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Abstract

Background and Objectives : Hom (Family : Acanthaceae, Scientific name : Strobilanthes cusia (Nees) Kuntze) is
a plant producing an indigo compound that is essential for dyeing in the Morhom textile industry. Ensuring an
adequate supply of Hom for dye extraction is crucial, therefore plant tissue culture techniques are employed to
propagate this plant effectively. However, the mass propagation of Hom through tissue culture requires a substantial
number of axenic plantlets. As a consequence, effective surface sterilization of explants is imperative for initiating
in vitro contamination-free plantlets. A proper surface disinfection procedure will verify the rapid implementation of
Hom tissue culture by establishing a large quantity of starting material for plant multiplication. Previous studies have
examined the surface sterilization of Hom explants using sodium hypochlorite (NaOCI). While NaOCI proved
effective in eliminating contamination, it induced tissue damage and cell rupture, resulting in the leakage of indigo
pigment. Consequently, when these explants were cultured under aseptic tissue culture conditions, they failed to
develop and ultimately died. Thus, exploring alternative chemical agents for surface sterilization of Hom explants
warrants further investigation, as these agents may enhance sterilization efficiency while reducing tissue damage
and explant mortality. Several studies on plant tissue culture in the Acanthaceae family have indicated that
mercury(ll) chloride (HgCl,) provides a high rate of both disinfection and survival of explants. Moreover, recent
research has explored the application of silver nanoparticles (AgNPs) in surface sterilization processes. These
nanoparticles have demonstrated effective antimicrobial properties while maintaining a high survival rate of the
explants. Therefore, the objective of this study is to develop and improve the surface sterilization process of Hom
explants by evaluating the effectiveness of surface sterilization using HgCI, and Osil® (OsilR), which is an
agricultural chemical and its active ingredient for eliminating microorganisms is AgNPs at 0.01% w/w.

Methodology : Healthy Hom plants, exhibiting no visible signs of disease or insect damage and possessing stem

heights of approximately 40-50 cm, were selected for excision of 3-4 cm long nodal segments to be used as
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experimental plant material. The explants were subjected to surface sterilization using either 0.1% and 0.2% (w/v)
HgCl, solutions or 10% and 15% (v/v) OsilR solutions, with soaking durations of 10 or 15 minutes, resulting in a total
of eight treatment combinations. Each treatment consisted of 10 explants and was replicated three times. The nodes
were subsequently cultured on Murashige & Skoog (MS) medium to evaluate the effectiveness of the surface
sterilization process. After four weeks of culture, the contamination-free rate of the explants was recorded. The
sterile explants were then transferred to fresh MS medium and cultured for an additional four weeks to assess their
survival rate, resulting in a total culture period of eight weeks.

Main Results : Surface sterilization of Hom nodal segments using HgCI, solution resulted in an average
contamination-free rate of 78.33%. In comparison, disinfection with OsilR solution provided a higher average
contamination-free rate of 90.00%. Increasing both the chemical concentration and the exposure time was found to
significantly enhance sterilization efficiency. Notably, treatment with 0.2% (w/v) HgCl, solution for 15 minutes
completely eliminated microbial contamination. Similarly, disinfection using 15% (v/v) OsilR solution for 10 or 15
minutes achieved a 93.33% contamination-free rate in nodal explants. The surface sterilization methods employed
in this study did not cause observable damage to the explants, as evidenced by the absence of indigo pigment
release. However, different surface sterilization treatments resulted in varying survival rates among contamination-
free explants. Nodal segments sterilized with HgCl, showed an overall survival rate of 28.37%, while those
disinfected with OsilR exhibited a significantly higher survival rate of 95.35%. Although increasing the concentration
of HgCl, and AgNPs, along with prolonged exposure time, improved decontamination efficiency, these conditions
significantly reduced explant viability. Specifically, treatment with 0.2% (w/v) HgCl, solution for 10 or 15 minutes led
to complete mortality of axenic explants. Surface sterilization of Hom nodes using 0.1% (w/v) HgCl, solution for 10
minutes resulted in a survival rate of 64.44%, which was the highest among all explants disinfected with HgCl,
solution. In contrast, nodal segments sterilized with 10% (v/v) OsilR solution for 15 minutes or 15% (v/v) OsilR
solution for 10 minutes achieved a 100% survival rate among contamination-free explants. The lowest survival rate
within the OsilR-treated groups (85.56%) was observed in explants disinfected with 15% (v/v) OsilR solution for 15
minutes.

Conclusions : Surface sterilization of Hom nodal segments using 15% (v/v) OsilR solution for 10 minutes was
identified as the most effective method in this study. This treatment provided a high contamination-free rate of
93.33%, with 100% survival of all sterilized explants. The findings from this research can be applied to enhance the
efficiency of surface sterilization protocols for Hom explants, enabling the achievement of a greater number of

contamination-free and viable explants. OsilR may be considered a promising alternative chemical for the surface
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sterilization of Hom explants prior to introduction into tissue culture systems, thereby improving the overall potential
for Hom propagation through plant tissue culture techniques.

Keywords : Strobilanthes cusia ; surface sterilization ; in vitro culture ; mercury(ll) chloride ; silver nanoparticles
*Corresponding author. E-mail : rodjanacorn.chu@gmail.com
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qainaLduseIdunszl AgNPs TilaunniisegLnsamuifednis (Mahajan et al., 2022) AtiiN1911 AgNPs 11l

= = o Y ¥ o o [ a o 1 v 1 o a o & dgl
mmfwﬂfmmusn@w,mm@mﬂm@qmﬂu\mmwmwm LLm”Luﬂ@@guuummu AgNPs AT LULANA RN 7] HNAU

= o

A ldanunsnin AgNPs mnldladnean dusuludsenalnatiu R n1368na13 AR NN HRIENMFUNANSALTS
AATNANAN AgNPs $aumatl 1 Tada (Osil®: OsilR) Geilaansduduans AgNPs Tunansineafag 0.01% (Wantin/

Ity

o

A1) (W9, Usendlng) Tnafanuddanudnnisannufudunisansazans OsilR ga1xsatiaaiuluildfuds

P | Aa A A a ) . ) v A a a T oV a %
mmLT@LLUﬂWL?ﬂWLﬂu@ql,ﬁﬁlm@\ﬁ?ﬂﬂ?uu\? (Citrus greening disease) VLm'aEINN‘]JimV]ﬁﬂ’]W WQHQiNW‘U@W?LﬂNmﬂﬂqQ

TusuiN (Vatcharakajon et al., 2023) uananil An19AnHIANL91 OsilR HAnaninwlunizaruanniEsALIniag
] ] U

a

TasNnefed17ANflULANEN (carbendazim-resistant strains) 1413814 (Choengpanya et al., 2024) 4911n1917

q

OsilR 1ndsegnafldlunszusunisnensmelatungressiudenadugeniianlasanisdng ud HgCl, ez AgNPs

= = a . o g v A & . I S Sy o .
%uﬂim‘wﬁquqmm?wﬂmuwmﬂmmm@ mea?‘V\IﬂnmL°n@mmu‘wmmmmﬁmmnmﬂuummwmm@xqmmi

Y v o

FAududutazszazinanlunisani lmnnzananisan Wauns e s n sl ae e N wazTuNtane b A9t

(%
a o akX

NulABHRITAgUszasAinaAnundinnswansindeiaduiasudeuniuunzanaoanisld HgCl, uay AgNPs

nsAnelazdqaiiuunasdayanidulss laminanisdfulaanszuaunisansinmaiovessudenlidiss@nsan

E ) = , A o o e o Xy aa A A4 oA
@j\‘isflu sﬁﬂﬂzLﬂu@quﬂuﬂluﬂqﬁ‘m’]ﬂL‘WNﬂﬂﬁlﬂqWﬂqﬁ“’llﬁlqﬂWuﬁ;W‘ﬁ“ﬁuﬂu@qﬂqﬁﬂq?LquL@ﬂ\T LUBALEIRWT

Methodlogy

= v 1 1 J a [l d’l a
NITAITIN A UTANNDUANLLN1TWAN KT

o o '

sausaNAuganaInuinuulas Auatuas anaiiasuns Aamdaung A1uau 200 fu iilgnayunaly

A a 1 ¥ a o [IN5 1 a a a A dl Yy A A «
I29Faure9an it nenst ldumanadaudls - uns ledunszifash Wunan 2 iheau LW@GLMG’]MW‘HNPW’]JJ@NUN?M
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. . o n s . g Y V¥ s % e e
wisuss wiansanisinllldwansiada arntuwsanislfunsudantniunad 3 u newdiudignszuauniswan
gindaniamalyl

manenguTefidiudavessugassasaisazae HgCl, as OsilR

'
] a

nsAneildiudenniinnnngeaesandutlszins 40 - 50 wuAmms Lidsngfessesaedlsaiauaznig
o v = o o 1 dgl a o o £ £ 1 1 d’j val a o 1 dl
Anunzarnuuadiilufui g niunisensinmeia Aransuaesiudanmatildiaunn 3 — 4 WuRwWAg (Hndouivy
luaanyieunn) ivauaniendoudadeliandnsag (axilary bud) Wrduina li&nevinanuazaiadaanisdlavn luasinu
(running water) WiaNIdAINANATEIAILN 7 Aesutlssdaunguansduly (ladewen, dssmealne) inadnefuuas
. P Yy o 2 4 4 . oA el 4 Y
FaandsniAaLTionifioresduideantdedsu UNTUATNNHIUUNTE AN INTEUNY 5 W1 e lETuATwEe antiy
idaudequaslueniueadudy 70% (Usuneainimg) wiu 1 wi udaihduianvensinaeiateeldaisazans
HgCl, (Sigma, USA) 1dudis 0.1% uay 0.2% (Huin/ifsunms) wseasazans OsilR (GRECERRVERETY A8 AgNPs
g 0.01% (Hminainmiin)) (w9nwma, dszwmdtng) Wudi 10% waz 15% (U3Nns/aAl3nnms) 1w 10 ¥ige 15 w1d
9911931 8 33n13Wen (Table 1, Table 2) n1snanaiNT@aRqwAazA3 eHN1ANA99U Y (ladawen, Uszinelns)
fanmeimsdndu 75 iasans/100 Radans WieldansnendninaugsenaLzinainresduineg il s @nsnin
1NEeTs 1hdaudalldeansaneanineldinnauilediniiaanuauiady 3 Af ASIas 5 WA

N7 UANAANIINAABNUAZN 1T UATISYNINADA

'
o ! ¥y a

Andaudainnnunisenarmeioudo il acngadsznnns 1.5 - 2 wufiwns st llidesluaauiosune
4 @@uﬁn’%ammmm@ﬁqmmw’zﬂm Murashige Wag Skoog (MS) (Murashige & Skoog, 1962) 171101 20 NAAAMT/
190 teides 1 FuiT/an aausdaunszvigns MS Nldlunisfneiidsznaudaesmaglasadudu 30 nfu/ans,

¥ 1

Wl (gelrite) (Sigma, USA) ndu 2 nfu/ams wasiszaumaanuidunsa/ang (pH) 71 5.7 - 5.8 doudeaessiuden

gnidesludieamiziaeiilatienlgumnitsennns 24 - 26 asaaaldas uazlAsuuaau 16 daluy/du aanvaanlu

q a

¥

Waaasartusuasdnnanliaauduueas 1,800 and
a4 X , 9 o - o R o K o & 2 4 1%
Waasedoutatue 1 sdainszigns MS asu 4 dilandf Auiuiinuadmnsinisassderesdiuia Tneld
AP ¥ 2 AP Yoo . ¥ . . .
ANNTT (ANUIUTUNTTLBATRTINA / ATUUTUNTIIMNA) x 100 antiwhdaudenlasnmednaganmsdanse
4n3 MS 290 N uaziaesiodn 4 dlanif (:anszazinainiadsedondeiadu 8 4lanv) inetiuiinuadnsinissendin
ga9dqudallaanida aNn19N M ANLIERIIN1970ATIAYDITUNTLARALTEE AD (AINUILTUANTLAaATaRIenTIn
Y . 24 ¥ ¥ vy, X da L am - -
ManMNA / Anuauduirlaaadeianun) x 100 %9l daudadaanimanfarsaundsendinsasnunisiasnylfluviee
X
gaA NI
= X ) P . . o 2 A aa
NMFANIUINUNUNITNARDILLLANANL 70U (completely randomized design) Taeld 10 Tung/Azn1snan
¥ o T e o & o - A v o aal R S v 1 e
LATNAABNTIAUY 3 AFY Fagagniiufinyn 4 dUa W ine lidsinananesisn1swensinmeiadui Inatnadalau

indfayanlflidimsziaauulsilsauniai@an (one-way analysis of variance) Aaanisnagaulew (F-test) nndaya
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° o ¥ ! v

WUANUANFANNBENINTRIA Aty eata deyagninlsauiiaunngns (multiple comparison) sia#a235 Duncan’s

New Multiple Range Test (DMRT) N1331A312 N4 D5 lwaidqaianiiunisiseau p < 0.05 Tnaldldsunsu PASW

Statistic 18.0 LLMLLZ@MN@%@H@‘MQH"B@M’]L@?Q'EI + zﬁqul,ﬁmmummﬁm (standard deviation : S.D.)

Results

8nsn71lannTe vasTuNTIAIR INHaNKUTe A g uTasude A A1782aE HOC, uaz OSilR

nisenadaiafaansarane HoCl, ldnsnisdaemdevesdandaluninsauadei 78.33% naswan

a

snTeRaTuNTRItasazany HgCl, Wudu 0.1% (minaliunmg) wiu 10 wii vinlidoudedidnsnislaenidaagi

U

56.67% AN NduInasazae HgCl, lu 0.2% (Wmiin/afiunmns) Wenuiu 15 wid ldwunistuilawann

\ioqatwludouda (Table 1)

1
a

X a ¥ v [y . | Vo & 2 ~
nsansn@eRadoulafugaNA8a17azaY OsilR WU IHERTIN1TUa 81 T8209T1NT LN INIINLAAE N
90.00% n1sldansarans OsilR Wndu 10% (UsnmnaAliunms) wiu 10 uaz 15 win i limuneddnsnislaenitenat)
1 86.67% WaLLNALNNANNENTUIR9817a2a78 OsilR WU 15% (U3N1m9/ATuIRg) faudunisWensdni@aiamiy 10

waz 15 Wi analidnsnisasniedoudavesdoniingeauiu 93.33% (Table 1)

Table 1 Contamination-free rate of Hom nodes after disinfecting explants with different surface sterilization methods

Surface steriization methods Total number of Contamination-free rate
contamination-free explants' (%)
0.1% (W/V) HgCl, 10 min 17 56.67 £5.77 B
0.1% (W/V) HgCl, 15 min 20 66.67 + 15.28 B
0.2% (W/V) HgCl, 10 min 27 90.00 + 10.00 A
0.2% (W/V) HgCl, 15 min 30 100.00 £ 0.00 A
10% (V/V) OsilR 10 min 26 86.67 £ 5.77 A
10% (V/V) OsilR 15 min 26 86.67 £5.77 A
15% (V/V) OsilR 10 min 28 93.33+5.77 A
15% (V/V) OsilR 15 min 28 93.33+5.77 A
F-test *(p - value = 0.000)

Note : Data were collected after culturing explants on MS medium for 4 weeks. Data were presented as mean + S.D. 'Data were
obtained from 3 replications. * in F-test indicated a statistically significant difference. Different capital letters within the column

indicated statistical significance according to DMRT. All statistical analysis were performed at p < 0.05.
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14
A a A 9

875101790279 10989UTD1IADAITENAIINNEN K UTDHITUNTAEIA190A 8 HGCl, UAE OsilR

= v

daudedudennldnunisdwdewanieqadngndrelilidasuuemsdanseiigns MS iiunanan 4

U

&laif (auszazinaInaasTuNguIu 8 dilani) iiedunanaeanisnendungaaad13ava1e HgCl, WAz OsilR

v 1 ad

] a ) o & a = Say o, vs A a K
FAN1998ATIRURNdIUIaN a0 AT LLN')'T']ﬁﬂqﬁ‘W@ﬂWISﬁ,uﬂf]?ﬂﬂHquNIﬂ@\?N@ﬁlﬂsﬁuW"ﬁLﬂﬂﬂqqmuﬂusﬂqquﬂ@’]ﬂl,ﬂu

v
a A

A1n[3uanan7 indigo NuaaanunaInTUNTINTIZLTAGLAN WA N19NaNLNNABANLNITANEU89TWNTY (Figure 1,

Table 2)

] ¥

doudataanidaiiiunisansindeafaagisazany HgCl, HEmIN1990ATInYesTUNT N NsINagh

28.37% T9n19vindoudeiaanmalaeld HgCl, W wuansld HgCl, iiudu 0.1% (Wmin/fsunms) Wi 10 wad
WUERINNITENTINTBITUNTREN 64.44% wazillaiinszaziaainisanidly 15 w1 §nsn1ssentinesdun e
anadLili 49.05% nasidAMIdNduaas HoCL T 0.2% (Wmin/fsunms) fanfussazinanluniswensnmieiio

U 10 waz 15 Ui analiungAneyn@ (Figure 1, Table 2)

' ¥ v
vy A o

o o o aa ) @ &4 9 % ) | Ao ala a A
AuiusnIIN1TranTInaasdaudanttuniminlilaanmanatn1sld OsilR WLANRSRIIN1T90ATI AUBITLNG
aasaaluningsun 95.35% nisnanTuNtalaa1azant OsilR WUdW 10% (U3N1ns/A307m3) 111 15 W17 1isa

a1982a78 OsilR 1indu 15% (FnmngAliunnmsg) Wi 10 Wil wudduialasadenniuainnsnidinsenls vl n1s

De $2De

=

A Ndure48198a78 OsilR 13aszazinan1anifnellann 2 3541951 d9naliems1n1992ATI NURITUN

Uaanlteanad sainlaannnisnansazane OsiR lWNdw 15% (UFu1ns/aA5unmg) w1k 15 ud uasmnsnissen

'
A A

IR0 TuNTUaenmeN 85.56% TulludA1nanfiga lunguauiangnwensindeafaaaisazaie OsilR (Figure 1,

a

Table 2)

Discussion

Hgcl, lagninldldluduneuntsnensimaioseaiaasd Acanthaceae waeeiin (Shameer et al., 2008;

Joseph, 2014) agnelsfinnu euddeilauansuanes HoCl, sanisvinlidunalaeniae luiaeesdinauianings

£ v [ '

(Hashim et al., 2021) nan1sANEHNLS1 HgCl, asnsavn liduiasudenddnslaanmaluninuiaden 78.33%

D

(Table 1) N139 HgCl, #111s088NNENNEAERaTW ALY BananANatmisnluntsy liAndjiseesndindu
luaangeuaznisidnauiumy -SH Faiunalilassaiassgadlaiuarudamauazidenaninudna HgCl

faansnsunaunalnlumad lfanuanailsznig i nsuanulasulassunisinantiefuas nsrudeansiiuee

'
o a

Wurad uazniamalasyAuinad (Gwaltney-Brant, 2023) v lanssananadimanuiiuiieige (Bohme et al., 1992)
asgunsnmanmaqatw lawdldinesaauidndungn nsdnuaes Gammoudi et al. (2022) wudn1sundauNa (nut)

w99 fand s inensindedasaisazane HoCl, Wiudu 0.05% wiu 5 wi Iddnanistaenimageianey 100%
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10% (V/V) Osil®10 min f i 15% (V/V) Osil®15 min

Figure 1 In vitro shoot regeneration from axenic and survived Hom nodes after explants were surface sterilization

with different methods using HgCl, or OsilR, then explants were cultured on MS medium for 8 weeks

Table 2 Survival rate from contamination-free of Hom nodes after disinfecting explants with different surface

sterilization methods

Surface steriization methods Total number of survived and Survival rate of
contamination-free explants' contamination-free explants (%)

0.1% (W/V) HgCl, 10 min 11 64.44+17.10C
0.1% (W/V) HgCl, 15 min 10 49.05+8.61D
0.2% (W/V) HgCl, 10 min 0 0.00 £ 0.00 E
0.2% (W/V) HgCl, 15 min 0 0.00 £ 0.00 E

10% (V/V) OsilR 10 min 25 95.83 £+ 7.22 AB
10% (V/V) OsilR 15 min 26 100.00 £ 0.00 A
15% (V/V) OsilR 10 min 28 100.00 £ 0.00 A
15% (V/V) OsilR 15 min 24 85.56+6.76 B

F-test * (p-value = 0.000)

Note : Data were collected after culturing explants on MS medium for 8 weeks. Data were presented as mean + S.D. 'Data were
obtained from 3 replications. * in F-test indicated a statistically significant difference. Different capital letters within the column

indicated statistical significance according to DMRT. All statistical analysis were performed at p < 0.05.
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ueNWISERU | HentTeRaTuNT At ansazane HgCl, lindi 0.1% vize 0.2% wiu 3 uii - 1 dalus l#dnsnas
UaeALT009TUNTN 60% — 96.67% (Hashim et al., 2021; Khanam & Chandra, 2017; Boruah, 2020) @1u15ulu
NUAEH NMeensinmeaiodoudesudenmanaisazates HgCl, 1dudu 0.1% (WninAlFunmg) wiu 10 Wi ladmen
nslaen@ed 56.67% uaziaiuadnududusesansiailniduaisazans HgCl, 0.2% (Wniinalsunms) sauu
sravinannisnanlunuaudy 15w laensnistaesi@af 100% (Table 1) HANITANEINARAARDIALINUAAE
ARUNTINUANL T UANLINN AN AN NT (Hashim et al., 2021) wa¥szaiziaan (Boruah, 2020) lun1snansin
X a o o § v A a a 1 P & P S £
\Garasae HgCl, vinTiansialdtlszansnwlunisindniieqadniigeiu 8nsn191an Ao resuitae i uINu
AgNPs lagninundszensdldatrsunsuatauinauisludunaunisnensdetodunguzomuinasly
a1 rdaAIZFE T LIR B UNT luiaaanaaes (Mahajan et al., 2022) AgNPs @zLﬁﬂfi{uﬁuimm%wﬂizq@uﬁﬁwm
pilsasravdaqadn vinlilasvaisenigadilasuuladliawinaonudemsuazanainld e Ag”dng
& ‘ﬂi/ al o v a v a £% & a = = o tﬂl o
nelugasedaqadn uanainagyinliiinnisainanseuyadassilunaliaadiinaauasaneandaduniians

Tngaaingsing - sevmas iidewe Ag” fanunsndnduiaseaineinidudszqausing - vinldsunaunisaudedidnmsen

nanglaszAuiag sannanszuaunamaILeaTNsng 7 iunaliigadueasiaqainmng (Zhang et al., 2017; Wang
et al., 2017) lun1sAnEinudnnisnensinmeindiudefudenniednsazane OsilR Wudu 10% (U3nns/alinnng)
WU 10 930 15 wil Wdnsnstaenimegans 86.67% uaziialdansazaiy OsilR Wudu 15% (Uunns/alinmg)

WU 10 %139 15 W Fuiaidnsnsaanideiingawiu 93.33% (Table 1) nannsAnulaannfadiuNaY

'
Y a

UIFBANUI AgNPs @axn3nlidnsnislaendevesiungiva untwiagn ldluaonududungsau (Krupa-

' o

Malkiewicz et al., 2019; Ahlawat et al., 2022; Anudujar et al., 2020) FNAUTZ AN TN AN AU WU (Abdi et al.,
2008: Mahna et al., 2013; Arab et al., 2014) 1Ha3a1NAIANAN NI NTUIada1 I ARYTaseaznan N s ansNTa

fowunnavin i AghPs Hilsz@nsninlunisindnimeqadnliacnaintaungeay uddatnudnisnensmedou

k7 v 1 k%

asudansog OsiR Wansnistaendevesduigluniwemuads 90.00% duiuafgendinisinliiunglasnite

v o o

#n8l HCl, (78.33%) Matlanaliunannainamaniifany AgNPs Nidledudanuniuaadizalia e daqanuas n1s

Uaae Ag” aanain AgNPs auiiluativresiluAelil (sustained and slow release) as¥inl AgNPs anunsneangvs

¥
o A

ndnmaqadnlaliuszazioauu (prolonged effect) (Khaldoun et al., 2024) n1sAneiinudnnisnensinmeiodou

1 %

fasudanmuasarate HgCl, [dudu 0.1% (Wmin/fsunms) wiu 10 wiit wdazlidnsnisiasnilioiies 56.67%

¥ '

'
o a =

(Table 1) MnusTUNTUABATONENIIN1990ATINDL N 64.44% TaLTUERIIN990ATINNQNgA luNgNTUNT VAN

a

2 AI k7 ¥ v % 1 k% 3 V o
AALRITATANE HgCl2 NN ANNLTNTULAL I 8L AN TNANTAUSAN AL A1TAZANE HgCl2 widazl¥amannng

& 4 X > v o a 2 o~ & A ) > & o
ﬂ@@ﬁlﬂ@m@j\‘ﬂlu LW]T—]@U@QN@Iﬂﬂmﬁ‘qﬂqﬁ‘ﬁ‘ﬂﬂﬁqmmﬂqmuwmﬂ@@ﬂLsﬁﬂ@ﬂ@\‘]@ﬂq\?ﬂﬂ Imﬂ@')uﬁlﬂﬂ@@ﬂvﬁ@muﬂﬂﬂ FEl

v
a =

nennalanansnmaioTuNtAoad19arae HoCl, 1dudu 0.2% (WnidnAliunms) waw 10 s 15 w1l (Figure 1,
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Table 2) nsAnsnauninuaaseulaszydinisiinaududu (Hashim et al., 2021) uazszaziaan (Boruah,

v

2020; Gammoudi et al., 2022) N1sWans TR TURTAEA19azaNY HgCl, uifazyinlidnatanmangeau usly
a o @ ° QAQy ] A Yo a a QI d?l Q’j ! I~ dy KX A o
wnszipeaiuin lidudouig lasuanuduisuazaui@aaann HgCl, WNgWaW Tudiuitlaenimeaeilidnsnig

Aa A A a a a a - £ d A o Aaa D & a
sanTinanasitaiianuiaUng lunsasyFLIaRNNINIY Nrueaiadeannsoditansenudasgnnensingeiia

sagl HgCl, NAnndindugavialdsvazinaiunmy wu doudeasssiu Clinacanthus nutans H8n91N1999ATIAN 16.67%

1
A =

WagnWensinmeiamaasazans HgCl, Windu 0.4% wiw 1 4914 (Hashim et al., 2021) vVisadaunatastiawanila

' £
= o

asangniansin@aionagd1sazany HoCl, udu 0.2% w1 15 w1l lwana1u1saendusuna1 a9 dan e

anysnfudausanilsznnns 10% (Gammoudi et al., 2022) NAWMAINENANANMEAINAIINUANFNNIRUGNITHLDING

U

' a | =

wiazaia tnasudanenalinalnlun1sUsusavize Arnna1nnsa lun s deNLaN A dsuena L TaauadIan lasy

' 1 v
a o 1

a v ! 2 k4 v o o o 1 da’ a A” = % ] % a
HgCl2 NABHUNAITNINLUNAIREUINNIUIAU AIUUNITUN HgCl2 w1l lunsnangd@aRaTuNTALdaNFAaINA1TUN

= 5 3 o Py e oA A = = , .
wanMAnuduiuwazszaznan lunianliivunzan agneds ivalaesauidunsaes HgCl2 NAZAINANTENLFAD

v
a A o o o a ! Y v ]

Fung duazn i latuiglaanimansanianaiuiuuinsall nnsnansndanidauiafudansaansazans OsilR

[ '
=

1987311998 ATIRUITUNTIUNNIINGIDY 95.35% (Figure 1, Table 2) %19l 118931 1) AgNP a111309NaATN
£Z =

\ing xylem uaz phloem aa9fuG lide (Cuong et al., 2023) Fuiaasanisnn AgNP lulldlunnsafreansmiagd

(secondary metabolites) N gadeaiunszuiunisiesiufaiea (Mahajan et al., 2022) d9ualdi AgNPs AnA19

] 4
a

meluaanaNszAumI (Vatcharakajon et al., 2023) kaz 2) FuNTNEnKnrzuunanan@afasiniinANL@ame
& A a = o L LR o g ya = a Y aa =

weatladie (InganiziFnnmgnanusts) A liiiaanuasaauaziianisadefingefiay (ethylene) Tailuaasiuu

A A g ya , & A4 X \ o o A A Y o

N lAnN1TuARAEN1IAN e 1e9 e LEaTu wi AgNPs @ N1508UEan1Tuansaantesduinaqdesiunszuaunng

Faarnviefaulusuigle (Mahajan et al., 2022: Cuong et al., 2023) D4uiid1 AgNPs @1u1301998m31n1990A TR M
A,, =l dy o ] d” a a; 1o o v o Y v A

09T uNTLaaAmeNBuAINTzUBN INans I TaRaNge vnuaseasadusasldlussduaududuridescazingn

nsnenAwmNnzan n1AnEEnuaInIslddaNazane OsilR [MNTw 10% (UFNAT/AUTNIAT) 11 15 W7 LATATaTaE

OsilR 19343 15% (U3Nm3/U3087m3) wn 10 w1 1HemIN1798AT3ne9TunTLlaenlmeunadnssuaunswansn@eie

7 100% watilaldansazans OsilR WNdw 15% (UFN1m9/ATuInT) WK 15 wiil naudenaliensnissendinaeddqy

feulnandeildati 85.56% (Figure 1, Table 2) nannsAnT ldtaempdesiummAsaiau et e sz
mafinpdnduiazszazioaluniavlandas AgNPs ﬁwiﬁlﬁﬁmmmiﬂ@mL%ﬂmm%uﬁm;a;ﬁ”u wingdanaliidnan
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