmanugauasysaly esiu
oghadstu Snadiannsadnifuasvenluduld SududnuummmilsiivasnannisUanudesufaidounszaniiduaimndndyvomnis
Winnnazlaniou

4. ayunan1Imaaeg

nslifanlafiu-lulenfldumsnszdumsdinmanansaifiunsaigdulavestniusunusd 1 16 lnegnsfilosduszneu
93 FC:RHB Tudnsndau 2:1 ansnsaufindnnusiusions dunusisdens wazanuansalunsainesisgsiign luvaeifeiuiagle
fiululevsyngmslallddmanoninugaiu addifewssa (NDVI) wazdraruideslu (SPAD) ensdiduddameada fedu n1sléan
ladiu-lulendiduasnszdunsdinmidudnniesidumadenlfinumsnsiulilunsdaaiunsifvlnuazifismandnuesingld
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auAnla
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nedsIndenuazasTinevesianlilinuewaszilunisiiudeys
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Development of nano-composite biopolymer coatings for maintaining freshness of Nam

Dok Mai Mango for export business.
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unAnge: mmaﬁuﬁ:ﬁfmaﬂlﬁ (Mangifera indica L.) fi’]’mL.‘f]wﬁﬂuNavLﬁmwgﬁaﬁefﬁzymaqUixwmlwa flunumegeds
lugmannssunsdseen asmliﬁmm{]fgmﬁwﬁ’z:yﬁLﬂwmﬂiLLaw’jﬂisﬂaumiﬁaw%ﬁgﬁa nmsideegesinEivewandn lnaaniy
agddlsaneuunsaluafiinanites Colletotrichum spp. %ﬁawamwulmmqmammwLLamﬂammqmwgﬁﬁ] ATes
SnquszasdLilewmunansindouindinmunluneslndsinaunauwaglaauiluniadasiufvansatavelugmalsia (Eucalyptus
globulus Labill) uaglalawnu iiedudades1 Colletotrichum spp. anwglsauouunsaluauazénongnisiiusnuuzaing
ﬁuﬁﬁmaﬂlﬁ Han1sAnwInuIasaiavevlugaduianinuduty 150,000 ppm saudulalasiu 1.0% Sanumsnzauwasiiiu
0313 Ssanunsnduadonanvalanligeds 84.57 + 0.01% ifethumantuwaglaauluasadafinrududu 0.6% wuiawnn
anmsgayderminvessanzandldRianmdeniion 4.33 + 0.029% uazdudsnnAnlsauunaldds 8332 + 0.03% maleTesigunn
wiuRUn 7 Su nuiansedeusndunnududusanantiesnueuuuilene 90.89 + 3.85 N, Usinawesudafiazanevinle
Wanuafe 10.25 + 0.95 °Brix, Usinainsafilamsaldde 2.68 + 0.05% s1ufswzasnisasuulawesdiiowasduuddenuade
102.28 + 1.65 Wy 103.76 = 1.38 muddu agUldhansadeufintanmulusosindaiiiauniuaunsatosfudondelsauasin
p1gmaAuinvmanzhdlsegisdiuszaviam Tasfimnudasasiesoguilnagsiumsveaeunnuduiiviongudnivumdn siuds
\dufinssiodandonderimunislisuaiawesnguinuasns annsahluiadosendundndusidondediie duasudnenin
nsavenuzsheiuginnenlsiuvissemelng L

Addgy: ansiedeuintinmunluneulndn, arsadaveulugaauda, lalae, waglaauilupsasa, Colletotrichum spp.,
uzaiugnenlyl

Abstract: Nam Dok Mai mango (Mangifera indica L.) is one of Thailand’s key economic fruits and plays a significant
role in the export industry. However, a major challenge faced by farmers and producers is the rapid postharvest spoilage,
particularly due to anthracnose disease caused by Colletotrichum spp., which directly affects both quality and market
value. This research aimed to develop a biodegradable nanocomposite coating from cellulose nanocrystals combined with
eucalyptus leaf extract (Eucalyptus globulus Labill.) and chitosan to inhibit Colletotrichum spp., the cause of anthracnose
disease, and extend the shelf life of Nam Dok Mai mangoes. Results showed that 150,000 ppm eucalyptus leaf extract with
1.0% chitosan exhibited a suitable and compatible composition, which could inhibit pathogenic fungus up to 84.57 +
0.01%. When combined with 0.6% cellulose nanocrystals, the coating minimized weight loss 4.33 + 0.02% and inhibited
fungal growth on mangoes 83.32 + 0.03%. Quality analysis after 7 days of storage revealed that the coating effectively
maintained firmness at 90.89 + 3.85 N, total soluble solids at 10.25 + 0.95 °Brix, and titratable acidity at 2.68 + 0.05%. The
coating also delayed changes in pulp and peel color, measured at 102.28 + 1.65 and 103.76 + 1.38 respectively.In
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conclusion, the developed nanocomposite bio-coating effectively prevents fungal infection and prolongs mango shelf life.
It is safe for consumers, as confirmed by toxicity tests on small animals, and environmentally friendly, as demonstrated
through field application by local farmers. The coating shows strong potential for commercial development to enhance

Thailand's Nam Dok Mai mangoes export capabilities.

Keywords: Nanocomposite bio-coating, Crude extract of eucalyptus leaves, Chitosan, Colletotrichum spp.

Nam Dok Mai mango variety

1. unih

uzshsiusinenls! (Mangifera indica L) \Hunalifiasugiaddyuosszmalne Tasdyadinisdsoonni 2,500 druum
Tud 2564 wazduwltiudulaads 10% fed (1] eehlshn miqz.yLﬁwé’qﬂ’mﬁmﬁ'mé’uﬁuﬁmmﬁwﬁm Inslanzlsaloulvsalua
fiinarnides Colletotrichum spp. Tsad1saandemendy 30-40% vowmananiidoon dmaliuzahaiusinenliidndely oy
naifiuinundu uaznssnudeyarrndeUiinunisdsoanatnein (2]

asedeuiililugnavnssudnlngindasiadiduaneifionsdmansenusegunmguilnauasduneaden nsiauas
wdeuiinfifienudaondoanTansesud amnsodudadenailsa wasBaoigmafuinumauy mﬂlﬁﬁmﬂumuﬁaﬂﬁﬂmﬂﬂ
miaﬂmiwmaﬂm (Eucalyptus globulus Labill.) Usznausiuansdifigy wu 1,8-Cineole uay Citronella wmqmmulﬂla'ﬁad (3]
Lmamamulﬂimmuw.ﬂuiwaLLszJﬂmiimnmwwﬂmamummmmmnm‘amumaqmLLauLma tdostuntsgaydonnutu uazdons siu
9adw [4] aziaiuUszAnsnmdafuuaz iy Jaglu miummiuiaslmgﬂmmﬂiuqﬂﬁﬂsﬁumiwwmmimaaum lnsiwaglaauily
A3asa (Cellulose nanocrystals, CNC) Wuanuiluiildaniwaglaasssusd finnuudsusadanage wasiduiinsfudsnnden (5]
CNC annsaiinstuszidondusynindlelnusiuvyiladdu Fadreifiuamnuudusuazmsdainzvesiidu [6] Uulgsandinisdu
Kuvadlotuazufa uaztaslunsanudesanseenguiesietng [7] nsnaunanuansaauvdafuarsindeuiaanimulu
poslwAnsdidnenmgdumssudinsaigitulnveatennelsaruinuaudnsnismelavesalsl annisgaydethuinuema
uariinengnaiving hedasadereruslnauanduiinsrodunadon

mAfeilFejsinndsrdninmussaaadeuindinmunlunelndnnsaglaauiluaiada Sautvarsadaneulugan
AUdfa uarlalagnu lunsdudaies Colletotrichum spp. waziinegnisifudnuusaheiusiinonls Weiduduuuulumsiaun
wAnfausiBndesiitefuyaduazdnonmmsdieenuzanaiugihnenliuissemdlngldogsgean

2. gunsnluazIZnsnaans

A5n151Aa8Y

1

$o & & . o a ' K 1Y)
2.1 M3AnwIgnsFugudasn Colletotrichum spp. Analitialsanauunsalualuuziswuguinanlddlvansaianeruain
lugaaudauazlalaeiu
2.1.1 Mmawseuasaianervanlugamauds

Wilugandudauiunataiieeniuea 95% Tudnsdi 1:2 udliidunan 7 fw dhwnsesiedaniung tdauvesvaile
TUuenievueasenmeLAeIsEEUUYY (Rotary evaporator) 8¥e Heidolph Ju ICH750L aul@ansainmeny (crude extract)

2.1.2 msmﬂaaUﬂszﬁm%mwmiaﬁ’wmu‘hgmﬁﬂéfﬁ’lumsé’fué”qmsw‘%mﬂauﬁa Colletotrichum spp.

maaummmmmmaamiaﬁ’wmumfﬂ‘Uqmﬁﬂ@i’adaﬂﬁé’ugaﬂmﬁiyLﬁ‘uimeumL"ﬁ”aiw Colletotrichum spp. A1875
Poisoned agar lngnauasanaveIvaniugaauda fiszsuaududu 0 30,000 60,000 90,000 120,000 waz 150,000 ppm Tu
Potato dextrose agar (PDA) 14/ cork borer 1a1zasuinalaladveniosn Colletotrichum spp. MaBIUUEIMS PDA éTﬂEJf?i”ui’u 1
%u‘lJENL%E]i’]ﬁ’]m&ﬂiﬂ 2198979Na199838795 PDA finauansariaveruanlugadudaly seiumnuitudusingg 3 §1 Yuidod
guvniivies (27-30 ssriaidea) uazdeduiuveadesnasuueing PDA fildnaumsadanervanluganduia Ineudeslhide
wiydudasuiewSouiiou (control) Sufinuanisnaass lnewmdesidusnssudsnsasyiiulnvendes (Percent
Inhibition of Radial Growth, PIRG) #14g#5
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% PIRG = [(R1-R2)/R1 x 100]
laefl R1 Ao Anedeveaduiiaudnansvedalatideslugaaiuny
R2 fie AladgveuduRigudnaadalatliesiuuyanaaey

2.1.3 mamssuansaianervanlugamaudasuiulalagiu

W3gNANTAaranglAlATIUAUINTY 0.5, 1.0, 1.5 kay 2.0% AUaeU LAguInInasdRnaNuiudy 2% tnausunns 1nun
\Jusviazans USuAn pH 5.6 #28 NaOH 1 N arntiuhansazanglalasnuluusazssuanududuiimsenls lunaufvansada
wmumrﬂugméﬂﬁﬂummLsﬁwﬁuﬁﬁﬂix%w%mwhmisj"uézaL%aiﬁ Colletotrichum spp. Wfigaannsnaaedil 1.2

2.1.4 nsnadaudszdnd awansadaneivainlugaidudasaudulalagiulunisdud anisiasigreaie
Colletotrichum spp.

'1/1maaummmmamaﬂa'ﬁaﬁ’wmumfﬂ,‘ugmﬁﬂéfﬁé’mﬁviﬂimmwiamaé‘u5&m3w§zy@u1mam%am Colletotrichum
spp. #2838 Poisoned agar 883Uy 1 Furondosiannglen 1Measnanaiveseins PDA inauasataveruanlugaibusa
siulalneiluszdunnududuineg 3 61 tndofigungives (27-30 sswaidea) wasdnetuiurentosatemns PDA filsl
wavasataneuanasataveunlugaaudautulalamuiasyanaasuoanesed 95% lnsudeslideinsydudasuiie
Wisuiieu (control) Juiinwanisnaass Tnethummidesidudnsdudenisadaiivlaveados (Percent Inhibition of Radial
Growth, PIRG) flagnslude 1.2

o £

2.2 Anwnsiauidussiedeuindanmunluseulndadifldunanvasasatanenuanlugadudassuiulalngm

2.2.1 msfnwauaudavaswagladulluaiana

Anvuaznnainnuanifveswaglasunluaiada (cellulose nanocrystals, CNC) thiwaglaaunlusSasaiidunsizsionyiu
0w wnsraTaruneynia wasaTvdeudnuziuinlnelindes Particle size analyzer uaz Stereo microscope A519¥A

2.2.2 mawssuasatianervanlugmauiauaslalagiuanldnusiuiuwaglasunlunaiadna

wisuwaglaauluasasia (CNO) unladludnines 4 TuuSung 60 L 120 plL 180 pL uag 240 pL AuEIAU TneAntndy
Y3195 30 mL. adhuusiazdnines auliidriuauld sesdmanudutuvessaglaauiluaiadiafie 0.2% 0.4% 0.6% way 0.8%
AUAGIU mﬂﬂ?uﬁwmiaﬁ’wmﬂugmaﬂﬁaﬁmm‘ﬁu%’u 150,000 ppm wazasazanglalagu 1.0% U3ung 1000 pL uldludmay
Fnined aulviansihs 3 wawdiu Fuluneaeundeuasuufissheiugihaonls

2.3 nadaulszAndnmasaieufinianmunlussundndensdudautannalsausuunsalusuasinargmafuinumdmiaiu
e lunzaineiugiinenld

IMHUNITNABBIMVUE NANY Tl completely randomized design (CRD) ﬂqﬂLSﬁyaswmLmiﬁﬂuuwamajquﬁamaau
Uszansamlumsiudades shnsmeass 3 81 lnenedeulszansnmussansindeuindanmunlunoulndnsauiuansataneul
gaaUsauaylelnguiinFeulinmeud 2 lumsmugunadalsatunauzsihsiomn 4 aududu uasyaiilallfiiunsedouin
(control)

2.3.1 nadaulszAnsamasiadeuiafanmunlureuTndaramsiudatasnelsaueuunsalualuusizoiusiinonld

Svnavesauzhdliiimnlndifiesiu tinauziiluvmnuazen Tnesy hilfinuaunauazsesti

vT'lmmazmmﬁammw'%nmﬁ'%ﬁwmiﬂgﬂvﬁaﬁwuaaﬂaaaé 70 Wesidud vamiUQﬂFga 2 s fle nuiaianans
Aeulumatanauaranusnafsnandeulumalatana qu%auuﬂamam Tneldifudernsuuiougiing aantduth ansuviuaes
avasmuudiu 5 x 10° spores/mL U393 10 L viealuunaiians siavn 15 an

ﬁmz@imﬁﬂqm"ﬁy@ 15 nasiedeuluanaiedeuiinmdausngg e 4 sefumutunoud 2.2
thrauzsafiinunsUgnideunsindeuasiadouriomaluidlius mnduifudiiosgungl 25 ssmwaiea Wuna 10 Yu

dleasuimuanisifiusnw insnsivaeulsyansamlunisaivaulsasenalag favuindurAudnatsveinsinlsauy
Nauza e U ‘L‘hﬂ"]Lﬁuw'unéﬂawﬁi’ﬂﬁmﬁwmmmLU@%LS‘?juﬁﬂﬁié’UQﬂﬂmﬂ%’gm
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% PIRG = [(R1-R2)/R1 x 100]
lne?l R1 fio AlafsvedulIgudnalsvasnsinlsauurauzisiusiinenldluyanluay
R2 fio ARdBveduIfUdnaIveInTsiinlsruuNatziugnnenliluynnagey

2.3.2 w3suasigauiadInmuilunaulndasuivayulnslugaaudauazlalagu

dndonanyannaesiifusyAvEnmnniignainnisveaestuneud 3.1 elfindeufinvuugsieiusinents! ofne,
nsBnegmafiuing lnsiSeuiisuiunzansgamuauitlildunsiadeuiin (Control) nifunavageulssavsnmansiadeu
fadanmulureulndadonisinengnisfuinulunziaiusiinenls! InsTinsedamnimvssmssiaaiusiiaenlsimdmiiy
nswndeuin il

2.3.2.1 famsgaydetmiin Tnedaiminuzshadafuuasdahminvomshmdshunsedouuasidiliaiei

fndnamndesarnsgaydotmin ynq 2 Yu lunan 8 Yu neldgamgl 28 ssmueaida udaduiindeya Inefuinaingns
Sovarnsgaydeiontn (Weight loss%)

2.3.2.2 Apseiaunn tngthugdniniunisindeuiiuninvseideya toua nsidsuudaswesdilleuardiudonya

(Hue angle of peel, pulp) Apaiuile (Firmness (N) Usunamesudefiavanenildnemun (total soluble solids , TSS) U3uaunse
Alawmsala (titratable acidity,TA) lnglganaiiasnzianuuwususiu (ANOVA)

3. NANT1INAADIKATNITBAUIY

IINMIMeRBIlATINUERIANwIaSAdeuRITIN mwIluAelndsielilunissnwanuaniviveswziisiuguinenlyl
dmsugsiamsdseen lakansfnwidaseluil

3.1 nsAnwngnisud et Colletotrichum spp. ﬁdaiﬁ&ﬁmisﬂLLauLmsﬂTua’Luuzu"Nﬁ'us:ﬁ:i;'man‘lﬁﬁwmiaﬁwmumn
lugaaudauazlalaegiu

wamiﬁm:mﬂizﬁm%mwmiaﬁ’wmumﬂlugmaﬂﬁai'mﬁulﬂimmiumié’uéganmﬁm;uau%a Colletotrichum spp. laia
MSNAADUN N 1 U 2

v v ¥
o A

A151971 1 uansAnadelesiiuiduduie (PIRG%) veslinsn Colletotrichum spp. MeasainneuantugaIdusa uu PDA
TuAududununna1aiy

anududuvasarsaiaveruanlugaduda (ppm) Anady (%PIRG)
YAAIUAN (control) 0.00 + 0.00°
30,000 62.85 + 0.02°
60,000 64.92 + 0.02°
90,000 67.84 + 0.01°
120,000 69.92 + 0.01%
150,000 71.56 + 0.01°

o Y @ ' o o

NUBLR arluneduiifitfusefsnussnatuazuanssiuegnadifeddy (p<0.05)

NnHansataFsleyuea 95% wui liusinamsataneuannlugaaudailadaidu 30.18% yield Fafgtosiuaiy
duduvesivhazanedld Tnsvdsnismageuuu PDA wuinansademeulugandusaniandudud 150,000 ppm fldedsosidusd
Fudamasauiulnveaieselsn (PIRG%) snnilgn Ao 71.56 + 0.01% Tneiiduingusnadaladiade 8.32+0.01 mm. denndos
USIBNUITBUDI WINTTOU ParsTaiuazany (2566) 3] lagnuitansaiaveruanlugaaudaninududy 150,000 ppm fansdnfsy
Wy 1,8-Cineole Wwaw Citronella Ssanunsndudadion Colletotrichum spp. l#avan Ssdndeninlulivasedluiuneusely
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UM 1 uansranisduginsiasguesduleienelsauuemsiinavansaiaveulugaaudannuidudusingeg

A13190 2 uansrdsesiduddudadie (PIRG%) vaudes Colletotrichum spp. seansafinvenuainlugandusia
150,000 ppm Tauivarsazatglalngnuuu PDA Tupududuiunnmaneiu

AMUTUTUVBIFTEN ALY
anlugaauda (ppm)

AMuTNTuvaIEsazanglalngnu (%)

Aaae % PIRG

0 (control) 0 (control) 0.00 £ 0.00
150,000 0 71.56 + 0.0°
150,000 0.5 83.42 + 0.01°
150,000 1.0 84.57 + 0.01°
150,000 1.5 84.92 + 0.01™
150,000 2.0 85.41 + 0.01%°

o w

o

nuewg Aluasduliiiumedisnysssiuazuanasiueg1silled1Ay (p<0.05)

AN egeunud nsthansadaveulugadudanldnusuivasazanslalngu fiqudiasuuszansnmiudaton
relsnoghaiiedndy Tnoifintuds 13.85 + 0.01% iumsifisudaussdeyavesasatavenlugadusaiinrdudu 150,000
ppm 9T 1 fuansadanerulugamaudaiamududu 150,000 aiulalagu 2.00% s 2 Fsaenndesiuanuidoves
Parvin.; et al. (2023) [8] Iﬂﬂwudﬂﬂimmuﬁqw%ﬁumié’mL%'"a'iﬂé’ nMsaasmURiaududuredalagu 0.5%, 1.0% 1.5%
wa 2.0% Sewansnsalumstuddndiasaiu 1aun 84.53%, 84.91% wag 85.41% + 0.01 mudsy Suhlunasiatarmanuviauas
A furesans wuidnedunududuiivansaufiaadenissudatondelsaussinungasindeviinfie ansataneiuluge
usafinnududu 150,000 ppm waransazatslalawiu 1.0% Fvaenndesunuifevesesan Jurtel (2563) [4] nuiilalaeua

WUt 1.0% Juszansnnalagladvinliiauruiuld 3sdmdensnsdiuillunaaaulunsui 2

JUN 2 Uihandudadesnelsameansainnenulugadudasiudulalasuainududusineg

EE&G. eneP]u\s (> gibthai _g RO v
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3.2 Anwnswauluaisedsuiiadannunlureulndnfifidiunauvasansafiavenvanlugadudasuiulalagnu
nmsimwiieduasindeuiadinnulupeulndnildunauvesayulnslugadudanuiulalaguldnadgui 3 uae

4 AUAGY

JUN 3 uansdnwalzuazIUINTRIANT CNC

=

U 4 Lansa1siAaauRITINNUILARLINER L USRS 1@IULANA9AUYBY %CNC

3

KansITTivuIRoyNALAEEn v NuRveuvaglaauluAiara (CNC) nuinfiufindidnuuzadoimsndnut farunts
9l >15 nm. wazdiAue1UsEA 0.96 um. FsaeandesiunanIsAnwIves Jirada Singkhonrat.; et al. (2023) [7] wuidldnwae
wEnUaounan wagslvuadnluseduoyaaunly (Nanoparticle) Tngidethlunaufuansatanevanlugaaudauazansazanglel
91U $heLA3es Ultrasonic liquid processor nuinansiadeufaiildiidnunrdvngu livauduly uazisnzausonsiluindeuin
asuufuzshetugiieenlsiely

3.3 nadauUstAninmasindeuiadanmwunlunsuindadensdugadeelsauauunsaluauazinaigmsiuinenndainsiiy
Werlunzieiuguinenldl

3.3.1 Yan1sgapdetiudn

KansadeulsyAvEamansAdeuiaTanmuluneulndsdenistududenelsauouunsaluandsgnidensuunasin
ﬁuﬁjﬁmaﬂlﬂﬁwmww Spore suspension AMNWWLUU 5 x 10° spores/mL of suspension U3ums 10 pLiugumaﬁmz Wanun
15 gn Ieuadannsneil 3 wagguil 5

A13190 3 navespRdeesidusinmsiudaudesilaeldiaglaauilupiasia (CNC) Aududusiiag

AMULTUdUVDY CNC (%) Aedsesidudnisiudadas (Inhibition %)
1afld EU,CTS wag CNC (Control) 0.00 + 0.00°
0.2 68.25 + 0.04°
0.4 72.40 + 0.05°
0.6 83.32 + 0.03™
0.8 85.40 + 0.04°

nuewme AlupedulniiumefiIgnyIisiuIzuanseiueg1aiteddgy (p<0.05)
EU fleansadaneulugadusiauas CTS falalag, 1 EU 150,000 ppm wag CTS 1.0% suiiu CNC Tuusiazadnandudu
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100
90 83.32 85.4

80 68.25 et
70
60
50
40
30
20
10

% Inhibition fungal

Control 0.2 0.4 0.6 0.8

CNC Concentration (%)

U7 5 %disease inhibition uandUasdudaien1siudsdiosuunatzaieiie CNC Anududusingeg

nualuguil 5 wans sndemssiudailonaninily 10 fu u gamgll 28 esmiwadea nuarududuronsaglasuily
ASAdaTl 0.6% waw 0.8% fesidudanadomsiudimanelsauunausssiilndifestu Ao 83.32 + 0.03% uay 85.40 + 0.03% lay
Usumanududures ONC fmungan awnsatasasunisinifiveesansianmlianunsaeongns iieuiud uiiunisadns
Crosslinking bond dsnsanuauuigiuiwaglasunluaiafaaunsatisaiuaunmuiastanmlulonoulndnriunszdesiums
\inAanssuuuianald N.S.Resende,; et al. (2018) [9] Fuhdnsndruanududuvevaglaauluasadada Laun 0.2% 0.4% 0.6%
uaz 0.8% lunpaeuuszavsnmeioly iledineideyavdnsdndiffigauesasindeufinanimulunexlndn finsed 4

M15197 4 uansransvadeuUszansnnansiadouiatanimuiluredlndndenisBaonansiiusnvilae Iniesidus
nsag s vtnndssseraiull 8 Tu

ANUTNTUYaY CNC (%) Awedsnsgademiin (Weight loss %)
Lyiipdeuans (Control) 9.65 + 0.04°
0.2 7.52 + 0.05°
0.4 6.89 + 0.01°
0.6 4.33 + 0.02°
0.8 527 +0.02°

nuewme AntupedutnmiiusefgnyisiuIzwenaeiueg1ituddgy (p<0.05)
1% EU 150,000 ppm tag CTS 1.0% iU CNC Tuusazanudugu
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6

Weight loss (%)

\

Day2 Day6 Day38
szoznatndul

—— Contro] =—@=—0.2 =04 =906 —8=—0.8

U 6 %Weight loss uanuUasidusindonisaadethminvemanzinaig CNC amnududusiig deszeznamiiuly

NnaluIII9 4 uazsuil 6 Tnsnmsiieszinuamiunisinoignisfuinymdaairiiull 8 Su meldgumad 28
psrnwalea nuhiseiusaTdunnuduiuvesaglaaulueiasiai 0.6% sudvansatemeulugadusadienududu 150,000
ppm wavansavaslalney 1.0% dansgydedmiindian Ao 4.33 + 0.02% Tasanunsadnengniafuinuldesiioddy s
aenAdDIfUNATEves N.SResende.: et al. (2018) [9] Wuin CNC fimnuidudaudiniu TnastonisiiniussuaraudRlinavasa
waw Sedenalvirnududuiimnzanyes CNC dnoglutas 0.1-0.6% dewalviansindeuannsntisansnsinsmelauaznisangade
hvinvowmauzahsiusthaonlsldosnsdamam

3.3.2 AAsziaunN

M5afl 5 uanaansnadeuUsEavsamansindeuintinmunluseslndndensineotgnisiunuwlaginneinuninmg
uzsheiufinenlifhumaindeufiavdsvesinuly 7 u

treatments Firmness (N) TSS (°Brix) TA (%) Hue angle of peel | Hue angle of pulp
Day 0 96.80+2.30 8.76+0.76 2.78+0.45 108.23+2.49 104.23+1.74
Day 7 (control) 74.45+2.78° 16.18+0.36° 0.85+0.06° 75.09+1.32° 81.38+1.12°
0.29% CNC-coating 83.66+2.05° 15.42+0.42° 1.56+0.04° 96.13+1.80° 95.56+1.68"
0.4% CNC-coating 85.36+3.02° 13.45+0.74° 1.97+0.03° 94.71+2.35° 94.49+2.14°
0.6% CNC-coating 90.89+3.85° 10.25+0.95° 2.68+0.05° 103.76+1.38" 102.28+1.65°
0.8% CNC-coating 87.72+2.90° 10.59+1.28° 2.32+0.06° 105.32+2.74° 101.60+1.95"

@

1% v o '

nugg Aluredutfiumeiisnyse

NAUWANAIAUDE9TE

o w

d1mgy (p<0.05)

KanedeUlie TR emaLzshaiusihaenldidessernariuluauasy 7 Yu wuhitssduaruditu CNC-0.6%
feAnuuuie (FN), Usinaeadafiavanetile (TSS), USunaunsalamsaiile (TA), sudimsasunlamesdifonarddennada
asﬂuLﬂm%ﬁﬁﬁqmaﬂwﬁﬁaﬁﬁmmaaaa (p<0.05) fail Ao (FN) GRFGRGR Fuansiniodiliseuty, Yinawewdd
avaetnld (155) mstidhvdeuunats uanstamauzandsianuiniuly, Uuunsalamsadlld (7A) msfiegs esnarndy
nIngaAnsHaNzanaTianlyl Tudniauisuamesdidouardiudensa msdiAuszain 100-110° wansdsddoseu

. a7
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4. a5UNan1ImAaeg

NnMsAnwInsadalugaaUdaseieiuea 95% Ifansatanetuesar 30.18% vyield lnsansaraneruiinruduty
150,000 ppm iiUszdvsnmdudanswiaivinvesden Colletotrichum spp. Soeas 71.56 = 0.01 T,ﬂaﬁLé’umquéﬂmﬂﬂIaﬁLa?{a
8.32 + 0.01 mm SuilUlmndeuTmfvasavanslalagu (CTS) wuinfleadudu 0.5%, 1.0%, 1.5% uay 2.0% duszansnmduds
Wosady 83.42 + 0.01%, 84.57 + 0.01%, 84.92 + 0.01%, 85.41% = 0.01% AINFIWY waznNsnsIEeUaglaauiluasadna (CNC)
WUTEUIAANNAIE >15 nm wazANeT 0.96 um Sahunldnusiuiuastiniwisass auldasiedeuinginimunluneulngs
vhanadeuasuuratzaamuin CNC finrandidu 0.6% uay 0.8% annsadudimsifalsauunanzaacld 83.32% waz 85.40%
muddy eifuinuinzsihsiigumadl 28 esmwadeaidune 8 fu msliaaiadeuiinudidiy CNC-0.6% Tafuansarilugn
aUdi 150,000 ppm uazlalaenu 1.0% ﬁmﬁamLﬁﬂﬁ’mﬁmmmmqﬁaﬂﬁaﬂﬁ 4.33 + 0.02% uaﬂﬁ]’m“ﬁé’ﬁﬁﬁﬁmeﬁ%uaﬂmmw
fegluinasiafignegiefifiodfmeada (p<0.05) uanafuiasindouitinmnlunesindnanlugadudauarlalamu siudu
waglaauilupsasa (CNC) fiuszavsnmaensiudinswiyueades Colletotrichum spp. wazdnergnisiiusnwednsdinanin
Tnguaenserefuilnaduinsredaundon

Anfnssuusenia: YaunszAn 0197130aig aas Wwianund ensdnvinelassnu dliauianutiemds uasdefniuinedudu
Uselovtiagadesiafivd veveunseanlsaSeuIne manigunsnusvine1de ivalanwazdnthfinaiadiuvesiesujuRnisng
Wenemansnnviilienudiemie wawleanuil Tanaunsaline dmsurinisfnwduaiuazasiieriniug naeniuaiedu

LONH181989
1 dinnuesygianisinens (2565) yaraudndionn dudingn uasnanisnvessisiudinenlsivinsamdlne ddnauasugionsnues.
2. thunu sinaane uazeniy (2565) MaUAsuulasnunmuazasddyomssihnivenlifindeuse Chitosan-based Multicoating $¢winan1319
91948, Postharvest Newsletter, 21(2), 1-6.
3. WINTTO GENTIN UazAny (2566) ‘U33?Wﬁﬂ7W‘U?JdmiafT@‘VIEJWU’\HﬂIUQmaUﬁaﬁiaﬂﬁgUﬂzdL%ya Colletotrichum gloeosporioides anvnadlsn
wouwnIAluaNze. avivmaluladity anzIneimaniwazinelulad univendesuiguasUsy.
4. o3 Yuitmi (2563) naveamsindeusnelelnmuimiulalamu-ueudueialaludunTunoumednsonunmvdsnsiiuifeivemand o vesmen.
3wmmam<§w§ﬁméﬂm auniviwalulagTanin ynansalmnivede.
5. fAnRen Vaule wazeny (2563) Myiasy viaudAMeaLounaznyilsituveswaglagnnuudes. nsuinermansuins Inerdeunlumalulad
anrfuwmalulanszaemndndnnummsainnse s
Sauefudu SeyayUszansuasane (2564) wilugaglad : mMadszendliluemsuasanuvasnivenns Msarsfivineale, 32(1), 67-79.
Jirada Singkhonrat, Chitchamai Ovatlarnporn, Kashif Ur rehman and Khan Abdul Basit (2023) Fabrication of different nanocrystal (CNC)-based
coatings for the enhancement of shelf life and quality of minimally processed fruits. Article in Cellulose 10.1007/510570-023-05583-0
8. Nehar Parvin, Afrina Rahman, Jayanta Roy, Md Harun Rashid 30RCID, Newton Chandra Paul, Md. Asif Mahamud, Shahin Imran 4ORCID, Md.
Arif Sakil 60RCID, F M Jamil Uddin, Md. Elias Molla,Mubarak A. Khan, Md. Humayun Kabir 9ORCID and Md. Abdul Kader (2023) Chitosan
Coating Improves Postharvest Shelf-Life of Mango (Mangifera indica L.). Horticulturae 9, 64
9. N.S.Resende, G.A.S.Gongalves, K.C.Reis, G.H.D.Tonoli, and E.V.B.V.Boas (2018) Chitosan/Cellulose Nanofibril Nanocomposite and Its Effect on
Quality of Coated Strawberries. Hindawi Journal of Food Quality Volume , Article ID 1727426, 13 pages
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Proceeding No. OYSO7

a_ a = v % v ada o < A o w 1 &
NANFEANVAINININNLUADNNAYUNINNUEITENAINLUAATSLANNDNIIALNAYINNATY

Bioplastic from Banana Peels with Neem Extract for Eliminate Aphids from Guava

Vinwws manulu |, 35380 waNduen |, Adns1 Usenuwd %, 301 endsauniun ©

Taksaphorn Phasukmano’, Wannida Promsomsa’, Supatra Pratumshat’, Wipa Arsingsamanan’

M5B HUINEIAER SN TUTIYINeTdY Nuallan

! Princess Chulabhorn Science High School Phitsanulok

2 v Al AMEINEIANERT NININISIULTAS

? Department of Chemistry, Faculty of Science, Naresuan University

Correspondence: wipa.arsing@gmail.com

N s A

mnUszasdiiie 1Anwdndinvesasvendwiiawaglad : wanadluwesnvanzausnanisiusy

o

UNANED: uITel

'
v v @ =

wanaRnTanm 2fnwanududuesansatnasanfimnzaudensiiamasas 3Fnvantiding audBivisneninuaznisdes
KuasveImaaRn T miilansatnazian nanud1 DEmsdwfngauienistugunanaindanimde asuendudiawagion :
woasdnea : lnsofiadasn 30 : 2 - 3 Wnaavaeth 41.46 wiit Srnstafdesay 80.38+3.50 2anududuansarinasinniesay
1.41 w/v anansafdmmaslddosas 100 3wanadndinmiilansainasianiovay 1.41 wiyv Wnanazaneui 38.12 uift fdauseis
4.27+0.15 126U JA1A1ULATEA 0.98+0.02 WwnzUdA1a AANISERRI5088Y 70.33+5.11 LavdlALEIdoNY 226.85+2.11 and
Frumanaindinmannudenndreth hillansafnasieniifineninanysnamesiesiumasuaranaudunasiiiusvihanonans

VIR S TAN BeUEATINULIATFIUAUA NN AT

o

ANENAL: NANFRNTINN, @sanaazLan, Bl59

Abstract: This research aimed to 1) determine the optimal ratio of carboxymethyl cellulose to plasticizers for the
formation of bioplastic 2) investigate the appropriate concentration of neem extract for aphid control and 3) study the
mechanical properties, physical characteristics, and light transmittance of bioplastic containing neem extract. The results
revealed that 1) the optimal ratio for bioplastic formation was carboxymethyl cellulose : sorbitol : triethyl citrate at 30 : 2 :
3, with a water dissolution time of 41.46 minutes and an elongation percentage of 80.38+3.50% 2) neem extract at a
concentration of 1.41% w/v effectively eliminated 100% of aphids and 3) bioplastic with 1.41% w/v neem extract had a
water dissolution time of 38.12 minutes, a tensile strength of 4.27+0.15 newtons, a stress value of 0.98+0.02 megapascals,
an elongation percentage of 70.33+5.11%, and a light transmittance value of 226.85+2.11 lux. Therefore, bioplastic made
from banana peel and incorporated with neem extract demonstrates potential in reducing waste, preventing aphid
infestations, and decreasing light intensity that can damage guava fruits, helping them meet agricultural product standards.

Keywords: Bioplastic, Neem Extract, Guava

1. unin

WSafunalsifaulnedensulszmuieannmivussnildnaset) inuasnsdadonuaniss andeyalud w.e. 2555 sy
Uiswmlwaﬁﬁuﬁﬂgﬂﬂ%ﬁﬁmm 40,500 15 [1] Sl SaiuSunaunsmenslulssinanazanssemadusmnuunn Tnelud w.a,
2564 finsdsoondSsaniduyadn 157.59 &wum (2] SnvazvomadsfifinunmAnumasguduiinunseziidnuusadiauysol
sUSmsInuiLg iofdum savifivaueuien Lifldmiuazunaaniessesnnniadvhasveands (3] nmsasuaailym
MninwasnsUgndudmiafivalon nuirfadunalififivienunsiaingnindemzyhanevilinanfslésunnudon oldie
uenanimniisldsunannnifuluasyinlifvewsdidmi dwalineldlusasias usddmiideadndes inwnsnsdedon
Jostundsuazannisduiatuuasuandsnisienanisnegmaain damslipmanafndumsliaianfewdiiieds waliiAnnes
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wanaRndefissiuaunn (4] euddymivaniisndsdenusudulunsmingiuiianmnsaldlunistuguwanaindaniniianuns
Jostumdsuazannstiuvesuauanls
nandnndeirhludaoninfivalan T 2566 fftufivgn 10,189 13 finwmsnstiugn 2,514 918 wandnTIw 10,228 Fu/A5]

Tnsinwnansugnndasirinfieldualunisuussuifuems wu ndreann ndreuand annssuaunisulssundaednaniaznudi
Waennéreidureandedis (6] Fludonndreusznousewaglas ausliduinghvlumawdsunivenduiawaglaadsdyari
adlugnanmnssy dwuthintugudunanaindinmilansnsodesaaeldiosusssund (7 mnmsdudumuhasendulsiiudies
voslnofiaigavlaldfluiuds midieuasisngn asadaiildannazsinusznevieasiadiddgmansvialnsamzasngyilnsg
wiesiuosdiioangrdlasnssiousas Inswdanarluvesasinagiiansormlausafudiqvdlunisenusauazdngiiy (8] fussansamn
Tunstdamdsseulaeyilfssuulssamuesndevganmanavaues vilindengniuomsuazane [9] fUszAvsamlunisaivgy
wiaelneviliFususreunioiinnnuinund [10] wasdinadenssudnisaenamuvesusawiliuuadiannsomydulalsd (1]

mndgmuarteyatieiy anzddnhiainuunaalumstaugaionarisanddonndsiiifguaniflng Aoty
m‘wmammmwmmmaaaamlemms,Jﬁiimm Sniddldmaniiddyanasnifiedestumsiaisrnindsuazanauduuasd
yhanefifufiodiunmua e wvionan il fdauamiulunsnrsgiududinens uenonidadunafuyadliioTagmde
fdluguruuandumdunsiauirosendugmanaindinmamiuienalsialindusoly

2. gUnsaluazIsN1mMAaes
2.1. msfnwwdandumivenduiinwaglasandenndaetniusswanadlumesivanzanlunistusunatadndanin

nsfueseiaTivenfuiiawaglaaanidenndeinh

thdenndetiwdeienniuendennludminfivalantintn 2 Alanfusndrai snduilvevlfufiigaungd
70 osmwadoa WHuna 24 s udihsawdenndei hilldindudsmserarelmieulensonlediduna 3 43lus wndunses
i dosenuazsilsiiian pH lWunanaagidemniuuazonunielalasiauesoenled 1Wunan 1 $lus udanhlueuiioamadl 55
osrniwades Hunm 24 2l thwanasaeluludesleasenlednaunselulunaelsordnin udniluouiiguugil 55 ssrmwaidys
Huna 3 99l mnduilidunadagldesdfndudu udédeieomueauianiuaznsosesn antuilusuiigumgfi 55 e
waidua unan 24 dalus

ihafuendufiawaglaaildunandodugunanaindanm lnsvmsansvenduiawagloanauiuingumnd 60 asn
waidoa wwnsnnduivanzaniigaiietugidunanafiniinmlnedumanailuges 1iun ndiwesea vosineauarlnsiofiofinse
fanaadt 1 udahlueuiioamad 60 esrmwaidea Wunan 16 Falus ditduilduineinalnglfiefomaaouussiailevnaussd
WWlumsia, AeneTen wazAdosaymstafuagszosnansaratsinvesatainiinmlaedalitumnn 242 msaeufins
wdurluuneidedidih 30 Sadans w%au%’uL’JmﬁuﬁutﬁaﬁaaﬂwﬁuﬁaﬁwLLaz??uqmLﬁ'a?\la‘uwmaan%’amwazmmuhimmmm
sUvdenniautRnaAsls

M519il 1 gnsvesnanaindanmitdanadiumivendiiiawaglaasanatafluwesing o

ans Waan lywos dandumivenduiiawaglad : nanadlowesuled 1 : wanadlviesviiad 2
1 Ya30n08 : lnsiefiadinge 30:5:3
2 NAwes0a : lnsloiadingm 30:7.5:3.75
3 lasiefiadinsn 30:1.5
ans waan lywos dandnivenduiiawaglad : wanadluwesvlad 1 : waradluwesulnd 2
lasiefiadinsn 30:0.75
NAwes0a : lnslofiadingm 30:3.75:3.75
g05079a : Insiefiadingm 30:2:3
g05079a : Insiefiadingm 30:3:3
fa350108 : lnsiefiadinge 30:0.375: 0.75
f05079a : Insiefiadinm 30:0.75:0.75
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2.2. N1SANYINIANUTUTUYBIFTANAFLLANTIMUICHUABNISANINNEY

Yudedoluazianandu Neempower panfUtndy Mntuuridifunan 16 $alus Tnefaudadudesas 0.02, 0.12,
0.41 way 1.41 InssnaseUsunsudiilunseseon mntuhlunSaiitindssiuag 10 § Masuaumneside thansatnasianiildsn
wilalusds feiisly 24 Srlusfigamgd 25 esmwadva vien 3 adudmmenadsnsmeveusazans
Anszinalngmdnsmangveanasiagligns

ANLRAENNSANBVBINAY = (HATINNITNPVDIRIUIUNALTINNY /NATISUIUNAET WA X100

2.3. AnwaudAgena audiniamenmuaznisdesriuiasvemanaindanmiisiansataazsiandmiulugavionars

AnwraniAgana auﬁ’ﬁmdmamwLLa3m§a'a&muLLawaaqmawaﬂé’mﬂwmaﬁﬂ%’gmwﬁﬁmﬁaﬁmazLWI@SLU%EJ‘UL%U
UsvAvsnmiugmanainvonadisluresmain Tinszikalnevnaeunnuaunsalunisazanet Tnsthwanaindanmuaswanain
Tuvsmanaurluaumgdonii 30 fadans uddunansazaeniouduna) manadsvosrusiildlunisme, Aanuesen uas
ASerasnstindfildaniasemaaauuseii (tensile testing machine) wazmanuasfidosinulnglddnddmes

3. HAN1TVARBILAZNTBRUTIY
3.1 wansnwwdanduasuanduiinwaglasaniienndaetnusswaadlugesivmnzanlunstiuguwanadndanm
nsfnwendueniufiawaglaaainidenndretiuazanaflewe svmnzadlumstusunataindiniw wuhaaah
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2 -
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Variation in stomatal characteristics related to drought tolerance in sugarcane

wity weesa |, Andiiand glawia |, wianua sruedu !
Thewan Masjaras ! Kittipat Ukoskit ! Nuankamol Amnuaysin !
! edvwaluladtinim parinermansuazinalulad uninendusssuaans

! Biotechnology Faculty of Science and Technology Thammasat University

Correspondence: the.win.wan@gmail.com

unfnge: Unlumuaunsgapdeiuas uanivdsunfassninnisduasgidoua dumumunuteanmuiudsens
Rendestuunly nmsasvasuammainvansvesdos 160 wug nsnsiamumnuiutazsundinlusuaauassuuuialulae
Tnadegmiduaenisly fanuvarnuaismnauitusses Teanunuuunlududisluian 117.48 81 330.24 damsns
Jaaluns (197.08 = 34.76 AoA15198008LUAST) Lagdlaunn 28.77 9 52.69 pm (43.06 + 3.67 um) @ruauruILUua1uuuluiian
56.03 9 130.29 Aan15198aaluns (84.33 + 13.76 Aon151950adluns) wazduuin 30.05 89 54.13 um (43.47 + 3.54 um) anwgdl
nsnszanefuuUlfsUnideuansisdnvasUTinaimuauienaiefu msmauduiussinateyansmundaiudnvazdinly
wudoesiusnuuda 23 wus fvuenlulnguddnaudesdeifisuiudesiugtu naidonanyindarumanvaigveanamuiui
wazawnUntukaslAUdURUEIUN INULA D ITRY

MaRRy: 99y, ANNRLILLLLAEYUIaUINTY

Abstract: Stomata regulate water loss and CO, uptake during photosynthesis, and thereby the drought tolerance of
sugarcane may relate to stomatal functioning. A sugarcane diverse germplasm of 160 varieties was measured for density
and size of the stomata on abaxial (lower) and adaxial (upper) surfaces of the leaves using a nail polish peeling technique.
Stomata were located large variation of density and size in both surfaces among sugarcane accessions. The abaxial stomata
density were between 117.48 to 330.24 per mm? (197.08 + 34.76 per mm?) and stomata size were between 28.77 to 52.69
um (43.06. + 3.67 pm). While the adaxial stomata density were between 56.03 to 130.29 per mm” (84.33 + 13.76 per mm°)
and stomata size were between 30.05 to 54.13 pym (43.47 + 3.54 pm). All stomata characteristics showed a normal curve
distribution, representing quantitative traits controlled by many genes. Based on observed data of drought tolerance of
sugarcane varieties used in the present study, the drought tolerance sugarcane 23 varieties contained large size and low-
density stomata compared to other sugarcane varieties. These results suggested that a large variation in stomatal density

and stomatal size was related to drought tolerance in sugarcane.

Keywords: Sugarcane, stomata density and stomata size
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2.1. NYNAang
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Wi (stress) AlFsummeaTiteyaaninisenauduinnssuaz msidefingwa leundoua Anugeses (Cane height), $1uru
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fmﬂmﬁLﬂﬁzﬁmmﬁuﬁﬁﬁuané’ﬂwmzmqmulwﬂ Tauwn aunusuusuuuly, Anunusdusiiuaisty, suedinlusiuuy
Tu, suravnlusuaislu A fuAfiisndestudnuaznandndos laun @1 Diameter, No. of node, Node length Cane Welght
Stalk/row, Stalk/rai, Cane yield(ton/rai), A1 %CCS, A1 %Fiber, A1 Pol, A1 %Pol, A1 %Purity Iuamwanaaimmaawiml,l,a“m
we, waz An1sthuvedty (Leaf curl) ludesuanuazdossie saiisatestfunisiula Wu f1 SPAD, fn Leaf water content,
dmiinluwie/lu, Useavisnmnisdansigsiuas (PSE), ﬁizﬁuﬁaﬁwﬁm 0.01 Way 0.05 WU ANAvLLLLesnlUT IR uULLAY
FruanslufipnuduiudiBeau (r = 0.411 uay -0.479) furuinvestinlunaduuusasduansly fisssufodfay 0.01 fio draana
vunwiuunluinnewevesUinluasidnusdnanamusiuiintutesvuauinlueylng Fadnvaranunuuivvesinluiuaned
siAudNNusIBeauniu A1 Diameter, Cane weight ﬁgﬁuamwﬁﬂauyiamazﬁwLLé’q, wa A No. of node Tuanmeiuds (r = -.273,
-166, -.237, -.261, 4@z -.221 MWL) Lanen Srenuvusiulinlufininazdwali A1 Diameter, Cane weight WasA1 No. of
node topat drurunalinlutuasiinuduiugi@wuaniudn Diameter, No. of node, Cane weight, Cane yield(ton/rai), %CCS,
Pol, %Pol, %Purity, wazen Leaf curl wandin drawiauanludilueg) @1 Diameter, No. of node, Cane weight, Cane yield(ton/rai),
%CCS, Pol, %Pol, %Purity, uazen Leaf curl azdidunndu wenanduswiadinlugdadanuduiugi@sausudn Node length,
Stalk/row, Stalk/rai, agA1 %Fiber wansinaUnludivuinlug A1 Node length, Stalk/row, Stalk/rai, WazA1 %Fiber Tagtiosad
wavdnvarUnlunsaumnuiusazauainly Sauduiusiun Leaf water content (r = -0.257, -0.174, 0.326, ua¥ 0.344) 71
syautisdfty 0.01 TnsaunuiniuvesUinluiauduiusideau (r = -0.257 way -0.174) Ao ddlaunuikuuiinluuingl Leaf
water content agtios updnflaunuiwiuUnlutosdn Leaf water content az11n d@ruvunaunluiianuduiusidudenn (r =
0.326 uaz 0.344) A tilvuaUnlulugian Leaf water content azann uadndvuaunluldnen Leaf water content agtios uay
wunUnluAdsiinnuduiusiBauanduan SPAD (r = 0.183 wag 0.238) Ao drilaurnuinlulugian SPAD azunn uadflauiauinly
\&nen SPAD aztios wasdiszaulutiuddy 0.05 wuih mmuwtiuinluduuudiauduiuditeey (r = -0. 196) fuimdnluuiey
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UseAvSamnisdaassiuaszden uwidhaualinluiuuiludnaseansamnsduasgiuasazann e 1) Jsaenadeiv
9338904 Yadollahi et al., (2011) wnakazAMIMUILLILYBITadax nsiUAsuudamdaanuiurnalululm uazainmsinw
wuisinashlufvenasaznssdumsassunluludnineegaildeddy dwaliamumuuiunludiuiuedsidedify wian
vntnlusarsiusasanas lumsidelifnenuhenmmduinludenudiiuiidavedaiitsddyfusannmsdaansiuas
avBuardnanIsaen daulssdvBnimnsaetndanudiiusBaantuemumuiunly (8]

A1919 1 AAT1giANuduiusS (Correlation Analysis)

Upper Density Lower Density Upper Size Lower Size
Upper Density 1
Lower Density 739" 1
Upper Size -419” -478" 1
Lower Size -391" -490" 818" 1
Diameter water well -154 213" 401" 355"
Diameter water stress -.103 -166 339”7 355"
No. of node water stress -133 -2217 248" 233"
Node length water well .069 115 -179° -113
Node length water stress .076 .077 262" -187"
Cane weight water well -129 -237" 340" 265"
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Cane weight water stress -.153 -261" 341" 301"
Stalk/row water well 131 178 -382" -300"
Stalk/row water stress .104 169" -368" 301"
Stalk/rai water well 131 178" -382" -300"
Stalk/rai water stress .104 169 -368" -301"
Cane yield(ton/rai) water well -019 -143 230" 239"
%CCS water well 033 -.045 302" 273"
%Fiber water well 074 122 -387" -314"
9%Fiber water stress 069 095 -368" -309"
Pol water well 056 -016 229" 2217
%Pol water well .043 -029 242" 230"
%Purity water well -015 -118 381" 350"
Leaf curl (plant) .004 -.080 217 3117
SPAD -142 -.060 .183* 238%*
Leaf water content -257** -174* .326** .344%*
Dry leaf weight/leaves -.196* -.151 135 114
PSE .094 097 -.185% -.100

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

3.4. AATILINITIANGY

9NHANTIANGUAILN15Y Principal Component Analysis M3danguieUszinmvesdosldun Wugiiduuszian Drought,
Fiber/Biomass, Free trash, Poor, Sugar, wag Yield wudﬂﬂ’uﬁ:ﬁﬁuﬂizmm Drought, Free trash, Sugar, tag Yield AN WULVD
Unlueglutasiifianumnutudinlulurisnandaos wazdvuminlulurisnansdslug usdiugusziam Fiber/Biomass uag Poor
fiarumuuiuhinlusnnuazsunenludn SenaanismanesiarlUaenndaatuamiddores Cutler et al, (1977), Quarrie uay
Jones (1977) waz Spence et al., (1986) finani aeSaaInALLTILAs vnlunauinluanasdsustinnnsdsundamani
Tumadugiinen dnvagnluannsadiiunsuiusivesiinlyidniuaniazandouds [9-11] uazaiddsves Xu uag Zhou (2008)
auutudsarvildsuaudinluanas wazawalinluanaseghadiulddaay detldduindauduiusludainuasiivediy
sywinaumiuUnlufuaTnsuanasunia Co, qm%mmﬁ%ﬂazﬁm%mwmﬂ%ﬁw [12] wazWideves Maherali et al. ,
(2002) waz Liu et al,, (2006) Msanaswesuaunlufensdsunlamisduguinednuuulunsnovausdennnaionain
fouda mammmmLﬂ%ﬂmmﬂﬁaLLé’wiaﬁmgm%mmsuaw'mi‘umaLLmﬂ@haﬁuiﬂ%uagﬁiﬁ’wﬁmﬁmazﬁuﬁjﬁm [13, 14] Faa7nHansMaaes
g1t Msisesnsynuivan iz iinadedugiuinluvesdesls wagdoeiuginuddldafanumnuiuresnluites
nhusURRfoanm et uasilimuuddldRng
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s Principal Component Analysis AT Principal Component Analysis s Principal Component Analysis

M Principal Companent Analysis 5 Principal Companent Analysis s Principal Compenent Analysis

A9 3 n3190 Principal Component Analysis YDINUFUTLLNNAY
lng CP1 fo dnwazvesUnlu Aruinmnefsdlvusuinluluganuuiuiutos diumaununetauinuinludnaang
NUIUULN
CP2 o Snwardu Aruanmunetadan SPAD, vhuiinluuiey, seflnrududly, wasuszansammsdunsieidae
AN WAAN Leaf water content o8 @rufnauangfaian SPAD, a1 Fv/Fm, tmiinluwis/lu, sudlaau
WudlulasUszansnnnsdunseiimenastos uiA1 Leaf water content 110

4. a3UNan1INAADY

Mnramsivazoasdlé aruruutusassavesnluasianuuandnsiunsiuuesden uasannunuLuLaY
vnaveshnlududnuasUinainuauienaetu Sosiugnuudsldituinaeinumiudunluosuasivuntinlulugiis
Fruvuazduamedudafeutudesiugau fudunmsusuiussiiauuanieuitugdesiieannisaethluaninuds uasnis
Fandensesiiiuinludnuagiuutesisesldidunarividunsdndendesnuudaazazannsoianiug Soonuudls us
nuAtelundiiideiauenusie nafuteyatinlufesfvanumeaninwnden esrnanmuaedesluaniuiiudiogaiugl s
wiann Fsmsluifudegeannanminadeniuduniuuszneunasme

AnAnIsuUsENIA: 0BUAM TANEANTID15E A5, AARNAL glauia uay 3. wianua o1uiedu JaldidetuuzuasAmusnwisig 9
YOYOUANM AUGUIANTTULAENITITETNTNG UTEMdnTNaddy Tlvinisdigmdelunisvinisidelunsed veveunn 019138 A3, wawn
WAAY Way WeaANSANA undevuzna MlviaUinwuwasdiemaensindeyanisada
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Understory Plants in Hub Yai Community Forest, Chaloem Phra Kiat District,
Nakhon Ratchasima Province
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unAnga: faiuandlumarunulvg Suneiimsniesd Smiauasnedin sudunisdmalasdunauasodisee
55 14AT $1U7U 58 uias wansAnwmuRiniuans Sau 61 296 153 ana 197 wila wdAnUNINiian Ae 2edda $1uau 25 vile
998911 An 2Ady T1uau 15 9ia wazasdvun Fauau 10 vie Ardvianunainvateveseidaiug Janvadu 4.3447
Amasiiauslunsnszated Sy 08224 fivfidsranuegluaniuglndgasiugosnsds (Critically Endangered; CR) 2 wila
16uA weganazdety anuzlndgayiug (Endangered; EN) 1 wiln léiln Uszgth aanusidessionisgaiug (Vulnerable; VU) 1 wiln
IWun Usedn aanuglndgnanaiu (Near threatened; NT) 3 wia Laun N3z 1w1aa1e o1 sauazifi
INAIATIABUANIUNNAIUNTEUSNYA IUCN Red list

Mgy wiady, AnuvaInvate, enetussallan

Abstract: A survey of understory plants in Hub Yai Community Forest, Chaloem Phra Kiat District, Nakhon Ratchasima
Province was conducted using 58 random sampling plots of 5x5 meters. The results showed 61 families, 153 genera, and
197 species. The most abundant family was Fabaceae with 25 species, followed by Rubiaceae with 15 species and
Malvaceae with 10 species. The species diversity index and evenness value were 4.3447 and 0.8224, respectively. According
to the IUCN Red List conservation status assessment, the survey identified two Critically Endangered (CR) species: Dalbergia
cochinchinensis Pierre and Dalbergia oliveri Gamble ex Prain; one Endangered (EN) species: Pterocarpus macrocarpus Kurz;
one Vulnerable (VU) species: Cycas siamensis Mig.; and three Near Threatened (NT) species: Dalbergia cultrata T. S. Ralph,

Dipterocarpus obtusifolius Teijsm. ex Miq., and Shorea obtusa Wall. ex Blume.

Keywords: Plant species, Diversity, Global geopark

1. umin

thaiu (Community forest) WWUARUGTRkazdumsusuivesmsiansmineinsmelusuruannsgnugsdmineinsiite
nsitmUspmaasduuunmemidumsdnuiuiitueseuanysaivesinalsl Weliruuiinansauauga ey
Hunalnddyiidutesmndimudnanddulunseying dans fulifanueuysaifutu uasinslivinensuassonan
nnilogsiivszdnBanm lenusiunauistinvesnuluguvy uazifinnrwaunsalunsSeuiiozegessaugatusssuna uas
Assneglaag1ainiuee [1]

fuisauidnuasduiisgs fufudulan eeu gurusing 4 Snviilimuilivansu Weluuwmaeewng ayulng wandy
UilFuselovl B Samsssu %%Lﬁmnﬁmuﬁmmé’mﬂs SindoBunwssalliising il wazfimsBeuivstlovinarlnwvesfivdsaudusie
fusvaNB9U WHINNIIARILILATTENHLTIUY miﬂﬂmsuamLwaiﬁ’lmaaﬂmwmwu%mmmwm amumwiumaauawummimliﬂsu
Usglowdarniialufiud LWaL‘Uuu,mmwaamﬁﬂmwuﬁﬂﬁmwﬂwamuu,auﬂummammmmmmlﬂmmmmﬂm uanan i
ninenssssuTAsunssainlut e udud dymilsvesoveussdl 621QUW‘Q@J‘U‘LM?E)UW&WS’]imﬂiﬂﬂ‘ﬁ‘lﬁuq%EJ’luﬁiiuIaﬂIﬂi’]‘U
dulngiiuiunUszianiudeds v s manuganssn vioUwaundelyu Jsfinruduiudidouloaiuitdinvesauluy uu
Tnsouiud liisdunsduwaems nsldaesiuiludugu o wu fuily Hednd wituiidwlngessdssaudymiannis
Snaeusinlil nsfiswezanaadou Tk mayngniiuiiiienininumnssy viemsynsniileBaaseaduauifdiuyaaa vilsudiin
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ANAIDELIIUIN LLaxmﬂmiﬁawmuﬁitﬁiﬁﬂiﬂiwL‘f]uﬁuﬁﬁﬁmmﬁﬁmﬁ’lumimﬁﬂﬂw%’wsrms finsfununleadadnisiuaumnn i
Taluiens Frsfindussit uazdu 9 sudsdnvazymassdineriilaniau [2] LaznsAuny uasgsun3 (Maerua koratensis Srisanga &
Watthana) [3] LL?IGNSL%WM’J’I ‘W‘L!‘V]EJ‘V]E’J'I“LJﬁimIaﬂiﬂi’lsﬁmuﬂi‘w‘&J’lﬂiVIiﬁJﬂ’liﬁ’li’J‘\]LLauﬂuWU

Uneguruyulng Sidefisandt 1,400 19 deglusunendunssiesd dudu 11u 5 sunevesiiuiigneussdlantasy &
anvaziiuszmalaniiu wlanmn desmndumaihtnlvamizduiuias fuiuaunanefuseddn NiivszimasUIuUanaadny
Snwauzveaunsuduaugeu luAaunssuiifinnumeauasennin fsuirdnvazedeiuusamiualislu unszasegvatsan
sandleindy 315 amthuFadedion Usadwsrunenl isassdaunansssumalaglildfinmiuu UssnoufuiiFessmanuide
Adusninning uenaind Sxfimsdsramureatalinaneduiiuiiriniengiudud ﬂizmaa&ﬁuﬁuﬁﬂuﬁwmuma Taguinndiin
unsusuAusemduiiufiszaring druavhasugs suneluade way suavuesens sSunendumssiiesh Smiauassedun egdlsinny
gverussdlanlasviifeamstoyanisinuideninenssssumddu q Snuniedszneumsasinssonignuinasinisuszsidudy
oneussallanyes UNESCO Taianznmsnuisuninensindaudsddguazdndudmiumsduiuany tlugmsimuiumas

Feui nsliusgleviannnineinsededsduvesyusuy uaznsasrulunsanlansely

2. gunsaluaydsnsAne
2.1 mafinwiAuaINTANB Y RTRLENS

daiinvesiiviiudts Usenoude ndll gl Whinfifianugdlaiiu 1.30 wes ivwsedios lidugn uagliidos) ves
Uhaumunlvg) Sunewdunssiiesh Smiaunssndan luituil 1,400 13 fensdunauasiegnanun 5x5 was S 58 wlag
wientufindeyaviafis Sruaudu denmuaziuiegaiiemsszyrin nsnaeuiefivusasvislagdredannvidsdedonssall
uvisUszinelne [4] International Plant Names Index [5] Plants of the World Online [6] LLazLaﬂmﬁmﬁwqmwmam%ﬁﬁm%’aﬂ U
Ao uunnssalls! [7] uazthwesUszmele (8] asrvaeuaniuamiumMsoyFndnL IUCN Red list fwvnenn Aviamziu uagiy
fignananaluuszimelne [9-10)

2.2 Mminseideya

Isrermsvianurainuaty (Shannon-Wiener Index, H') @anuaiaualunisnseaess (Evenness; E) [11-13]
Tnefgnslunisiuindall

ANRFRANUMAINTAEVDINT Tl
S

H=—E (pilnlnpy)
i=1
oy H = aelianuvaineiinvesviianssald
pi = dndiusznineduuduldyin | Aediurusulivienun
S = Fuurianssaldianun

AANUELLELBlUN1INSEINYR?

H
Evenness = —
InS

oy s = Swurienssallshiavun
3. Naﬂ'ﬁﬁﬂﬁ'ﬂm%ﬂ'ﬁaﬁﬂiqﬂ

1NNTENIUAEIRES WURTANUAIT T909U 61 236 153 @na 197 via (11519 1 waznn 1) Aeiuaandanumnuiwiy
gean 5 duduwsn @e win (Vietnamosasa pusilla (A. Chev. & A. Camus) T. Q. Nguyen) 584a31@e waauwilen (Memecylon
edule Roxb.) 71ut1uuilen (Murdannia edulis (Stokes) Faden) duau (Aganonerion polymorphum Pierre ex Spire) wagnn
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fun"3 (Fimbristylis insignis Thwaites) anud1dy Rftuanafifiarudgean 5 Sufuusn Ao uiin sesasn Ao wasamilen uA1ud
(Sindora siamensis Teijsm. ex Miq.) unauny (Dendrolobium lanceolatum (Dunn) Schindl.) wag3udramnies auaiu wandli
wiufeftwiuaasudufisinuludufeds wdfinvedafivaniian Ao 23dda (Fabaceae) S1uau 25 wiln s0sasun Ae 2edifu
(Rubiaceae) $1uau 15 i uazasdaun (Malvaceae) $1uru 10 ¥in Sesznaudefionarnvatednuayid uenanil fiviidis
Faduundufignguiiuuazlndifies (Fern and fern allies) $1uau 2 wila ldun Wuvan (Adiantum caudatum L.) wazfugnun
(Selaginella sp.) ivluanies (Gymnosperm) 31uu 1 vila laun Ussdn (Cycas siamensis Miq.) wazfiwvnan (Angiosperm)
119U 194 wila

dothdeyafivfinuanmsdnauiiensi nui ededammainmaevessiiofus fawindy 430647 Aauasiausly
nsnseaned Ay 0.8224 Wisuifisuiumsinwamamarnvansvedldtuansluiugnetugundes suaeundag Smiaas i
Advdiaumanvansvesiiaiug 2.0071 Aeuasiiauslunisnszatesi 0.7084 [14] nsAnwiAnumainvanevemssuiialu
guvumavadvaledvalannsan fmiauasmedin Aflddriauarmaisvesiaiug 3.7685 mannuainauslumsnszae
7 0.4166 [15] miﬁmenmwwa*mumaﬁuaalﬁﬁ”uéwﬂqummmmaqumm Jmindughl Afendvdanumainvansveswiiniiug
36627 Aeuaiianelunisnszatedn 07890 [16] samdsnsAnwmssaivluthwusugussgadumssifositay intwinse
Jipuassadn Amdvimuvainvansvesiieiug 2.4537 uag 3.9968 AAnuasiianslunsnszated 0.4627 wag 0.8031
muddy [17-18] ildhamdeianumanvangveselaiusinguvumulngfismnndy eradlesananminaineivesge
wulnglianumainvany ﬁuﬁ'LLﬁazﬁﬁuﬂiammmLé‘ﬂﬂszmUﬂl’a‘ﬁuﬁLwﬂajﬁﬁauﬁu‘ummimﬁqLﬂuqﬂaiiﬂﬁiamm'%aglﬁuiml,l,azn’ﬁ
nszeiudfiviuiiusnglusugnetugunden getuwisnaguaunn Uiguvuguszg uaziaUiwinam Banindu niiuszmanyuy
wulvgjadududou faufisu sosdn malva Audidhiu ma:uﬁulﬂmaaﬂﬁuﬁLLazﬁmiLﬂfﬂ"auuﬂmmmmwammamﬁﬂquNunnﬂ
ylfTnudanuvannuansuasnsz el dluiiud

71919 1 Nituardludgusurulng dunewdunseiosh Jwmiauassvdun

No. Family Scientific name Local name pi (npi RD RF
1 Acanthaceae Barleria strigosa Willd. dnsal -0.0662 1.6011 1.9149
2 Acanthaceae Ruellia prostrata Poir. éfaa@ﬁt,gaa -0.0341 0.6828 1.1702
3 Amaranthaceae Achyranthes aspera L. ﬁ’uﬂma -0.0118 0.1884 0.2128
4 Amaryllidaceae Crinum wattii Baker wauwasUn Yaun -0.0066 0.0942 0.3191
5 Anacardiaceae Buchanania lanzan Spreng. UL UONOITRIN L)) -0.0154 0.2590 1.0638
6 Anacardiaceae Lannea coromandelica (Houtt.) Merr. RRLAN -0.0051 0.0706 0.3191
7 Anacardiaceae Mangifera caloneura Kurz uzieth -0.0093 0.1413 0.5319
8 Anacardiaceae Semecarpus cochinchinensis Engl. ﬁqmgm -0.0020 0.0235 0.1064
9 Annonaceae Huberantha cerasoides (Roxb.) Chaowasku nELIEU -0.0106 0.1648 0.4255
10 Annonaceae Monoon viride (Craib) B. Xue & R. M. K. Saunders g19lau -0.0051 0.0706 0.2128
11 Annonaceae Polyalthia debilis (Pierre) Finet & Gagnep. ABILLAN -0.0263 0.4945 0.2128
12 Annonaceae Polyalthia evecta (Pierre) Finet & Gagnep. UNLDY AaILad -0.0020 0.0235 0.1064
13 Annonaceae Uvaria dulcis Dunal YWY DU -0.0020 0.0235 0.1064
14 Annonaceae Uvaria ferruginea Buch.-Ham. ex Hook.f. & Thomson ULkHUN -0.0130 0.2119 0.5319
var. cherrevensis (Pierre ex Finet & Gagnep.) Meade & J.
Parn.
15 Annonaceae Xylopia vielana Pierre ndutaw -0.0130 0.2119 0.3191
16 Apocynaceae Amphineurion marginatum (Roxb.) D. J. Middleton Tunwese Tdeu -0.0232 0.4238 0.8511
17 Apocynaceae Cryptolepis buchananii R. Br. ex Roem. & Schult. WS usau -0.0020 0.0235 0.1064
18 Apocynaceae Cynanchum viminale (L.) L. subsp. brunonianum (Wight a1 ¥agau -0.0020 0.0235 0.1064
& Am.) Meve & Liede
19 Apocynaceae Streptocaulon juventas (Lour.) Merr. wUsEas -0.0404 0.8477 1.5957
20 Apocynaceae Toxocarpus villosus (Blume) Decne. PRPGRITN -0.0154 0.2590 0.4255
21 Apocynaceae Urceola polymorpha (Pierre ex Spire) D. J. Middleton &  #&way -0.1272 3.9322 2.0213
Livsh.
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Apocynaceae
Apocynaceae
Araceae
Araceae
Arecaceae
Aristolochiaceae
Asparagaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Bignoniaceae
Burseraceae
Capparaceae
Capparaceae
Caryophyllaceae
Celastraceae
Celastraceae
Celastraceae
Celastraceae
Clusiaceae
Combretaceae
Combretaceae
Commelinaceae
Commelinaceae
Commelinaceae
Commelinaceae
Connaraceae
Convolvulaceae
Convolvulaceae
Convolvulaceae
Convolvulaceae
Convolvulaceae
Cucurbitaceae
Cucurbitaceae
Cycadaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Dilleniaceae
Dilleniaceae
Dilleniaceae
Dioscoreaceae
Dioscoreaceae
Dioscoreaceae
Dioscoreaceae

Dioscoreaceae
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Wrightia pubescens R. Br.

Zygostelma benthamii Baill.
Amorphophallus harmandii Engl. & Gehrm.
Rhaphidophora peepla (Roxb.) Schott
Phoenix loureiroi Kunth

Aristolochia cambodiana Pierre ex Lecomte
Ophiopogon intermedius D. Don

Ageratum conyzoides L.

Chromolaena odorata (L.) R. M. King & H. Rob.

Elephantopus scaber L.

Gynura pseudochina (L.) DC.
Millingtonia hortensis L.f.

Garuga pinnata Roxb.

Capparis flavicans Kurz

Maerua siamensis (Kurz) Pax
Polycarpaea corymbosa (L.) Lam.
Celastrus paniculatus Willd.
Elaeodendron glaucum (Rottb.) Pers.
Euonymus cochinchinensis Pierre
Salacia chinensis L.

Garcinia cowa Roxb. ex Choisy
Combretum quadrangulare Kurz
Terminalia glaucifolia Craib
Commelina benghalensis L.
Commelina diffusa Burm f.
Murdannia edulis (Stokes) Faden
Murdannia nudiflora (L.) Brenan
Ellipanthus tomentosus Kurz
Areyreia breviscapa (Kerr) Ooststr.
Evolvulus alsinoides (L.) L.

Ipomoea obscura (L.) Ker Gawl.
lpomoea pes-tigridis L.

Merremia hederacea (Burm.f.) Hallier f.
Coccinia grandis (L.) Voigt
Neoalsomitra angustipetala (Craib) Hutch.
Cycas siamensis Mig.

Cyperus laxus Lam.

Cyperus rotundus L.

Fimbristylis insignis Thwaites

Scleria lithosperma (L.) Sw.

Dillenia obovata (Blume) Hoogland
Dillenia ovata Wall. ex Hook.f. & Thomson
Tetracera sarmentosa (L.) Vahl
Dioscorea alata L.

Dioscorea arachidna Prain & Burkill
Dioscorea bulbifera L.

Dioscorea esculenta (Lour.) Burkill

Dioscorea hispida Dennst.
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-0.0142
-0.0166
-0.0051
-0.0547
-0.0020
-0.0020
-0.0154
-0.0273
-0.0625
-0.0350
-0.0020
-0.0036
-0.0066
-0.0066
-0.0106
-0.0020
-0.0020
-0.0823
-0.0020
-0.0118
-0.0020
-0.0368
-0.0020
-0.0769
-0.0066
-0.1424
-0.0066
-0.0221
-0.0177
-0.0020
-0.0020
-0.0093
-0.0602
-0.0093
-0.0166
-0.0106
-0.0625
-0.0883
-0.1102
-0.0539
-0.0210
-0.0036
-0.0051
-0.0210
-0.0684
-0.0079
-0.0221
-0.0093
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0.2355 0.9574
0.2826 0.4255
0.0706 0.1064
1.2479 0.4255
0.0235 0.1064
0.0235 0.1064
0.2590 0.6383
0.5180 0.4255
1.4834 2.0213
0.7064 0.1064
0.0235 0.1064
0.0471 0.1064
0.0942  0.1064
0.0942 0.3191
0.1648 0.3191
0.0235 0.1064
0.0235  0.1064
21427 03191
0.0235 0.1064
0.1884 0.6383
0.0235 0.1064
0.7535 0.4255
0.0235 0.1064
1.9543 0.3191
0.0942 0.2128
4.6386 2.1277
0.0942 0.1064
0.4003 0.6383
0.3061 0.6383
0.0235 0.1064
0.0235 0.1064
0.1413 0.1064
1.4128 0.1064
01413  0.1064
0.2826 0.5319
0.1648 0.5319
1.4834 0.3191
2.3546 0.1064
3.2023 0.2128
1.2244 0.8511
0.3767 0.1064
0.0471 0.1064
0.0706 0.1064
0.3767 0.7447
16718 0.9574
0.1177 0.1064
0.4003 0.6383
0.1413 0.2128
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70
71
72
73
74
75
76
7
78
79
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91
92
93
94
95
96
97
98
99
100
101
102
103
104

105
106
107

108

109
110
111
112
113

00

Dipterocarpaceae
Dipterocarpaceae
Dipterocarpaceae
Ebenaceae
Ebenaceae
Ebenaceae
Ebenaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae

Fabaceae

Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae

Fabaceae

Fagaceae
Hypericaceae

Hypericaceae

Hypericaceae

Hypoxidaceae
Irvingiaceae
Lamiaceae
Lamiaceae

Lamiaceae
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Dipterocarpus obtusifolius Teijsm. ex Miq.
Pentacme siamensis (Mig.) Kurz

Shorea obtusa Wall. ex Blume

Diospyros castanea (Craib) H. R. Fletcher
Diospyros filipendula Pierre ex Lecomte
Diospyros mollis Griff.

Diospyros rhodocalyx Kurz

Croton crassifolius Geiseler

Suregada multiflora (A. Juss.) Baill.
Trigonostemon reidioides (Kurz) Craib

Abrus precatorius L.

Albizia lebbeck (L.) Benth.

Albizia lebbekoides (DC.) Benth.

Albizia myriophylla Benth.

Albizia odoratissima (L.f.) Benth.

Christia vespertilionis (L.f.) Bakh.f.

Clitoria macrophylla Wall. ex Benth.
Dalbergia cochinchinensis Pierre

Dalbergia cultrata T. S. Ralph

Dalbergia lanceolaria Lf. var. lakhonensis (Gagnep.)
Niyomdham & P. H. Ho6

Dalbergia nigrescens Kurz

Dalbergia oliveri Gamble ex Prain

Dalbergia velutina Benth.

Dendrolobium lanceolatum (Dunn) Schindl.
Dunbaria bella Prain

Imbralyx leucanthus (Kurz) Z. Q. Song
Leucaena leucocephala (Lam.) de Wit
Pterocarpus macrocarpus Kurz

Rhynchosia bracteata Benth. ex Baker

Senna garrettiana (Craib) H. S. Irwin & Barneby
Sindora siamensis Teijsm. ex Miq.

Sophora exigua Craib

Tephrosia vestita Vogel

Uraria acaulis Schindl.

Xylia xylocarpa (Roxb.) W. Theob. var. kerrii (Craib &
Hutch.) I. C. Nielsen

Castanopsis echinocarpa Mig.

Cratoxylum cochinchinense (Lour.) Blume
Cratoxylum formosum (Jack) Benth. & Hook.f. ex Dyer
subsp. formosum

Cratoxylum formosum (Jack) Benth. & Hook.f. ex Dyer
subsp. pruniflorum (Kurz) Gogelein

Hypoxis aurea Lour.

Irvingia malayana Oliv. ex A. W. Benn.
Mesosphaerum suaveolens (L.) Kuntze
Orthosiphon rubicundus (D. Don) Benth.

Premna nana Collett & Hemsl.
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-0.0130
-0.0523
-0.0188
-0.0350
-0.0166
-0.0020
-0.0020
-0.0232
-0.0539
-0.0571
-0.0404
-0.0273
-0.0199
-0.0020
-0.0395
-0.0020
-0.0036
-0.0020
-0.0093
-0.0093

-0.0350
-0.0154
-0.0142
-0.0870
-0.0036
-0.0106
-0.0036
-0.0359
-0.0154
-0.0036
-0.1002
-0.0106
-0.0079
-0.0079
-0.0252

-0.0036
-0.0507
-0.0232

-0.0386

-0.0093
-0.0036
-0.0020
-0.0020
-0.0036

0.2119
1.1773
0.3296
0.7064
0.2826
0.0235
0.0235
0.4238
1.2244
1.3186
0.8477
0.5180
0.3532
0.0235
0.8241
0.0235
0.0471
0.0235
0.1413
0.1413

0.7064
0.2590
0.2355
2.3075
0.0471
0.1648
0.0471
0.7299
0.2590
0.0471
2.8020
0.1648
0.1177
0.1177
0.4709

0.0471
1.1302
0.4238

0.8006

0.1413
0.0471
0.0235
0.0235
0.0471

0.3191
0.9574
0.6383
1.2766
0.6383
0.1064
0.1064
0.5319
1.9149
0.9574
0.5319
0.9574
0.3191
0.1064
0.8511
0.1064
0.1064
0.1064
0.2128
0.2128

1.7021
0.6383
1.0638
2.3404
0.2128
0.2128
0.1064
1.4894
0.4255
0.1064
2.5532
0.3191
0.4255
0.3191
0.9574

0.1064
1.7021
0.9574

0.3191

0.4255
0.2128
0.1064
0.1064
0.1064
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114
115
116
117
118
119
120
121
122
123
124
125
126
127
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129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

160

Lamiaceae
Lamiaceae
Loganiaceae
Lythraceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Malvaceae
Melastomataceae
Melastomataceae
Meliaceae
Meliaceae
Meliaceae
Menispermaceae
Menispermaceae
Myrtaceae
Myrtaceae
Ochnaceae
Olacaceae
Oleaceae
Oleaceae
Oleaceae
Opiliaceae
Opiliaceae
Orchidaceae
Orchidaceae
Orchidaceae
Phyllanthaceae
Phyllanthaceae
Phyllanthaceae
Phyllanthaceae
Phyllanthaceae
Phyllanthaceae
Phyllanthaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae

Poaceae

Pteridaceae
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Vitex limonifolia Wall. ex C. B. Clarke
Vitex peduncularis Wall. ex Schauer
Strychnos nux-vomica L.

Lagerstroemia loudonii Teijsm. & Binn.
Bombax anceps Pierre

Grewia abutilifolia Vent. ex Juss.

Grewia eriocarpa Juss.

Helicteres angustifolia L.

Helicteres hirsuta Lour.

Helicteres prostrata S. Y. Liu

Microcos tomentosa Sm.

Sida acuta Burm.f.

Sida cordifolia L.

Urena lobata L.

Memecylon edule Roxb.

Memecylon scutellatum (Lour.) Hook. & Amn.
Azadlirachta indlica A. Juss.

Munronia pinnata (Wall.) W. Theob.
Walsura trichostemon Mig.

Pachygone dasycarpa Kurz

Tinospora baenzigeri Forman

Rhodamnia dumetorum (DC.) Merr. & L. M. Perry
Syzygium cumini (L.) Skeels

Ochna integerrima (Lour.) Merr.

Olax scandens Roxb.

Jasminum elongatum (P. J. Bergius) Willd.
Jasminum siamense Craib

Jasminum sp.

Cansjera rheedei J. F. Gmel.

Melientha suavis Pierre

Eulophia andamanensis Rchb.f.

Eulophia recurva (Roxb.) M. W. Chase, Kumar & Schuit.

Phalaenopsis pulcherrima (Lindl.) J. J. Sm.
Antidesma ghaesembilla Gaertn.

Aporosa villosa (LindL.) Baill.

Breynia asteranthos (Airy Shaw) Welzen & Pruesapan

Bridelia harmandii Gagnep.

Flueggea virosa (Roxb. ex Willd.) Royle
Phyllanthus emblica L.

Phyllanthus quadrangularis Willd.

Acroceras munroanum (Balansa) Henrard
Cenchrus purpureus (Schumach.) Morrone
Chrysopogon nemoralis (Balansa) Holttum
Dactyloctenium aegyptium (L.) Willd.
Viethamosasa ciliata (A. Camus) T. Q. Nguyen

Vietnamosasa pusilla (A. Chev. & A. Camus) T. Q.
Nguyen

Adiantum caudatum L.

@189
naudn
AU
Lan
$ath

¥7u
Usuaum

v

e 2D
=

=

'
9]
q
P
F1

UVDULARDY

De

WEUNAN
neTauoU
ngdatutou
fpsen
wasdLuiion
wilon3
AL
nsvALLien
fndu
AUNLN T
e
NADILALDY
Wi

419117 Mamaes
¥ilales
uzdnn L‘T’ng

1dlA

W9Y
mnnIuUn
Frawanlvas
TUPIUN
f3s
wiluuan
willonlan
UgEUnDY
Fra iy
Asanam
ugutau
UELLNAYA
neluln
gy
LHNADY
nguInANY
lan

3

LA

Wluwn

o3 1
&t

-0.0079
-0.0210
-0.0036
-0.0020
-0.0079
-0.0093
-0.0051
-0.0292
-0.0093
-0.0482
-0.0036
-0.0523
-0.0177
-0.0051
-0.1552
-0.0283
-0.0331
-0.0547
-0.0036
-0.0368
-0.0166
-0.0036
-0.0036
-0.0118
-0.0850
-0.0579
-0.1085
-0.0066
-0.0252
-0.0106
-0.0020
-0.0020
-0.0020
-0.0079
-0.0036
-0.0154
-0.0079
-0.0036
-0.0106
-0.0066
-0.0377
-0.0350
-0.0106
-0.0020
-0.0322
-0.2085

-0.0130
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0.1177 0.3191
0.3767 1.2766
00471  0.1064
0.0235 0.1064
0.1177 0.5319
0.1413 0.5319
0.0706 0.3191
0.5651 0.6383
0.1413 0.1064
1.0596 0.4255
0.0471 0.1064
1.1773 0.1064
0.3061 0.2128
0.0706 0.2128
5.2743 3.5106
0.5416 0.6383
0.6593 1.2766
1.2479 0.6383
0.0471 0.2128
0.7535 0.9574
02826  0.6383
0.0471 0.1064
0.0471 0.2128
0.1884 0.5319
2.2369 1.7021
13421 0.6383
3.1316 0.5319
0.0942  0.1064
0.4709 1.0638
0.1648 0.3191
00235  0.1064
0.0235 0.1064
0.0235 0.1064
0.1177 0.3191
0.0471 0.2128
0.2590 0.2128
01177  0.2128
0.0471 0.1064
0.1648 0.4255
00942 03191
0.7770 0.2128
0.7064 0.4255
0.1648 0.2128
0.0235 0.1064
0.6357 0.5319
8.4295 3.9362
0.2119 0.1064
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161 Rhamnaceae Ziziphus oenopolia (L.) Mill. var. oenopolia Lﬁ‘um?jm -0.0302 0.5887 1.0638
162 Rubiaceae Catunaregam spathulifolia Tirveng. LA -0.0020 0.0235 0.1064
163 Rubiaceae Catunaregam tomentosa (Blume ex DC.) Tirveng. ULLEN NUINLYI -0.0079 0.1177 0.4255
164 Rubiaceae Ceriscoides turgida (Roxb.) Tirveng. nszilou 38U -0.0020 0.0235 0.1064
165 Rubiaceae Gardenia obtusifolia Roxb. ex Kurz MuaNLiY -0.0312 0.6122 1.1702
166 Rubiaceae Gardenia saxatilis E. T. Geddes NANT -0.0118 0.1884 0.7447
167 Rubiaceae Gardenia sootepensis Hutch. AUDNNAIY -0.0177 0.3061 0.5319
168 Rubiaceae Hymenodictyon orixense (Roxb.) Mabb. dunu -0.0020 0.0235 0.1064
169 Rubiaceae Ixora cibdela Craib W -0.0292 0.5651 0.8511
170 Rubiaceae Mitragyna diversifolia (Wall. ex G. Don) Havil. ﬂ'ﬁwjm -0.0036 0.0471 0.2128
171 Rubiaceae Morinda pubescens Sm. gaun -0.0166 0.2826 0.8511
172 Rubiaceae Prismatomeris tetrandra (Roxb.) K. Schum. azlva -0.0020 0.0235 0.1064
173 Rubiaceae Psydrax nitidus (Craib) K. M. Wong Uy -0.0051 0.0706 0.1064
174 Rubiaceae Spermacoce latifolia Aubl. ﬂiz@ﬂ‘u -0.0036 0.0471 0.1064
175 Rubiaceae Spermacoce remota Lam. Mil:J:’lleJiJi -0.0020 0.0235 0.1064
176 Rubiaceae Tarenna hoaensis Pit. Funun -0.0188 0.3296 0.6383
177 Rutaceae Clausena harmandiana (Pierre) Guillaumin dogiin -0.0020 0.0235 0.1064
178 Rutaceae Micromelum minutum (G. Forst.) Wight & Am. var. aslntioy -0.0020 0.0235 0.1064
minutum
179 Rutaceae Naringi crenulata (Roxb.) Nicolson NTELIY -0.0020 0.0235 0.1064
180 Salicaceae Casearia grewiifolia Vent. AsheU -0.0020 0.0235 0.1064
181 Salicaceae Flacourtia indica (Burm.f.) Merr. gauln -0.0359 0.7299 1.5957
182 Sapindaceae Lepisanthes rubiginosa (Roxb.) Leenh. ULAIA -0.0093 0.1413 0.1064
183 Sapotaceae Xantolis cambodiana (Pierre ex Dubard) P. Royen mu[,?:au UNUG -0.0106 0.1648 0.3191
184 Selaginellaceae Selaginella sp. auél:ﬂl,l,ﬂ -0.0523 1.1773 0.1064
185 Smilacaceae Smilax luzonensis C. Presl e -0.0232 0.4238 1.2766
186 Smilacaceae Smilax ovalifolia Roxb. ex D. Don Lmi’aéé’q -0.0020 0.0235 0.1064
187 Stemonaceae Stemona tuberosa Lour. PRUDUNYRYN -0.0199 0.3532 0.8511
188 Vitaceae Ampelocissus martini Planch. adulh wn3edlne -0.0051 0.0706 0.3191
189 Vitaceae Causonis trifolia (L.) Mabb. & J. Wen WPSaNAaNY -0.0051 0.0706 0.1064
190 Vitaceae Cissus hastata Miq. Audaundu -0.0020 0.0235 0.1064
191 Vitaceae Cissus repanda (Wight & Arn.) Vahl Lmi’aéﬂuu -0.0020 0.0235 0.1064
192 Vitaceae Cissus repens Lam. AU -0.0188 0.3296 1.0638
193 Vitaceae Leea thorelii Gagnep. nzf#‘fﬂm?‘?ﬂ -0.0066 0.0942 0.1064
194 Zingiberaceae Curcuma angustifolia Roxb. NITALAL 917 -0.0020 0.0235 0.1064
195 Zingiberaceae Curcuma parviflora Wall. N521382917 -0.0020 0.0235 0.1064
196 Zingiberaceae Curcuma singularis Gagnep. nszRyalan -0.0210 0.3767 0.6383
197 Zingiberaceae Kaempferia galanga L. wWeth -0.0350 0.7064 0.7447
H 4.3447
Evenness 0.8224

' RD = Relative density; RF = Relative frequency

A o

dlesmunfiamudnunridy weiiviiudsfidisamueendu ndlfussgnldvedldidu/iFuruadn S 78 vl 1w/
Iivuseides S 37 ¥ila Widuan $1uu 51 +ila hdes $1uau 31 via Suandidufemuauslunsasydulavediiiuiu
sojuuarnsiifisvuadnnssnednaguluiiuilunstisinvminiu Jestu/aszaemstawzuasiivinanuguduliiuiiug uay
91NNSATIVABUANIUNINEIUNTEYSNEAL IUCN Red list wuilwiiegluanuglndgaiusetnads (Critically Endangered; CR) 2
wiin Idun wegauazdedy anuglndgasiug (Endangered; EN) 1 wila loiun Uszath aanuzidiossisnisgasiug (Vulnerable; VU) 1
wila lawn Usat anuelndgnanaiu (Near threatened; NT) 3 wiin lau sEineAY snadiesuaziis [9]
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wonannil elliwanziuvesineg (Endemic species) 2 ¥ila lawn wann (Gardenia saxatilis E. T. Geddes) uazldln
Uasminum siamense Craib) fiwvnennvesine 1 ¥iln laun Armenrai (Gardenia sootepensis Hutch.) [10, 19] wanslvliiuinia
yruulng)duiuiithiimsddentseysndiiesnvmimmainvansveanssaiio fugnssumesiivfignanaiunutyfuasmes IUCN
udsfiwmennuasimamnsiuedlnglfreguaznizaeiugniiswnemnniulugimauasUssme

4. a3UuNanIsAnEN

nmsAnyftsiuadugueuulng fuivuduiuies demdunse-ats sewing 5.8-7 anugeainssdumeia
Uszunas 191-232 ns fiwauusenaudie Win waeawmilon dnudrimilen duay uaznniuans dvdanuvainvaisvesiis wiiu
4.3447 Aeuasiiauelunsnszated Windu 0.8224 fivsinuainnisin 197 vile Suundufivnguiuuarlndides 2 via fiv
wandes 1 vlin uazfivnen 194 ¥l FuuNATABNANITFUUNIINTILUNTBY Angiosperm Phylogeny Group (APG IV) sanilu 3
nau lauA Wenanngu Magnolid 8 ¥ila fiwneanngs Monocots 35 4l waritvinanngu Eudicots 151 ¥fia [20] I uunlel 4 dnuase
e W LA uradn T/ svusedos 1iuan uarliidos fufifirnummuiiugean 5 Suduun 1éud uin wasuniion
Tutnmiler duau waznnduans fwiidauigean 5 suduusn leun Win waeamilon uzAud unaumy wagddmie fvuns
yinogluanmuzgnana i nzgs Seiu Usegdin Useth visedinegluaniuglndgnanau 1éud nseiinnane srafissuazifs e
mnziuveding léun woanwagldln fvnenvesive lHun duenvans

A 1 wyiuasludigusunulng Snnefunseifesi Jmiauassvdun n: nseAaiien (Munronia pinnata) @: Wi (Croton

crassifolius) A: laanzus (Trigonostemon reidioides) ¢: WaeswAudU (Rhodamnia dumetorum) a: 888U (Premna nana)
a: n3zRwalan (Curcuma singularis) %: Touidon (Helicteres prostrata) &: 81U (Grewia abutilifolia) ai: “eunwsniiu (Ophiopogon
intermedius) &J: ¥uBUMIENYIN (Stemona tuberosa) §): WaUNEIU1 (Crinum wattii) g): W31z (Kaempferia galanga) §:
fafulan (Sophora exigua) f: 313U (Eulophia recurva) al: Mansgsen (Uraria acaulis) o Fauanlvas (Eulophia

andamanensis)
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Preliminary study on microalgae in the gut of Aedes aegypti mosquitoes larvae collected

from Nakhon Si Thammarat, Thailand
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Abstract: Aedes aegypti is a major vector of arboviral diseases such as dengue, chikungunya, and Zika, contributing
to significant global morbidity and mortality. Microalgae have garnered interest in recent years due to reports indicating its
capacity to impede the growth or eliminate mosquito larvae. This study aimed to investigate microalgae present in the gut
of Ae. aegypti larvae collected from Nakhon Si Thammarat, Thailand. Three locations, Mum Pom Temple communities,
Bun Na Rop Temple communities, and Ban Na Kian communities, were chosen. At each location, 9 to 15 containers with

fourth-instar larvae were visually identified for preliminary species and subsequently confirmed using light microscopy in
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the laboratory. Microalgae isolated from at least 900 larval gut contents were examined and identified using light
microscopy. At least 8 genera were identified including Monoraphidium, Ankistrodesmus, Eudorina, Scenedesmus,
Bracteacoccus, Pediastrum, Nannochloropsis, and Leptolyngbya. At least two genera, i.e., Scenedesmus and Leptolyngbya,
have been reported to exhibit toxicity against mosquito larvae. Further studies on the identification of these microalgae to
the species level and their effect on a specific mosquito species are essential, as some microalgae may have impacts on
different mosquito species. Understanding how microalgae affect mosquitoes can help develop sustainable and effective

mosquito control strategies.
Keywords: Microalgae, Aedes aegypti, Thailand

1. Introduction

Aedes aegypti mosquitoes serve as primary vectors for several arboviruses across tropical and subtropical regions
worldwide [1], transmitting diseases such as dengue, chikungunya, and Zika, which are associated with high rates of
morbidity and mortality [2]. The widespread and continuous use of chemical insecticides in mosquito control efforts has
led to the development of insecticide resistance, modifications in mosquito feeding behavior, and numerous adverse
effects on both human health and the environment [3]. As resistance to conventional insecticides escalates, there is an
urgent demand for environmentally sustainable alternatives, including bioproducts, to support more effective and safer

vector control strategies [4].

Microalgae are widespread photosynthetic microorganisms found in aquatic environments, playing key roles in
nutrient cycling and ecosystem stability [5]. Besides their ecological importance, they are being explored as a tool for
mosquito control, as they serve as a vital food source for mosquito larvae [6-8]. Studies have shown that feeding Ae.
aegypti with certain algae can delay development and reduce size [9]. Moreover, genetically modified microalgae with HR3
RNAi were found to be lethal to mosquito larvae [6]. Understanding these interactions is essential for developing innovative
mosquito control strategies and reducing mosquito-borne diseases. Charles et al., 2011 identified at least 55 algal species
in the gut contents of larvae from eight mosquito species in Mysore, India, using morphological analysis [10]. While this
method is convenient, it has limitations in detecting small or cryptic microalgae. In Bangkok’s metropolitan area, dominant
algal groups include Cyanophyta, Chlorophyta, Charophyta, Bacillariophyta, and Eustigmatophyta, with Chroococcidiopsis
sp. being the most prevalent [11].

Therefore, this study focused on identifying microalgae found in the gut of Ae. aegypti larvae collected from Nakhon
Si Thammarat, Thailand, using light microscopy. The data obtained in this study would enhance understanding of the
microalgal species present in the gut of Ae. aegypti mosquitoes, offering information for future research on selecting

specific microalgae with potential use in mosquito control strategies.

2. Material and Methods
2.1. Study area and collection Ae. aegypti larvae

Three locations of Ae. aegypti breeding sites in Nakhon Si Thammarat Province, Thailand, were chosen including
Mum Pom Temple communities (MP) [8°25'38.1"N; 99°57'56.9"E], Bun Na Rop Temple communities (BN) [8°25'06.4"N;
99°58'05.6"E], and Ban Na Kian communities (NK) [8°26'41.2"N; 99°54'07.1"E].

In each location, nine to fifteen containers such as tires, ceramic vases, glass bottles, or plastic containers were

selected. The larvae from the selected containers were pooled to create a single larval sample consisting of not less than
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900 larvae. Therefore, three larval samples called L-MP, L-BN, and L-NK were represent for larvae from each location. A total

of 900 fourth-instar larvae from each sample were selected and dissected to obtain gut contents.
2.2. Dissection of larval gut and morphological identification of microalgae

The 900 fourth-instar larvae from each location were dissected in PBS under a dissecting microscopy for collecting
the larval gut (Figure 1), resulting in a final volume of 100 ulL. Microalgae isolated from gut contents were examined under
a microscope (ECLIPSE E100, Nikon Corporation, Tokyo, Japan) and morphologically identified using a freshwater algae
identification key [12].

3. Results and Discussion

Microalgae are frequently found in mosquito breeding sites and can serve as a food source for mosquito larvae.
Chlorella and Scenedesmus are common microalgae found in mosquito breeding sites. Oscillatoria, a type of
cyanobacteria, can be abundant in these habitats. Other genera like Synedra, Pinnularia, Cymbella, Meridium, Navicula,
and Dictyosphaerium have also been identified. Some microalgae, like Picochlorum, may even be specific to waters where
mosquitoes breed [13]. Some Cyanobacteria (blue-green algae) provide food for mosquito larvae, while others are toxic
and can cause larval mortality. Some Chlorococcales green algae are also indigestible and can lead to larval starvation [9].
Certain green algae species like Kirchneriella, Scenedesmus, Coelastrum, Selenastrum, Dactylococcus, and Tetrallantos are
difficult for Culex, Aedes, and Anopheles mosquito larvae to digest. This indigestibility reduces mosquito larval
development and survival, particularly when these algae are the primary food source in their breeding habitats [14]. The
presence of certain microalgae, particularly cyanobacteria, can reduce the effectiveness of some larvicides, such as Bacillus
thuringiensis H-14 (BTI) [15]. Additionally, the presence of certain microalgae can influence the effectiveness of mosquito
control methods, such as larvicides [13].

In this study, various microalgae were found in the gut content of the Ae. aegypti larvae (Figure 1). At least 8 genera
were identified in all three gut content samples, L-MP, L-BN, and L-NK, including Monoraphidium, Ankistrodesmus,
Eudorina, Scenedesmus, Bracteacoccus, Pediastrum, Nannochloropsis, and Leptolyngbya. Also, cyanobacteria, green algae,
and diatoms were present. Our results suggested that these microalgae were commonly found in microbial communities of
the breeding sites of Ae. aegypti. The identification of these microalgae to the species level and study the effect of each
microalga on the mosquito species should be performed in the future. Understanding the role of microalgae in mosquito
breeding sites is important for developing effective mosquito control strategies, including biological control methods using

algae or their extracts.

0

Figure 1 (A) Gut of an Ae. aegypti larva with intact peritrophic membrane (PM). (B) Microalgae present within the larval gut.

G. encPlus  (Cgibthai £ UBE e 72



17" Botanical Conference of Thailand Qp CT1\7A

Faculty of Science, Naresuan University, 12"-14" June 2025 Boremica oot of Thaints

Figure 2 Microalgae collected from the gut of Ae. aegypti larvae. (A, B) Monoraphidium, (C) Ankistrodesmus, (D)
Eudorina, (E) Scenedesmus sp.1, (F) Bracteacoccus, (G) Pediastrum, (H) unidentifiable diatom 1, () Nannochloropsis, (J)
Leptolyngbya, (K) unidentifiable diatom 2, (L) Scenedesmus sp.2, (M) filamentous green alga, (N) Eudorina, (O) Bracteacoccus,
(P) unidentifiable cyanobacteria. Bar = 20 pm.

4. Conclusions

To our knowledge, this was the first study that investigated microalgae present in the Ae. aegypti larval guts in
Thailand. In this study, at least 8 genera were identifiable by light microscopy, including Monoraphidium, Ankistrodesmus,
Eudorina, Scenedesmus, Bracteacoccus, Pediastrum, Nannochloropsis, and Leptolyngbya. The information obtained from
this study would lead to identifying these microalgae to the species level and studying the effect of each microalga on Ae.

aegypti in order to develop an eco-friendly mosquito larvicide in the future.
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Preliminary survey of ethnic Karen’s local plants resources in Lo Kho Village, Kosamphi
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Abstract: The traditional ethnobotanical knowledge of the Karen ethnic group in Lo Kho Village, Kamphaeng Phet
Province, Thailand, faces extinction due to declining community interest. This study aimed to document traditional plant
utilization knowledge by identifying scientific names of plants and classifying them according to their origin status and
utilization. The study was conducted through interviews with 9 knowledgeable community members aged 65-80 years,
combined with field plant surveys over a period of 10 months. Data were analyzed by categorizing plants according to their
utilization types and classifying them as either native or introduced species. Medicinal plants widely utilized in the
community were identified, including plants of Biancaea sappan (L.) Tod. used for tonic. Most food plants are consumed
as fresh fruits, while medicinal plants are typically prepared as herbal infusions. The obtained data will aid in the

conservation of both traditional knowledge and the diversity of plant species utilized within the community.
Keywords: Ethnobotany, Karen, Kamphaeng Phet Province
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Usglerdannninensiiglusinuene q wu msldayulnslunmsshwenisulaelianas ifinstuiinesdenuiiduaednuaisnus
Lignanemensislviiususuvdauaziimsenendreduioguiadonysenovendnludsauiiosvenauioussny iledunseysnegl
Hayinslidsslovinnminensity Tsldsusmesdmnuivesnislivsslovinnninensiivangiinnuslumtlagiag ey

Joyanugiudmsunisinludnwnasldusslevdanvsuensiasalulaluouan

Y

2. aunsalnagisn1snaaas

Kl

mM9iengnumansiutuvessmnewisdu sualndufl sunslndufiuas Swdadunanes a wydwlaglag (i 1) Tae
swsmdeyalnsnsdunvaligeorguazyanadifinnuiuszaumsaisinou 9 au 91g3ewing 65-80 U 1eAudeyavesiiafinuntd
Uslominngdilyaviesiu madsuasiumurdeyamasuiumstusifounnsiay 2563 fufounaian 2563 Maumanii
Tlunsduniwel fuihuldssloviiuns q dauvesiafivhunld wu sin d1du Tu aen wiena Ussuanvesnsihluld dufin
foyadofivnwingvins Sefiudlos assnauuesiivudarsiin wiendrenin nsavaeudeinemansluszduaad (family ) ana
(genus) viseszauin (species) Mnonansiuldidloantle AlleAnwvinssaldlutinawmile Ysendlvy uazadofnwimssaldly
Uszinelve [4-16] SavidoyaifeniunslivsslevinnfiwivnnsweaiunldussTom

LQNUIULKLBIA

‘AaoVIVIIN

9 1awas

Gooale
sumw ©2025 AirbusCNES / AirbusLandsat / CopernicusMaxar Technologiesziagauuuﬁ ©2025 Google
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3. NAN1IMAARILAZNITaAUIE

nsdsateyanslivselovianfivwesguvusionisduniualigietguazyanadifiauiussaunisaldmo 9 au nui
Foyaiviiulivsslond wseenifu 3 ngu fio fve1ms fvayulns wagndelsl AuieianBuasugia) duunviavesiivd
swsuldnnnsdsaluthgruvewnnevismytilaglas wuidinsifunldiduiivenns 50 vlia e 1) Wufieiesdu
i (native species) 31 wiin fiwsnsdu (introduced species) 19 wiln wiseanidu 3 nqu AethurldiduingAudmuuszney
91913 1 27 i (inlvusuny wpnont Andesen yn en veu de Anna wnn i s1ds finnes uzsedun finda Suian
sfudwgnds dulos vzeu Swdn uvriu ndaeth favmu dndyu 91lne ve uziemand wavunded wmarven) uedoune
117w 10 e ndluidos Tusew nswns eng agled uzum winnewdes viiudu wa waede) wersuussmudunalsl Sy
13 iin (uzaha toslia towsin uendm urazne usdlne dovutu nssun ndrethi usdles urlidn dile uazdile) aonndostiy
nslivsglovivesmninamios uythuenss suawiu Aunowing fmiadedmi inslivsslevinnfivluriesdiu wu gl
1 ndaeii wadds thanliiuiivemns [17] sufemsnunslivsslominnminensivvesgurulvilng newvdes anjuas (wive
ue) wazanyie (ywest) Tunsnatisgin Sainuigesaeu Aefimerumatiduilndn ursstun uaseiudulfifufiveims
(18]
maedl 1 Medefivonsiidmanuluninaiiuiiseungtulasiag (edesmne * Hufiinsiu)

. oy . nstluld
aeu Yod Yaullas FaIngAans .
(druitunly)
1 AMARANTHACEAE Hnlouviuny®  Amaranthus spinosus L. 91119 (Y9RDD)
2 U3 Mangifera indica L. walil
3 ugnani Spondias pinnata (L.f.) Kurz a3 (lu/wa)
4 ANNONACEAE touluie* Annona reticulata L. walil
5 tUpenun* Annona squamosa L. walil
6 APIACEAE Andludey Eryngium foetidum L. wsaane ()
7 APOCYNACEAE PRITENY Gymnema inodorum (Lour.) Decne. 219113 (lugew)
8 ARACEAE 4n Amorphophallus paeoniifolius (Dennst.) 91113
Nicolson. (@aulanu)
9 Won Colocasia esculenta (L.) Schott 2%
GREMIEEIN)
10 {R)Y Colocasia eaculenta var. aquatilis Hassk. 21913 (Aulu)
11 ARECACEAE UgNIN* Cocos nucifera L. walil
12 b Livistona speciosa Kurz 279113 (HORDDY)
13 ASPLENIACEAE Ak Diplazium esculentum (Retz.) Sw. 9113 (YoRBRY)
14 BIGNONIACEAE WA Oroxylum indicum (L.) Kurz 9119 (Hlnoaw)
15 CAPPARACEAE s Crateva magna (Lour.) DC. 9113 (YoRBRY)
16 CARICACEAE Uzazne* Carica papaya L. wa il
17 CUCURBITACEAE fda Coccinia grandis (L.) Voigt 91715 (JONBDY)
18 unglne* Cucumis melo L. wa sl
19 Annoe* Cucurbita moschata Duchesne 9IUNT
(809981/HA)
20 uzsEdun Momordica charantia L. 279113 (NABDU)
21 #ng7 Momordica cochinchinensis (Lour.) Spreng. 2%
(809981/HA)
22 DIOSCOREACEAE e Dioscorea alata L. 9IMT

GenePlus  oibthai £ 1

7



17" Botanical Conference of Thailand

Faculty of Science, Naresuan University, 12"-14™ June 2025

2 1
&t

Botanical Conference of Thailand

(GREMICEIN)

23 EUPHORBIACEAE Tudevas®  Manihot esculenta Crantz 919115
(57n@ELENDIMNS)

24 FAGACEAE naUUIL Castanopsis sp. walil

25 FABACEAE dudoy Senegalia rugata (Lam.) Britton & Rose 979113 (HORDDY)

26 PLOU* Senegalia pennata (L.) Maslin 91719 (82nDDY)

27 wdn Senna siamea (Lam.) H.S.Irwin & Barneby 9119 (Y9RDDU)

28 UBVIN* Tamarindus indica L. 279113 (HPADBY)

29 IRVINGIACEAE A3ZUN Irvingia malayana Oliv. ex AW.Benn. walil

30 LAMIACEAE Tuszn Ocimum basilicum L. \Teane ()

31 NBLNTT Ocimum tenuiflorum L. wSeaane ()

32 MUSACEAE ndeii Musa (ABB group) 'Kluai Namwa' walil

33 naedh Musa acuminata subsp. siamea 9913 (V)

N.W.Simmonds

34 OPILIACEAE Knvuln Melientha suavis Pierre 917113 (Y8nB8Y)

35 OXALIDACEAE T N Averrhoa carambola L. waldl

36 PASSIFLORACEAE HGINY Adenia viridiflora Craib 913 (YoRDBY)

37 PHYLLANTHACEAE  aiglwith Baccaurea ramiflora Lour. walil

38 PIPERACEAE YLNG Piper sarmentosum Roxb. m’%'aqmﬁ ()

39 POACEAE arlad Cymbopogon citratus (DC.) Stapf wSeaand ()

40 F1Ilne* Zea mays L. 9T (@)

41 RUBIACEAE ) Morinda citrifolia L. 21913 (lv)

a2 RUTACEAE U Citrus x aurantiifolia (Christm.) Swingle Lﬂ%‘lmmﬂ (W|)

43 llo Citrus maxima (Burm.) Merr. wald

a4 SAPINDACEAE ale Dimocarpus longan Lour. walil

45 SOLANACEAE wWinnzwdes*  Capsicum frutescens L. P3N (Ha)

46 UgIoLne Solanum lycopersicum var. cerasiforme (Alef.) 81915 (W&)

1U* Fosberg
a7 LYo Solanum melongena L. 21115 (W8)
LINTEN

48 ZINGIBERACEAE mﬁu%’u* Curcuma longa L. m'%laqmﬂ
(GREPICEIN

49 lwa Zingiber montanum (J.Koenig) Link ex A.Dietr. PSR ANe
(GREPICEIN

50 Fg* Zingiber officinale Roscoe Lﬂdﬁia\imﬂ
(@nulanu)
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AT 2 fegnminennsiiveiinie q inuluiundnw wu dnlvavunu (n) dnge
(@) azlad (A) deulvis (9) nszun @ndwldautadulan @) uazhe (v)

fihinlduagulng 27 vlia (naail 2) Wuiwiesdusiai 13 ¥ia (il wimds fufudn Tumnn sgssiun dn
watz Munadadu i We NzNsIes wiesngndelass Medrndu uazazniui) figsinshu 14 ¥ila (57990 auide vees
Yruus@i uzenn vesiia A antélu nafndudn wehnsei wnifetu aiiu 31 uarlng) Snedmunmifvurssialdiiedu
amsuazaunsaliiluayulnsduau 6 vila Ao UETFTUN NANTIAT Uz1) VU D9 warlna dmuiviitanlduayulnsdiu
Ingyflassnaadunisungesenieddnuig 6 vin (Funadadu dhe vossiiia nddude wamgndelase waztierdiadu) ussim
91M5Tu 4 wila (ki Tunuie nemsues wazgnleatu) eﬁqaamﬂa”aaﬁ‘umﬂ%’ﬂsvimjﬁmﬂﬁﬂjﬁuawmmiw‘lmj NELIBe ANy
LAY (i7aUn) wazaan (ywea) luwpginauiaue m mmmwaamau feflsisnumsihdundads ugsziun 1980 aude
W89 s e veseiia neuduba vefnseni vilu uaglna u i Sufivauulng 18] ffivayulnsidanldluassnaui
wiloufiu wu ndundaiulfiileaneinsrindinussnenieuinaedataeen ieaudeieWiuidenwuienfunenures
93And Bunn [18] LLGiﬁﬂWiL%EJﬂ‘?iIE]LLauﬁii‘wﬂmIUHWSﬂWIUSL‘fIIﬁEJ”IR]LLG\ﬂGfNﬁJu EATIREATRTIER Iuszmsmmsum'%‘lmmiﬁwuiaﬂm 138n77
AETRER anuﬂﬂammmiwawmmuLﬂuaﬁuma Fevnsenures Swnan dum (18] seawi ndhens fdedendt “Onlnimug”
mmimmmﬂ,al,l,wamﬂuﬂﬂswﬁ]aﬂ Snia yeis lnsaus uagUinssed lnsdus [17] nenunslivsslevivessnewidos mjthuvhe
73 fuauiiy Asduneuing Sariadedlul fnsléfude wue iy auide uasnden ieliidufivayulng

= = o a LA K & G oA 1
A15190 2 eveayulnsidanulursnuiunseunyiulaglag (nTesmsne * Duiivnebiv)

aeu Foaed FoInendrans wawumaqd’ douiild 5314 A5TNAN
(AuINSnTes) !
1 ACANTHACEAE Thunbergia laurifolia $1990* Tu fial asasiwlusenie
Lindl. (a0aefineviie)
2 Rhinacanthus nasutus Yl Tu un UTIMBINTI
var. nasutus (Wovngia)
3 AMARYLLIDACEAE  Crinum asiaticum L. WAUNES Tu 3l aneMsWATIANI e
4 APOCYNACEAE Alstonia scholaris (L) RBr.  #ufiuin IaN finlu ShwnlsanAauin
(ud)
5  ASTERACEAE Blumea balsamifera (L) Tuwua v Fudieow  Fuvendeesnainiienie anld
DC. (wouag) 3l anemssniauresndmile
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6 Chromolaena odorata (L.) @ uwde* Tusn A il WuLden LAl
R.M.King & H.Rob. (Wganag)
7 CUCURBITACEAE Momordica charantia L. wizs¥&un Ha Al WA
(PaAn)
8 Momordica subangulata  #nusly lu ua Y Ur3adien
Blume (nesnviiie)
9 CELASTRACEAE Salacia chinensis L. funadatu awuly  dy 139979078
(weAysnzul) WA
10 EUPHORBIACEAE Euphorbia heterophylla L. gjene* gonlu un ane1n1svieayn Wuensyuy
(Wzlavy)
11 Euphorbia hirta L. Yhuusdne IaN! Ao uilsahiuin
12 FABACEAE Biancaea sappan (L.) Tod.  #14 awu Ay A U3esumeuazinzuion
(Wgvzia)
13 Mucuna pruriens (L) DC.  sn3je 7N Y UsIeInsUInAsue
(UdeBonile)
14 Tamarindus indica L. HEATRH Wienwa  ua aaituuAUIn
(BEnULLNT) YRR
15 LAMIACEAE Ocimum tenuiflorum L. NBLNT LAY Tu uml anensld
(Wouniy)
16 MENISPERMACEAE  Tinospora cordifolia vosEIin® ae Al 15992908
(Willd.) Hook.f. &
Thomson
17 MYRTACEAE Psidium guajava L. 5o gonalu un aneINsvinuds
(sz189)
18 PHYLLANTHACEAE  Phyllanthus niruri L. anlalu* NIy Al vssmemsld
uATIALUIAIY
19 PLANTAGINACEAE  Plantago major L. wenauba* yndw o U13992908
20 Scoparia dulcis L. wensntn® 30 un uAUIndi
(LWgnziwsiey)
21 ROSACEAE Prunus cerasoides Buch.-  unangyudelase  LUden fial 139519078
Ham. ex D.Don
22 SMILACACEAE Smilax sp. Wendndu g Al U13991MY LA3Y0 NS
23 SOLANACEAE Solanum capsicoides Al uz\Taily WA vuduiy  dhdsanusneanannuuansysi
(GERRLD)
24 VIBURNACEAE Sambucus javanica AYNIUAY Tu T anen1singIANsanIe
Reinw. ex Blume (wz3)
25 ZINGIBERACEAE Curcuma longa L. i Wi AN uA Gl ANINITAUAINNINT
(nze0) uAvo98n
26 Zingiber officinale Roscoe  T* A Fial unile
(mz10)
27 Zingiber montanum Twa* W un aneINIsuLUninen
(J.Koenig) Link ex ADietr.  (ulalag)

guyuvesrnnszwssdliingeliinldssduanudadnu suliivsnamdiduwagiuliSuouumelugusilaenuinges
§1U1 (Dendrobium moschatum (Buch.-Ham.) Sw.) \lundagldhanugnidedilundusvauinn wazanunsafailnlidudnnu

1N WARSDNANLAINZANTDINUT 1T8991N180991UN 5282 1TUIUY09RONIUTEEEIANEY ADNINAUNDLEY 9 LAZUIUNTaUAULDS
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Frszernantiduduuinluusazne lnedsenunsidenvaisssinedis coumarin Usinageanniosas 48.8 (2157.1 pg/g
fresh weight) 209818819M8NAR FIUFIETTEMEINEBY 9 Fnd1uauun Wy ethyl esters waz methyl ketones 1Juasnaniia
unumiieadessenifietuuasiidunvedieisy 119] fdumsfeiinvesdessiioradnnnmmedeisyuietadosaa « i
anunzautsduasliiAnnnudiaveimsdiengusyoadesdiun enasududessinmsfinviiionusmdeyaluiiuiidn
solu wenanidsmuiluituilasseumfthudisranundelifandreliu (9 viin) uagndrelsiBeends (24 viin) $1umu 33 wila
(51971 3) Swunlel 2 wddes (dden Orchidoideae way Epidendroideae) 21 ana syvinfiuuueuld 23 wila uazszyldifies
seduanad iy 10 vl osnlinunenlutinszesnavoimsdisg madsandsdsmundaelifigndnliedluanusiviign
ANATY [20] 313U 5 vlia Laun \Basfdau (Dendrobium dixanthun Rehb.f) dslafiush (Bulbophyllum reclusum Seidentf.) Heq
ﬂq‘wmumﬁaum (Aerides multiflora Roxb.) Lga\‘iqwawmzl,ﬂwﬂﬂ (A. falcata Lindl. & Paxton.) LLﬁzWiﬁ‘Vman (Holcoglossum

amesianum (Rchb.f.) Christenson)

M19199 3 MeFenmeldndramuluinuiuiseuniilazlay (Terrestrial fie ndawlilAu uag Epiphytic fie naelddsende)

a10U eNGEG W1 HoInenaans Foulas AnwazIde
1 Orchidoideae Orchideae Brachycorythis sp. Muuiives Terrestrial
2 Habenaria lucida Wall. ex Lindl. \Bomeung Terrestrial
3 Peristylus goodyeroides (D.Don) L?‘jummdmsj Terrestrial
LindL.
il Lower Arethuseae Coelogyne trinervis Lindl. Beamnn Epiphytic
Epidendroideae
5 Coel. schultesii S.K.Jain & S.Das L?ﬁymt,ﬁauw Epiphytic
6 Nervilieae Nervilia plicata (Andrews) Schltr. ALY Terrestrial
7 Nervilia sp. Thdulan Terrestrial
8 Podochileae Pinalia bractescens (Lindl.) Kuntze Bosilunonudes Epiphytic
9 Maxillarieae Oberonia sp. LgaﬁLLWU Epiphytes
10 Tropidieae Tropidia curculigoides LindL. U1IAN Terrestrial
11 Dendrobieae Dendrobium moschatum (Buch.- Boss Epiphytic
Ham.) Sw.
12 Den. signatum Rchb f. Boein Epiphytic
13 Den. lindleyi Steud. BERGE Epiphytic
14 Den. exile Schltr. udnszduns Epiphytic
15 Den. dixanthun Rchb.f. ‘Bosiou Epiphytic
16 Bulbophyllum reclusum Seidenf. adlnAvih Epiphytic
17 Bulb. lasiochilum C.S.P.Parish & adlptinnany Epiphytic
Rchb.f.
18 Dendrobium sp. Bowln Epiphytic
19 Higher Eulophiinae Eulophia andamanensis Rchb.f. S NAGHIETEN Terrestrial
Epidendroideae
20 Eulophia sp. 1 ﬁ’mg&mﬂ 1 Terrestrial
21 Eulophia sp. 2 ﬂmgﬂmﬁ 2 Terrestrial
22 Cymbidieae Cymbidium sp. NELINEIOU Epiphytic
23 Vandeae Aerides multiflora Roxb. Lﬁuamwmumé’mma Epiphytic
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24 Aer. falcata Lindl. & Paxton. waanvatunsediln Epiphytic
25 Holcoglossum amesianum (Rchb.f.) Wsmmﬁg Epiphytic

Christenson

26 Micropera pallida (Roxb.) Lindl. wuasUanas Epiphytic
27 Papilionanthe teres (Roxb.) Schltr. Bodlun Epiphytic
28 Phalaenopsis deliciosa Rchb.f. lebh) Epiphytic
29 Pomatocalpa maculosum var. Boudeudtes Epiphytic

andamanicum S. Watthana

30 Rhynchostylis retusa (L.) Blume Tooise Epiphytic
31 Robiquetia succisa (Lindl.) Seidenf. Lgaﬁwaﬁaiu Epiphytic
32 Thrixspermum flammeum Toolmal, LgaﬂLLiJmu Epiphytic

Schuit. & Cultham
33 Trichoglottis fasciata Rchb.f. Boudelass Epiphytic

4. @3UNaN1IAADY

a

miﬁﬂmiﬂumiﬁwamqu{]ﬁgﬁgwﬁuﬁmtﬁmﬁ'umﬂ%’ﬂﬁﬂmjﬂﬁmm%’wmﬂiﬁm nsdsanssafind ssunarsiusmed
mwdngfauilumitlaglasduszezing 10 Wou wuiiinsliminensitusing o ieltidufivevns feiithanldidualng
wazdinisthndaelsfindgnidediuinumitiu sufiviidsamuadaisiuu 110 wlia feyantsdsanunuosdanuivemisld
Usglovinninensivangiianuilumithulaslee fussleviiedunseyindnddyynmslifdliuaususoluldfnwiGeus

sall

AnAnssNUIENIA: Y0 UAMYNTLVRIY NS Be Uulaglay wyfl 10 drualndud dunelndufiuas Jsninmunanys Alald
ANNBUATIE N UTILAETYAT0INSANYITeTuAT T Taufaueqn Asngne waru1eaash ngyaurlya dmsuaNeuATIE

v
[

lunssrunuteyawasdigd1siaiiunlngseuvesiundnuluassil

L@NE1591999

1. nsnu Aadmiiu (2560) nnumaniiutuessmngvies Myjﬁwﬁaaﬁwﬁﬂ fuanzunAs Sneauis Smiaseys. Nsmsmgnumansing
9(2):253-272.

2, aanasal uiuadla, e Uesewsna, Vst i, Saman Bum (2560) nonumansiiuturessnngvisduiiuiiveenalassnisvanstu
yufiutios suneeurey daindedval 1sasngnumanslng 9(2):219-251.

3. Kantasrila, R., Pongamornkul, W., Panyadee, P., Inta, A. (2017) Ethnobotany of medicinal plants used by Karen, Tak province in Thailand.
Thai Journal of Botany 9(2):193-216.

4. flasnun Yenugm (2559) Aleduwunnssald. nganwe : nsugneuwiend divn wasriugiie. drdnddeniseusnedliivasiudiy. nsugneu
WA dndvn wasudity

5, logiou niawes, fiunn avdguns, Alaissu euansauns (2549) suliideandle dliefnwwssaliluthnamie Usemelne. navma: 1asenis
Infamiaulol.

6. i adiAtun (2557) FewssallsiuisUszimalne = Thai plant names. ngamme : ddnaumenssalsl dinifenseyindiiliuasnssaiia nsu

gneuLiR dndUn uazugity nsuUalil
Seidenfaden, G. (1975) Orchid genera in Thailand Ill. Coelogyne Lindl. Dansk Botanisk Arkiv 29(4):1-94.
Seidenfaden, G. (1977) Orchid Genera in Thailand V. Orchidoideae. Dansk Botanisk Arkiv 31(3):1-149.
Seidenfaden, G. (1978) Orchid Genera in Thailand VI. Neottioideae Lindl. Dansk Botanisk Arkiv 32:1-195.

10. Seidenfaden, G. (1978) Orchid genera in Thailand VII. Oberonia Lindl. & Malaxis Sol. ex. Sw. Dansk Botanisk Arkiv 33(1):1-94.

11. Seidenfaden, G. (1979) Orchid genera in Thailand IIIV Bulbophyllum Thou. Dansk Botanisk Arkiv 33(3):1-288.

12. Seidenfaden, G. (1980) Orchid genera in Thailand IX. Flickingeria hawkes & Epigeneium Gagnep. Dansk Botanisk Arkiv 34(1):1-104.
13. Seidenfaden, G. (1982) Orchid Genera in Thailand X. Trichotosia Blume and Eria Lindl. Opera Botanica 62:1-157.
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14. Seidenfaden, G. (1983) Orchid genera in Thailand XI. Cymbidieae Pfitz. Opera Botanica 72:1-124.

15. Seidenfaden, G. (1985) Orchid Genera in Thailand XIl. Dendrobium Sw. Opera Botanica 83:1-295.

16. Seidenfaden, G. (1988) Orchid genera in Thailand ><|V Fifty-nine Vand0|d genera. Opera Botanica 95:1-398.

17. 7]?‘15 1(515?[‘1«!5 Usnssend lnsdus (2538) Wﬂﬂﬂﬂﬁﬁﬁliwuﬂ’mﬂﬂ?ﬂ L‘Vﬁ?N §WEJQWU'JR]U€JU°UGZJ‘U§EU Nauﬁiﬂiﬂﬂ?i‘lﬂa?}ﬂ

18. IR DUA (2557) miﬂﬂmmsa‘umEquﬂwmamswuuw*uaaﬂqummwuﬁﬂummamwwm Faninudgosaou: ﬂamuiﬁaaﬁuauqszﬁ‘
dinnupnsnIsunsaLEsLIveImans Ieuazuinnssy.

19. Cuna, F.S.R., Boselli, C., Papetti, A., Mannucci, B., Calevo, J., Tava, A. (2018) Composition of volatile fraction from inflo rescences and leaves of
Dendrobium moschatum (Orchidaceae). Natural Product Communications 13(1):93-96.

20. Department of National Parks, Wildlife and Plant Conservation (2017) Threatened Plants in Thailand. Bangkok: Department of National Parks,

Wildlife and Plant Conservation.
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Antimicrobial activity of bark extracts from Calotropis gigantea

wisanwal wwia ', dvsgen Geuav!, udll sssumal sunnud duaes®, anmd wise’

Nareeluk Nakaew!?**, Malinee Thummachat', Phattharasuda Ruangdechl, Chanakarn Chailom?, Supawadee Parhira’
' A IngmansnIswnd univendeusms sunewdies Swdaitualan 65000

! Faculty of Medical Science, Naresuan University, Muang District, Phitsanulok Province 65000

2 gomAdoiilernuidudamdnnsiuiiouars umingdousms sunewles Smdadiualan 65000

% Center of Excellence in Fungal Research, Naresuan University, Muang District, Phitsanulok Province 65000

3 augLndymans anivendousms suariing suneiios Smiafinalan 65000
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UnAnge: #iusn (Calotropis gigantea) figuisymandaing manediu imﬁﬂqw%‘hmié’ugﬂﬁuﬁé Tneflsgaunsfinugms
fananaindiusneg wu Tu nen uazens widilifinenumsinugriiudnaunidinduenddonduinisonnsdienudululy
aeizUsenoudeansddyiitgrsmatinmiduietudndug Saingmiafedtdimusradifiofnygvssudnauridvomms
afmandenvesdusn Tnednudendusnunatndasioniuea 95% |iaisatatueniuea (CGB-EtOH) annturhansaindilaun
nsvaeiluiuaratamelanaelsiinunuieiefiaesfmaldasataty (CGB-DCM) uay Tuiefiaes@inn (CGM-ELOAC) amadu
Fuihideiluriliusiaenies freeze dryer Idansansainludui (ceB-w) mnduthansafaludusing 4 wmedeugndduds
9AunIdie38 broth dilution il emAnudutusingafiainnsasingdun3d (Minimal Lethal Concentration, MLC) Wagien
psUsznevveasantaneuluurazdusae Thin layer chromatography (TLC) thuy TLC EJWVIWﬁE]UE]VléETUgﬂﬁ]ﬁu%%&fﬁﬁﬁ%%
bioautography Wan1sfinwInuIna1sanane1u CGB-EtOH ‘ﬁqm'éiumsé’us“?@a;ﬁum?éummﬁm lauALuaiisawnsuuIn (Bacillus
subtilis DMST 5040 uai Staphylococcus aureus ATCC 6538) wazdad (Candida albicans TISTR 5554) Iaada1 MLC winiu 1500
ug/ml ?I’]iﬁﬂﬂ CGB-W, CGB-EtOH gy CGB-DCM E‘ﬁ@J’]iﬂEJ‘UEN C. albicans TISTR 5554 lalagdia1 MLC winfiu 1500 ug/ml A3

v o
o

maauqmauawaumammﬁ Bioautography wmwmamﬁaﬂmwﬂsuulm‘lﬁsduaumLuaamauﬂsmmmswuaaLﬂumwvaummja
negauls

v ¥
o N £% o

mdfny: fush, Waendusn, a15dudgaunsd, aunsdsan, ngnuiadl

Abstract: Calotropis gigantea has a variety of pharmacological activities. The most remarkable activity is its
antimicrobial activity, which has not been reported in studies on the bark of C. gigantea. This is interesting to study for
further development in combating microorganisms that are resistant to current antibiotics. This research aimed to study the
antimicrobial activity of extracts from the bark of C. gigantea. The bark of C. gigantea was extracted with 95% ethanol to
obtain a crude extract (CGB-EtOH), which was then dispersed in water and further extracted with dichloromethane (CGB-
DCM). The remaining aqueous layer was subsequently extracted with ethyl acetate (CGB-EtOAc), and then dried using a
freeze dryer to obtain the aqueous fraction (CGB-W). The extracts from each layer were tested for antimicrobial activity by
determining the minimal lethal concentration (MLC). In addition, the antimicrobial activity of the TLC-separated fractions
was evaluated using the bioautography method. Among the extracts, the crude ethanol extract (CGB-EtOH) has the effect
of inhibiting many types of microorganisms. These included gram-positive bacteria (Bacillus subtilis DMST 5040 and
Staphylococcus aureus ATCC 6538) and yeast (Candida albicans TISTR 5554) with an MBC value of 1500 pg/mL. Crude
extracts (CGB-W, EtOH, DCM) inhibited C. albicans, indicating bioactive compounds across solvent polarities. However, the
bioautography results showed that none of the TLC-separated extract fractions exhibited any visible inhibition zones.

Because the amount of substance is not enough to inhibit the test organism.
Keywords: Calotropis gigantea, bark of Calotropis gigantea, antimicrobial, Drug-resistant microorganisms, phytochemical
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1. unih

Haqtiurduniaidelmanlsavislunywd &0 uazdty dmsfauuazuiufuieannsodunudeasufiuzidnigldos 1g
wnsviane dsraliusedvsnmussnissnwanamasdulgmddyiuasisaguuaznmsnunsnssy [1] Failudgmsfumuazinun
asUfTugmusasoengnimsanmeilalnsledneiies mstaudnanenhildlasnisdaasizsinanai (chemical
synthesis) uagniansusulasulassarsiugiuvesendsismaniiuasviedued wu n1sl#asnaneluladiovlesd (enzyme
technology) tielvieniinalnlmilunsvhaneqaunidnelse (2] uiidosnlassadaiuguvesefigninaniduansdeiuluniswam
fuiidnvarlimmnduhlinildiulideuannansuazivsransamlidsuluamniiunntn fafu msdumansoong v
matnmiilassassiugnilminnundssssued wu iy d7 viegdunid Judumadenilésuauadleedisdeiiies ilosan
asnsssrRua lnaamzidslineinsfnwunnou Sunltufiaeifaseafuguiuandsnansity viedinalnn seen
gisTuvanimailunisdudgaundd fudfilutigiu ewaesdeilflunenisuwmduedduiidnanqdunds udfivayulngddnad
folsiuFeulusunnuaeadelunistanian Snfedsenui erdldludlagiuinnndy 25% i (3]

#usn (Calotropis gigantea (L) W. T. Aiton) fiaed Apocynaceae \Jufiwfifiuseian1sidlunanisunnsivdulumnane
Useine 1wy Tne 3u uazBuiile (4] dausing q vesfiveling 1wy Tu Aon wWienvead iy Wienvessin tens uagua gniwnldidie
Thiauarinwilsanareinsivainuats wu lsefmdsdniauanszuulsyam lsadou veufin vy fedniauginnesd 3aa
wazuzi5a [5,6] KATAINTIBNUNTANYINUIEATANAIINEIUANS) VDS ﬁu%ammm€J"Ué‘?ﬁmm’%zyfuaqLwﬂﬁﬁfwm%ﬁm Wy Bacillus
cereus, Bacillus subtilis, Escherichia coli, Klebsiella pneumonia, Staphylococcus aureus, Staphylococcus typhii, Wag
Micrococcus luteus [7,8] miaﬁ’mmﬂiwaﬁu%’ﬂmmsaé’us“jy’amm%z:ymaa Streptococcus mutans Wag Lactobacilli casei 19 [9]
miaﬁ'mmﬂﬂaﬂ‘?ﬂmmmﬁu‘c’j’jﬂﬂ”lil,ﬁﬁigsuad S. aureus, Pseudomonas aeruginosa way Escherichia coli 1@ [10] 81998915
mmmé’ugﬂmﬂﬁm%ﬂLLUﬂﬁSEJﬁL‘ﬁumLwyuaﬂiﬂﬁwﬂﬁ WU Actinomyces viscosus, Lactobacillus acidophilus, Lactobacillus
casei, Streptococcus mitis wag Streptococcus mutans [11] ﬁaﬁﬂm@jﬁwmm’miﬁaﬁdﬂ AIUA19 VIR USNAIULATATINALYTE
qrismandrinefinanraeuluiigsuddldnumenumsinmgriiuduuafidsvesasatnandonesiuin dsermasiia
Bululdgeiiesuszneudeansddnyiifginsiinmiiflessadsiiugiul SsiungnuideddaiinguarasdiieAnugrisuds
Qauvidvesmsatinaniudenvesiuin iethesdauiitldlusegenlunsidonagiamuinnssumenisunnguazgnamnssud
\Retosald

2. 9UnsniuazIZN1INAADY
2.1. nMsmsgNgsannanUaanausn
2.1.1 mMsanaUaanfusnang 95% ethanol

ﬁwwaamé‘aﬂé]’u%ﬂ Tudndiu 1 AlanSunawsia wnannale 95% Len1uea Usyane 10 ans Imai%ﬂéim?{mmmﬁmﬂhsﬂ,‘umi
ann mﬂuummﬂsaqaamwmamﬁmma mmumaqmmvﬂmmﬂmsmmmmmaLLmImflsummsumaammuamm’mmu (Rotary
evaporator) manmm 45 srwaldoa drufiiunailuafngsn 2 ads arsatniissiourand Sonansatnuetu dueniuoa
(CGB-EtOH)

2.1.2 Liquid-liquid partition

vhansafnneny CGB-EtOH veadondusnludadiudszunas 100 nfu wnszaneflutingu 2 ans tdnadade laaasls
Ty 4 ans senslBliuendy wonduiuasdularaslsiimuoenaniu thiuiluafarelngldlnnaslsimusnsn 2 ads thansludu
lnraelsfinuannisadarsanaiansufuillssmewidagiindessmemanuuananudu fgungf 45 ssmwaidea léans
afniulanaslsinu (CGB-DCM) Aeuntuinluadaselngldiefiassdinn 4 Anslnedtmilourulanaslsimy tharslutuefiaosd
wsansafuilussmeuis Genansfiutudainansafaduofioording (CGM-EtOAC) ém%’u%gwfﬂﬁmﬁaﬁﬂﬂmi@amvﬁaﬁaqmmﬁ -
20 perwaiea Wi vildutaneldrusu Tngldindes freeze dryer Bonansfiufaudainansataduih (CGB-W)

¥y v &

2.2. ﬂ’]iwﬂaaumﬁ'}m'mqu%uﬂﬂqwﬁaﬂuﬁinﬁzi'lqﬁuw%ﬁ (Minimal Lethal Concentration, MLC)

N1SVAFRUNSEUERAUNTIVvaaTainludum1e) vedUfendusn MmeniArNudRTumgaiaunsasingdunsdlaviing
nnaeun83s broth dilution lagldydunIgnaaeunanua 13 a1ewug laun dad 4 arewus (Candida albicans TISTR 5554,
Candida parapsilosis TISTR 5126, Candida tropicalis TISTR 5136 wag Candida krusei TISTR 5351) WUATITBLATNUIN 5 maﬁ’uﬁ:
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(Staphylococcus aureus ATCC 6538, Bacillus subtilis DMST 5040, Enterococcus hirae ATCC 10541, Staphylococcus aureus
TISTR 1466 Wway Staphylococcus aureus NU 139) wagihuaiilsaunsuay 4 a’lﬂﬁuﬁ (Escherichia coli TISTR 887, Pseudomonas
aeruginosa TISTR 1467, Acinetobacter baumannii ATCC 19606 Wwag Acinetobacter baumannii (AB98))

ﬁwmaaﬁwmﬂwn%u 1113991907891919:1a7 Mueller-Hinton Tilaanududusige Tu Microtiterplate (96-well
plate) LmumamﬂmiwmaawLﬁ]smiuawmimaﬂmau UYL Mcfarland standard No. 0.5 U31193 20 lulasdng 4 ilym
AUALAD 91MIYAY Mueller-Hinton wazewnamafiudowuadide Uniigungdl 37 ssmwaidea Wunan 24-08 dalus 91ndu
gaansazanslunnvqULMENAIULATLEINS Mueller-Hinton agar (MHA) U315 10 lulasdns vuilonmgdl 37 ssmiwaidoa 1Ju
e 24-a8 3l WienTagnaisiyvesdeuuaiifeuuaiueng nsmarmdudushaniilifininsiyuesdeioiud MLC

2.3 N5uENaIAUsENBUYBNENTANANETUABIMATIA Thin-layer chromatography (TLC)

ansanalutusing q avangluasazanedunidiianusaavansldaunmalildmnududu 1 fadndu/dadans an spot adly
Wi TLC plate vu1a 5 Wufiuns x 5 Wufiwns wuu normal phase Uszana 5 lulasans diluualu TLC tank 71 developing
solvent fimnzay ﬁiﬁqmﬁluamuu TLC plate e Rf value agluas 0.3-0.8 freg19v8e developing solvent &13u normal
phase wiantuiluilsiuss thludomndnunzuassumismesaivenldngld UV lamp faruemadu 250 nm wag 365 nm
magmﬁaﬁéw%q dyanvallpeldfuaelansinuriesans U1 TLC plate luwusag 10% sulfulric acid in ethanol waalviaanu
You 71 110 ssmwaifua udnuuzvesLsazgnUTINg degUuasvhdnydnualveausiazqaliifieldesde

1Y

& { [ a £ ] a .
2.4 MnagdaugnsiuguafiSevasavenungnyinlviuigvsusdiudlsmaiila bioautography

thusu TLC fildannda 2.3 inmsuunuewnsiivsaanide witufeemns MHA hmstheasazaneuuaiiFefifnnugu
y091Toui1AY Mcfarland standard No. 0.5 fiandiud Uniiguundl 37 esaneadea iHunan 24-8 Falus Funeleududs
(Inhibition zone) TasnsindurugudnasasunuilifideuuaiiGoniy nhoduladums) Wisufsuiuusu TLC 7ildvh
Fydnwalld Suiinwa ansiifgrssudauueiice

3. NaN1MAARILAZNITaAUIY

3.1 manasaumAANuutudigafiamusasingagdunis (Minimal Lethal Concentration, MLC)

Mnnmsthansafaeureaddendusnludueniuea (CGB-EtOH) luuendusaevaanan (Liquid-Liquid Partition) Tnethans
affalunszanediluih udatndelaraolsfinu (CGB-DCM) safeiafinosBinn (CGB-EtOAC) warthiuthiivethluusudeudah
THuislaeds freeze dry Idansaaduih (CGB-W) vhansaaiamaumeenududumaniianusoside gaundsld (Minimum
Lethal concentration; MLC) wanuinansasaneiuludueniuea (CGB-EtOH) fqudlumsiudgauadlivarsiadeioudio
fuasadalutusaiaransdu lnsausodudsqauniannaeuld 3 aeiius IduduuaiiFounsuuan 2 aeviug (8. subtilis DMST
5040 uag S. aureus ATCC 6538) uazdas 1 arewiug (C. albicans TISTR 5554) lagila1 MLC wiriu 1500 lulasniu/diaddns
uenanidamuin C albicans TISTR 5554 Qﬂé’uéy’qﬁqa ansaftmaniFenduinlutuih (CGB-W) duiemuea (CGB-EtOH) uazdla

A aa

Aaalsilwmy (CGB-DCM) Iaedian MLC wiriu 1500 tulasnsu/dadans (1519 1)
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M9 1 nan1snedeumAIANIIdUmanfiatnsas@ewuafiseld (Minimum Lethal Concentration; MLC) vedansafin
nlaenausn

MLC (ug/ml)

Yaun3dnagau

CGB-EtOH CGB-W CGB-EtOAC CGB-DCM
Bacillus subtilis DMST 5040 1500 >1500 1500 >1500
Candida albicans TISTR 5554 1500 1500 >1500 1500
Escherichia coli TISTR 887 >1500 >1500 >1500 >1500
Staphylococcus aureus ATCC 6538 1500 1500 >1500 >1500
Enterococcus hirae ATCC 10541 >1500 >1500 >1500 >1500
Pseudomonas aeruginosa TISTR 1467 >1500 >1500 >1500 >1500
Staphylococcus aureus TISTR 1466 >1500 >1500 >1500 >1500
Staphylococcus aureus NU 139 >1500 >1500 >1500 >1500
Candlida parapsilosis TISTR 5126 >1500 >1500 >1500 >1500
Candida tropicalis TISTR 5136 >1500 >1500 >1500 >1500
Candida krusei TISTR 5351 >1500 >1500 >1500 >1500
Acinetobacter baumannii ATCC 19606 >1500 >1500 >1500 >1500
Acinetobacter baumannii (AB98) >1500 >1500 >1500 >1500

mnmsfiansataveulutuieniuea (CGB-EtOH) Sqvslumstiudsdunislivanevin uadwsinamusiinemueaidudai
avanefianusafsasoengusnadinmesnanidendusnldesaiussdvdamunnitlanaelsimuuaziofiaesfinn Sueniuea
duswhazanefiansoaraeldtiansiddauaslafdaunsdin Tasiamenquansituedn Wathuess wieansunuiu fiidne nwlu
n1sdudaunis Tasdnalnsney wu msdudaeules] mevhanentfagad vienssuniunsdunseilusiuresgdunis (12,13]
wananiinisiianslutuieniuea (CGB-EtOH) SquslunissudilsfauuuaiiGouasfas wandlidiuiinnumvainuanevesaiseangns
meluansariadndm dedfeddgmomsiauniuasdaiudmiundnsuriomdorsosdonsiugiunid Insamzeshsd sluyad
L%a?;lamﬁwé’uﬂu{]agmizﬁdaﬂ

msﬁmiaﬁ’miwﬁgﬁm \91 CGB-DCM, CGB-EtOAC whay CGB-W ﬁqmégugqgauw§§lﬁﬁaamﬁmﬂdw pralosnaneiiauesansi
azanglaludvihazansudasyiadinuwaneneiu Im&Jmsaaﬂqw%‘wé’ﬂmaaguﬂuﬂa:mﬁﬁ%amaahu%aLamuaammmaﬁ’maaﬂuﬂﬁﬁ
flan dadunanmsneaesilifsudtliiiufdinonmeentd endudnluninduundsvesasdiuadunisivingu udduandiiui
mgmumiuﬂﬂmiaﬁ’mmmsﬁgammimhsﬂumiizqLmﬁqﬁﬁmﬁﬂszﬂamaﬂmiﬁﬂﬁ”ﬁy wazthlugnisnudedsdniileusnuiavdans
oongus

namsfinwilaenndesiunuideneuniludiuwreslu aen wavenwwesiusniinugvdsiugaunsdwuiednu eglsiniu ns

Mdendusnddliiredsenunisfnuluiuiinneu nan1sideluasaifansaavedudeyalewuntliiuld neaimues

wWaendusnlugiusurawesanseangnssiugaunid wazaislisunisAinwseiies Meludiuesduszneuniuadl nalnnisesngws
wazAUUaensislunsly

ansannandenduinluduh (CoB-w) fuiemuea (CGB-EtOH) uaz lanaslsiinu (CGB-DCM) annsnduds C. albicans
TISTR 5554 ¢ Felvifuinudenvesiusnenafiosdussnouvesansddayiifiavissu C albicans eglumanerasiavesiavinazans C
albicans Huderwianisiiuammvesnmsindeluuyud uasindaufumuseslundgy azole Feldifudenguilsniiaaluns
Snwinmshaidounuiin [14] Sevhlinanimaaesdideddy LﬁaamﬂLLawﬂﬁLﬁuﬁqﬁ’ﬂEJmWﬂJaammﬁmvmﬁmﬁuﬂ'masm&fu%’ﬂiu
msvimnuasiugadviell ﬂa”l,mnLﬂulﬂ"l,éﬂumﬁaaﬂqwﬁsuaqa'ﬁaﬂma'mLﬂmmaaﬂumﬁWm‘huam Samased videunuiu
fsenuhannsdudinsaiagues C albicans Idlussiumadlasdudsnmsduanesiieviuivad wazmsasrlulefidu [15] wa
miﬂﬂmummaauﬂﬂmaﬂa@f[,umi';miﬂmmimmyLa‘wuﬂqwag’lmmamwmmmaumsJ warUszdiudnenndondudlunig
s dundnsurisnulsefmiviodeslutosnn Aflawmuain ¢ albicans ilueuien
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3.2 MsuenasfUsznaUvasEsanareUAlewmaiia Thin-layer chromatography (TLC)

ansatmddenduinma 4 ‘i’?ugﬂﬁwmﬁﬂ TLC Imeld TLC Silica gel 60 F254 aluminum plate (Merck, Germany) 1Ju
stationary phase wag chloroform: methanol {u mobile phase lusnsidau 9:1 laanwagaes TLC fingerprint fanw 1

(A) (8) (C)
M oAY
POCEAS
)
USE D A W USE D A W USE D A W

2 1 TLC fingerprint 983a13ainaniUaanausn dledunaneldias UV 254 nm , 365 nm (B) way awse 10% sulfuric
acid solution in ethanol w&alsinanu5au 110 °C (C) wle US = uscharin standard, E= CGB-EtOH, D = CGB-DCM, A = CGB-EtOAC
way W = CGB-W

nsliFvhazaneiedeud chloroform: methanol Tushsidau 9:1 faifussuuiifianudauiunansisih fasan chloroform
fidation w0zl methanol fdhgs SnsrddenanideliansausnansiifienutauunanddogaiissAnsam nanimmaaosinu
asafnansansredaldfuuwiuianiea @adumaegfufiiid) asouhasussneumeluiinnudanainrans udlitnegly
nauiiiitagennn fegratu waluesdursia asfiuedn wieunuduiifauaudirmeluluiu Ssaunsondeuildfmuszuudah
azanuil [16]

3.3 nsuenasAlIznaUvasasanaraUAlewmatia Thin-layer chromatography (TLC)

naann1sunasanalulnazdIu (CGB-EtOH, CGB-DCM, CGB-EtOAC way CGB-W) wuenesAusenaunieg Thin layer
chromatography (TLC) wagiiuiy TLC Aildunaaeugnsdudawunilisenieds bioautography wuinaisannnnduldlvlyudugs
g1ailosnnanuduturedansluusias spot ignuenesnin UsualduinneNedugqaunsdla

4. a3UNan1ImAaeg

v
S o

kansveaeUgsiudaunIslasmeeududuinfigafianinsashidegdunid wuiansatannivdendusnlutu (cas-
W) Fuievuea (CGB-EtOH) uaz lnnaelsfinu (CGB-DCM) @1us0duds €. albicans TISTR 5554 1§ uenandansadnneiuludue
yuea (CGB-EtOH) daflgndlumsdudauuniiSaunsuuan (8. subtilis DMST 5040 waz S. aureus ATCC 6538) li8nsae Tnsdlen
MBC wiu 1500 lulasnsu/diaddns mam3%@&@uqm§€1’uQgﬁﬁuw%'é%aamiaﬁmﬁm"mmiLLaﬂaqﬁUizﬂammmié"gamﬂﬁﬂ Thin
layer chromatography (TLC) #2835 Bioautography Wudﬂmﬁaf‘ﬁ’mqn%gulﬂﬂ%ué’ug’a anuflosnansiinnududuiesiuly

AnAnssuusznia: nuideildudiuniwesseinineinusseaulinyns (266494) vesfidnavigadiven Tulnsfnw 2565
waglasusulssinaaiuayuimAdeannnasudaasiineimans Jeuazuinnssy unInedousens Yaudszunn 2566 (sadtya
R2566B052)
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UNANED: lafiunsin (FO) Alddunszsiuaznmaedluulamaassiiinanifiofiunsaiogdulpuazsandnluiiniug ‘wayada
3" wagnud FCuansisadadinmuardmadieUssynsvesqduvsdlufuiilugnisduasunsaiyuasnands faru Tunsfin
pdsilFasuiunsmanningluanwlaendeifiefnwnafiunanlafiuniinifieseafelneunanngdunisidudselon] Tnelde
nédug “weyatias’ fieny 7 Sunpaeuiiloysziiiunanistilafiunindl 200 wag 400 ppm wuimslilafiuvsing 400 ppm Loy
nategtioy 14 Yu annsaivdunavesduldedaiiteddey Tuvaed 21 Junddilafiuvdnd 400 ppm anansaduadunisiula
vosnlaegeiidudny dmsvaisd suindsunueaelsilad o mama”ﬁ’mLﬁwﬁmawwﬂummwmaaqﬁlﬁ%ﬂﬂﬁwﬁﬂ 400 ppm
Hunan 21 Yu vasiinisllaiiumginita 200 war 400 pprm aansawfin3uanaslsilad b Wunny duuiinauelsiiuesime
indundaannnnslilafiungn 200 way 400 ppm 1uiaan 14 Ju sgrdlsfiniu Aszoziaan 21 Sundanisnisiass Usunauelsi
uasdaeluynyanIsmaaesdisadindstu Mndoyadindniuandisiuinlafunindissesnafsraunsadaaiunmaivlaves
Fundrimlilaglifianuiiedestunavesussvnsuuaiisenulselovl

° o

md1Any: ladiundn, 91, nMsdnwilurasavaaey, Fauaa, NstasgAule, MSLR3QYURIIIN, @1SENLTALATIZALES

—_—

Abstract: Fermented chitin (FC) was synthesized and previously tested in the field to enhance ‘Benjanil 3’ growth
and yield. It was found that FC act as bio-stimulant affecting microbial population in soil leading to growth and yield
enhancement. This experiment was performed in vitro in sterile condition to see the effects of FC alone, without the
beneficial microbes’ effects. Seven-day old ‘Benjanil3’ seedlings were used to evaluate the effects of FC at 200 and 400
ppm on plant growth and photosynthetic pigment contents. The results showed that the addition of 400 ppm FC for at least
14 days could enhance shoot biomass significantly, while after 21 days, FC at 400 ppm significantly enhanced root growth.
Chlorophyll a content was increased by 400 ppm of FC after 21 days of treatment, while both 200 ppm and 400 ppm FC
enhanced chlorophyll b content. Total carotenoid content was increased by 200 and 400 ppm FC after 14 day of the
treatment. However, at 21 days, total carotenoid contents in all experimental set-up were similar. This data demonstrated

that FC alone could enhance rice seedling growth without the effects on beneficial bacteria populations.
Keywords: In vitro study, Biomass, Root growth, Photosynthetic pigments

1. unin

lafiu (Chitin) Wunedwesanssnveseusmesidu-uediia nglawniiu (V-acetylglucosamine) Sadusyiusluguuuuiolud
Guaqﬂqiﬂ51171Giaﬁué'aaﬁuﬁziﬂaiﬂlsamwLum—l,4 [68] 1ussrUszneufinulssialululasssaldenuisnouenvesdaisiminuuas
a¥aiBou [69] wanlauwadvasdadiiinluenandnsildle [70] Inenedmesveslaiiuilegnidinnyuetfiaszifindunedwosveslely
gufansgenvosaurisluiuumiadiioulul deacetylase amnsaviliiAalalnauld (711 sislafiu waslalnsudunuinlunig
Wumsnsgdunsiasyivinvesity lafiuddligninnusuldiduduniwetedunid Tnslafiufinuantfidusadines Elciton)
ﬂszﬁuiﬁﬁm%qLLia%uiuLLdmiﬂaqﬁué’hLaamﬂmmm'ﬁww%amw [72,73] HreUSvanmputilosnsysunananmanens vilsraudl
ArmgenaLysaikavauaunsiuinanaiealddty 74) fnatefiatvayuililafiumedu lumamsdssiuornineyda
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(Arabidopsis thaliana (L.) Heynh.) Tunasnnaass a1unsaifiunue1isn mmqﬁuuasﬁwﬁnam savialafiudanalufiama
Weafutuduneuad (Populus spp.) [75] wenanil nsltlefiunaglalneudsiinanszdunsaigdulavesiiviasugiadu q wu
W?ﬂ‘ﬁm‘é (Capsicum annuum L.) %o (Allium cepa L.) finnavied (Lactuca sativa L.) wagdnilne (Zea mays L.) \udu [76-
79]

1 (Oryza sativa L) \Buiimasushafidrdyuaziduanslulawsavdndmivuszunannniieimisedan Tngane
oghaddluvivia@ouas 90% vemandnvestriammnilaninanussimaluuauieds Tnednusnsefulunmudnuasyeseuen
vouudn & saduda ndu Susgiuudazitug anmadounisaiyiuln ufeisnsnanamsadidamansenudonuninuay
arsewnsluudavesinaguiu (80] lulwnsdngy 2565 Usenelnendndnnldvionun 30 dudu [81,82] foldinduunamanse
Tngwimilsveslan widmlneuisiuddsnaditgmuTmnanandadels 91fug ‘wayatias’ uiugindiiaulaouisn wiglan
faust Wsina $1n WWudnitldlserisuas Suiinalusiusazansduoyyadasygs Tusmnueilaniaildnenmamiunsuilan
wilvinananiads e 696 Alandusels 831 Famsmeaadludmiiinswuinisuiudadniusiviessein 123 luasavangle
Inenureuwmziudn safdanumsluasudundideansavarslalneu nsedulidmansgivlamessnuagly dividnanuas
dwiinuts usUTinueeolsilad o aaelsflad b wazualsfiussdluluiiindu [84] nsldansdaddanmiifiduusenouvedlaiiu
winlusziuiZeunnaes Tnalunsduaiunisedgivls wasiinuiinasandndioiug Sufuguun’ (nv69) uaziug ‘veunmany

s

Wy aegeildedAny [85] waznnmsfnwiluszduudamaass nuhlafiundnanseduaiunsdulauaznishinandnveadnaiug
‘“Lugyatiaz’ 1o [19] LLGiﬁgaﬁlaiawuﬁmsqlﬁiﬂmia'qLa%uﬂmﬁzy@dmﬁLﬁ'wﬁuﬁtﬁuma‘immwaﬂlﬂﬁwﬁﬂ wio Hunalaedoudila
funinluinasegduvidluauiifuuseloni (Beneficial microbes) uddswareonisadauivlavesity vioidunasiuuainiiaes
Hade dedu sAdeiteihnsfinu wavedlefiuniniifemaiiulmvestniug wugaias’ Tunzdaonde Wensuauuigiuitle

Mundinifinasonisiivlaveastniugiilaensmsalsl

2. gUnInluazisn1smaaes

2.1 NN99BNKUUNITNAADY
POALUUNITNAABILUYU complete randomized design (CRD) S1uiusgetioy 4 91 elU3suiisunavesiaiiumin (FC) 9
fsonssaiulavestilussezdunalunizUasnwe lnuyansmaasslsenaunie

(1) yaAuAY (Control) Aa 811157UgAS Yoshida [87]
(2) gansvaaesiisl FC U3ana 200 ppm iivaslue1ysiugns Yoshida
(3) gannsvaaesiisl FC U3ana 400 ppm ivaslue1ysiugns Yoshida

2.2 NMITASEUDIMNTINIZLALL DL UDIUAN

nswsaRemsiunzidsuiloevenudnaslitunounu Yoshida uarane [87] utmiafinnududu 1% wazifiuiu
(Agar) fieadudu 0.8% sl FC Wrldimnududuiirivun udniluleideiigumall 121 °C innudu 15 Ysudsemsedaduna
15 w1t Yaselemsemsjunzideniiodaduiasuds udrhlulinedeaudassly

2.3 msvlennswensini@euuiilaideiufinvasiagaudn

Sasheghandassi s vt vaiuwdnihlunenlurauiaiiussganseraneiemueanududu 70 %) iWunan 1
Wi udmlenluansavanelmieslelumas sy (Haiter® Kao, Thailand) Wadiu 6%(v/A) ndeufuiinanssulu (Tween-20) finnnududu
0.19%(v/v) Wunan 5 unil udmendnaddluansazanelmisslelunaslsvidudu 6%wA) wieuwelagldnuig 200 seusewiiu
a1 20 Wil udrdwharwareadethnduilinideududuna 3 widt d1uau 5 ads mhnduifliEwieruazeisluiandie
gon wdnhiegraudamzaduemsiiwieuld
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2.4 MINIZUAR
MIUAATINONIIFOUAIINAIUUBINITENT Yoshida §1uau 10 wiasievin wWilidesiigamall 27 °C WWuwan 1 dUanii uds
grendi11adlueImINAGRING 3 FATINUUNUNITNARDIIMYUA WInay 1 Ay

2.5 NM33IANSR3IYRUTATBIIINKAZEIRUY

Fanswsadulavasnddnluganisnaaesneg vn 7 Ju una 3 d&ai leenudeyaniswiyiule il

(1) AnugeessulazmNevessn Tameliussvinlagfamugeaesdduveanendnangunefeaelufieniigauaz in
ANENVBITINILINIINgIUNETMeTInTiTiauesnTige

2) hwinanuaziminuiwesiusazsn Tnsvhnmswendiuiusazsn tandeiminandeeiosmeaien 4 fumis wéa
uLHsTiguungll 60 °C iunmedietos 48 Falus authwiinuifanst udnsndaiminuiseedestdnady

2.6 MyuaTvanaasdlulu
Usunaansdlululuganisnaassane 9 v 7 Ju unan 3 dam Ansiziviunaasdlulu loun aaslsilad o raslsilad

b paslsiladviaviuauazualsiuesavianun Mnlussuiaafiuriiui (first fully expanded leaf) mMu3Bn15vee Amon [88]

2.7 MFATITUNANIEDH
AAszvimansanfanaelUsunsy IBM SPSS Statistics version 29.1.1 (IBM; USA) Tagiiasneiinindudsusiuniaden (One-
way ANOVA) uagiU3euifisudniadeseninsgnnismaaeddaglé3s Duncan’s Multiple Range Test (DMRT) i p < 0.05

3. HAN1TVARABILAZNITBAUTIY
3.1. Wava4 FC san1swsgiiulnvassnuazanduludnimiasnie

ndensla3u FC adasnnududu (200 ppm waz 400 ppm) unar 14 Ju ilinandadinsidulaniadugendngg
muAueEsiiivddymeaia (p < 0.05) Tnslawizlunguitlé3u FC fnrududu 400 ppm Fafldnhminanvesiu (nw 1A) uay
dminuisvesdu (1w 1B) gﬂﬁqm (291.6 war 78.7 fadndumuadsu) udlduanenafund1daiildsu FC Anmududu 200 ppm
othailduddnmeadn edslsfiony ndmadeduemsfifinmniy FC unan 21 Fu dhwilnan uasdhwinuisdnduesis 3 g

o o

msvneaesliunnansefidedAnada (1w 1A uag 1B)

dmsunsneuauesesnremslaiu FC luanmidasndieifiuna 7 u wuindinildsu FC fhuihanmnsnitlugn
nsnaaesmUANDEsitEdAYMI9aRR (p < 0.05) (AW 10) ushuiinuissnisaganisnaaodliuandisiu (am 10) usiile
nansly Tuganismaaesdifinnsli FC Waiisesu 200 ppm waz 400 ppm ﬁmav‘fﬂﬁﬁu’aﬁmﬁﬂamLLazﬁmﬁﬂLLﬁa'ﬁﬂﬁmLﬁmﬁuqaﬂdw
nanaaasluynaiuay uazidleduganisvaansiinat 21 fu wudn ndrdnildsu FC Aenuidudu 400 ppm Srwiinusgent

o o

Wntinantas i ninuieuesINgIveAN NAaeIRIUANeE 1N d Ay M9EdA (AW 1C wag 1D)

ANNEMYRITINTUANTUMNTEEEan Tunduilasu FC NimasdSinadianududuiniiugnsnunniiygnaiunuegiell
Heddty (p < 0.05) wdwnlasu FC Wuszeznai 21 Ju (aw 16) Tuvasiinnugeiu (w 1F) Tuiuil 7 ndsannldsu FC Ay
geewulunguiilasu FC 400 ppm Tr1AuEwINNIYnn1snaesdu q egdided1Any (p < 0.05) (12.3 WUAwAT) uWindaniui
.

Duduly anugeresdiudildsu FC 400 ppm Buasit Turasiganisneaesdy o danvasiuindy Wunalianugesiu Tugim

[

14 - 21 Juveswnyanisnaaedliuandeiuegdlidoddgmeada (aw 1F) Nillenaewnannmsitieaiugaesinililunis

naaes vilildanansaveneanuasdululauniy

MnuainanaenadeiunIstves Li uazane [89] Tiinslinilaiiuuarlalnsmluusine 15 me/L lunsidsanddn
adseansazatugns Hoagland anunsofiiudwiinanuasthminuisuesiu siuisnnuemvesnuazanugeasdiuldedad
foddqiilefisuiuyaniuau 1uAdeves Qu uazame [90] uansliiiuinnisldlalneuuiunm 100 me/L adluansazanegns
Hoagland lumsiaesndrvestnalng (Zea mays L) aansasianimdnandusassin wavanuenivesanldeadidoddy onise
99 Endo wazansy [91] nanimstiilafivunluliuesiinnududu 0.01%wA) wag 0.05%w/A) Tufinnmnsds (Brassica rapa var.
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perviridis) @113OLiNAIINET1IVBITIN ANNGazITTnuiauld Welsuiugamuaunlilasulaiuunlulviues Ssieaud
a5 a8 wndarudsenevvesiafiu / lalneudunuimlunisnsedunisuuaead n1sveedivewadivwasdiodaasunis
WAz UE8fIvITEUUIIN [92,93] Yinldigiiulssavannnisaadusinenmsliuity [94,95] wazdasunszuiunsdunsien

¥
av aa

PBLEALAT AL ANANTVINIAIALYDINY [96] FedanmananuIWIIeUNTn15I9 FC falldnysenavvealaiiu

3.2. Havas FC sauSunauasatulu

MNNANITNARBITe FC Aaviinaansdluly wandidiuinuiinueaelsilad o iisduedisdeidodunnngunussezim
nsnaaed (1w 2A) Taetavngluiuil 14 uag 21 w&insTH FC wudnguillé$u FC AUSanm 400 ppm daU3munaslsitad GR
ﬂ’j'vqmmiwmam?ﬁu 9 agluyEAgYsEnaA (p < 0.05)

USinueaslsfiad b adeedatuiinuesslsilad o neifinduesnsdeiiomdinnEumnaes ndminnislésu FC e
14 uaz 21 Yu Vineaslsflad b Tusundillésu FC feaosseiuamududuganiiinaunaslsilad b lumsvasesyaniuauitlslls
U FC agnafitdaddaynieedn (p < 0.05) (1w 2B) anadenanvhilsunanasisiladsaan (Total chlorophyll content) st
ogwiniileslunnngumuszasnamdanisli FC se (aw 20) Fdduiuil 14 uaz 21 ndsnsl FC Taenguitls¥u FC 400 ppm
Usinaunaslsfladiaundiingagn (4.27 uas 6 fadniw/niuveniwiingn sudidv) Swaves FC liivTinueaelsfiadifintud
aonAdesUNYITBve Kananont wazany [97] Fauansdliiiiuin nsly FC Amnududu 0.5% w/w) adufuitluseninsugndng
#Wug ‘913nenuzd 105” (KDML105) anansaifiuuiinaesansdaaslsilad a wazaaelsilad b Wiluld saufslusmuideres Percival
uazAg [98] ﬂqﬂﬁuLLaULﬁaﬂw (Malus sylvestris (L.) Mill) wazuwns (Pyrus communis L) lufuiifinislilafiuiinmnududy
0.5%(wW/v) way 19%w/v) nuiiiudSunanaslsiadimunneluluegaditeddy Saasieulddunuimedlaiiu lelnenidunis
dualunszuiunsdnnsinaelsiioduasiulsydvsnmnsdunmsiamosividuitludeuiauarludesd (99-104]

dnfutnualsiiuesdion (naw 2D) fmswdsuuasiiuansnsnneaslsilad Taglugas 7 fuusn wdslésu FC ynyn
nsveaesiuTiuualsiiuosdanandntios uivdinnidunmmeaeadunm 14 u nguilésu FC fuTumualsfiuosdifutuosed
tfoddny luvgigansvaassitlillédiu FC (amunm) Suiinaualsiivesdanas Insyanisnaaesitldu FC 400 ppm iduyanis
nanosituiinauelsfiuosdasian (0.56 fiadndu/nuvesihmiingn) lutananivinuualsiuesdlundinluusiasgansmaaesd
Auuanestusgsitedfmnaadn (p < 0.05) FaUsdin FC dronsedunsazanveualsiiuosdld (nw 2D) Fsaenadasiu
a3se Acemi [105] nuiinsinsdeailerdeveuesianas’ (pomoea purpurea (L.) Roth) Tuens MS fidnsiialalnguts
sUuutledlnuesuaswedmesfinrududu 520 mg/L fnaroniaifinduvesasdluly Idun naelsiiad a Aaelsitad b wasualsd
woesmun warluniideves Gursoy [106] Swandiiiuiimslalalnanudinrundudu 0.29w/v) 0.4%WA) war 0.6%wW/A) Tu
nsingndranimdnvesdeles (Carthamus tinctorius L) asnsatisifisyiunamonalsiiuesd win-ualsiiu uazlaletulululy
wuty nswealsfiuesdJuansdfifunumddglufinlssansameeanszuiunsdauasziuatiay msundesfinainanueden
engLadu [107,108]
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a1 navedlafiuvdn (FO) siemsiasaiulamedunnuagaiurestniiug ugyatias’ luannizuasaie (A) dminanvessiu

(B) dmitinuvisvessiu () Wmtinanvessin (D) Uninuiavessin () Anuen3veesin wag (F) Anugwesu Jeyailaaneade

Y 1 & o H A i v o a v A = ' =
Mg duduIu 4 G1las? Error bar LanAn +SE Tng@asnusALanAIeny o ‘Vli%‘él%lflﬁﬂﬂ‘] BENINIAINULANAIIVDININ

o o a

WU dltedIAysanan p < 0.05 935 DMRT
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a2 wavadlaiiundn (FO) sievSunaansdlulurestniug ‘wyatla3” Tuannedasade (A) Usunueaelsilad a (B) Yuw
aaelsflad b (C) Usinueaelsiladiianun (D) Usuaualsiivesdvionun deyaildananaionndiegradusiui ¢ gilaed Error

bar wanse +SE Tnedadnusfiunnsnetu a fisvernailn 9 wansdannuuandnsvesasnsieansdifudfyneedad p < 0.05 dy
3% DMRT

4. ayunan1maaeg

FC danasanisiiulavesnandnaniug ‘wayatias’ meldanmvaonidelnoianzlusudl 14 uay 21 wdamsli FC iuna'uﬁ
1§%u FC fivsunas 400 ppm ne FC ﬂiu(ﬂ1Jﬂ’13L‘Wll‘ZJu‘UEN‘U’JlI’Ja‘VNIquLLﬁuﬁﬂ sfmafivinaasalulu Toua ﬂaaIiWaa a,
Aaalsiad b uay LLﬂIiVI‘L!E]EJGWNMJJ@ fafy nsneassiuandlsiiuin FC ﬁ’]ﬂi’]iﬂﬁ%aiuﬂ’]im‘UIG]‘U@&EUTJ‘W‘NS Lumua3 i
aenndeafunsieluntas faty nsduasunsivlaiistuluwlaniudunalaonsaves FC mmmamawuqu wiazAeadesiunis
Wasuulaswesdanugaunidlufusmeniolinazdesinisdnuiseld

Anfnssuusznia: vaveuAnUIEN Winlnadu Wsaia 9 Nadvayumdadiegiswestniiug wyatias’ dmiuaide uay
ALGTEIYIYRNIENUALIATOUUALETING1VOTY NMATYINGNUAIENT ANINIAIEANT PNAINTANNTINIRE Tatiuayuiug
Tuns39e wag atduayunulumide
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Effect of culture methods on in vitro growth and development of Arundina graminifolia

(D.Don) Hochr. seedlings
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unfnge: MsinwmnaemaveswinesLar LILuseuBIF eSS v TR dusaundae livgauitune Tnethduseu
mjﬁymﬁumwmﬁvmuummsmmﬁymf‘f%ﬁmazmmsmmqm Vacin and Went 1949 (VW) flifiuglasa 20 n¥usiodns, dhagndm
gou 150 Jadansredns wazdulSiun 50 nfusedns USuiasenms 15 adansrenvusinziaes Tnownzidsuansneiu T
\Aoadugouuuomsids (1 dusovin) wasluemsivan (1, 2 way 3 aussratan) wudunal 12 &a1v wu slaeusou
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100%

mdaty: naeliRunguituaig, @auge1ns, WIS

Abstract: Effect of medium types and explant number on growth and development of In vitro seedlings of Arundina
graminifolia (D.Don) Hochr. were studied. Seedlings were cultured on 15 ml/vessel of semi-solid and liquid Vacin and Went
(1949) medium added with sucrose 20 g/L coconut water 150 ml/L and potato 50 g/L. One explants were cultured on the
semi-solid medium compared to the liquid medium cultured with one, two and three explants/vessel for 12 weeks. The
results found that liquid medium trended to improve better growth and development of seedlings than semi-solid
medium. The highest shoot (2.40 shoots), root (4.21 roots) induction number, and longest shoot length (1.57 cm) could
obtain when three seedling explants were applied to the liquid medium whereas the highest number of leaves (5.28
leaves), longest root length (1.89 cm), and the highest survival percentage (100 %) could induce on the semi-solid culture
medium.

Keywords: Arundina graminifolia (D.Don) Hochr,, Types of medium, Development

1. unin

ﬂé’qalﬁmﬁﬁmﬁumwLﬂuﬂﬁaalﬂﬁuaqa Arundina §ideminermansin Arundina eraminifolia (D.Don) Hochr.ag/luaed
n&aels] (Orchidaceae) Tussaumninuldluiiuiilas uaganeth ansedudmeauszann 2000 wns fnsnssneiusogluaaioulu
Wiy Wy Bude, wia, ng, 1iady, Felus, Junsuldtduleide wasavaymswddiin [1] Tudssmalnenulalunnie [2]
Tusznasunuindelivdadannsaduniilueinulseld o1fiu aanedudon (Dispersing blood) kazussimiannisan

GenePlus  Cogibthai D UeE o o8



17" Botanical Conference of Thailand

2 L1
et

Faculty of Science, Naresuan University, 12™-14" June 2025 Botanical Confarance of Thailand

(Relieving pain) 1Uudu [3] lﬂszmsuawajﬁuﬁumwé’nLﬂuaﬁﬁusj'jamilﬁﬁzglﬁuiwumﬁﬁuﬁé (Anti-bacterial agent) @13581n1A5IN
Tduenanuimu (Anti-diabetes), annngludiuludengs (Anti-hyperliposis), esulisasiugniaud (Anti-hepatitis) uaz1diu
il (Anti-HIV) 188ndae (4] edrdlsfmundreldfungduifuaneforndesgyiugluainiiuiinssaeiusld (51 iosnn
anmmnndentagiuiuasuniadly maanaan mafiundaslioanaint (6] iethaminduen (3] dilldiduemsliuivadnd
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Srinegnsluinnmeniiufifiduiudesuasdesnisuasinn [9] é’aﬂfw,mﬁﬂmiwmL?ﬁywLﬁaL?J'aﬁﬁaLﬁuﬁﬁwﬁqﬁazaﬁﬂﬁﬁuqﬂﬁu
néeldRunghivituaneiidssgaitusliaadiog Snisannsnifudnuldinaglussernaidumnga (10 dwiuermnis
wnzdsadieondelilasialudonges Vacin and Went [11] Tnsanugassenmsiiinsdosdidedu 2 anus Ao ormsiouds
(Semi-solid medium) wag 81915t (Liquid medium) %n%uﬁauﬂﬁwlﬁmwﬁm%Lﬁmmiqu?{sJuLL‘Umé’wmsgﬂﬁwﬂﬁlummﬁﬁq
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2. gunInluazIZnsnaaas

2.1. N lFlun1snaaag
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&ns Saufutunsun 50 nfusedns wazthana 20 niusiodns
2.2. F/MINAADY
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"\]'1143‘1«1‘0‘14?1’314LiiJffluGlE]U‘iii’]G]iE]’WﬂmiLMa’JVILLG]ﬂGYNﬂ‘L! FIR1TN9 1

A5 1 @nuzUeIIlTNziassussundeldAurg  AuTuAMEIIUILLANAIY

. 431105 UINTUEIU 2
/N douLems AVULNAADY o 2 sULUUNSLREY
27%15 (mU) AUDDULIUAU
1 Aauds 15 VINAIVUIA 4 Oz 1 -
2 VAR 15 anan u1m 50 ml 1 WEWRLIAUSITOU 90 FaURBUT
3 LA 15 anan u1m 50 ml 2 WEWREIAUSITOU 90 FaURBUT
4 L7 15 anan u1m 50 ml 3 WEWRLIAUSITOU 90 TaURBUT

a

222 aamenamzdss thludsduanmiaeaideluiiosigaumnd 25:2 ssaiwadea arudiuas 40 pmolm?s® 1y
i 12 Flusteu deaduna 12 §an

2.2.3. Ineusayisvnsmnaesiomn 3 41 TUHUNITNARBIMUUALARDA UITUTNNANITNAGBY §RIINITTBATIN Lasn1s
Wasuwamnsdugu Tas
2.3 nMsansevideya

ATITRANUUUTUTIUNNGEER (ANOVA) waziinsnzsinuuansneszninednadelagdd Duncan’s New Multiple Range
Test (DMRT) fisestuannandosiu 95% felusunsuiasies SPSS
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3. NANT1INAADIKATNITBAUIIY
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Ialunsdifidedtuduluemmamen Fadishedemenunsinumdunndnvaznsdniedugoudesiinunuiidsduemsiva
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Maan 12 dUanoi
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