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UNANELD

2MUUNA1 (Curcuma aromatica Salisb.) Favduiiesd oy lured Zingiberaceae Aoyt loiduarunanly
Lmaqmamm“‘[,mﬁumLmuimm Ium:uﬁiiummmmqmavmmsmL:uamuaamwﬂwmiwamwwuﬂiwmamsﬂsuma
‘wuﬁmlﬂmﬂ ey Taguszasruensisuiae LwaﬂﬂmsuuﬂLLavmmwmummmvamaqmsmﬂmmjamamsﬂmﬂau
mawumuwmamﬂmNaszJaaiﬁimlﬂuuma%ﬂmmmuaam NaNISANYY memﬂmuamaﬂmadm L‘ZJ&J‘U‘L! 0.1% Juan
10 w1 “Lmamsﬂmﬂauuaaam 26.67+5.77% Wariin1590ndsdn 53.33+5.77% mmwumwﬂaamma ANy ING
maqmuﬂLLavmmLmumumailsaim"l,ﬂuuamsumwnmaamm Tneduiuensangsgn 3.11+0.69 aaﬂmammu 19NYBA
VILW’]uLaEJﬂUu’mW]i MS i3l 6-Benzyladenine L‘UWU‘H 0.5 fladnsunedns saufy Thidiazuron WUTY 0.25 uaaﬂima
ans mumumumﬂmﬂaummwwLssmvmﬂmmm%amuummsmumsﬂaasu"l,ﬂaaﬂlszjmwaammiﬂwﬂau WU
wavLammumsﬂaasu"l,maaﬂlsm vy 19.2 fadniunoans (9.6 Tadnsunedns, S1uiu 2 a%) Iwmawam 1115080
msuudoule 100% o
AdALY: woAEnAaslse, a1smIvANNssRule, nsUudey, Weluaiise

Abstract

Wild turmeric (Curcuma aromatica Salisb.) belongs to the family Zingiberaceae. This plant is used in
cosmetic formulations and traditional medicinal applications. Naturally, there aren't many seeds in C. aromatica
Salisb, which makes it challenging to grow new cultivars or enhance existing types. Therefore, the objectives of this
research were to study the appropriate type and concentration of disinfectant against contamination of the
explant, and to study the effect of cytokinin on multiple shoot induction. The result showed that 0.1% Mercuric
chloride for 10 minutes gave the lowest contamination at 26.67+5.77% and the highest germination at 53.33+5.77%.
For sterile explants, the effects of various types and concentrations of cytokinin on multiple shoot induction were
investigated. The highest number of shoots, at 3.11+0.69 shoots/explant, was obtained from shoots cultured on
MS medium supplemented with 0.5 mg/L 6-Benzyladenine and 0.25 mg/L Thidiazuron For explants contaminated
with bacteria, they were cultured on medium supplemented with chlorine dioxide to reduce contamination. The
culture medium supplemented with 19.2 meg/L of chlorine dioxide (9.6 mg/L, two times) produced the greatest
results in 100% reducine contamination.

Keywords: Mercuric chloride, plant growth regulators, contamination, bacteria
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unin

YA (Curcuma aromatica Salisb.) LﬂUWGUNleILMQW‘UH’]G]I%ZUV]ﬁGﬂi“UE)ﬂ uamammﬂwslw,avmauaﬂ
(Vilayheuang and Chinachit, 2008) (Figure 1) Tng3 1uu1ef1da1500ngns n1adan1ni da1dynalsvda 1oy
Demethoxycurcumln Bisbemethoxycurcumin tag Aromatic volatile oil miﬂlmﬂaﬂwumLﬂuwa(ﬂﬂmwﬂiaﬂmmd
waEn 1N UNEYNSIU (Nura et al., 2020; Nature Products Network, 2007) Imm’mmqmumimﬂmwquﬁawwaumsJ
uagluAilse uiwaamwamsﬂﬂmmsmﬂamumammmmamuauLwﬂiuiaa wnInerdededdvy wunasatnainiu
wmmmiaawamimmﬂuawaumaﬂaisﬂlwmmum lum WuwuaiiSounsuuan Staphylococccus aureus
WUATILSBLNTNAY Escherlch/a coli §ian Candida albicans LLa‘”L‘UEJi’I Asperg/ lus flavus maaumamamlﬂummmm
nsiinlsaRamis TsAneade LLawLﬁuwammsﬂ,amfﬂ,uwmgﬂmmwﬂwsaﬂ (Boontim, 2017) Faansvaniaiviiamnn
Guummwaamuwwaammmﬂuaamm Uﬂmmsmmawuﬁ‘wmi navdey mmmmaﬂma n30UNT" (Muangkaevvngam
2016) Lumfmﬂmaﬂﬁjmmﬂmmu‘iumiﬁuawwuwﬂmwuL%ﬁ]aumﬂﬂmﬂau"l,m WeTAnanuuaiiGonaziies wu T
swmmmmmmmmamsa Pseudomonas LLauIiﬂiuammﬂmmﬂmaiw Phyllosticta 5p. (Keng and Hing, 2004) n1sUgniiy
Nﬂﬂuﬂ,wdaamLﬂaaLLaJmemumquUimmmﬂmmmwﬂ,sﬂmamﬂwmmww Lammawa Iﬂwuﬂwumaummﬂm
mmumim%mmuawawm fe nsvlenendetuauiivlvasn e Fennsadenlyasiaiivians q lumnuouay
Fomnzay wu T aulaiﬂﬂaalim (sodium hzlpoch orite : NaOCl) uaz Luamsﬂﬂaalm (mercuric chloride : HgCl,)
\Jum ImamiWaﬂmwamau%ﬂumamqmim fio ﬂaaiaﬂéu (Clorox) mmmawmmmsﬂaamL‘uaﬂuumuwﬁma
ARBTONT Sukontharat uazAas (2016) mﬂwumuﬂaamsua Immﬂmmwaﬂumaaiaﬂm WUV 20% (13 NaOCL Lusiwe
1.2%) '«mﬂuuaumaﬂaaiaﬂ% 10% (&5 NaOCl VY 0.6%) ﬂuumuwuﬂaam‘ua%m 68.5% Laohavisuti uazAn
(2017) V\IaﬂmLﬂuasnumummulumwaﬂ Bucephalandra sp. aeens NaOCl LY 0.6% PumeeRasnaaslsn (HeCl,)
YUY 0.1% Wmwlummﬁﬂmﬂaummauma amaliﬂmmmisumawuawﬂulmﬂimmaﬂﬂmLﬁummmﬁamimwm
mimmmuim’l,umiLﬁﬂmﬂmmiwwuwawumuwm fluddefiimestumsmzidsiedeiinsdds wu Vilayheuang
wag Chinachit (2008) L‘W%LamLuawaa’mmamwmmiam Murashige uaig Skoog (1962) (MS) L@ Thidiazuron (TDZ)
\wuy 2 fadnsunedns Iuaammam 12.2 aammamumu Muangkaewngam (2016) LWZLABIAMANITIVLBINS MS LN
6-Benzyladenine (BA) Lwyy 3 uaanimaam Twaamaaam 6.50 vAMBTUAIU Kamoltham WazAn (2016) nzides
NSEYIYATUUDIMNTEAT MS LHK BA mmmmu 4.0 uaaﬂimaami 59uffu O-Naphthaleneacetic acid (NAA) A
mmu 0.3 maammaam Imwﬂuﬂmﬂmﬂamaaa 5 aaﬂmammu ‘Pugabhang uagAnz (2016) LW’]”L@EJWU&’JL!WU@EJEJU
mamuumammmwuummi MS il BA Lusiwu 4 uaaﬂimaam 570U TDZ waay 2 fiadnfunedns niheemuniiqe
Wl 4.20 aammaﬂuumu amﬂ,iﬂmu ’LumqﬂimwuumuwsﬂwaawmaaaLﬂmmsﬂmﬁmﬂuiumwmumuﬂmwummu
yon mai’m‘wLﬂﬂimmmummw mamjaiw miﬂw,ﬂawawaumwﬂmﬂmmaLaEJmamimmmu‘lmaamu‘wﬂmuﬁu
mmwam mmwiﬁﬂmumLiﬁ]eumsumawuﬁmanﬁmvLamLuaLaauaaaq mLﬂumaam%umuwmnaumaa‘[:uamwﬂaam
Wodnass Jaglu sm:umsﬂsvanmimmsﬂaﬂmmaLmuaﬂummsmmammama LwaLwum’mmluﬂmmaumms
ammﬂwmuammmubmmmyEJynaﬂumimmmamu uay mumuaa (Cho-Chin et al., 2011) ansinilitienly Aeans
shmamamaaiumﬂummimwvLasmuawa i rglansnanlewmes (Kittisak, 2013) mmaaiulmaaﬂlﬁm (ClO,)
(Cardoso and Imthurn, 2018; Yang et al., 2013; Al-Otoum et al., 2016) Lﬂum‘u LLmmedmﬂ‘UmimmuLmuaﬂ,u
mmiivwmmimwwLaawumuwwﬂmﬁaumﬂwLia Lwaammsmmmuiwuawnamwmwummﬂmuaa Famslonaniu
imaaﬂlmmﬂivawﬁmwhmﬁmmLsuasw IV warladaleduaranuasnsalunssdadelusasiiadunsadunng
179 (pH 3-9) (Huang et al., 1997) uag miu"l,ammg”ﬂia’mumsauma iumwﬂgﬂimmLﬂuwwluL%aameLaVLsuaaama
(Cardoso and Silva, 2012) fawu TunsfnwiasstiddlavimsAnwufeiuriauazaruuruvesssvlonanigefivunzan
mmﬂawnumawumu LLavmi‘meimmumsmmLmﬁmﬂau"LsziIm"Lﬂuumamsmmaammmﬂmumuaamamumam
smmﬂﬂ‘mmmLsumumiﬂaasulmaan"Le'm1/1mmvamamsammsﬂmﬂaummmmnwmamua&mmuwwﬂmﬂau
Wouuaiiide

189 aUnsaluazIsng
1. ia@ﬁqf

1 UBBELYDINULA Curcuma aromatica Salisb. H1NNGUNBATNTUILMLENEITI FUAUILNAN Se T
E mimﬁmamiumswmam (Figure 1)

2. ﬂms/wm/aams NaOCl uaza13 HgCl, wsmum'lmmmmmnmonumamsﬂangennfa?umum77/aa77uu7am
mmwuaamumqmmmmmwmﬂmmmm 0.5-1.0 Lwufuns mammma ammamimuum'ﬁum unan
30 W1l LLmuwumuLmLLaaﬂaaaa 70% 1duaan 1-2 wil mﬂuummmummumiWaﬂ@nmamimma 2 wilo Ao
NaOCl (Fevnanisan Aaesene) way HeCl, (UTdn Ajax) mummaamalﬂu Ao msvxlaﬂmsmi NaOCl Lﬁumu 0.6%
0.9% war 1.8% waan 20 Wil wamlenmeasanASae NaOCl iuay 0.3% Wunan 10 uit amethnduienide
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mmu 3 ﬂi\‘i mumiWaﬂmams HeCl Lsumu 0.1% 1.5% wag 0.2% wJutan 10 ud mqmamﬂauuammammu
9 nds :mLawumummmumﬁWaﬂmmauummiam MS ‘1/1Uﬁﬂﬂmﬂmimummammmu‘[m ﬂ']&fLmLLawmmwmu
3,000 &na Lﬁunm 14 m‘lmmmu PUNNI 262 aammjmszjaa Wunan 4 aﬂm‘m Iumiﬂmﬂmiaummiwmammmm 6
awmaaq dmnansay 3 971 91av 5 990 VINAY 1 Fuau meﬂaswummiﬂmﬁau Lﬂaimummimmmaawumi
ﬂmﬂau Wesndurnsiinneendiluinmstudou uandesdunvestuandluvudeuarlusen mmwumimammuaw
amim (Completely Randomized Design, CRD) wazUSuifisuniadslngds Duncan’s Multiple Range Test (DMRT)

Figure 1 Characteristics of Curcuma aromatica Salisb. rhizome from farmers group of Ban Nong Suwan, Ban Klang

Subdistrict, Phrae Province (bar = 3.5 cm)

3. Anviravess1sAIuguNITIsQAUln BA w3a/Maz TDZ fissAunanududuunnaeiusasuaganvad
AuTruA luvasanaaad
mmumumummﬂuamwﬂaamLﬁua (mﬂmiﬂﬂmmaw 2) mm%aawummiam MS Ll BA WU 0 2.0 uag
4.0 uaaﬂimaam iwﬂumimmsalmmm TDZ wwaiwu 0 1.0 uag 2.0 Sadniunedns u’maawumumumumammﬂm
Lmemmmu 3,000 &n 14 Gll’ﬂmmmu UM 26+2 EN?HL“U@L“IJEJ?I unan 4 daw lunsfinspdsilvhnismeaes
favan 9 Awaans Ameaedar 3 91 91y 3 110 1INAY 1 Sudiu Tufindiuiugen AueIBen (WURLAS) S1UAUTIN
ANNHETITIN (IBURIAT) TRLRLNITYIAGBILUY CRD uazFeufisuniadelngds DMRT

4. Anvwavesnisinasaassulneenledlueimsiaussansnimaaunuidouvaiiseludusauiuidou
Tunaaanaaa

uwumumumammmiUuLﬂaumaLwﬂmia (mmﬁﬁﬂmmaw 2) EJWIfﬂ'5’1ﬂLLﬁ“’IUE]E]ﬂsLmJ‘Uu’]WUENa’]Gm 1.5
mummm UUﬂS”ﬂ’ﬁﬂ%“lj%uﬂ%’]L“Ua Lmeﬁuumummamamnaummma mmu 23 p¥q maav 30 U9 LLawzmmawusu
Teandosnads mﬂuuu'mumumLaaqmaiuammmamm MS L5y BA L‘US,J‘U‘H 1 uaaﬂimaam safunsinans Clo,
(M|>< Chlorine D|o><|de USEN Thai Blo Oxzine Company Limited) mmumammﬂmmu ﬂamsmma’rﬁ Clo, 91U
1 A33 (9.6 uaaﬂimaam) mmu 2 a%s (19.6 Ladn3UADENT) Lazd1UIU 3 s (28.8 fadnsunedns) afsaz 9.6 Taany
MOANT LHLES Clo, mqnuﬂﬁaav 7 'Ju 30 14 U (mmLmaqmﬂswmmmsmwwm Noppasee etal., 2011) mvmwm
AIUAY D Tfnans Clo, mﬂuuuwumummuLasJwumiammwmmmiau 60 iaumamm ALILES 1 ;300 &ne
m‘junm 14 ﬁmimmmu RIVHH 26+2 aammawaa W 30 qu ’Lumiﬂﬂmmqumwm 4 mwmaaq 98y 3 % 9 Ay
5 990 (VIRaE 1 Tuaw) ‘UumLﬂamumawumuwwﬂaamLmaaauma msnevauss msUudeuvesdenuaiise (Weu
ﬂwmmmm) RIINTIONTIN LLa‘vmmu‘lﬂiawuuimmamummi (colony forming unit per gram, CFU/g) lagndsann
ASINIELEBY 60 TU TUTNNATDITIUIUEDA ANNE1I80A 31UIUTU ANe1lU TIUIUTIA WAZAINLNITIN ITIUNY
Asneasauud CRD LLa‘”L‘UiEJ‘UWlEJUMLQaEJIﬂEJ’Jﬁ DMRT

n1seanygn mmm‘wm,aawaﬂmmmmﬂmmﬂﬂiaLiauﬂaumwaﬂ 2-3 au Immmiﬂmammmaﬂuaa
mﬂuummummamauﬂmwmm LLaummﬂuwuaswnauaaﬂﬂaﬂ Imﬂmmﬂaﬂ ﬂﬁuﬂaumamw 2 au Gusmuwan 1 mu
samumﬁwammuum 1 a@w mmﬁmmLLalem'mmuuamuwﬂummﬂaﬂmamﬂ%wmamﬂwaumwaﬁﬂmmwmﬂﬂu
sruuda LL@%WS’NLLﬁJIuIi&LiEJmW%%’] LwaamﬂmmmJuLmﬂuiimau L:uamuwwaaﬂﬂamimmmm Fanoy 9 115U
amwaumwwmalﬂﬂaaluamwmswmmlm

NawazIansal

1. HaYa9dT NoOCl Uacans HegCl, W?"@Uﬂ’)’lm?I?J?IuttﬁmﬂNf)i.!ﬁém75Wé7ﬁ2/7£°27é7?fiJéV’JiJW’I‘Z/éJ\?’J’IiJ‘lJ’)\?ﬁ’I
mﬂmiuwumum8aﬂ‘ummmmmﬂmmmﬂﬁv\laﬂmL‘UEJ mamﬂwumaaaﬁv\laﬂmmawLLmﬂmﬂﬂu ‘W‘U’J’]
mﬂ%miWaﬂ HgCl2 %umuwwmiﬂwﬂaumm 6. 67 26.67% ﬁmuaam'}mimﬂmami NaOCl mmm'ﬁﬂulﬂauaaizmw
80-100% Iﬂ&lﬂﬂﬂﬁtjﬂﬁﬂ@ﬂ HeCl, me%u 20% Tﬂﬁmi‘dmﬂau%ummmmﬂmuawam 6. 67% (Table 1) aEJ’NVLi
Anu miﬂaﬂ%awumu 13.33% :ummamwuamummL‘umuﬁua&mimﬂ HeCl, ‘1/1L‘1N3J‘U‘Ll maaﬂﬂaaaﬂumiﬂﬂm‘um
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Laohavisuti Loz Aty (2017) WaﬂmLﬂuaszjumummulumww Bucephalondra sp. maamuamiﬂﬂaalsm (HgClz) leJmJu
0.1% waz 0.2% wmﬂmﬂmaam&uawumuamaqmﬂ 50% LiaeLiies 30% laeans HeCl, wummwmum 1uwuamwmi
Yudou LLm‘wmmamwmimﬂaamwamaq Luawmms HgC Lﬁummmaim dlsmfectlng) JJi’IEJML!’J’l?{’li HeCl, L, lwlunns
yauazened oid o7 aztunyiinnsiizLa. aaLuaLaa TnUs1eannid es1uazuuaiise Taglyaru uvuusyann
0.05-3.00% w1y 1-10 W1¥i (Madhale, 2016) yonanilunisnaaosmua mumuwwumiﬂutﬁauLmemsmamﬂu
mmuaaﬁﬂ,m NULRNY mumw%msﬂaﬂ NaOCLImaLUaiLsuummimmaamauﬂmﬂauaasmaw 53.33-73.33% anuway
msUuLﬂau‘wwmm%mmawumu mewmu%ﬁuaamiﬂ lagonilddy) 4 feFuauvaning mmmmmmdumsmaaa
7i 3 Tngarswen NaOCl Lﬂjua’liwuwmmmam wazmi olaane LuawmmsuL{Tuamﬂimawaﬂmaauwwﬂmsﬂn
(Raesenguaelames) ) uAzENsaY msﬂ,smaulaiﬂﬂaalsmlummimEJLLmﬂmﬂumamaaiuLLa aaﬂmﬁ]uaamaamam muu
Uiuamsmwmaammaﬂwaaﬂuiuaunmmilﬂﬂi‘zmwuaams mﬂmsmLﬂGﬂ,ﬂmummumwﬂwﬂsmmamwmimma
mawumuwmamad (Nat|onat Library of Medlcme 2016 Tmﬂaﬂwm“mﬁﬂulﬂauﬁuawwmumsWaﬂmmi NaOCl Ao
FuausuiinsuudeuwuaitBedun wdmndususi LLavmﬂwam mes‘Waﬂma HgCl, Al umiUuLﬂauLﬂUaswa
\Teamseu (Figure 2) L:uawmmﬂummaamimmaam‘mimmiUuLﬂamvwmawwﬁmmwWaﬂmams HeCl, wntul
Immwlaﬂmﬁmﬁa g8y HeCl, ALY 0.1% Lutan 10 Wil Tmﬂamumminaﬂaaamaw 53.33+5.77 S948911AD
ansazany HeCl, L“U?A‘?Ju 0.15% uaw 0.2% unan 10 w1l Tnesifunnissenit 20.00£0.00 LAz 13.33+13. 77 pudsy
LmﬂmwwaamammuamﬂwEN (P<0.01) 40nAABIRY Pumisutapon UagAuy (2018) ﬂmﬂmﬁwgﬂmwﬁaluﬂuﬂmi
(Selaginella siamensis) Imuwumwawa@mmmm HeCl, wwaiwy 0.1% utu 5 Wi m:uamwmaﬂmﬂauma%umam
#ign 40% LLauuamiﬂmﬁammmaamm 60% uaﬂmﬂummwamumiﬂﬂmmiquﬂsyammwmsmﬂmLszjaimaisumiv\laﬂ
2ot HeCl, 523U NaOCl 9N5181UN15I38Y0S Pongchawee wazAaly (2011) maaQWaﬂmwammmawumuma
oAvIluNg (Cry/otocoryne affinis) mamwxlanmmamm 119 NaOCl wwsiwu 2% unu 15 wiindad 2 1611 HgCl, Lsumm
19 w1 20 wnd vinlwmdedevedlume umiﬂmﬁaumaaaummwm 15% waz umimmﬂmwﬂaam‘ua 85% muu
wmsnsnwaeluonafinsyesiarlunenaieans HeCl, lwawu 0.1% wislvanswen HeCl, 53ufu NaOC iuny @
Em]LﬁjuLLu’mwﬂumiﬂﬂmmﬁNaﬂmLsziamumnmlm
Frasu Iumiﬂﬂmmwﬂﬁv\laﬂmLﬂuamumumanmmqmmﬂuaﬂwaammmaaqmamamiauma HeCl, Iy
0.1% Lﬁ‘unm 10 w i ’meammﬂmwwm fio IwLUaiL%umﬂniqaﬂaqam 53.33+577 faguauiivasnidewardannse
sharlrlumsifusuumdunsfnsnely

Table 1 Contamination, regeneration of contaminated explants, non-contaminated sections and
non-germination, and germination without contamination on nodal segments of C. aromatica sterilized
with different sterilization procedures for 30 days

Surface sterilization Regeneration of Non-contaminated Germination
1 time 2" time Contamination contaminated parts and non- without
Sterilizing Time  Sterilizing ~ Time A (%) (£SD) explants® (%) germination (%) contamination
agent (%) (Min.)  agent (%) (Min.) (+SD) (+£SD) (%) (+SD)
0.60 NaOCl 20 0.3 NaOCl 10 100.00+0.002 53.33+5.77° 0.00+0.00° 0.00¢
0.90 NaOCl 20 0.3 NaOCl 10 93.33+11.552 66.67+11.55% 6.67+5.77¢ 0.00¢
1.80 NaOCl 20 0.3 NaOCl 10 80.00+10.00? 73.33+5.77° 20.00+0.00° 0.00¢
0.10 HgCl, 10 - - 26.67+5.77° 0.00¢ 20.00+0.00° 53.33+5.772
0.15 HgCl, 10 - - 13.33+5.77¢ 0.00¢ 66.67+11.55° 20.00+10.00°
0.20 HeCl, 10 - - 6.67+5.77¢ 0.00¢ 80.00+0.002 13.33+5.770
F-test % *% % *%
CV. (%) 30.12 24.92 25.57 34.19

** significant different at P < 0.01, Means followed by the same letter within each column are not significantly
different according to DMRT.

A The contamination record is the number of parts that are contaminated with both bacteria and fungi.

B Regeneration of contaminated explants are recorded from contamination data (A).

2. wavess1sAIVRNNISR3YAULn BA wSa/Maz TDZ fisziundnuituduunnaeiunad1uIueanvassuTIuuIes
lunasannass
mﬂmauwumuwwluumsﬂwﬁaumaaauma UTAUABIUL TS MS Aifiuansmunumsaisiulnngy
lalaladufiumnaneiu wun maaammmammwavLamuummsam MS fist BA L?Jll"llu 0.5 fladinsumedng sauifu TDZ
T 0.25 fadnsunedns msuausengaiian 3.11 sonnetuauiis (Table 2) WoRinsafnnuenieeanun 013
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dn3 MS vﬂ,umumimmumimmmu‘m Iwﬂanuﬂwaaam 3.10 WURWAT JernueeenasulsunduiusIvILEen N
SunuseniiUinaann wvinenusmeenduag aamamnummﬂmmm Pugabhang uagAny (2016) ANEIAULTIYY
maamsmmmmsmmmﬂmﬂaulszﬂmlﬂuuiamu (BA 521U TDZ) Lwamemmuaamawuaaauumasmum (Curcuma
pierreana Gagnep) wumuaaaumm%mm‘uum‘miams MS UimmﬂmimummimmLmuimiummmamam fo
5.22 \wufuns unildnougen 1.46 von Imammimmm BA LUy 4 maammaam 53U TDZ lfumu 2 uaaﬂimaam
fdnaugeanasuniian .20 yonneT AN memmwamammmamamummmu uaﬂmﬂuiumiﬂﬂmu WU
wuaaammmﬂmwL‘Wu‘uumuaﬂwmulﬂumﬂuamm wwumuuu LLauLmnluaamuwam (Figure 3) 1ilofiansaunds
FWUTIN WaEATIENITIN WmmuaaaumwuLamuummiwlulmLmJaa{[uuﬂauieﬂmlﬂuuummuiwmLaumm&mi’m
aam’muaaaum‘wmLam‘uuawmimuaaﬁiuuﬂaﬂdmlﬂuu 3.56 510 WaY 3.77 WWURWIAT MUEIRU aamﬂaamumiﬂﬂm
294 Neera uaransy (2014) ﬂm:mma‘uaa”l,saimlﬂuumami%ﬂuﬂwmmmmmumnu (Helianthus tuberosus L.) WU 81W13
an3 MS Us1Anmasmuaunsiaseiule lzum:uWiaszmuﬂwmw,mumwmmmwnmummﬂu ilesnsesluunguilalslaiy
LﬁuaaﬂmuﬂawmLaiumiaiwaam TgannaaInnsfimeanuniang Sumuwilunsdsuanimges Wuets wasdn
hlmAadumite (Kalawong, 2018)

Figure 2 Characteristics of explant after sterilization for in vitro culture establishment in C. aromatica (A)
contaminated parts from disinfection by NaOCl (B) regeneration of contaminated explants from
disinfection by NaOCLl (C) non-contaminated parts and non-germination explants from disinfection by HgCl,

(D) germination without contamination explants from disinfection by HgCl,. (bars = 1.57 cm)

Table 2 Effects of different kinds and concentrations of cytokinin on the number of shoots, shoot length, number
of roots, and root length of C. aromatica in vitro after culturing for 30 days.

Plant growth regulators

o0 — No. shoots Shoot length No. root Root length
(me/V) (me/V) (£SD) (cm.) (£SD) (£SD) (cm.) (£SD)
- - 1.44+0.51° 3.10+£1.32 3.56+1.64 3.77+1.64
0.50 - 2.33+1.33° 4.52+0.28 0.00+0.00 0.00+0.00
1.00 - 2.11+0.69° 3.90+1.20 0.00+0.00 0.00+0.00
- 0.25 2.00+0.88° 2.96+1.43 0.00+0.00 0.00+0.00
0.50 2.22+0.69° 3.76+1.34 0.00+0.00 0.00+0.00
0.50 0.25 3.11+0.69° 3.61+1.63 0.00+0.00 0.00+0.00
0.50 0.50 2.44+0.84° 3.88+1.04 0.00+0.00 0.00+0.00
1.00 0.25 2.33+0.88° 3.78+1.87 0.00+0.00 0.00+0.00
1.00 0.50 2.11+0.51° 3.33+0.84 0.00+0.00 0.00+0.00
F-test * ns
CV. (%) 35.87 32.99

" non-significant difference
* Means followed by the same letter within each column are not significantly different according to DMRT.
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°o o a

amqmuamﬂmw (P<0.01) Fumslufia Clo, adusnmsineides (Table 3) Tngasiuas MS luiiuans Clo, ins

Yoe
a =)

Uaam%aa}auwiaaw 33.33% Lu@ﬁﬁ]’]ﬂ‘UUﬁ’JUW‘UWU’m’ﬂ%Mﬂ’]iU‘ULﬂ@‘UL‘U@LL“Uﬂ‘V]Li&]‘ﬂﬂ‘ﬂ@’]‘lﬂillamﬁmuﬂum@ﬂﬁ%’?’mu

(Figure 4) Lgaugmwaawsmmmmmamsdummi WU MNTINIELEBRY CL 0, Usueu 19. 2 fiadnsunedns (Hiu
mmu 2 A3 ﬂiaa~ 9.6 Hadnsunedans) 1uwmjal,wﬂmsaiummi Tagnsianans ClO, s 1 %y ‘Uimm 9.6 uaaﬂiu
maam mﬂﬁﬂgwmwﬂwLisflummi asm 1x106 CFU/g amqliﬂmumim:umi clo, mmmammiﬂutﬂaulmm 60%
aamﬂaaqmmm%ﬂuaa Kasam uaganiz (2020) fidnwnaves Clo, mami‘wﬂfwﬂaaﬂwa‘lumimeamummhmuwaa
Pvans Clozmumummmmu 100 fiadnsunodng muwuawaﬁﬂ,uﬂWia‘umﬂﬁUuLﬁauwaaaumﬂummi wﬂ,mamﬁ
13580 100% Tagnisidvans Clo, annsaannsuudou Luaqmﬂmmauumiumiaaﬂlsmm mmJi savisnwlunisenide
wupfiselammsny mmsammammaul%u UaYITUUAUATIE Miﬂimu mmﬂwimmwaamaﬂim (Huang et al., 1997;
Gordon and Rosenblatt, 2005) Lua‘wa]1mnmamswmsmauauawaamumqm Tuamsivan MS LG]JJ clo, mmumqum
Fu MsnevauswaTuAILTindULBAT LuammmwamimamL'ﬂuivﬂ“nm 60 U ﬂimﬂg’n FuguuulAe
’Lummsmmam MS LAy CLO2 F1uu 3 Ads ummsmaaq mmu,a msﬂwam aamﬂaaqﬂmwmummmen‘uaa
Srichuay Wag Te-chato (2014) NNAUD Clo, mmwmuawﬂmﬂmmsmqﬂmsmml,muiwumauﬂ smmmmm Uy
1ule3ueAmes YanaNEaNNSANE WU muwﬂmﬁauuaﬂuﬂmﬂaumaLwﬂmimuumiwmmu‘m AD MUIUYDA
(2.00+1.32 - 2.83+1.26 LWUALUAT) mmaamu (2.00+1.32 - 3.38+1.28 LuUfLUAT) 97UUIIN (0.58+0.37 - 2.67+0.76
LEURLLAT) LaYA11819510 (0.36+0.63 - 1.50+0.85 L4URALUAT) 1mmmuc~mmqmqaam (P>0.05) (Table 4) lnvyond
aﬂwmvLﬁuammaauLLmaaﬂm Ay aﬂwmviﬁmmmama (Figure 4c) mﬂuumaiﬂmuwamvimmﬂwaam‘wmaaa m"LiJUaﬂ
aumaimamﬂmmﬂaﬂ AB NINY YU WS WAZUVULAS (2.0 1.0 : 0.1 Lm)lmamwmisamm 100 L‘Uaimum
(Figure 4d)

Figure 3 In vitro C. aromatica was grown on MS medium with BA or/and TDZ added at various concentrations after
30 days of culture (bar = 1.57 cm). (A) Plantlet cultured on MS medium without growth regulators (B) MS
medium with 0.50 mg/L BA (C) MS medium with 0.50 mg/l TDZ (D) MS medium with 0.50 mg/L BA and
0.25 mg/l TDZ.

Table 3 Effect of different concentrations of ClO, on the microbial-free plant parts, explant response, and
bacterial count of C. aromatica after culture for 30 days.

Clo, ClO, sterile (mg/L) Microbial-free plant  Explant response Bacterial
(mg/L) 1%t Week 2" Week 3™ Week parts (%) (£SD) (%) (£SD) count (CFU/g)
- - - - 33.33+19.10° 50.00+26.67 66x10°

9.6 9.6 - - 100.00+0.00° 83.33+19.10 1x10°
19.2 9.6 - 9.6 100.00+0.00° 50.00+26.67 00
28.8 9.6 9.6 9.6 100.00+0.00° 33.33+19.10 00
F-test ** ns
C.V. (%) 39.08 43.19

"s non-significant different, ** significant different at P < 0.01

Means followed by the same letter within each column are not significantly different according to DMRT.
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Table 4 Effect of different concentrations of ClO, on number of shoots, shoot height, number of roots, and root
length of C. aromatica after culture for 60 days.

Clo, ClO, Sterile (mg/L) No. shoots Shoot length No. root Root length
(mg/V) 15t Week 2" Week 3™ Week (+SD) (cm) (£SD) (+SD) (cm) (£SD)
0 - - - 2.17+£0.76 3.22+0.19 2.22+0.48 1.00+0.30
9.6 9.6 - - 2.83+1.26 3.38+1.28 2.67+0.76 1.50+0.85
19.2 9.6 - 9.6 2.17+0.58 2.17+£0.58 2.67+0.58 0.76+0.66
28.8 9.6 9.6 9.6 2.00+£1.32 2.00+£1.32 0.58+0.37 0.36+0.63
F-test ns ns ns ns
CV. (%) 41.04 38.66 50.24 76.77

" non-significant different

Means followed by the same letter within each column are not significantly different according to DMRT.

GEIL

o ﬂﬂiWaﬂﬂmﬁb%ﬂégumwmaadwuuwnﬁwgwnnwsuaﬂwaamwmaga1%%uéauﬁﬁ%uwm 1L%u§Lym5558613Waﬂ HgCl,
WY 0.1% Uy 10 Wil IMLﬂB%L%uG‘; AsUuUeun 26.67+5.77 LLas%umuﬁminamﬂuaamaﬂamﬁ 53.33+5.77% 189910
wauLaaq30'n4a1ﬂuuu1%uaauaammu1ﬂ 1 LgUFLLAT 1N Laaquuawwwsams MS i BA A2Mla9u 0.5 Sadndume
amiiaMﬂU'TDZ ALY 0.25 fiadnSunedng aWMWiamﬂlxﬂuLﬂﬂﬂ@@lﬂMWﬂﬂqWBWM15vﬂumeaWiﬂqUﬂuﬂWiLaiaumuim
uaammwmam 30 Tu ’ﬁ’m‘i‘U%uﬁ’Ju%MﬂﬁﬂuLﬁEJULGUEJLLUﬂVILi‘c’J mmmmaaﬂ,u IMIVAIGAT MS LAY CLO, LT
192:uaaniumaami(wm12 st pfsay 9.6 uaaﬂiumaami)wnimmuaauW%UaasnmauUﬂvnia 100% $asnsnevaued
5000+2667L%VlMWIu%auUﬂmvmﬂuQWWWiLmalmmuwauU3mﬂwﬂwaa@wmaaq1xﬂﬂﬂaﬂautnaimaﬂwfhnamﬂaﬂmewiwe
%8MuWi13 LASLAULAY (2.0 1.0 1 0.1 1917) $79IN1530RTI0 100%

AnmnssuUszNIA

Q’m’mEJQU‘UUI@?‘U%U@WWUHW]TNEJ Eﬂ’]ﬂﬁWUﬂ’]QHLLﬁ WU M%’]’WIEJ’]ﬁ‘EJi’W‘UﬂﬁU’WJﬁ@JLWULEZI’]‘WquH bbaY ﬂall
Lﬂiﬁ(ﬂiﬂiU’]u‘Viu@ﬁﬁ’]iim muamuﬂmﬂ QQﬁ’JﬂLLWi ‘VI’EJ‘LlLﬂi’W ﬁ’]ﬁﬂ‘W‘Yl (1NUUAN) m’lmsluﬂ’ﬁmaaﬂumau amu‘wm
’JR]EJMEN’LJQUG]WWLW’] La‘t’NL‘UEJLEJEJWGU mmwwmduiasmﬁmwm ﬂ'li@li’J‘i]ﬁEJUUUL‘ZI@LLUﬂVILiﬁlu@?ﬂ?iﬁ]ﬁﬂﬁ’]‘ﬂ’ns{ﬁ
wialulagn13111s ﬂmvmmmamuavmﬂuiaa QJ‘VI’]’]‘V]EJ’]aHiﬁ‘UﬂQU’WUEﬁﬂJLW’«JL%W‘Wi‘”U’I LLa“ﬂ’liLﬂQJ‘UNEﬂ’Ju‘lﬂiU
miauuauumammammmﬂﬁm’mmmamua L%ﬂiuiaﬂaiﬂﬂiﬁﬂ ﬂmv’gmmmamw,avmaiuiaa ll‘Vi']’JVlEJ’]ﬁEJS’]‘Uﬂ{]
UATAITITUIY

LBNEN5919849

Al-Otoum, F., Al- Ghauti, M.A. and Ahmed, T.A. 2016. Disinfection by-products of chlorine dioxide (chlorite, chlorate and
trihalomethanes): Occurrence in drinking Water in Qatar. Chemosphere 164: 649-656.

Boontim, N. 2017. Curcuma aromatica Salisb. Available from: https://stri.cmu.ac.th/article_detail.php?id=73 . [access on 2 July 2023].
(in Thai)

Cardoso, J.C., and Silve, JAT. 2012. Micropropagation of gerbera using cholorine dioxide (ClO,) to sterilize the culture medium. In
Vitro Cellular and Developmental Biology-Plant 48(3): 362-368.

Cardoso, J.C., and Imthurn, A.C.P. 2018. Easy and efficient chemical sterilization of the culture medium for in vitro growth of gerbera
using chlorine dioxide (ClO,). Ornamental Horticulture 24(3): 218-224.

Gordon, G., and Rosenblatt, A.A. 2005. Chlorine dioxide: the current state of the art. Science and Engineering 27: 203-207.

Huang, J., Wang, L., Ren, L., Ma, N.Q. and Juli, F. 1997. Disinfection effect of chlorine dioxide on bacteria in water. Water Research 31:
607-613.

Kalawong, S. 2018. Plant tissue culture for agriculture. Bangkok: Agriculture and Agricultural Technology Bansomdejchaopraya Rajabhat
University. (in Thai)

Kamoltham, M., Puconsan, S. and Chanapan, S. 2016. Plant tissue culture of Kaempferia parviflora. Songklanakarin Journalof
Plant Science 3 (Suppl.) (I) MO2: 74-78. (in Thai)

Kasam, W., Wangwibulkit, M. and Lachavisuti, N. 2020. Effect of chlorine dioxide (ClO,) on sterilization in micropropagation of Anubias
sp. ‘White’. Journal of Fisheries Technology Research 14(1): 65-72. (in Thai)

Keng, C.L. and Hing, T.W. 2004. In vitro propagation of Zingiberaceae species with medicinal properties. Journal of Plant Biotechnology
6: 181-188.

Kittisak, C. 2013. Influence of commercial bleach on sterilization of Persian Violet (Exacum affine Balf. f. ex Regel) tissue culture media.
Rajabhat Journal of Sciences, Humanities and Social Sciences 14(2): 35-44. (in Thai)

Laohavisuti, N., Ruangdej, U., Seesanong, S. and Wangwibulkit, S. 2017. Effect of disinfectants and plant growth regulator in aquatic
plant Bucephalandra sp. Micropropagation. King Mongkut's Agricultural Journal 35(2): 95-103. (in Thai)

a2 2. WYAIANTaYAIMATUNT 11 (01): 36-43
Songklanakarin J. Pl. Sci., 11 (01): 36-43



Kalawong et al. (2024)

Madhale, S. V. 2016. Effect of HgCl, on surface sterilization of explants of Momordica Cymbalaria hook. f. Journal of Science Research
International 2(1): 39-43.

Muangkaewngam, A. 2016. Micropropagation of white torch ginger. Songklanakarin Journal of Plant Science 3 (Suppl.XIl): M02/8-11. (in
Thai)

Murashige, T.R. and Skoog, F. 1962. A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiology Plant
15: 473-497.

Noppasee, P., Wansanit, P., Rungrueng, P., Rittirat, S., Suwanno, S., and Kalawong, S. 2022. Effect of chlorine dioxide on in vitro
contaminated plant and plant nursery by azolla-mixed plant material of Curcuma comosa. Journal of Science, Engineering and
Technology 2(2): 36-46. (in Thai)

Nature Products. 2007. Zingiberaceae Curcuma aromatic Salisb. Available from:
http://www.natureproducts.net/Forest Products/Gingers/ Curcuma aromatica.html. [access on 25 July 2020].

National Library of Medicine. 2016. Sodium Hypochlorite. Available from: https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-
Hypochlorite. [access on 7 April 2024].

Neera, S., Soonthorn, W., Mongkolpun. P. and Hongpukdee, P. 2014. Effect of cytokinins and coconut water on in vitro shoot
induction of Kaentawan (Helianthus tuberous L.). Khon Kaen Agriculture Journal 42(Suppl. 3): 328-334. (in Thai)

Nura, M.U., Thaigarajan, P., Nafiu, A. and Seok-Ming, T. 2020. Phytochemical and pharmacological properties of Curcuma aromatic
Salisb (wild turmeric). Journal of Applied Pharmaceutical Science 10(10): 180-194.

Pongchawee, K., Pipatcharoenchai, W. Pradissan, R. and Kanthrong, W. 2011. Tissue Culture of Aquatic Plant Cryptocoryne affinis
Hook. Bangkok: Inland Fisheries Research and Develop Bureau, Department of Fisheries. (in Thai)

Pugabhang, B., Saensouk, S. and Saensouk, P. 2016. Tissue culture of Curcuma pierreana Gagnep. for conservation of rare plant in
Thailand. KKU Science Journal 44(2): 294-306. (in Thai)

Pumisutapon, P., Saisueb. S. and Rodpradit, S. 2018. Studies on surface sterilization and callus induction in Selaginella. Agricultural
Science Journal 49(Suppl.): 270-272. (in Thai)

Srichuay, W., and Te-chato, S. 2014. Effect of chlorine dioxide (ClO,) on sterilization in micropropagation of pineapple cv. Phulae by
bioreactor system. Khon Kaen Agriculture Journal 42 (Suppl3): 75-80.

Sukontharat, P., Khawniam, T. and Te-chato, S. 2016. Micropagation of Curcuma longa Linn. by tissue culture from ex vitro sprouted
rhizome. Songklanakarin Journal of Plant Science 2(2): 36-40. (in Thai)

Vilayheuang, K. and Chinachit, W. 2008. Tissue culture of Curcuma aromatica Salisb. Khon Kaen Agriculture Journal 36 (Suppl.): 229-
233. (in Thai)

Yang, X., Guo, W. and Lee, W. 2013. Formation of disinfection byproducts upon chlorine dioxide peroxidation followed by
chlorination or chlorination of natural organic matter. Chemosphere 91(11): 1477-1485.

a3 2. AYmansaNvaIuAsuns 11 (01): 36-43

Songklanakarin J. Pl. Sci., 11 (01): 36-43



