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waztniilfiAnsInULeMSgRs MS A 1-naphthaleneacetic acid (NAA) At 2 me/L Tneimng
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Aesoauazsnidiewin NaOCl anududu 12 mL/L uae Clo, Mgy 50-100 mg/L Tngildruiugen
|08y 3.8120.53 84 5.16+0.33 88 $1UINTIN 19.88+0.96 f9 21.411.33 1N Wa¥AINE1ISIN 1.29+0.11
f19 1.75+0.37 cm Auduizsniuguaseniin 100% vidseanugnluan nsssuiid
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Abstract

Plant tissue culture is widely used for pineapple propagation due to its ability to produce
many plantlets but the cost of media sterilization through autoclaving is expensive. Medium
supplemented with disinfectants can achieve sterility and cost reduction. However, these disinfectants
could affect shoot multiplication and root induction of pineapple grown under aseptic conditions.
Therefore, the objective of this study was to investigate the effect of various concentrations of sodium
hypochlorite (NaOCl) and chlorine dioxide (ClO ) on shoot and root induction of pineapple cv. Phulae.
In vitro shoots were cultured for 6 weeks on MS medium supplemented with 1 mg/L benzyladenine
(BA) for shoot induction and on MS medium supplemented with 2 mg/L 1-naphthaleneacetic acid
(NAA) for root induction. NaOCl at concentrations of 0.5, 1 and 2 mL/L and ClO2 at concentrations
of 50, 75 and 100 mg/L were added to the medium for sterilization, compared to autoclaving (control).
The experiments were arranged in a completely randomized design with 7 treatments and 4
replications. The results indicated that a 100% sterilized medium was obtained by adding NaOCl and
CLOZ. Furthermore, the application of 1-2 mL/L NaOCl and 50-100 mg/L ClO2 did not affect shoot
and root induction. The number of shoots ranged from 3.81+0.53 to 5.16+0.33, the number of roots
varied from 19.88+0.96 to 21.41+1.33, and root length ranged from 1.29+0.11 to 1.75+0.37 cm. After

transplanting the plantlets, a 100% survival rate was achieved.

Keywords: Chlorine dioxide; Sodium hypochlorite; Culture medium; Ananas comosus cv. Phulae
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1. unin

&ulzsn (Ananas comosus) \Juwalditdl
Usinunsuslaaunndudusudy o vedlan nandn
smveslanuszann 18-22 dudusel Usvidlneg
Tnananl 2564 91U 1,750,630 fu dn1sdsean
dulzsnluguvesussydusinssdesunndududu
wiliweslan [1] aaralanluninsiudadeanis
FuursalulSunannn aaiandndiindnduzsn
nszllowuazinduiyan Tiun ansgensni weswil
Ay Lusosuaws uaziaea 2] é’uﬂsﬁmﬁﬁauﬂqﬂ
wazUslaaivanvateaeiug neiuggua (cv.

o a

Phulae) \Jududzsaiugnisiifiduinialusiva

o saa v

wika Jmiadesse 3] Wuiugidanudenis

winluguremmaanuazulszundlunagiaUseime
[4] Msveneiuganunsalddiusng g voeiu laun
vio azifiss uazqn udiiledeanisugndiuaumin
druiildaeeiugivaridiindluifivamesonin
Foans wazdvualdwiiy liasiiawe vilsinng
wigivlavessulinioniu dwalminteymilunis
dnnsugn Ly nstdueenaonuagnsiuien
nawdnlianisavinlawsaudu [5] F9lasinisun

¢

weluladmaweidsaiodemntielumsveeiug
Fulzan [6, 7, 8] Wenandusuunnlngldsyes
nand g dufivunasiaueiniy uasasamuiug

Tumsimnzidsailodefivdusfugoniis
pwnamedssegluanimuaondeqduvad dagi
Tl dmsfeilinusulerh wendie autoclave Lile
ﬁaﬁﬁmsﬁaqﬁuﬁ‘ﬂummi flosnazain uawdl
UsganSnmgs uslidednrin fie siuma wazmnld
wiiethnnusiledhadadldlvi viouuudaluli
ﬁqwaiﬁ@funuﬂ'ﬁwamqq%u nndeymninanadsladl
mﬁﬂ’wmsmﬁﬁﬁ@mauﬂ’mumsﬁwawqauw%ﬁ
Wy Aapsulneanlen (chlorine dioxide; clo)
Todeulalumaslsi (sodium hypochlorite; NaOCl)
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lelnsiauasesnlast (hydrogen peroxide; HO)
uaznilaulolofu MislumAu (povidone-iodine)
udnluemnsineidsaiederiiovinlemsi
anmmdasnidie uavanusahlumnsidduddi
1§ Fldfissaumafuaseifisiauaudiluns
vhaneqaunidadluenmameides lneillidwmarte
AMsAILIYeIsanlui sudenstni liAns InUe
iy videdamarinton wazduildomsiasadeld
e Ly Msiin CLO, Avmdudy 5 uay 10 me/L
Tunmsinzidssentiamnday [9] msidulenes
wiolatpoulaliaaslsyt (NaOCl) aududu 2
mL/L WaLLUAAY AIMTNTY 2 4 wag 6 mL/L Tu
nswngiAssseniilawmuaseuiugsiening [10]

wazlis CLO, Aty 100 mg/L Tumsimnzifies

]

ganbiiewlea [10] egdlsfmudilifisieaunis
Tansindffinuantflunsvinaneqduvidifuasly
pwnawziAsduUzsaiusqua Selumsfinuinds
fhdonld NaOC wae Clo, dHosmniduansiiviold
feuarmegn faiunuideifilinguszasdiiio
Anwimaves NaOCL uay ClO, Aanandudusing g i
WuadluomamsidswonstndiliAnseauay
Mnvesdutzseiusqualuanmlaonide

2. gUnsaluazIsns

gondulzsaildlunismaasaduiugyua
‘17‘I|L‘W’WLgmiuﬁﬂ’IWUaaﬂL%@UHE]’]W]SLL%Q@M?
Murashige and Skoog (MS) Fdu benzyladenine
(BA) Aty 1 me/L ineideslusioaiifigama
25+2°C Aadaias 3,000 and Wunauu 16
FlussioTu vinemsiaduvauiiawn 8 oaud
il avandurdnanainnudou vinuaziEuy
N ET- RN AT PPIT BT TSRy aTIt: SREVTRTE V- aRr B
dhavern 2 ads Resldutenoudunldlunns
NAaDY
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2.1 MswwienamsUasmtedmiumziies
Tunstniliaeeen Temsudegns Mu-
rashige and Skoog (MS) 7ifial BA aanadiudu 1
mg/L dunistniibiansn Tensudsgns MS
iy 1-naphthaleneacetic acid (NAA) At
2 mg/L Tngonsita 2 gns iuthaaglaga 30 o/
wazJu 8 ¢/L pH 1aIIMNSINL 5.6-5.8 USusae
1 N NaOH wazvilfonmnsuasnidelngdanis
wANFNSY 7 Vi3S feil
1) Seidadoomsientedinnugule
ihilgaumgf 121°C uw 15 wnit (Mnsusiniuam)
2) 13 NaOCl ALt 0.5 mL/L
3) 1fin NaOCl Aadatu 1 mL/L
4) i NaOCl A3t 2 mL/L
5) Wi CLO, Aandudu 50 mg/L
6) Wy CLO, Amandudu 75 mg/L
7) s CLO, Aty 100 me/L
lagnsiiis NaOCL uaw CLO_vnAaLiudy
adlugwnaimeidesiu I Aumdsnifunsiu uas
thomsluduuds nusnemsasinmziaes
it nglsifoniludaidade themnsynviaas
Plukeamzidsny 2 danidewildld e
ayEeuNsUueuvesos

2.2 #awed NaOCl uaz ClO;L‘L!E)’]W]iL‘IN’]zLéENGia
astndn liiineanln
gandulrsaiudguaindnliilniiuen
Uszanml 1-1.5 cm LazHAamIuLuIgveseen
mﬂﬁ?ut.wwlﬁ”mLwiazdauaﬂ,ummiqm MS iy
BA Aty 1 mo/L fieunisvilvensuaen
Welneismasng o anu 2.1 thiudugeniineibos
lmwﬂuﬁaﬁﬁﬁqmmﬁ 25+2°C AUILLES 3,000
&nd w16 FlusdoTu Wunawu 6 §Uans
Tuitn n3sendin %) msUuideu (%) wazsuiu

YOANWAIL
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2.3 uawsg NaOCl waz CLO}ummnwwémsia
asgndliiasIn
theendulzsaiusquaiiiionta 1-1.5 cm
IWIBLAENULDIMNTNT MS Tl NAA arandiud
2 me/L Tirunsvilfermsuasndelneianis
e g 2.1 mntildnduiesmsdesdd
gamgluazanuduuandudeniu 2.2 Junaiuu
6 &Unk Tuiln M3sendin (%) nsuuideu (%)
NISAATIN (%) IIUIUIIN LATAIINYIITIN (cm)
mﬂﬁu’uﬁwﬁué’uﬂzimﬁﬁﬁ’maaﬂﬂqﬂ Tnennzluye
sgwimdy Geviuthliy Jadndeamzudaniily
Naliluanmesssuvdluisy guvgivszana 30°C
w7 Fu wdadarhndes ndeunuiiuanutu

Tuiinn35enTin (%) vdseenugnua 14 u

2.4 nMsnsgideyanieaa

31\‘1LLNuﬂ”Iiﬂ/]ﬂaENLLUUE‘jJJﬂJJyjﬂ:! (Completely
Randomized Design) & 7 M1SALUUA LAAZVIALLUA
i1 4 91 uazend 8 vIn IEABwIRAY 1 Ben 1h
Toyaiildarnnisvaassuniinszvideyanisada
AAs1RANULUIUSIU (Analysis of Variance;
ANOVA) wW3gulilsuadessninmInausaig
Tukey’HSD Taglglusunsy SPSS

3. NAN15IELATINTAl
3.1 Wavas NaOCl waz ClO, sismsdniilvitin
yon vl
wauASINDTSINELEsTIRTUNS e
Wesonioiinnudiu (Fmwudaiugu) wasiu
NaOCl uaz ClLO, Anandudusings wiu 2 dUadi wu
31 e wnsUasaide 100% Womnzidsstudiusen
dulgsniuguauuenms uiu 6 dUa1v wuin
Fuduponaunsariaundusesivilduueimsi
vlsiuaondennyinune (Figure 1) uazlinunis
Vuilleussrinsmsnaass Instughugeniinnzides
UL WSTIRL NaOCl mandiudiu 2 mi/L §imsson
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Fin 100% (Figure 2A) Faliiunnsafiumaadfny
AfananvemEnuAnIUAN 913TAL NaOCl
uaz CLO, navundudu lneiinnssentinegludis
90.636.25 114 96.88+6.25% dusuIugeaTiaL
WUl gendiimuIuuemsivialilasnlonas
A9 NaOCL AM3dudu 0.5 mL/L dduiugen
3.09+0.40 von FeiesnIuazLANE190E19T
TedBaeadRtuuiugenfivaunvewsnL
feauRu wazesTidiu CLO At 100 me/t
Tneisnusenndewiiu 5.44+0.54 way 5.16+
0.33 yan Mua9u (Figure 2B)

3.2 wavas NaOCl uaz ClO, fon1sdniliiin
57N

9INNNTNAARY WUTN BIMstNIZLADaLite
FnilhAnsniumsiadnidedensiodny
1 (VSaLuginIuAL) uazia NaOCl uay CLO, Ay
Wdusing 9 wu 2 &t Jasaidie 100% wuiien
FuomnsilddmsunsinildAnsen Wowmnzides
gonuuansTliaendorieisnseng g e
S ARSI UL 6 FUnYE WU BesRLaE
seATdauazinisingin 100% uuemsAvialy

Uaam%avmm%‘mmﬁ (Figure 3) uonant lamunis
Uuideuszwinnimeaes egslsfinnu Suausn
fiftann uazadmeaIndinnuuandiseseite
ddnyBennaadia Tnganinzidssuuemsiiia
Clo, Anududu 50 me/L s musnuniian
Wiy 21.41x1.33 510 Fauanenseenedifoddnda
msadAfudausnifauvewInudaUaL
Tnedd1uIUTINIINAU 17.63+1.03 590 (Figure 4A)
daunTmEnITn WU sendizdesuue s
i CLO, Aty 50 wag 75 me/L HAnuem
FINWINU 1.75+0.37 wag 1.72+0.14 cm aua6u
FanniuwarvuanasegnalifeddnyBmeadntu
AfanaetenRnIHIAs UL M TIRY Clo,
arundudu 100 mg/L Tnsfarmenanduiin
Winfiu 1.29+0.11 cm (Figure 4B)
dethdududzsaiugguaiisniauiain
AsineLagaunemsivhlivasaionoiiu
NaOCl uag CLO, saufiwisnuudaiuny sandgnlu
ANINSITUTIR WU AUdUUEINTOATINUSI00N

Ugn 100% Tunninmud uagannsaasoiulaly

AN nsIINRLe (Figure 5)

Figure 1

Regenerated shoots of the pineapple cv. Phulae after the explants were cultured on sterilized

shoot induction medium using autoclaving (control) or supplemented with NaOCl and Clo, at

different concentrations for 6 weeks
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Figure 2 (A) Survival rate (%) and (B) number of the regenerated shoots of pineapple cv. Phulae after the

explants were cultured on sterilized shoot induction medium using autoclaving or supplemented

with NaOCl and ClO2 at different concentrations for 6 weeks

Figure 3 Rooting of the pineapple cv. Phulae shoots after the regenerated shoots were cultured on sterilized
root induction medium using autoclaving or supplemented with NaOCl and ClO, at different

concentrations for 6 weeks
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Figure 4 (A) number of roots (B) root length (cm) after the regenerated shoots were cultured on sterilized
root induction medium using autoclaving or supplemented with NaOCl and ClO, at different

concentrations for 6 weeks

Figure 5 Plantlets of pineapple cv. Phulae after transplantation for 2 weeks
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MANSIHN NaOCl wag CLO_ Adtudu
sina 9 luemsimzidies aansavhlemsuaen
@old 100% wuienfunisisiindomendets
anusiuleth @1 Russell [12] s180ul¥i ansiadl
nareviadinuauntilunisyiiaieqdunsd wu
NaoCl, Clo,, loledu (iodine), l@y1uea (ethanol)
uazlalasiaulaseanlan (hydrogen peroxide)
Judu 3slddmstundnluermsinsiasaiie
¥nliaonde waztluAnwmneidsdudiud
nangyda Wy dravnsnid [9] Wamuaseu [10]
weyaune [13] v ¥ [14] wavnaae [15] Duau Tng
NaOCl LHuansirdndesgluguvesvan Wuthen
fr¥nelsasing 9 dloazanrethasiianisuands
vpansalalasmaasa (hydrochlorous acid; HOCU)
uazlalasmaslsvilonau (hypochlorite ion; OCL-)
ﬁﬁ@mauﬁalﬂu oxidizing agent FavzUanUaey
active chlorine fianansadvhanelusiuveaderu
\wadesRAuYas Yilhanitogdundld 16] dau
Clo, fanaiilumsoangvildnsouagu anmnsa
frdndogaunislduaesia wu lifa wwailde
Wosn ey waslnsladn Hudu [12] Tae clo,
fiauanunsatunseendladgs vilviteuleduas
ﬂ’liﬁ’ﬁmi’lwﬂﬂiau%mL%aﬁﬁu%%&jgﬂﬁﬂaﬁﬂ way
anunsordaidelsalalurrsAinnudunsa-ang
3.0-9.0 [17] Wlethiudusenvasduysarusqua
WEasIuuemsivliUasndedaenisiiy
NaOCl uag ClO, Wasuieufiunstindadadae
wiethinusulediiednilfiAnsen nunissen
Finveegangs 90.63+6.25 fi9 100.00+0.00% &3y
st liAnsInNUIN Bensendinuasinisiin
570 100% uanslidiuin ansmeaesdauaszaiy
dul L Sufuiuits Ssmansnaaesiaenndes
Fusreunsldansidndefifaduomsing
Boshamwdmd [9] Wlauasewiugmiening [10]
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wazganlwieydea [11] Anunissendinvosiie
100%

st NaOCl wag CLO, Aananduduing g
danarasIILEEATINAIL $1UIUTIN WaTAILE
nvesdulzsaiugaua Taensifin NaOCL fim
Wty 0.5 mL/L Wl unugeneasiiesniiuay
wansngeE i TEd Ay UYSALLAAIUAY WANTIAY
NaOCl avandadu 1-2 mL/L uay CLO_ sy
50-100 me/L dwalisuiusennivanandniios
wagliuansneiumeadfiuvsauuinIuny og1sls
fina nstAn NaOClL wag CLO, Ansidiudiusing
duesunsitmuiessn eaviu CLO, ANty
100 mg/L fifluenisnduniivinuusiniugu
woilsfinasiansiidusandgnluaninsssuyid
Fathu 9nnsmnaesiianuseld NaoCl arududy
1-2 mL/L wag CLO, Ay 50-100 mg/L uny
msldusiesrnusulethlunisviennsmizides
Vaonide Tnglydmasenisiingenuazsinves
fudzsmitugqua nsit NaOCl waz ClO, laifia
denaasyivlnvesdulzsaiuigua Maiens
dosaneududuilldlaigenn uenaind peiris et
al. [14] l518971131 NaOCl ansnsaaanedalanielu
T9iAsu 3eliifusunsetuiiy lidwmanenisaanssn
yefimiutioainiuldiieldrudeuannsis
fdaide uenninasiudududrunaulugy
aaelsaleasu (Cl) funumiidysofivlu
NTEUIUNTALATIZRMBLE Belun1siasgLAvle
YeegenLarsIn audImsadiaianaluity [18]
Fananisneassilaenndesfunisnaasduiila
wunseuiugTening inuitewnsidulawes
ANUNTY 2 mL/L vilidnsasegiulanslud
fign uazonsTiduUAFuAITNTY 2 4 ua 6
mL/L dawalidsiuiusinuazainueiaieves
sinbdunneaiy wifindmsauuiaIuAy [10]
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wonand lumstiziasseaniranndnyg nuid
g7 Clo, Aymdudu 5 me/L virlviiinas
Wmuwawamqqqm LLaxmmiﬁLau CLO2 AU
Wi 10 me/L sihlsiseniinisimunsinldunniian
9] waglunsumneidesiin wui dudnuisves
aamLLasﬁ’]muaammﬂﬂdm%mLuuﬁmuamﬁa@u
NaOCl AMutugy 10-20% [14]

4. a3d
ELum'iwasLgmﬁm?}'aﬁwsmﬁuﬁfqua
g15aLAU NaOCl Aududy 1-2 mL/L way clo,
s 50-100 me/L luenmsimnzideaununis
faandaseneiismusilem lnsewnsUaen
Fe 100% lifinasionstnirliifneeauaysin du
fulzsaiuguasendin 100% viaseenugnluann
sITNRLAZLSLAUIAlUAN NS TINRA LS
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