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1310501 QUAY WAL U1FYT LATIATIY
UnAnge

nsanunilldnwnavesnisldansemuauninasyivlnausiafe nsndulaadalnin
(Indolebutyric acid; IBA) 11/1L§86g’iau (Thidiazuron; TDZ) kaznsnautuatsaan (Gibberellic
acid; GA) sion1suyAuiivuiousnsranelslelaaisnivu (Hexachlorocyclohexane; HCH)
salugueuduiiviaynisida HCH sonanniu Tunsfnwinavesnisudiudnluaisniun
mssdulannududusiieg sy deanudufivees HCH sedalnadrunides failnes uas
fts nud ansmusunaaiyiuleilddmatenisatyesfindomsudeluduihivuiou
wiilenzdnluiuiivuideu HCH 20 mg/kg WU Lawz IBA 1.0 mg/L Aduthudnanves
sIngunddailnedld IBA 0.1 — 1.0 me/l waz GA; 0.1 — 1.0 mg/l aunsaviinySuna
paolsfladluludnlnadrumidenld A 1.0 me/lifintdhmiinuisossendnonasusua
aelsiladlululd waz 1BA 1.0 mg/l uiinldlanzuIununaslsitadluludngs dau TDZ Ll
aunsaviiumsasiulalagldias aandu ﬁﬂwmaﬁuaqmﬁLLﬁiLuﬁmiumsazmﬂﬁﬁmimuam
Wliule 2 wiasauiu seanudufivies HCH dednilnadramdes wazdaiingns wuin nns
wrwdsly IBA 1.0 me/l 931U GA; 1.0 me/l anansasiiuimtinanvessinvesinlnadiumies
Aasalupuiivudou HCH 30 mo/ke 16 winsudwdnluaisazane IBA saufu TDZ il
ihwiinusvessenanas mié’uﬁaﬁ’umamuquLﬁﬁglﬁﬁi@hjﬁwaﬁiamﬁ@L%aﬁa@iamﬂwm
Frilwedranilen wilnariaalnssomamelutunesidinduessndrilnedhanies uay 1BA
Flusnvesndninadamieniviu dunisdadeadedenelusenuazsinvesdhilne
liiAnnsdsuuas dunisfnwmavesasmusuninadyivlasenisiidn HCH sanaindu
meluszeziimmasaindgnivy 30 Ju wudn Tunsdlvesiailnen nmsutiudalu IBA 1.0 me/l
U TDZ 0.01 me/l lethluugnluuudranansnanyiua HCH TuduldiSan Tnodusana
HCH widelufuseunenifu 65.3% uay 11.2% veuSuandudu Tuiufl 10 wag 30 audidu
Tunsdlveatnlnadhumier WenSsudisuriavesasauaumaaIgiuln wuin GA; duasy
nsida HCH penanduldffian Taefluuna HCH wdslufuseuusnidu 37.9% uag 2.6%
yosUTInausNAu Tuiudl 10 uag 30 auddu eiSeuifiounavesisnislviasaiununis
wigiulalagld TDZ 0.01 me/l wuan 350151 TDZ liidanasion15i1dn HCH 99n91nAu Ua
nssaadlupuriladRlnadandeniinsesyiuladedunnninisutudauaznisaamud
gon WolUSuulfiounareinutuiures GA, AonMIuTwEn WU mudRdues GA, s8I
0.01 - 1.0 mg/ livil¥nisanusunas HCH Tufiusnady fadu $rlwashamdenduiied
WinzauRen1sian HCH lufu waznsutwdadinadamiderluaisazans GA; aunsatiia
Uszansnnlunisiida HCH sonanaulsfign daunislianseuaunisiaddvlaundnlne
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1. Anuddnuaziinnvasywn

nsldansinliindndngiunduessniluaaesudy Anv duau Launeaes leuladauny
Tunmsinunsnssuegaunsnansluennatedutlymawindeufiddyesrmiddulsendlne
(Poolpak et al., 2008; Thapina and Hudak, 2000) emmﬁnfjuaa%nﬂuﬂaa%ﬁmmiamma&UJ
Tudanadeulddunannu msdudademsieinguidufudedsdiPiavanssianasdssanseny
soszuuinalaesin uenandgmduaruduiivuds fufivudeuasieditndngfiedsl
WMHNZABNITVINEATNTTURUUNYATBUNTE ﬁQﬁ'?uﬂ'1ﬁy\luvjamwmmauﬁﬂmﬁaumimﬁﬁﬁm
fnsfimnguesinilunssiuiadudsiimasiiunstmnuinuedansuisemelne

nsituglanImwaIndoudae3sn15n193an1m (bioremediation) Fpifuitnasiidaniy
aonite sunuiuasduinsiuiunden mudululfvesnsiuyanmiuiivuiouarsiad
fdndnsfianduoninilunaeiuiiiansliqauniddosanuansfiunieldfia (phytoremediation)
vieliafivuazdunisiosaaanainguilldsmiuiefussaviamassnisidnansiiv
B et fvaedidnonmlunmsfiudanmsseniinuasnsdesaaisvesadurie dosiavesnis
srinanstdndnsianduoninilunaeiuiivudevlufufio madesansansnguiivesgaunislu
FuAnTulddn (Phillips et al., 2005) uazarudufivsofivvesansnaguidivinlinisiaiyvesiiy
anad (Schefczik et al., 1980) BsagviliUszansnmaasnszuaumsiiuyanndiefivanas n1s
T¥asmusumsaigiiulavesiiviiensefumsiaigdvlavesiivluanzifiansuafivduinde
Afdsdimsfnyideegnnherns lngnuihanseusumsadydulnvesiivuissdaausouia
aramumnusielavevinuagluuesansnfiunsavaulaveviinlufinlddig unisifiunis
avannzilumunzTulay Sesbania drummondii Tasansmusunisiaigdulavesiivngylale
lafiuuaroondunus i (srar and Sahi, 2008; Tassi et al,, 2008) il n1slFSuaTTAIUANATS
WIYLAURveINYNguoaNTURALIULUBLTaAUAIN15093819 T INUNIUARAULAUNT O
Hexachlorocyclohexane Winguld (33703l auane wavtnuing UUng, 2553; Sharada et al.
1999) widdlinsruuidninnsifivlduasmuaunisiaiyivlinvesiivudrazyinliannse
avauvdenseduntstesaaneatshindnsfivnauildiniuniels Sadugeiinisfnuidesiely

v v
v

feu luniteaded FadunsAnvinaresnisliarsmuaunsiaiaiiulavesiinia
findseAvsnmvasnsitugAuiivudeuansidndnsivnguoninislunasiu Tasansdidn
dngfsnquifidonlde tenszaaslslalaaionieu Fuduasiindnsfinlunduiiigedsoaud
wunsuudeulufulutssmalne wu wuaueuiidulelawesyulnunnnvessnvzaaelslelag
LaﬂLszjuiuu%nmuﬁ’mmdmﬁmﬂaauﬁa W.A. 2546 — 2547 0.34 - 24.17 mg/kg soil
(Poolpak et al,, 2008) vfidenlifotlng dndsuazmuneiu Fudufiviinenaaousiiou
wdrhdeumumuseaunulussduaududuiinunsdudeulufumenisinunslulsema
918 (Chouychai and Lee, 2012) wioidudoyafiuglunisnauuilugAuivudeuarsidn
Ansiunguessniluaasiusely
2. Inquszash

1) ilens1unaveanslieendu Juueisadunaslelnlaiusieiliay SodeUszansnm
Y9INIAnENTzAaelslalaaenwulufum e iy
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2) Wensunavesn1sideandu JuaisaduuaslelalaivyiinifagiSesiuiuassvila
AoUszdviznnvainsidaienaraaslslelaaenwulufumeeg
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Phytoremediation (Junisléfiniiiotdn wdeudne nioanmudufivresansiivd
Uudeuludiu ¥ wieernia mesthvaarsdudeuluaulaeldieiuilidnareisidu n1sain
a13fiwauiy (phytoextraction) N13gpaalsnieNy (phytodegradation) N191503A85IN
(rhizofiltration) N3 9e8# (phytostabilization) nsvinlszieaeia (phytovolatilization)
(Macek et al,, 2000) Fsnalnifieliduiuauautivesasfiviivudeou lunsdvesansuuiioud
\Juansdun3d Brsfiieldlunisirdalaun (1) msgaduansfiviingwadfimfionsniavdenis
dovaans Snnuluasiiviiazaretilan (2) Useseuluivieansiuqainniiiedesaaeansiiv
thilufu wie (3) atfuayunistesaasvesqdunismeluviinusn feuinwulunsdilansiv
azma‘fﬂﬁﬁaﬂ (McCutcheon and Schnoor, 2003; Schnoor et al., 1995)

nsldfigiugAuivudeuansidadnsfivnduoninilurasiuintuld 2 T

1. msafinansiuseiy iunsifivazauansiadidadagivnguesinilunasiulilud
wravesiv wedl fseaudiarnadnguiauisoaraulufivld idununisazanves
hexachlorocyclohexane 14 Cynara scolymus Wag Erica sp. (Calvelo Pereira et al., 2007)
Arnsazauludsidin (bioaccumulation factor) w4 Laﬂmﬂﬂaaﬂuﬁ’lw’f’m@:izij 1 -52
(Campbell et al, 2009) asndifindngiivngueeinlunseiuilifioasaulufivornziudeusy
Tulsta wu Lewladausiy (Endosulfan) flazasludenliluanigeuisn egluguieuladauny
Faun Tuvaziluussennmmzeglugy Saveuladauniy way waeuladauriy Fadululsin
defivazauoulndaunuazivasulviegluguiouladausiu dawms (Simonich and Hites, 1995)
Tunsalvosaunuiaduleluesasiliaunuuivos HCH i wuirnisazan HCH Tuily 4 wilafe
Aveana sativa, Chenopodium spp., Solanum nigrum, Wwag Cytisus striatus ‘W‘U%azaﬂugﬂ
Tolaasumnvee HCH 11nnan (Calvelo Pereira et al., 2006)

2. nMsgpraansmeiy Nuuvtawu Elodea canadensis @ nsagouaaiy DOT e
40% neazauliluwagiig 22% (Garrison et al., 2000)

3. MsarfuayunTYeRAuNas Tnenuindedunididesaasasiadimdndng

Y a a

naueainlunasiulavissuazuuailise (Phillips et al,, 2005) witedninveinisldaaunsd
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dovanuansnaguilléidh uazindevanelvauyssawdumsveulaeenleduasidhogdunis
vindeldtos fnanfnumusladfidufivinntu wavenadeddqauvidunnimdsiadin
Tty MsduasumsgesaagansniidadngiivngueainilunaeIumenvilseaunie
wuifu msUgn Holcus lanatus Sadufiemsznanglufuiivuion HCH asteduaiunisges
aane HCH Tufuldd uenvndudamunisdesaats DOT lulslsafissvos unsnandiu finves
way dnluy (Kidd et al., 2008)

anuliuiwrasanyzaaslsivlaatanivusane

wnazaalslalaaianisu Wuansiedinguosinlunaesuiliiuanssiuias Tleluwedv
anevila (vln o, By, 8, & M, waz 0) uisduuuimulsvhluassuuude Lonazaaslslelaale
nuuuuRaRitinalelsies (Technical - HCH) wazduiau (lolowesulnunumn) dedenldidu



39U IEeUU (Pereira et al, 2007) aumugﬂﬁwﬂ%‘tuﬂizmﬂmaéﬁjuwi W.A. 2544
wseduansiinamuludaunndenuazanafuaisnenzise (PM Thailand, 2551) A3s¥3alufy
Usganas 400 Ju (Ulman, 1972)
fisrermaietuanudufiviensnazaaslslalraeneusefivnaealdd anudufiv
vpsduaudoladfiv ilsatesfunissuniudefuwadluves Flodea densa  @evinlef
anuansamuauUTnavedlessulufvy/ Inunadsuvonderiuadanas (Schefczik and
Simonis, 1980) Awauiinndslufuaisuanianuduiviennuensinvesiilneniuay
finnneds whdufivduimiinanvesinnnadaindy (s1nasel guane wazame, 2553) Ay
20 mg/ke ananueTTINVeMiMInnegtimIuLasdnalufiavandufinuudausesiund
wazfiudnsdveshminutetmings faduldldinenszraclslalaanwusuniunis
azauveity (Chouychai et al., 2009)
UNUIMUDIAITAIUANNISIATEYLAUINYBINYAUN THaUAUDIRDE TUANY
msiifalduansuafvanndanndeuazdmasessuugesluunmelufivdewuiu e
$ulaveniin szfanisavaneendiauuiisenislueadiig eendiauujiseias Jusids
é’iyiyﬂmﬁamzéjumﬁv‘mmﬁuaﬁzuuaaﬁuumasmmsazuuﬁwmuauamaamwnméﬁ’u &y
nsawaule@n nsadaluin Juivelsadu niewidledn  wazieiau Indlvadnezlsuifn
lelnsansueniiiaerlsninvateisdmansenusonisiadayiivlnvesfivlnonanignindiedu
wawsadu Jsoraidumszlaseadidlndifesiu (Xing et al., 2006) Walausuniu (Fluoranthene)
Fuduasusznounaulndlurdneslsininlelnsaiveurianils nsgsulvidadumaiansauey
le@nuntudloldsunglonsuniuimfuesniussnafsmiooondusudulslalaiuluanin
Uaonite 675@1@mJnamiazamiml,auisa%ﬂiuﬂmLﬁmﬁulﬁaaeﬂuamwﬂmﬁu wazauduiie
GuaquT,aLLﬁuﬁu%’ﬂﬁﬂﬁLﬁmamaznmé’ufu%ﬂﬁ (Vanova et al., 2009)
nsldasmuaunsiatgdvlavesivainmeuenitoansuidufiviefivvesasiidn
fnsiunguoniniluraeiududnmadonuidumsnszdulsifvarunsaaiyfvlaluaniigidl
ansuafiwvudould fyenunsliasmuaumansydulavesiindeanauduiiveedans
vifnsofimduduauann 19y nuszTuiivgnuuulelasindlesu 1AA 107 M nioufuazialy
a15ara19519e M3 axlinsiasgiivlnvessennazsniniduiildsunzAuiisiogianfien
(Fassler et al,, 2010) Msl¥autUaLsadu 50 uM tieananudufivwoswaniiouiiy wuiiusHu
wawsaduaglianansadfisdhaiinan druinuiewes Brassica napus Masauuulelasiniinduaz
Igsuuandlon 50 — 100 pM ¢ udanunsarinuSunanaslsiadlaniuvandon 50 pM (Meng et
al., 2009)
flrusviiadlolduasmumumaaiyiulandeuiunisdudatulansviinaznszeuls

~ Y

fuwiauazaulanswinldatu sheghagu munsfuiiasaluiuiiinefndedensd odany
asmunumsaigdvlangulelaledufivenazifiunsazaunzividedsnzdneluTanavesiiv
19 (Tassi et al., 2008) Sesbania drummondii ﬁﬂqﬂLLUUiaIm‘LWﬁﬂa“Lumsazmaﬁﬁmﬁ"a WAy
7l 1AA 130 NAA ogluansazanesineimseazasauns fanielufunaldifiutuduity (srar

and Sahi, 2008) wasenyiasylunuAuuariluseuvulouludiu ieiiunsawdludnaslufu



$e awvilimtnuiesmnifiutunasfiunisvhiuesssuuueufeanduaus (Antioxidant)
8 (Eraslan et al., 2007)
nsAnwnaven1sldaseununissyiulavesiiaslunisanenuduiiveesaisidn
dnsfimnquossniluasoiudeiliinntn waeiiarldnauarlaildna Sharada et al. (1999) wuin
AULJuRiwUaa Hexachlorocyclohexane (HCH) nnlelwiues wansanuduiiviofivlngan
EAUYDS IAA LAYATYNaLes Ca” -ATPase fvfianuudanss (Fumainanueneen A
g1151NLasSesaznI9en) vesdunddnananiolisu samma wag deltaHCH widaiiniy
wdaussaznduAuduundlatldu 1A 100 nM Wodundimlésunisnsedusie 1BA wie GA,
sausdudumdaudrfahuimglufuiiiiueu 20 me/ke mrundufivvesduauivsngluszes
dundnaztiesnindutniliildsunisnszdu 51asal guane uaz dnuws sl 2553) nsud
wiindilweluansazats IBA 10.0 mg/l annsaifiuanuemeen AnuemTnkaziminanues
fundrdrinaiiasalupuiivudeudway 20 me/ke 18 @vaws sUTnY wazAg, 2554) N3
wiwdaidnniedsluansazats 1BA 1.0 - 100 mg/l annsafiunisiaTayiulnvessiundd
ﬁnnmqé{ﬂuauﬁﬂuﬁauﬁumu 20 mg/ke I wrazldlgnadniivmududuvesdunwdu 40
mg/kg (Chouychai, 2012) nsuaannaefsluansazats NAA 10.0 me/l uaaiiliimnzlu
nseivudeueuladauriu dawn 4-100 mg/kg vldrueeenvesdunauInty udn1sud
wanluansazanglnifeyseu 10.0 mg/l vilinisasyuessnvessiunamenveinly (vilug) au
AILNA LAY WAL LATBNTIY, 2556)
finsldasemuaunisiaiguesiislunisyfulssssavsninvesnisiluganinuindon
vosiiy lnglawiznisindoudnelansuiinesnainiu fog1e 1wy nsugn Picrs divaricata u
da1vavatggeniaun (Hoagland solution) Fndunzia 100 UM taz nIndulnassd@n
(indoleacetic acid; IAA) 10-100 uM dunsazaulanzluTunadiodfioutuisiilllasu 1AA
audidurenzidluluves P, divaricata S0 1AA 100 uM 1Tu 1,840 pe/s duduiilalesy
AA WU 1,300 pg/e (Du et al, 2011) dadadlani ﬁﬂqﬂiuauﬁﬁmﬁ"a 80 mg/kg LAZIANIY
asazay EDTA $3uRU 1AA 100 M waglailiu (kinetin) 100 pM iunisazauneialusonlng
Liiiunsiaigivlavesit arududuresnsmluludailanuieolaildiuaisaugunis
WiaAuTadu 92 me/ke wazilaldsu IAA+kinetin 1u 127 me/ke (Lopez et al., 2009) 3314
A13AIUANN TS YRULALNNYAIN AU sEANEA MUY 19U N5 1AA 138 GAs 1 uM undu
Gé’hfgi‘wmﬁﬂQﬂiuauﬂmﬁaumzﬁ"ﬂﬁwaﬁNﬁ’uiﬂmﬁ‘émi MSLAUAALY IAA 158 GA; vinliazay
aefaldsiniinisaany Tnansuddavinliazaunsirludidunazlofu 40 was 50 g/
auaIu daunisaanuriliazauss Mluddunazluidu 60 waz 100 ug/e mudIdU (Hadi et
al,, 2010)
navasansAUANNsIAulafidenTdfussuuaiTinevasily
ansmusunsaigivlaiidentdluiidl 3 viede nsndulaadoniin (eendw) mdey
sou (lelalafurinitdiagi3s) way nnduivaisadn Guiveisadu) Tnsvsauaiinduaisauau
nssguiulafissnseigdulavesity Insfinslésusandutiensedulifvasauasuaiivlia
dulnfeyseuiueeiiignuimionssilifianumudelavemiinuaznssdunissentd dauiu



10

wasadudumsmuaumaaiyiulaifiunumlumsifiuanugnvesUdes wagnszdunissen
vouudn Sudonasmuquninaiaivlavesiiv 3 wletumaaeu Tnsseazdeanisoongns
vosansusaziaidusad

1. nsndulaadamiin (Indolebutyric acid; 1BA) 1iuarsmuaunsiasayiulafinuniy
syanei iunulludnlnauasfieluifesgdnvareeiin BA Aduaisdansedlflunisgenn
vasiadntrdoonduiiunuimdenisisaiviavaneUsens Wy Sunumddasensiiataves
Jowde Fudunaifernuliaunmsiussuiasadviomeluead nafinguinsessaduas
naiRnsuvisnglumad (Boutte et al, 2007) msdnthnnsBavenswaddifu uasiodoru
gaAKINAR NIzfuMILULTaduazNsEaeefTensad idsniulpvesiiavisluduiidudu
waz31n Iaeuniuad diusineeuesiivnevaueaswieUTinaeanduliviiiu d1dudesnisesnduas
nilusin Msdnve1eAueYeIIIn 88nTu Ysnaiiaznsedunisvetedivessnlad diu
Asduduiinsziunsasyesdduazgaiuludniusn aunaendunssuds Tlunisdniy
inlunistniiinivsulndlunasanaaes (Thomas and Michel, 2007)

2. Inflegseu JThidiazuron; TDZ) \uansauaunisiasqiiulavesiivydnlalalaiun
quiliagi3e favswasonsadyiulavesiivann TDZ nsedulsifivmanssiafnnsuasundas
yaaisinelds wihfieiuasnevaussdeasemuaunnaiaiulndudlddos wulunduuesls
dlouds (Malabadi et al., 2004) T4fiaadudusin visadufsuasesuilaluafiiana uasld
nalunisnssdud fegratu nsefunissenvesudn Striga asiatica waziinniaven nswdu
nstasgeseluleUila mmﬁzyjuaﬂm?:mﬁﬂwm ann1saanefvasnaslsilad iunisasa
Unlu wasifindminasvesiie [udu (Murthy et al, 1998)

3. 13ATULUBLIAAN (Gibberelic acid; GA,) Wumsifunuwlunsnszdunsuiasadsi
Tiimasydulaldnng sofiunnuamisnveinsaaeivesninead Sronsedunisdos
aneuauazihma anussiuhmesfiviilimindieadldun vilvieadesed Juvesaduiia
somaifiutniinanvesiivlaglsifnasedminuts hevianeszesindavesiisianisindves
puazdn Inevugndves nsnuevledn SuiliAnssesings Peisenisieuveeulesi
dosaasioulaailsu (Olszewski et al,, 2002) Liun3ienadudn WunsEnsvesdesiaiing
LAYNULTEABN (Ortega-Baes and Rojas-Arechiga, 2007; Ranwala and Miller, 2008; Zeevaart
et al,, 1993)
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Aauil 1 HavasANTAIUANNITRILAUTAYasivYiafen denisainluszesdundlvas
$17Tna finteuazdaiineaiivgnlufuiuiiousnezaselslelaaioniay
Tmafinoa HCH (Dr. Ehrenstorfer GmbH, Asu3ans 99.0%, Wudunauvedlely
Wwaswaan 76%, lalaiuasium 6%, lolawuasunuun 15%, lelsiwesinani 2%, wazloluiues
wUTaeu 1%) §1 HCH udravanedeezdlau 9niusaivasluiulildamududiundu 20
me/kg Auflfsanizozdlau MHluynaiuaud 0 me/ke AsAuly 24 drluailelvesdlauszine
Wlnuanouldimeiude fuililunismasosiidufugadeuinaildsuamnuoyasziannsy
Wanniidy Sviauasaissa
nsnadeunsiduiiviaulaswnainisves Chouychai et al. (2007) utudndailngt
(Vigna uguiculata) (U3¥MBaAnangnidnna uumny3) 11alnatiniled (USEndaniandndiia
uuny3) uazindadngs (UEnddadedrin uunyd) luansazanednendeldiide BA (Fluka,
AuUIavsTesay 99) 0.1, 1.0 WA 10.0 mg/l; GAs (Fluka, AnuuIavisiesas 90) 0.1, 1.0 uay
10.0 mg/l; TDZ (Fluka, Anuudgnssesas 99) 0.01, 0.1 waz 1.0 mg/l 1duan 3 Halus lned
wiafiudluindudugamuey wddailumzuuauudfdfuinauly feiduaglid Hon
91uaz 10 Wia $1uu 3 MusovINLUG ML iigumgiivies (29 ssmiwalTys) uay
S uuassssumni sathiuazUszanas 10 mlflensu 10 Fu Suiindesagnissen Tamueives
poAuayIIN tmtnanwazivinuiesseauazsn vUsinuenaelsiladie raslsiladt uas
naelsiladaualuluanaiSves Huang et al. (2008) aududuvesnaslsiladluniae me/ml
Sruanumugassie Ul
[Chla] = [12.7 x A663] — [2.69 x A645]
[Chlb] = [22.9 x A645] - [4.68 x A663]
[Total Chl] = [8.02 x A663] + [20.2 x A645]
NAFDUANULANANNNADAAIY Two - way ANOVA wag LSD test

Chla] = [
Chib] =

peull 2 HavasEnIAUANMTRSAUIndaslinufurem iy luszezdundrvasdinlne
fintluazdaiinenafiugnlufuvuiiousnezaselslelaaianiay
auﬁiﬁumﬁﬁﬂmﬁtﬁummﬂqusﬁmsﬁﬂmmwmmmm AuzALLlagN1TNYATLAS
weluladgnanvnisy unine des1uiguasaissd Tnsevanauiifuguteshuiuidy
HosufiRnsnats ngamwa Auldufusing (pH 8.9) fuTuamoanieatiosndt 0.29 n3u/100
nfuminuiwestuiilulsauiomn 0.21 n31/100 nduhmiinuiwesiulnumaideuiion
0.13 n$21/100 n3utmifnuiewesAunararsdunidlupu 1.78 n31/100 nfuthuinuisvesdiu
wagliilnseiuTnaansmindnsiivnduesinlunassulaun luuduenszaaslsn(Benzene
hexachloride) LaUspassuaziauninaaionanlen(Heptachlor & heptachlor epoxide) 8an3u
uazfan3u (Aldrin&dieldrin) lnaewea (Dicofol) ARl (DDT) Aaasiau(Chlordane) touladani
(Endosulfan) toun3u (Endrin) #itd (DDE) uaw Ada (DDD) fe GCMS delimunisuudiou



12

w3snAulaed HCH udhazanedposdlay anntududvaddufulildanudududy 30
me/kg Auifsanzozdlau MHluynaruaud 0 me/ke AsAuly 24 drluailelveosdlauszine
TUlvnuaneuldinngiudn

widndnalnadramileiug Big white 854 F1 (Winiugnenisivesusemdaniiandn
911A wuny3) luansazaienieg seluiliie 1) IBA 2 mg/l 2) TDZ 2 me/l 3) GA; 2 me/L 4) IBA
1 mg/l + TDZ 1 mg/l 5) TDZ 1 mg/l + GA; 1 mg/l 6) IBA 1 mg/l + GA; 1 mg/L 1Jutian 3
Flus w3 uhlumzunemudfiiiuiivuousarlivuidou HCH 91uay 10 wWia $1u9u 3
MusonInaud nefiwdaiiutluindudugamuau Maunun1svaaesuuy CRD aasilady 3
2x7 s¥du ilemsu 10 fu thdundisenianuauninanueveeeauazsn lnefnanlaudy
fevangluiiseuiign waz¥rannlausiniieanannluidssauisatssin Faiminanuasimin
WITDDALAZIIN NARBUAMULANANNNEDRAIY Two-way ANOVA LaglSD’s test fiszeu
Sodia 0.05 Anwdnvazvendefeneluddusazsinlnedniefednnuaine feuded
s funagnelindesganssawuuldua

dmSuiilnem Wesmnnsnevauswieduieisadulunsvadeuluneui 1 du Tnaly
grunsiudataunisveslu Seldveaeuianiznaes IBA waz TDZ sauiuvindy Tnegldude
dilnem (Viena uguiculata) (U3emBadandnsaia UUNYT) dnudadaiinenutluaisazans
seluiifuan 3 $21us: 1) IBA 2 me/l 2) TDZ 2 me/L 3) IBA 1 mg/L + TDZ 1 me/L tfutaan 3
Flus wd3uhlumzunemudfiiiuiivuousarlivuidou HCH 91uay 10 wWia $1u9u 3
mumammuum ImsmmammﬂumﬂamﬂummumJ MUKHUNTNAADILUU CRD dostiady &
2x6 536U lonsu 10 mmunmmaﬂmmmm’mmmmwmsJamLa 510 IneTnannlaudu
SeUaneeensou uaziaannlausnauuusnuds faivtnasuazivtnuiesenuarsin
NAABUAIULANAIVSEDRAIE Two-way ANOVA uazLSD’s test fisesuiadfiy 0.05 fnw
Snvarveadademeluddunarsinlaesaiodoannuaana doumedevsdunaigaiele
ndesganssAuuldias

nauil 3 navansldasaruaunIssyRuladan sulRunvudauanyzaaalslalaale

1% v v P Y
ﬂL‘?JUﬂ')El‘U’TﬂWﬂ‘U’T)Lﬁﬂﬂ’)LLﬁSﬂ'}]mﬂﬁl’n

1 HCH udhazanespozdlaunniudadvasunulildmmndududu 50 me/ke AU
muAsiAanzoralau wdildlruied 28-30 sarmiwaiea 1Haannnd 24 $lus wioaunin
nauveses@lauazmualy fegrsdugnaunn 3 duvis udnilviesesd mnududuves HCH
Tufudlodinsziitng GCMS W 46.8 + 11.3 ma/ke FaliiduaSuduves HCH Tufu

naneaesdlunszanslgniufouiueneu - natau w.a. 2555 Mudadnlnadrundes
fustnlavi 854 F1 (East west Seed Co, Ltd, uunty§ Uszinelng) thiudadilnadrimieius
Tugnsavanesoliiduiag 3 $alus: (a) distilled water; (b) 0.01 mg/LLTDZ; (c) 1.0 mg/L IBA;
(d) 0.1 mg/L GA; (e) 1.0 mg/LIBA + 0.01 mg/L L TDZ; (f) 1.0 mg/LIBA + 0.1 mg/l GAs; (g) 0.01
mg/l | TDZ + 0.1 mg/l GA; LLé’ﬁaUQﬂIuauﬁUuLﬁau HCH Tneldaslunseansay 2-3 wwén
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mzmqﬁiﬂi’fﬁt,é’ur;hu@uéﬂaw 7t uarldfuasly 1 Kg ndranwdnsen szaeuliivaenszans
awdu wiadnlnadrundefudludhndusasneluduilivudon HeH MHiduganiuen n1s
RRUARAHE S

lunsfnwinavesianisiiaismivaunisasyiivle laSeuiieunavesiansi
a1savane TDZ 0.01 meg/l dad1ilnm laedl 5 nSniuud e (a) wiwanlu TDZ 0.01 me/l WJu
nan 3 Falusdeudgnluduvudou HCH; (b) whadalunduduna 3 Flusdeulgnlufy
Juidfou HCH uazsadae TDZ 0.01 me/l Aedulufudl 5 dan1sugn; (© whadalutdindudy
e 3 Flusroudgnlufuiudou HCH wagdanufeansazans TDZ 0.01 me/l filfis Tween
20 1 viwn luUFaas 10 mlsedu (d) utwdsluindudung 3 flusnouvgnlufuduiou
HCH; wa (e) wiwidnlutndudunan 3 dalanouugnluduilivuiiou HoH Ygnnssansas
2-3 win danuincen azneuliivdensynnsaziy n1smaaesyiaug)

TumsAnwinaveseududuiiveiuresansmuaunisasgiiuls WuTeudisuann
Wudures GA; 4 sedumududy fe () ¥indu (0 me/ke); (b) GAs 0.01 Mg/t (C) GA, 0.1
e/l uaz (d) GAs 1.0 me/l Yrudedilwauudluansazaneluusazyimauiduian 3 93lug
udrgnlufuvuideu HCH nsvasay 2-3 wha vdsnwdnsen axasulindensenisasiu
windrlnedrmdfudluihndusssmnglufuiilivudou Ho M dugaaiuan nsvaaes
yhanuen

dusuiiinem iesainnismevaueseduaisadulunisnaasulumeud 1 du lsua
Tusunssudaimuinisvedly 3aldnnaeuianiznaues IBA uaz TDZ senisnsedunismida
HCH pannAufiugniaiinenasibu nsmeasslunsznisugnluieufueisu - naau wa.
2555 Mwdadilnena (Viena usuiculata) (Uswdadnasdnsiin UUNY3T) Ynudadaiinenu
Tugnsavanesoliiduiag 3 $alus: (a) distilled water; (b) 0.01 mg/LLTDZ; (c) 1.0 mg/L IBA;
(d) 1.0 mg/L IBA + 0.01 mg/L | TDZ LLé’ﬁaUQﬂIuauﬁUuLﬁau HCH Tagldaslunseasay 2-3
wiin nszanefildfiduinugusnans 7§ uarldiuasly 1 ke ndsanudnsen azneulfinde
nszansaziu wiedinemiudluindusasmzluduilivudiou Hod 1duganiuan nns
yaaesvhEANE

Auduaruseuuenuagiuluuinailsleafiosluiudl 10 uay 30 nduudasen evnly
AnTgaiUTINas HCH Timdenglufiuse GC-MS IﬂEJLmJmasmmuwﬂmﬂammiuimﬂaﬂwm
Apeiiiag Fuietdnlneluissrinandifeaememeen muemsn dvdnas was
ihwiinusvesenuaysn fegauiesseauazsindiineluiud 30 asthluiiesegiuiana
HCH Annénslufivwuiu

anafieg1efumegenyian tngldauune 1 nfunaudulafoudamaiaulandaly
gR918U 1:1 Whueuladauny daina (Dr. Ehrenstorfer GmbH, Germany, Lot no. 81205,
mmiﬁqmé 98.5%) 300 me/l azanelugniaw Usuia 100 pl iieidudunesuea uanuaisn
thihegsiuluatalusasenianseieniou: ex@lau (1:1 TaeUsues) Wunan 12 $alus seu
voamsatnUszann 3-4 seusiodalus udnhlusemeawfouuisluanzitanudulugiah
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gaungil 60°C lagldlsnn3 83 meLsines (Rotary evaporator) (Buchi, Germany) LAsianiay 10
ml lazszigaumasusuinsuseana 1.5 ml nsana HCH Tugsauazsinyigudsanulunu

ATz ITNTUYes HCH Tuaisadasmeianisumsiialasunlnns il (Shimadzu GC
AOC-5000) wazuugaiunlnsalnl (Mass spectroscopic detector) (Shimadzu MS-QP2010)
nsmansguludunselurasmnududures HCH 521319 0.4 - 100 me/l Idnadutuuuasiia
a13 Rtx®-5MS (30 m x 25 mm, LD. = 25 pm) Sasinisivavewiadideudu 0.6 mUmin 7
AVINAY 49.5 kPa tnednsndiuauan (Split) Wu 30:1 inurgamaiiidu180°C Wuan 2 unil,
wdnfinguundludng 20°C/min aufis 250°C warasiily 2 undl anduifiuain 2500C fs
280°C $hdn31 20°C/min wazasiily 4 w7l gamplinduanined (Injector) uazfnnines
(Detector) 1¥u 250°C

AITILATIERAIULANAIITENINNIVUUALTAITILATIZILUU Two-way ANOVA uay
3meﬁm’mmeiwuawhLa?{aiw@ﬁwmsmaau LSD
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NANISNAABIAZIT

Aaudl 1 WaY9AISAUANNISIRSAUIRvaNYslianed dan1stasgylussezdundvag
v vy & =] a &
d1qlwa dndetazaalnedivgnlufuvuidawanaanslslelratanioy

1.1 Na‘u':»Nmiﬂ’J‘Ufj&lmil,ﬁiy,Lauiﬂﬁiaﬂﬁm%mﬂaﬂﬁ"?ﬂﬂﬂﬂ

Tupiuitlduuitiou HCH msuswdealuansazans GA; 0.1 - 10.0 me/l Asutildimnzaslaid
nasomEIsenkarimnanvetsendunadaiing 1 (gﬂﬁ 1A - 18) usiazvilamidnuis
GumﬂaﬂfﬁﬁlﬂEJmﬁm%uashaﬁﬂaéwﬁzgmmaa (gﬂﬁ 10) dunisudidndaiinenilu GA; uda
ilumgluAudil HoH du wudn GA, ldansansedulvinisiasguessentiineiduldias
dleflufuiundfunanudaiurluindy wavdusouiteussniaudadaiingnfiugly GA,
aududuwindy wiilUamngluRudisl HCH safuud ssifiuin fundnfieSelufudisl HCH 9
fhminvessenaiminaauazimtinuiedesniduiiaSaunuitlill HCH eghadiTodyma
anf

nsudidadaiineluansazats GA;s 0.1 — 10.0 me/l Asuthldimnzlupuilivwiou
HCH aziiiunaseTInvassiundlitaiau waanldsu GA; nnardudu Wethlumnglufuilid
HCH Fundrasdimuensnduninudaiiudluinduegnaditodfynieadn udasiidminuie
a9ty Tneilifnasiotntnan (U7 10-1F) dundafildsu 6As ynenududu Worlumgly
Auiidl HCH wutnamedundnfiunannaudaiiudly GA, 10.0 mg/l whiuiiinnuenisindunia
Fuiiinanudaiiutihndueeheiifoddymnean us GA, arlifinadetminanuazihudnust
vossndundrdailneias (U 10-1F) uenantu Fundillésu eas nreudiduiafingly
Fufifiuarlaid HCH thy nswamveslulald wesfiszduresaaslsiadynatafitasunn (laild
wansdioya) falunmmnaesieluslailivaaounaves GA; sadailnem

Jueisadufuarsmuaunisiaigidvlaifiunuivlunisdaaiunisdadvessn
(Tanimoto, 2005) waziinsirduueisaduuldifieduaiunisnsaivlavesiivluanteiil
Tavigniin Sanud Suiveisaduazesngrslétosnnineandu wu nsld GA, wie 1AA agheaz
100 uM lun1sananudufivwameuns 80 M fan15asavemunsiu wui nsld 1AA Wi
AINEIIVDIIINUATNTLAUNITHAIUIVBIVUIINIAANTT GA; Woi GA; AEINaANIIAIUNITINY)
seurassaning (Ouizoudou and llias, 2005) uazdadeifiusyfuvesoulesiiuoyyadass
waznsazaululpsiauludduniilesulnsndenls deld 6A; 10 uM usazldldnadiinusune
\Ju 100 uM (Gangwar et al., 2011)

Tunsnaaesil Amnududuves GA; #l4Ae 0.1 - 10.0 me/l %38 0.3 - 30 UM Feudiazlsl
ansansEAuUNNTIaTyesonuarsndmiuFundTiaTaluAuil HCH 16 usiasnsaia
drmdnutdlugundrfiasalufnitlddl Ho fedu Sadululginnsld ca, dliannsoanning
Jufwres HCH siensiaSeyszerdundveadailnemld nsifiuanududuves GA, 9199zdang
L?mm'amiLﬁig%ﬁﬁlﬂﬂ'rsmnéa%u dlosnlaerhily msasguetsandeinisiuvesaduly
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[y

SYAU 1 UM KagsINARINTSIUSEAU 1 nM wazaziuldainnisdudanistnenivassindailineina
Tupuniuaglidd HCH

N ©
(4] o
—

N
o

Shoot length (cm)
s @

HNao HCH HCH 20

1.0 0.5
@ 0.8 B 0.204
5 5
g 0.6 ; 0.154
s r
204 £ 0.104
g 0.2 ig 0,05

0.0 0004

0.08 c 0.020,

=
(=]
-
.

Root dried weight (g)
s 2
Ll o

Shoot dried weight (g)
(=]
£

:

gﬂﬁ 1 HAY83 GA; flonueneen (A) dniinansen (B) tivinuissen (©) A1we12370 (D)
draninansin (E) wazihuiinuiesn (F) vesiunddailneniiesgluiuiiliiviefisnszaasls
lalmataniau (HCH) 20 mezke \utian 10 u dydnvel : O vindu B GA, 0.1 me/l I
GA; 1.0 mg/l EEGA; 10.0 mg/l; ﬁaé’ﬂwsﬂw’]éJQﬂqwﬁ’;ﬂmﬁLﬁﬂﬁGmﬁ'wmsﬁqﬁmmLmﬂ@m

Ausd NTTydIAYNNERATEINAUNANLASU GA; AsAuluAUNI HCH Anaduduifendy *

uanIANLANANAURYNlTud Ay NadRansuna s yluRunlivudounlasu GA; szau

o

LPgIN
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25, : 201

E

E 204 E‘ 154

E) —

§15 g

— 1ﬂ.

§1o- é

Z 3
5 £ 5
o
1.0 B i3

]

= 081 020

= i

= E

g 0.6 ?njb

F—

] 5

£ 041 Eo10

J:

g 0.2 E 0,08
0.0 0.0
0.08 c

E & 0.0

%, 0.06 ab B

g = 0.00H

be i

3004 a 3 0.0

= 3

8 0.02 3““*

=

w
0.00 0.000

No HCH

Ul 2 Haved IBA famduengen (A) ihwiinangen (8) dniinuvssen (©) A1we1130 (D)
draninansin (E) wazhuiinuiesn (F) vesiunddailneniiesgluiuiiliiviefisnszaasls
lalaaienion (HCH) 20 me/ke Wuwaan 10 $u dudnwal : O thndu B 1BA 0.1 me/L M IBA
1.0 mg/EA IBA 10.0 mg/\; ﬁaé’ﬂmmw’]é’qﬂqwﬁaﬁuﬁtﬁﬂﬁ@mﬁwmaﬁqﬁmmmei'mﬁ’uasm
fifdfyn1eadiseninasund 7ilasu BA mafulufudisl HCH anadudiudentu * uanspy
wanssiueeeitfoddymeadiandundriesglunuiilivudouilasu 1BA seduieaiu

msudwdadaiineriluansazais 1BA 0.1 — 10.0 me/l udailuimizlupudilald HCH wus

'
[y

IBA 1.0 mg/l ﬁwiﬁﬁwﬁﬁfﬂamLLazﬁwﬁﬁﬂLLﬁwaaaamé’uﬂé’wmﬂﬂmaqqﬂ’jwﬁuﬂé’wﬁmmmuﬁ@ﬁ
wHtndunde 1BA 10.0 mg/l agnaiifedfyneadn wilifinasennuenisen diuudaiiugly
a15aza78 IBA 0.1 — 10.0 me/l udaniluimnglufudid HCH wuh 1BA Tfinaseanueneenuas
drninuiwesdunddiingnn mnzdundiinnainudaiiuglu IBA 1.0 me/l windh fithimin
anvessangnund innnudaiiurluindussedtoddymeada WoFeuiisusendng
winfiudly BA anududuwingy wimeadlufuiifindolddl HCH asfuléd dundrdaly
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fuiidl HCH szidhminaauazihninuiwewenmniduiiasyluauiilivudeu (3U7 2) m3
widndilnendluansazane 1BA 0.1 - 10.0 me/l wdahluimngluduiilidl HCH wui 1BA dana
somuguarvnaavess NNt wnus winfudlu BA nreudududlelug
Tuduitladl HCH 2z ldauemsndunindundiunanudniiutiinduedefideddyms
adf wasdundfiunanudaiiualy IBA 1.0 me/l ssiithminanvessnunnnidundiiiuneann
wasiugluinduvie BA Anududusulitesmslupuiiivieldsl HCH Anu nnsudiade
filneniluansazans 1BA narududuazlifinadethminuiswesiund sz lufuia
vi3olaidl HCH wurfiu (§U7 20-2F)

BA Wumsemusum el yivlnvesfivfianunsanseduniaaigiulavesiivluaniegd
$Suansfuldd Tnsanunsnaaasunisaigvessundrdnilnauasinnnedslumuivudioudum
20 mg/kg ba (Unumns 3UTnal wazmniy; Chouychai, 2012) usildanunsaduasunisiasayvessiu
nmmnn’mmmLaimiumuwﬂuLUauLauIm%aLw\Iu Fawnn 4-100 mg/kg 16 (vilwgn aunse na hag
WFET LASONTIY, 2555) Felunsdnwil IBA 1.0 mg/L aunsaviuminanvosiundrdaiingn
Tudufivudeu HCH 20 me/ke iy vl fis1e91uin HCH ansziuvessasluu 1AA Tudy
nand1ale wazn1slasu IAA annmeuenavdiglrnunaitasyladuunid (Sharada et al,
1999) Faufuldlein nsdudatiu HoH Fiuudeulufuinldsziuvecoodluu 1AA ludundn
filnenudsuly waznisutdadaiineriluansazans 1BA sstaeliszduves IAA WBuundly 8
aesdinisAnwlusvazideasely

nsugwdediinealuansazate TDZ 0.01 - 0.1 me/l wdawzasluduiilivuiiou HCH
iliauenigenvesiunategluse Fuidsafuduiiananudaitudludingu Lwié’%ﬁmmm
\Wuduves TDZ 1 1.0 me/L 9 mﬂﬁmmmfwamamaqamqmuamﬂmmaam uona Nt M3
wiwdnluarsazats TDZ ynanudutundumzlufuilaid HCH vilsninanvesdundn
inniduiisnanadeiwgluihndusgaditeddymeadn uilifnasothudnutwesdundd
aghalsfnu Wetiudefiugluaisazans TDZ vmmwm%’u%’ulﬂmﬂuﬁuﬁ HCH 20 mg/kg
wuliifinaseriininanuasiminuiwesdund uinsugwdsluaisazans TDZ 1.0 me/l
sduildenueneenanasetditoddymadiuazdidunindundrimgluiuilivudou
HCH Bnene (3UT 3A-30) WlelFeuifisussninaudaiuglu TDZ avsnduduiniu uwimnzadly
fufitiviaeladil HCH auuiulen dundriasaluiudia HCH asidmtnanivesseanuazsind
nidtuiiasylufudlidl HCH (3U7 3)

TDZ fnadfudfsmsiasaivinvessinegrsdman Tnedundrdilnenfiuianudaiiuglu
ansazans TDZ ynanudududiovuimeluiuisivudouwarlivuiiou HCH aediauen
3fmamaqmné]’uﬁmmmm§mﬁLLGd‘Luﬁ;'mé"uaéwaﬁﬁ'aﬁﬂﬁ’@mqaaa Lazazanasntuilonny
Fudures TDZ getiu (3U 30-3F) msutiufalu TDZ 0.01 me/l wdahmmzlufudil
Yuitou HCH shlsiminanuazthninuiwessindailineriudule Lwié’ﬂ%’ﬁmmwﬁmiuqa
unniarliifing edrelsfinny nmsugwdadaiinerluaisazate TDZ wdniwnmslupui
Yuiou HCH axlsifinasormiinudvessin uasiimudiudu 0.1 - 1.0 me/l azsilvhminan
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e nanailofisuiuauiuianuaaiugluiindunsie TDZ 0.01 mg/l agafidedAmymnig
anmnene

Rowot length (cm)
- -
g 5

Shoot length (cm)

T

1.0 .20
o ]
= 08 = 016
=
> £
T o6 ¥
z = 0104
g £
£oa ot
< 8 0,085
8 &
£ 0.2
w
0.00d
0.0
10+
80 =
o
g70 E B
= 60 =
S =
@ 50 -E &
H
40
3 %4
= 30 =
©
© 20 E 24
2 [
S10
0 o-

No HCH HCH 20

gﬂﬁ 3 wawed TDZ deAuevan (A) tviinanyen (B) tviinusissen (O AN (D)
draninansin (E) wazihmiinuiesn (F) vesiunddailneniiesgluiuiiliiviefisnszaasls
lalmataniau (HCH) 20 me/ke Wuian 10 $u daydnwal : O thndu B TDZ 0.01 mg/l Il
TDZ 0.1 mg/l EADZ 1.0 mg/l; ﬁ?ﬁﬂwiﬂﬂwﬂ5&ﬂ€]w§hﬁmﬁlﬁﬂﬁ@iﬂﬂﬁUﬁM’]ﬂﬁQﬁﬂ’J’lmLLGmGl"N
fuetefituddnisadfseningdundfildsu 1BA sadulufuiifl HCH avudududont *

uanIANLANA AU NiTud Ay NadRansuna sy luAunliUudeuilasu IBA szdu
WWeanu

TDZ LﬂuaﬁmmumimmLmuimmaawsnﬂaulszf[mlﬂuquuaaLiammmﬂumsmLasm
nsuanganvaielen Inedunlinsedunswanuentunismizidedilodovasiivnaieviinm
Fuued (e Alatges wag Fladnwal Jugdns 2551) LaznTeiiednd (EuIus neduin was
WuSns1 nua, 2549) N1k TDZ iieaneudufivresansuafivlufivdsisaumdusiuauuin
Wuiy Asuddatlnaluaisazale TDZ 0.01uM Yeananuiuiwvesdniianedilnala
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(Lukatkin et al, 2007) TDZ 1.0 mg/l @unsadaasumsiasaaesininaiiasylufuiivuden
Waeasu 10 mg/kg 16 Lwiwiaﬂé’waé’m%mmwQaEﬁu‘LuauLﬁwﬁmﬂu 100 mg/kg (2510584
AUy Waanly, 2550) Mautudadnnedsly TDZ 10.0 me/l udilumnelunsefivudeu
wuladauriy daun vilisnvessiundriinnanedelaiian wheliniseiyvesonila (v
AUNTENA WA 158 LATBATIY, 2556)

Tunsfnwil T0Z damaludunisdudannuenivesissenuazanuesdunddailings
otednLan udaglinailufumsifiudminanvesiundt Sanmseongslusunmsifiuiminas
199 TDZ Hswanlufunnililddavudiefuiminanvoswadd (Famiani et al, 2007)
fathy n1sldan TDZ ileanauufiviesarsuafiudedailne1d e1adesld TDZ Sruifuans
muannsasyAulavesiveindu lnslaneviafduaiunsaiqguesnldd vieduadunis
8n811v098AkALIINLAR

1.2 Havada1IAIUANNISRSYAUlnfaN SRS yUastlnad1wwmiied

nsutdadnlnelumsazansvesansruaumaaiyiulauanmadisiuilomiziude
FnlnaluAuiivudounaslsvuiion HCH wiafiurlu 1BA vie TDZ udumelufudiliduidiond
Sovarn1ssengedia 75 - 90% lurnsiiudafudluthndunoumssonlfifios 55% daunnsinig
Tudufivudon HCH tu maudadaluhndu vilhwdnsenld 66% windiurlu 1BA 3o TDZ
wdamngluiuiivudou HoH Tufinissenuiies 40 — 60% Tuwnied GA, lifinasionissen

nsnoUALesaaImuAINTaTgiulavesinamsiudlomnsluufivuounaslal
Yudou HCH Tnelufudilivwifoudu 1BA 0.1 me/l uay GA; 1.0 mg/l ansnsnifiuanuenison
vossundrinlnels Wedleudusuililinseduioasmuauninaigiivln wagduiuaiiy
Wuduiusn anuensenazanas luvasiiiemiglufuiivuiou HCH 20 me/ke liflans
mugumsaigiavlavdalafiunusnvessendundrdalnaliias (15197 1) wunliunis
nevaueiinefuinulusinduiy Tuduiilivuideu 1BA 1-10 me/l TDZ 0.01-0.1 Mg/l uas
GA; 1.0 mg/l anAnmsnnvessundtminafledisuiusuililinseduseasauauns
L3egyLAULe wigmngluAuiivudou HCH 20 me/ke AuenisInvesdunddlnaliunndig
fu (91971 2) arsmvaunasyduTnTsuefldlifnadetminanuasiutnutaosdrilng
lihanmgluauivudoundolivudeu e 1 uag 2)
arsmuaunaaiyivlavesivaunsafivszduresnaslsfiadluludminaldvaly
anmefivudounazlivuidiou HoH winiseangrdvesansmuaunisasapivlaudaznguiu
safu 07 Fuduansmugunmisiaiyidvlangulelnladusiafidagise amisadiudiunm
prelsfiadie uazenelsiadianualdluynanuiduduild udang TDZ 0.1 me/l wihiuflidy
Usunmnaelsiladdly uidnasaluiuiivudou HCH 20 meke TDZ avliifinadeusuna
aaolsiladias 1BA Faduasemuauninaigivlanguesnduaiunsaiinuiinuaaslsiladie
paelsfiadiouazeaslsfladviamualiisluiuiivuidiounas livudeu dw GA; Faduanseuay
naaigivlanguiviveisaduanansadfinsziuaselsiiadioldidodnlnansgluiuiivuiiou
HCH 20 mg/ke warlivuidou uilifinasosysunaelsiladd (ms1eit 3)



21

A191991 1 ANEMen Umilnanuesyen Laziminuiussyenvesnilnatiuniedniaseylu
Aululou HCH 20 mg/kg wiseAulivuteudunan 10 Tu

d13AIVANNTT

seysAulnY s

ﬁmﬁu
IBA 0.1
IBA 1.0
IBA 10.0
TDZ 0.01
TDZ 0.1
TDZ 1.0
GA;0.1
GA; 1.0
GA; 10.0

Taidudeu 20 mg/kg HCH
A1NET7 vminan (me) vinutia prwem (cm)  thwilnan (me) vinutia
(cm) (mg) (mg)

12.6 + 5.3b 409.8 + 197.3ab 305 + 12.7a 14.8 + 3.3ab 400.9 + 118.2a 329 + 7.0a
213 + 6.0a 5549 + 193.3a 35.0 + 8.5a 15.4 + 6.0ab 284.2 + 192.4a*  21.6 + 14.2a*
129 + 2.8b 343.7 + 76.6b 27.0 + 10.6a 14.1 + 3.6ab 256.2 + 118.3a 21.0 + 10.5a*
9.8 + 2.4b 214.1 £ 77.5b 30.8 + 14.1a 11.1 + 5.4b 246.2 + 105.2a 20.1 + 9.62*
14.7 + 3.6b 237.8 + 38.7b 30.5 + 6.9a 10.6 + 4.5b 213.8 + 179.8a 17.7 + 13.4a
10.6 + 2.4b 278.7 + 103.8b 325+ 7.5a 12.3 + 4.6b 285.1 + 133.7a 21.8 £ 10.8a
10.5 + 2.6b 209.9 + 55.8b 25.0 + 10.8a 12.2 +5.1b 264.1 + 184.7a 21.8 + 10.3a*
177 + 58ab 4472 + 194.1ab  28.0 + 18.0a 14.7 + 4.7ab 378.7 + 167.2a 28.7 + 13.6a
20.7 + 4.7a 437.0 + 149.2ab  34.0 + 9.8a 159 + 4.0a 426.7 + 237.4a 32.7 + 18.4a%
17.6 + 1.3b 500.1 + 62.7ab 39.4 + 533 14.3 + 5.7ab 313.8 + 115.3a 22.1 + 8.5a%

Snwsmesanguianeiulansruanssegnadituddymedin (P<0.05) melupdniifieatiulay * wansnuuanssednditedAnmisadi (P<0.05) szwinshuit
livuilauuazuuleu 20 me/kg HCH ileldansmuaunisiasayiulnmilouiy

M99 2 ANNENITIA WINTNAATE9TIN taztminuisressInvestlnadrwileaniaseylu
Audulou HCH 20 mg/kg wseaulivutawmduan 10 Tu

d13MIVANNTT

sgysAulnY s

ﬁmﬁu
IBA 0.1
IBA 1.0
IBA 10.0
TDZ 0.01
TDZ 0.1
TDZ 1.0
GA;0.1
GA; 1.0
GA; 10.0

Taivuideu

20 mg/kg HCH

A1NET7 vminan (me) vinutia prwem (cm)  thwilnan (me) vinutia
(cm) (mg) (mg)

13.1 + 4.8a 155.3 + 59.9a 13.5 + 4.8a 59 + 2.1a* 134.7 + 64.8a 13.4 + 5.7a
13.5 + 4.3a 251.2 + 41.7a 36.8 + 12.7a 5.2 + 0.3a* 101.6 + 20.7a* 10.4 + 2.4a
7.1 +34b 218.8 + 67.8a 26.4 + 14.5a 5.1 + 1.9a* 122.0 + 71.0a* 12.6 + 7.2a
8.2+ 29b 216.4 + 59.8a 30.0 + 5.0a 4.9 + 2.0a* 139.8 + 78.5a 11.6 + 6.4a
89 + 24b 210.9 + 72.3a 209 + 8.9a 4.4 + 2.62* 96.4 + 78.7a% 9.2 + 6.6a
89+ 2.7b 182.1 + 100.2a 17.7 + 10.1a 4.5 + 2.2a* 106.5 + 69.6a* 9.2 + 59a
10.3 + 1.1ab 221.1 + 84.1a 21.6 + 9.5a 4.6 + 2.2a* 87.1 + 57.9a% 7.8 + 5.5a
11.6 + 2.8ab 205.3 + 48.1a 35.4 + 24.0a 4.9 + 1.0a* 135.5 + 58.0a* 10.8 + 4.2a
9.3+ 28b 251.9 + 57.3a 29.5 + 13.8a 6.9 + 2.7a% 134.7 + 61.92% 13.6 + 5.3a
12.3 + 4.3ab 2479 + 42.4a 333 + 23.2a 4.6 + 1.62* 116.0 + 41.33% 11.8 + 3.1a

Snwsmesanguianeiulanruanssegnalituddymedin (P<0.05) melupedniifieatiuuay * wansnuuansrsednditudAgymsadi (P<0.05) szwinshuit
livuilauuazuulou 20 me/kg HCH ileldansmuaunisiasayiiulnmilouiu
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A19199 3 USunaeaelsiladvestnlnatamdeaniaigluiuluileou HCH 20 me/kg winduly

Yuiauduian 10 Su

@13AIUANNTS Taidudeu 20 me/kg HCH

\Syiiiulnves paslsiladie Aaslsiadd naelsiladviavin  paelsiladio  maelsiedd  maelsiladviavn
g (mg/) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (meg/ml)
“jﬂﬂfﬁ! 5.7 + 0.0d 3.3+ 0.2b 9.3 + 0.2cd 4.6 + 0.1c* 3.0 + 3.4b 7.9 + 0.3bc
IBA 0.1 11.1 + 2.1b 6.6 + 1.2ab 18.2 + 3.4ab 7.8 + 0.0a 5.6 +0.0a 13.9 + 0.0a*
IBA 1.0 13.6 + 1.2a 6.9 + 0.9ab 21.2 + 1.1a 6.5 + 0.2b 3.8 + 0.7ab* 10.7 = 0.7b*
IBA 10.0 7.8 + 0.0c 4.3 + 0.0b 12.6 + 0.0c 3.8 +0.1c 2.9 + 0.6b 6.8 + 0.6c*
TDZ 0.01 9.5 + 0.8bc 7.1 = 0.6ab 17.1 + 1.5b 6.0 + 0.1bc 3.3 + 0.4b* 9.7 + 0.3bc*
TDZ 0.1 10.8 = 0.8b 7.8 + 0.8a 19.1 = 1.6ab 5.6 + 0.2bc 2.8 + 0.0b* 8.7 + 0.3bc*
TDZ 1.0 8.4 + 1.4c 5.7 + 1.2ab 145 + 2.6b 6.1 + 0.9bc 3.8 + 1.4ab 10.2 + 0.8b*
GA;0.1 7.3 + 0.0c 4.3 + 0.0b 12.0 + 0.0c 6.5 + 0.4b* 4.8 + 1.2ab 11.6 = 1.3ab
GA; 1.0 5.0 + 2.1d 4.9 + 4.6b 10.1 + 6.8cd 6.7 + 0.1ab 3.7 + 0.5ab 10.8 = 0.3ab
GA; 10.0 5.2 + 0.0d 3.0 + 0.0b 8.5+ 0.0d 5.0+ 0.1c* 3.0 + 0.4b 8.3 + 0.4bc

Snwsmwsanguianseiulansruanssegnalituddymedin (P<0.05) melupdniifieatiulay * wansnuuanssednditodAgmsadi (P<0.05) szwinshuit
livuilauuazuuleou 20 me/kg HCH ileldansmuaunisiasayiiulnmilouiu

1.3 HAYRIETITAIVANNITLRTYLAULARBNT TRy YRR Ys

nsuwtadainidluasazasansmununiaiogiulanialifiiadonissen  sade
wngluuiivudounarlivudou Inefesasnissenagsening 70 - 80%

nsnovauesaasmuaunTaiilavesinfuilomglufuiisivudeusasvudeou
HCH 20 mg/kg fingfuguLagafut1lnau1Lniie mamuqmﬁw%m@ﬂmm%ﬁqﬂﬁaﬁm
Tagiawiz TDZ vilanuemeenvesintaanasedrsdaaudemnelufuilivuieu HeH &
WMz GA; 0.1 — 1.0 me/l fiannsaviiunimdnuieseenld duduiiasaluiuiivuiou HeH
tu anseauaunssyiulannedalifnadenueisesvesingdaas uaziianie GA; 1.0
mg/l whiuidinadiuminuisesenld (15197 4) ansmuaunisaiydulaynvdaildan
ArupTNTesiundIindias uiisniminuisessindntgs flanig TDZ 0.1 mg/l wintuil
Winthninanvessnld duasmuaunsaiyAulnduglidua Tuvafiginslufuiivudeu
HCH n1seengisesasmuaunsiaiasivlnaedlu@e liinadernuenuazivinanves
570 uinduilaluguasmnuisvessinunu Tnetanis 1BA 0.1 me/l TDZ 1.0 mg/l uas GA,
10 mg/\ (M15747 5)

ansmusunsaiaivlaneiafldvilisnueaslsiedluluintsanasisnaslsiiad
1o AaolsTladd wazaaslsiladnanun ontiu GA10.0 me/l tiesylaieniilavinliusunn
prelsfiadloanatusananzeaslsiladTuaraaslsfiadimun dudndsiiniglufuiivuiiou
HCH tu Samns IBA 1.0 me/l fianunsarfinuSununasisiladieuazdly @ TDZ Fansan
Uinaeaslsiladvnuialuly vaueil GA; Lifinaseuiinueaslsilad (319l 6)
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AN5199 4 ANUENIYBN UNUNARVBIEDN kaLUINTINLAIYDI8nURIN UL luAuUulau
HCH 20 me/kg vSeRuldvulowduiian 10 Ju

3 o

A13AIVANNT Livudeu 20 mg/kg HCH
\Sgyiulavesiiy A1NET7 thtnan (mg) hominuis awem (cm)  thwidnas (mg) hominuis
(mg/0) (cm) (mg) (mg)
éﬂﬂfﬁ! 115+ 1.2a 290.7 + 3523 15.0 + 3.9b 11.1 + 1.6ab 258.4 + 56.0a 13.9 + 4.0b
IBA 0.1 10.0 + 2.2ab  263.9 + 50a 15.0 + 2.1b 10.5 + 3.0ab 251.2 + 60.2a 14.2 + 3.8b
IBA 1.0 9.4+ 1.7b 243.4 + 54 53 16.0 + 3.0ab 11.3 + 2.32% 281.6 + 73.7a 15.0 + 3.4b
IBA 10.0 8.1 + 1.6bc 223.6 + 31.2a 15.1 + 2.5ab 11.3 + 1.5a% 289.6 + 44.9% 15.9 + 2.5ab
TDZ 0.01 8.9 + 2.0bc 234.4 + 39.0a 14.6 + 2.0b 11.5 + 2.1ab 293.2 + 51.4a 17.8 + 3.9ab
TDZ 0.1 6.2+ 1.7c 165.2 + 26.7a 9.8+ 1.5b 11.0 + 2.5ab* 283.2 + 74.0a% 14.8 + 5.2b
TDZ 1.0 7.3 + 1.3bc 212.5 + 36.0a 139 + 2.5b 9.5 + 2.4b* 2457 + 74.8a 13.8 + 4.6b
GA;0.1 9.6 + 2.2ab 248.6 + 35.2a 16.9 + 2.3a 125 + 1.7a 276.4 + 60.7a 15.7 + 2.4ab
GA; 1.0 9.2+ 1.2b 263.2 + 35.6a 16.2 + 1.6ab 10.8 + 2.2ab 317.8 + 59.2a 18.0 + 3.3a
GA; 10.0 9.8 + 1.2ab 211.1 + 33.3a 18.8 + 3.5a 10.4 + 2.5b 262.1 + 65.83% 16.5 + 3.0ab

Snwsmesanguianeiulansruanssegnadituddymedin (P<0.05) melupdniifieatiulay * wansnuuanssednditedAnmisadi (P<0.05) szwinshuit
livuilauuazuuleu 20 me/kg HCH ileldansmuaunisiasayiulnmilouiy

'
Y a

M13197 5 A21U81I5IN Umtinanvessn wazdmtnuisvessinvesdngeiasylufuduien
HCH 20 me/kg vSeRuldvulowduiian 10 Ju

A13AIVANMNT Taivuideu 20 mg/kg HCH

WAL pgema(cm) e (mo) s Aruen (cm)  umtinan (mg) s
Wy (mg/l) (mg) (mg)
“jﬂﬂfﬁl 6.5+ 1.7a 70.1 £ 14.3b 4.0 £ 1.0c 3.2 + 0.6a* 67.8 + 21.1ab 39+ 14a
IBA 0.1 4.3 + 1.2bc 89.7 + 28.4ab 8.2 + 3.1ab 35+ 0.6a 63.2 + 21.0b* 28+ 1.3b
IBA 1.0 4.4 + 1.1bc 86.6 + 37.8ab 8.9 +3.2a 4.0+ 0.7a 74.0 £ 24.3ab 3.2 + 1.0ab
IBA 10.0 4.6 + 2.3bc 73.7 £ 21.2b 8.4 + 1.9ab 4.0 £ 0.4a 79.1 + 14.8a 3.7 £ 1.0ab
TDZ 0.01 57 + 1.4b 84.2 + 15.5ab 6.4 + 1.4b 3.9 + 0.5a* 72.0 £ 15.3ab 3.6 + 0.8ab
TDZ 0.1 28 + 1.0c 99.4 + 22.8ab 8.9 +3.2a 4.2 + 0.9a* 78.8 + 16.2ab 3.8 + 9.3ab
TDZ 1.0 32+ 1.3c 101.0 + 25.6a 8.4 + 1.5ab 4.0 + 0.6a 76.8 + 22.3ab* 2.8 +0.9b
GA;0.1 3.4+ 1.0c 70.7 £ 17.8bc 8.6 + 2.9ab 3.8 + 0.6a 69.3 + 18.4ab 27+ 1.2b
GA; 1.0 4.3 + 1.2bc 76.9 + 25.4b 78+ 1.1a 3.6 +0.8a 72.0 £ 14.5ab 3.4 + 0.9ab
GA; 10.0 3.8 +0.8¢ 51.6 £ 8.3c 7.3 £ 2.9ab 3.6 +0.8a 74.7 £ 17.2ab* 29 + 1.4b

Snwsmwsanguianeiulansruanssegdituddymedin (P<0.05) melupdniifieatiuuay * wansnuuanssednditodAnmsadi (P<0.05) szwinshuit
livuilauuazuuleou 20 me/kg HCH ileldansmuaunisiasayifulnmilouiu

mssyiulnvesislarusununaslsilaadoulddmsuntsnageunnuduivuesiivse
asuaienaneeiin HCH dullstenuiananuengen muensIn wasinnavesiovateyia
Inelanzda@1d wag Phaseolus vulgaris (Calvelo Pereira et al,, 2010) Auna1T1lnALAE
ftjaiuissnuihannsonumustedunuioweanouladaunuiissduanududu 02 - 20
mezke 18 Tunsdnwndl lemzmuemnuezdiinanaslsiladievenidrinaduiiouas
ﬁnﬁqﬁtﬁﬁiﬂuauﬁﬂwﬁau HCH 20 mg/kg Lﬁwﬁuﬁgﬂé’uéémﬂqa‘jﬂaﬁwﬁm Liflansmiuaunis
WSeiulnvesiiviialafiiuniswiydvinvesirinelufuiivudou HCH wiidh GA, @wnse
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diueuemeenvastninalufudlivudeuld  asmuaunisasydulaynuiadldanieni
gmseauazauemIInvesindiiatnlufuibivudon  uinalunsaumanilamulutngsi
wiyluAuivudon HCH Usingnsaidnuasdwulunmsnssdumdadnlnevnu dwju uas
LAINNFIE NAA 1158 TDZ 10 me/l udahlumnelunsedivudeuweuladauiy Fams 1 - 100
mg/kg e?fqmimmmmm%iyLauimﬁ‘lﬁfﬂziﬁzhaLﬁmmﬁm@ﬂmmﬁ%ﬁ% 3 %in (Somtrakoon
and Kruatrachue, 2014)

M19°99 6 USunaumaslsiladvesindsiaselufudutou HCH 20 me/ke wioAulivuUouiu
1781 10 U

@13AIUANNTS Taivuideu 20 mg/kg HCH

Winfiulaves paslsiiadie  Aaslsadd poolsfladviavin  aaelsiladio  maolsTladt  Aaelsiladviovun
i (mg/V (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml)
ﬁﬂﬂfﬁ! 12.6 + 1.8a 9.2+ 19a 20.4 + 2.0a 7.2 £ 0.4c* 39 + 0.4c* 11.5 £ 0.9c*
IBA 0.1 39+ 2.0c 23+ 0.9c 6.4 + 3.0d 8.2 + 4.1bc* 5.9 + 1.5bc 14.6 + 2.8bc*
IBA 1.0 6.1 + 0.9bc 2.9 + 0.8c 9.4 + 1.8c 13.7 + 1.43* 83+ l.1a 22.7 + 0.5a*
IBA 10.0 3.4 + 0.0c 3.0+ 0.2c 6.6 + 0.3cd 6.4 +4.1c 7.0 £ 2.4ab 13.8 + 4.5bc*
TDZ 0.01 1.1 £ 0.2c 2.5+ 0.4c 3.7+0.7d 1.1 £ 0.0d 1.7 £ 0.2d 3.0+ 0.2d
TDZ 0.1 1.2 + 0.5¢c 2.7 +0.9c 40+ 1.4d 1.2+ 0.3d 1.9 +0.2d 3.2 +0.3d
TDZ 1.0 1.5 + 0.4c 4.2 + 0.8bc 58 +1.2d 1.2 +0.2d 2.1 +0.3d 33+ 0.2d
GA;0.1 7.2 +0.0b 4.7 + 0.0bc 12.3 + 0.0b 7.6 + 0.2bc 4.1 +0.1c 12.1 + 0.2c
GA; 1.0 4.7 + 0.1bc 5.0+ 1.0b 10.0 = 2.1bc 10.2 £ 0.3b 4.8 +0.1c 15.5 + 0.2b*
GA; 10.0 8.3 + 0.0ab 3.9 + 0.0bc 12.6 + 0.0b 9.8 + 0.5bc 5.1 + 0.2bc 15.4 + 0.7b

SnwsmwsanguianeiuLansruanssegdltuddymedin (P<0.05) melupdniifieatiulay * wansnuuansrsednditodAnmsadi (P<0.05) szwinshuit
livuilauuazuuleou 20 me/kg HCH ileldansmuaunisiasayiulnmilouiu

a o

Usinamaslsiladluluvesiivtsaeswinanaailowdgluiuiivudou HCH wazianey
BA uaz GA, ianunsariuUsinanaslsiladlufiviiasaluuiivudiou HCH 1§ GA, Ss1aaiui
ansndnwszivvessininglumuas Suiidudatuanudufivvesesuns (Ouzounidou and
lias, 2005) TDZ andFanaeaelsiadluludndetsiiasgluinivudeunasiivuiou uas
aunsafinUSunanaslsiadlfianizduiiasyluiuilivudeuviniy nansznuuilined
'i']mmiuéfuné’ﬁniwmmmLLazfﬁﬁ/g'uﬁLﬁl%ﬁy,mmﬂl,mﬁmﬁmi TDZ 10 mg/l udamglunsned
uidoueulpdauny daums (Somtrakoon and Kruatrachue, 2014) TDZ ﬁﬂ?ﬂm%’u%’uqq
anunsodminsadaefiduludedoivld (Murthy et al, 1998) wasseiuiefiduiigatuazdnii
nsaanesvesnaslsiiad (Bleecker and Kende, 2000) MswanLefidugndninlalufividudadu
asuatudunIold 1wy ddumitdudaturigesusudiu (Vanova et al, 2011) 1duldlsin A
\uduves TDZ filtlunsmaasienvazgeaudsseiuiitnilvaefidunazfufivionisaiy
YaanunatlnadImleaginy

Pnnsansanuduivingu sduldidninedmdemazdiineannsaasaly
Aufivuiton HCH 14 Tne IBA @wnsadueasunisiadyvosdaiineluiuiivuieou HCH 18 uaz

IBA Lay GA; @1unsaiiuseauaaslsilaalulutilnavriundendoiwiglufuludou HCH La
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dwindaiu nsldansemuaunmaaiydvlnfuulfniuenudufviodndanntunielsina
sensiasaivlnes fo lunsAnvmeuselufadenldiiniios 2 sladedrinadinien 3
agnageuiuasauaLMsaIgAule 3 ¥iia Ao IBA TDZ uaz GA; wagiilne Swagnageuiiy
a15AIUANNISIATAULR 2 il Ap IBA uag TDZ

AU 2 NAVDIFTITAIVANNITSAUIRGRTATIAURaNISRTYlusTEzAUNd1vaIt12 N
wazdlilnennugnlufuduidewanvzaaalslalaaianiagu

AsuUuou HCH -30 ma/kg Tufudnanan15ATYURIAUNA1TILNG Tnouslousdnluih
nduudamzluiuiivuideu HCH aviliimtnanvessentinaanas wilifinadonnuen
ponuaz MUt tveen (Ms1eit 7) luraeit HCH dawasionsiasawassinegadman Tnevh
TﬁmmmaLLazﬁmﬁ'ﬂamaamﬂamaqasmﬁﬂaéwﬁzquaaa Lwiﬁﬂﬁﬁ’mﬁ’ﬂLLﬁwmmﬂqﬁTu
(M15197 8)

2.1 wavasnsldansaIuaunIsRsyRulasIuiuLas HCH fan1sta3gyuateandalnag
REIV DR

Tufuiilivwdou HCH mnmj'mé‘miumimuqmﬁLﬁiglﬁuimﬁ'wﬁmLﬁmLLaziamﬁuam
siinudrriluimnzldiinasennusneoauariminanvessondundrdralnadranies us
asaiumtinuiwesenld (m131eit 7) dnduiuiivudou HCH du nsudiudnluens
mU@mm'iLﬁﬁg@ﬁimﬁu’wﬁmLamLLazaawﬁmﬁu liifinadennuenseauaziminanvessen
WUy uAtiiies TDZ 2 me/l wirduiianunsafiuiminuwessenldsieisuiuduiiinan
wasiugihndu Tneduiiinanwdediug TDZ 2 me/ Swtinuksssomdu 65.0 mg daudu
funnadefiugihnduiidmdnutieseemdy 506 me (15199 7) duaN5AIUANNIS
wigiulasinaug Lifinadedminuiwesseniodevessentnlnadmieiinnanaudnad
LLGU'stf’mé"w%mimU@umm%zg@uimﬁwm6] Hernlumuiivuieundelivwiieu HCH
Shuliiferuuansety

707 fuduaseuaumasiyivlanduiifagSedsiissnuienududulugag 0.01 -
1.0 me/ lilgnansafinnsiaSyressendundrdaiineiiasalunuiivudeu HCH 20 me/ke 14
Tuhueafiatiu TDZ 1.0 - 10.0 me/ llawnsaviinnisiasgressoadaiinealuiuiiduiou
Inalvlen 50 me/kg (3310501 RuansuavAe, 2557) wanNty TDZ 10 me/l favinlanuen
gaavaIund NN Frlnavauy dana wasumanniasglunseiivuioueuladauny
dapanacnle (Wlug) aunse)awarinfeAIensy, 2556; Somtrakoon and Kruatrachue,
2014) ulumsdnwil T0Z iuasmuaumaesydulafiessiafoidulminukwesson
Frilwaiasalunuiivuidon HCH 30 me/ke 18
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A13199 7 ANNENYER UNUTINAATDI8EA LazUINTNLANYDI88ATBIAUNAIT1INAT 1 RTEIN
wigluAulivwleunsauuleou HCH 30 me/kg 1wan 10 Ju Tneudluaisaauaunis

L3y AUlasriaiuAouWIY

#1IAIUALNT Taiuddou HCH Yuidou 30 mg/kg HCH

Wiyaule A1NET7 thaninan (me) dwdhuie (mg) | Auem thoninan (me) thaminuis (me)
(mg/V) (cm) (cm)

13%514 255 + 6.6a 655.0 + 271.4a 32.7 + 11.4c 20.1 + 2.7a 468.6 + 68.4a* 50.6 + 5.6b
2.0 31.1 +5.8a 710.0 + 128.4a 49.6 + 10.3b 21.7 + 2.7a* | 584.3 + 136.0a 55.2 + 17.8ab
T20 30.3 + 8.4a 638.3 + 82.1a 65.4 + 6.2a 17.6 + 2.52* | 457.1 + 77.4a% 65.0 + 11.3a
G20 289 + 7.3a 7183 + 111.1a 58.0 + 11.5ab 22.7 + 2.8a* | 520.0 + 140.6a* 40.8 + 12.5b
[1.0+T10 34.3 + 7.5a 578.3 + 156.2a 55.8 + 15.9ab 174 + 53a* | 452.8 + 178.3a 43.4 + 20.0b
T10+G1.0 31.1 + 8.4a 633.3 + 105.2a 60.4 + 11.2ab 18.0 = 1.52* | 481.4 + 49.43* 53.4 + 10.3ab
1.0+ G 1.0 31.2 + 2.6a 585.0 + 125.5a 54.1 + 13.6ab 20.7 £ 3.7a* | 595.7 + 91.6a 59.6 + 8.2ab

gnwsmwdinguiaanaaiulansnuwanavegiiteddgymneada (P<0.05) sswinasauaunssgdulassuiaiuuas
* Lanannunanasegedidud1fgmeada (P<0.05) sywinssunaiylufuflivulou HCH wagUwilou HCH 30 mg/kg Alasu
asmvANMIsAulavliafediu fege | = IBA; T = TDZ; G = GAs

3.2 HAYIEITAIUANNTRIYAUTALEE HCH fian151a3yuassnd1alnad1awmiles

Tuduiilivuddou HCH nsugwdelu GA, 2 me/l wihiufiawnsafiuauensinves
Frilwadmiesldedsfitedfynadniiefioutuduiinnanduiingluiingu Tne duilu
Mnudafiutlu GA, 2 me/l Smnusndu 24.7 cm @nduiitnanudafiudludnduiauen
sy 175 am dsiuinanudaiiusluasauaunsiaigdulagesriaaziianugnsni
é‘juﬂ’j’]éfuﬁmmnLmé‘mﬁuﬂumimuqmmiL%‘%iy@ﬂimﬁaﬁmam (M15797 8) luvnisdinisutiudn
Tuansmuaunsaiaiulaieindeuarliuiuiu aunsadudvinuiaoessnls udlad
wasemnanvessin luRuiivudeu HCH n1s0enqsvesaNsAIUANNISaTAulnazdly
Tngliifiasemuaunsaiaiulssialaaefifnadeauensnuazividnuiaoessn Tuvued
AMSUTLAALY IBA 2 mg/l 38 IBA 1 mg/l $3ufU GA; 1 me/l ansaLfinminanvessin
rilwaldideiieuiuduiinanudaiiudtiingu (msned 8)

nsugdelu IBA 1 me/l 53U GA; 1mg/l @nsnsatfiutminanvessinvastialnadn
mﬁmﬁw%@uﬁuﬁﬂmﬁau HCH 30 mg/ke IduiRenfuiianansafiuimdnanaessindalng
Frmierluauiivudeuiiuuuyau 400 me/ke I wilianansaiiuiminasvessnluguiiase
Tuduiliuumdould (11030l quane wagany, 2558) Fadululdhnsiisnfiedudasuansuaiy
Tudutu Iédmaredsuapendutariuaisadunislusin sesluuneluiiviaosiaii
seeuitlensdudaasuaivresiio fundrdniiduiatudunuilisesuveseenduly
ileifeanas (Sharada et al, 1999) dausduvesdvivasaduluiiviuisnsnuinanauilofis
Surfarunedlurdnoglsunanlelasaiduau (Xing et al, 2006) fuuilefivlgsueanduniadu
WalsaduaINMeuenisanansaduasunisasyiulavesfiglmiuunild Sedsieauin wén
finnnnasatlésy BA wie GA; udathlumnglufufivudeudua 40 me/kg fimsiasnyressndi
Anduiinnanudaiturdluinduld Tne BA annsadhinsadyvessnldaninnsualy GA,
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(Chouychai, 2012) 1iatdevessindralnadrimisrfunanduiiudludndudedinngluiud
Yuiounarlivudou HCH Lifirnuunnsiafu uddudisnanudaiiugly IBA TDZ uag GA,
wamngluiufivuidou HCH afiuinAnlnsionidludunediinduessin (gﬂﬁ 4) Fuiinnan
wEafiulu 1BA 590U GA; 1130 TDZ $201/U GA; asiAnlnssennialuduneifindiuiy usd
Usunalwnssorniatdosnin drudufiunaimudaiiug BA $2udu TDZ  ldiAnlnssennia
Yona Nt SInAuNaINuEnding IBA axdausinuannivismauRay (gih?‘i 4) @UN1SLAALNS S
o eflutufistunuianzsnvesiuiiinanudaiiuglu 1BA uay GA; ity (U7 5)

A131991 8 ANLYNITIN UNUTNEATDITIN WazUIMLNLANUBIIINYBIAUNAITILNATI AU TN
wiluAunlivwleuniauwleu HCH 30 me/kg tuvian 10 Ju tnesugluansaugunis
L3 YLAULAANNTTAAUNDULINIE

TaiJwideu HCH

@13AIUANNTS Yuideu 30 me/kg HCH

Wihvla (me/l) | agm dwinan (mg) | twihut Awem (cm) | thwidnan (mo) hoinuis
(cm) (mg) (mg)

ﬁﬂﬂfﬁ! 175 + 5.1bc | 571.7 + 268.0ab | 29.9 + 13.4c 4.4 + 1.0ab* 270.0 + 72.8b* 46.7 + 4.9ab*

2.0 238 + 5.4ab | 693.3 + 147.3a 66.6 + 6.8ab 5.8 + 1.7ab* 420.0 + 116.5a* 57.7 + 16.8a

T20 20.7 + 4.1b 426.7 + 120.9b 62.2 + 16.9ab 3.2 + 0.8b* 2457 + 37.8b* 35.8 + 8.0b*

G20 24.7 + 3.0a 668.3 + 119.2ab | 73.8 + 13.8a 6.8 + 2.62* 394.3 + 129.7ab* 53.8 + 17.7ab*

[1.0+T10 14.9 + 4.5¢ 490.0 + 144.6b 66.1 + 21.1ab 4.3 + 0.7ab* 247.1 + 62.6b* 42.0 + 10.2b*

T10+G1.0 17.5 + 4.6¢ 411.7 + 120.9b 58.0 + 14.6b 3.5+ 0.7b* 241.4 + 26.1b* 45.6 + 7.7ab*

1.0+ G 1.0 17.1 + 2.8c 536.7 + 217.3b 53.8 + 9.8b 5.5 + 1.2ab* 442.8 + 67.2a 57.2 + 9.6a

gnuwsmwdenguiaananaiulansnuwanavegiiteddgnneda (P<0.05) sewinasauaunssydulassuiaiuuas
* Lanannunanasegdidudfgm1eada (P<0.05) sywinssunaiglufuflaivuwlou HCH wagUwilouHCH 30 mg/kg NlA5U
a1smvANM RS AUlalaReIiuige | = IBA; T = TDZ; G = GA

nsialnssemameluiledodunsnovausreasuaiivuuunilve ity fisneeuin
ﬁaé’mmﬁlL?;jmiummi?'{m%qgm MS Fisfiar 1AA 0.1me/L FuUNgeewsUNY 1.0 mg/l Azing
afaefidunnnivuiiaiyluomnsilifivgesusuiiu wazinlnssomeluiootunedfing
Lﬁuﬁuﬁaam5QQWﬂL??ﬂﬂummigmﬁqﬂd’rJLi‘Juum 21 % (Vanova et al,, 2011) aghalsiny
TunsinmedeiililldinUsnaneiiduiintu uaznsiialnssenmaeziinanslududilesuans
muunsasiulakasngluAuid HCH Fadu navesnislésuansmununisasyivingn
AeupnRenIsReLALsIsaasuaivrasiivlnslanssiuesedluuneluidodefviaiy
Useifiufinsanuiluseasdennoly
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sU 4 SnvazidieBosnvesiundririlnediminey 10 udamurnauardoudiofens
fiu e 100 whilneEsamusdudel sufudlutndudumeluiuldvuiiou (A) uasiu
fiudeu HCH 30 me/L (B) duiudluansmuaunisaiadulaudaunglufuiivudeu HeH 30
mg/L lauA 1BA (C) TDZ (D) GAs (E) IBA s TDZ (F) TDZ AU GAs (G) ay IBA Saufu
GA; (H)
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sUft 5 SnwamideiBosniduuiinuiis (pith) waglmavvesiundrdlnadrumisreny 10 Yu
fnnuenauazdondedenisniu hdsens 400 whlneFeamusdudel fuiutluinduud
wngluAulivudeu (A) uazAufivuwdou HCH 30 me/l (8) dufiudluansamuaunisaiaydivle
wdawrzlupuiivuddon HCH 30 me/LUldud 1BA (C) TDZ (D) GA, (E) IBA $auffu TDZ (F) TDZ
39AU GA; (G) waz IBA 32UAU GA; (H)
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2.1 HAYBINISIEAITAIVANNITIRTYLAULASINAULAE HCH  fian15La3eyuadean
aElnenn

nsnszdumdniiingdeansazans IBA wag TDZ sauiutiu Lilddaasunsiadyvos
pandundiiineedluannansefundadsansazats IBA vie TDZ itesvdaiieislufu
Fuudeunazlivudou HCH (a519#t 9) eealsfiniy nnsld BA war TDZ saufudanali
ﬁwmﬁfﬂuﬁaimﬁaﬁ]ﬂmaamaqLﬂiuLﬁa’sﬁ’Uﬂ'ﬁﬂszé}q’umﬁmé’w TDZ 98194787 LANIINIZHULLEAR
&30 1BA sl minudsvessindailnerifintuiiessgluauitlivudeu uidmuiilneni
wilupuiivwidon HCH nsld 1BA uaz TDZ saufuuas NINIEAULAAMIE TDZ ammmlmlm
anminuisvessnasegidaeusieieuiuduiitnanuediudluingu (mmsed 10) uazdle
Wisuiludnuasnsinseaiodenelusnnvesiundrdiineinds nmsfisindaiinenduda
fupuiivudiey HCH vidonsnszusdaseasmugunsaTyiiule ldwunsiudsuuUasues
dodenelusnegiedmay (gﬂﬁ 6)

Ul 6 dnvariiodornvasiundrtiinenony 10 Judamurnauasdeudiedynaiy
fdavene 100 wilaeidsanudrsused suiwludndundamdluiulivudeou (Auazivi
Yudou HCH 30 mg/L (B) Fuiintluansmuauninasyivlaudamelufuiivudon Her 30
me/LlFu IBA (O) TDZ (D) IBA Sauffu TDZ (E) uagdnuazvasiundfiasyanudnfiugluans
muwwmﬁag@uimhaﬂﬁ’uLLé’awaﬂuauﬁUuLﬁau HCH (F)
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A19199 9 ANNEMBEA UntinanvetraaLariInilnLiiresgenvesdiine ey luAunly
Juaurdeuuilou HCH 30 mg/kg tWuian 10 Tu

asmvaums  ldvudeu 30 mg/kg HCH

WALV ey (cm) thoninan (me)  miinusis AT thoninan (mg)  twidnusia

W (mg/V) (mg) (cm) (mg)

ﬁﬂﬂfﬁ! 26.3 + 1.4a 960.0 + 169.3a 68.4 + 10.4a 24.2 + 3.5a 9133 + 271.8a 46.8 + 18.7a*
1.0 253 + 1.5a 905.3 + 157.8a 70.0 + 8.0a 245 + 1.6a 910.0 + 186.6a 58.5 + 12.8a
T0.01 259 + 2.0a 906.7 + 108.8a 64.8 + 10.2a 243 + 1.4a 818.3 + 167.5a 59.4 + 11.9a
1.0 + T 0.01 25.8 + 1.6a 875.6 + 75.6a 65.2 + 8.9a 24.8 + 2.7a 968.3 + 115.0a  65.8 + 8.5a

Snwsmwdeinguiaananaiulansnuwanasegiiteddgynneada (P<0.05) sewinasauaunssydulassuiaiuuas
* Lanannunanasegdidudfgm1eada (P<0.05) sywinssunaiglufuflivuwlou HCH wagUwiouHCH 30 mg/kg NlA5U
a1smvANMIRSAUlavlafeIiy fge | = IBA; T = TDZ

A19199 10 ANE125IN Untinanvesntazlninuievessinvesdiine ey luAunll
Juaundeuuilou HCH 30 mg/kg tWuan 10 Tu

@13AIUANNTS Taiuidou 30 mg/kg HCH

WYAULIVORY g0y () thwitinn (mg)  thwinutka AT vhuiinan (me) vhuidnusie
(mg/V) (mg) (cm) (mg)

13’1ﬂ5u 10.9 + 3.4a 126.7 + 39.8a 21.6 + 8.8b 10.8 + 2.6a 171.7 + 52.3a 11.8 + 2.5b
1.0 10.3 + 1.3a 145.0 + 35.1a 28.6 + 5.1a 10.6 + 2.2a 245.0 + 75.6a* 22.3 + 5.6a
T0.01 12.1 + 3.2a 125.0 + 10.5a 13.5 + 3.4c 13.0 + 0.8a 186.7 + 56.1a* 17.8 + 5.8ab
1.0 + T 0.01 9.9 + 3.0a 131.7 + 42.2a 15.5 + 5.4bc 13.2 + 1.8a 223.3 + 25.0a* 17.4 + 1.7ab

gnwsmwdinguiaananaiulansnuuanaseg iled1Ayn1eadf (P<0.05) sEnineansnauaun1saseyAulnmg
yfiafulag * wansmnuLanasegsiitedfyn1eada (P<0.05) seninsduiiaigluduildvulou HCH wazUudouHCH 30
mg/kg AilAsuansmuanmMssaivlnsiladeniiu dage | = IBA; T = TDZ

nauil 3 navansldasaruaunssyRuladan sunRunvudsuanyzaaalslalaale

1% v v P Y
ﬂL‘UUG’I?El‘U’TﬂWWU’T)LWL!FJ’JLLEISC]'}]E]ﬂ&I'I'J

3.1 uavaIMsldansaruanNssyRuladeni siuyAunUuewanasaaalslelaala
niruRlgd1lnad1mile?

a a

Tagyiall USunawes HCH Mdvaslufulidauduividaiausdonisasyidulnve

o

a

Falnaudeiudl 30 ndanwEnsen AnueLenLarANeITINTeId I lneaSyluAud
Yuiouuarlivuion HCH Lifeuwansnstuegnafituddymneada (P>0.05) winfiduiaty
mimuqumiLﬁigtﬁuimﬁy'wﬁmLamLLazaawﬁﬂiamﬁ’uhiﬁmaﬂizmﬁ%'mLf\msiammﬁzymawam
warsnvesdilnaluszoziia 30 Tufivhnisneass (n519f 1 wax 2)

ANUUANANNVRIIBNNS I sAIUANNSSAULALANYFaN 1543 Yot R nat N led
‘Sw/lﬂaauiﬂEﬂ%ﬁ’]’iﬂ’m@uﬂ’liLR]%EQ@UIWI@@@EJ’JLL@%WJ’]NL“i’JJ?,J‘i’JJULaEJ’JaEJ TDZ 0.01 mg/l nadilé
wansliiiudimnueeeavesiundartnilnalilasunansenuainisnisliarsaivaunis
w3aiuln egnslsinny Tutudl 30 dimthanvessenvesdundrdnlnasiisnniednnugie

TDZ 0.01 mg/l darmnniaufiunanuaaiiudlu TDZ 0.01 mg/l egradlvedfyneads
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o
0y

Unilnuisestinineisansednnusie TDZ 0.01 mg/l dandu 0.6 uag 0.4 g AUSIFHUT

)=

wnnduiingly T0Z 0.01 med wieldlidudasu ToZ afidnlu 0.2 waz 0.1 ¢ mugdy
®1529% 1) 9nU99Aundd1lnafisanie TDZ 0.01 me/L LasaAulalafninsinuestiilney
duiatuansmuaunisasyAulameisoue) lnawiuldainsingnnii wasiiihwidnaawazdimviin

L9995 INUINAINUTUR 30 (AN5197 2)

A9199 11 ANUENMLER Untindnveteen wazimtinliisvesswandnlnatmdsanasayluiu
Auwloulazlivudou HCH

ANEIE9A (cm) thninasvessen () )
Plant Fuit 10 Fuil 30 Fuil 10 Fuil 30 Fuit 10 Fuil 30
wilavasasaauau
"Laiﬂuﬁjau 19.0 + 1.32* 395+ 9.7a 049 +0.1a 254+ 1.6a 0.03 + 0.0a 0.15+0.1a
HCH 21.8 + 4.6a 34.5 + 7.4a 0.53 + 0.2a 3.08 + 3.0a 0.04 + 0.0a 0.09 + 0.0a
HCH + | 235+ 10.0a 329+ 8.4da 0.61 + 0.4a 2.45 + 2.43 0.04 + 0.0a 0.17 £ 0.2a
HCH + T 15.7 + 3.9a 419 + 5.3a 0.28 + 0.4a 2.58 + 1.0a 0.02 + 0.0a 0.21 £ 0.1a
HCH + G 215+ 0.4a 41.2 + 1.6a 0.30 + 0.4a 2.54 + 0.4a 0.03 + 0.0a 0.16 + 0.1a
HCH + [T 30.4 + 1.8a 36.3 +4.7a 0.64 + 0.6a 1.26 + 0.8b 0.04 + 0.0a 0.08 + 0.0a
HCH + TG 229 + 1.2a 339 + 2.0a 0.48 + 0.5a 4.47 + 2.0a 0.02 + 0.0a 0.32 + 0.2a
HCH +IG 25.2 + 2.5a 37.4 + 6.5a 0.39 + 0.4a 1.96 + 1.2a 0.03 + 0.0a 0.12 +0.1a
Bnslit
"Laiﬂuﬁjau 19.0 + 1.3a 39.5+9.7a 049 +0.1a 254+ 1.6ab 0.03 +0.0a 0.15 + 0.1b
HCH 21.8 + 4.6a 34.5 + 7.4a 0.53 + 0.2a 3.08 + 3.0ab  0.04 + 0.0a 0.09 + 0.0b
HCH + walu T 15.7 + 3.9a 419 + 5.3a 0.28 + 0.4a 2.58 + 1.0b 0.02 + 0.0a 0.21 + 0.1b
HCH + sasag T 275+ 1.7a 51.3 + 3.6a 0.44 + 0.6a 591 + 1.5a 0.03 + 0.0a 0.57 £ 0.1a
HCH + fawu T 238 + 3.7a 46.0 + 5.1a 0.64 + 0.5a 5.81 + 1.4a 0.05 + 0.0a 0.43 + 0.1a
AULTUTUUDIENS
AIUAN™ 30.3 + 5.6a 36.4 + 1.9a 0.80 + 0.3a 0.83 + 0.1b 0.06 + 0.0a 0.07 + 0.0a
"Laiﬂuﬁjau 254 + 243 40.8 + 6.7a 0.75 £ 0.1a 1.10 + 0.1ab  0.06 + 0.0a 0.08 + 0.0a
HCH 23.4 +5.2a 34.2 + 5.6a 0.59 + 0.2a 0.76 = 0.1b 0.04 + 0.0a 0.07 + 0.0a
HCH +G (0.01 mg/)  27.6 + 1.0a 40.1 + 6.9a 0.70 £ 0.1a 1.30 + 0.2a 0.05 + 0.0a 0.08 + 0.0a
HCH + G (0.1 mg/l) 254 + 4.1a 41.0 + 6.6a 0.78 + 0.3a 1.27 + 0.3a 0.06 + 0.0a 0.08 + 0.0a

HCH +G (1.0 mg/)

*FhwsmuwsinguiaanmetuuaninuuanesegnditudAymeadin (P<0.05) seninimsveasaieiiulunediniiednu fge: PGR =
A19PIUANMTRTAULAYRINY; | = IBA; T = TDZ; G = GA,,

Msutwdnluansazate GA;, mnududusetuldfinaseanusneeawaztinminutaes
gont13lne og9lsAnu ﬁmﬂﬂammaqaami’fn‘lwwﬁmmmmﬁmﬁLwﬁ,u GA; 0.1-1.0 mg/L &@n
FENIN 1.27 - 1.30 g mmmmummmmmawLLGzﬂu GA; 0.01 mg/l mummm 0.76 -1.10 g
Tduft 30 (15797 1) Anududuianuaues GA, lulddawaseimnanuayivtinuiawesn
Frlwalududl 10 snviu GA; 0.01 me/l Fianmuesnvestlnaluuf 30 (59l 2)
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A91991 12 AN UINTNEAT095IN Laztminuiisuessintnalnadriutenniasgluiui

Yuauway livuiay HCH

ANY1I5IN (cm)

Uuinanvodsn (g)

UNAINUIABIIIN (9)

ity Suil 10 Sl 30 Suil 10 Sl 30 Suil 10 Sl 30
wilavasasaauau
vLﬁJIUUL%E]‘u 18.5 + 3.8a* 25.8 + 8.4a 0.49 + 0.1a 0.31 + 0.2a 0.02 + 0.0a 0.03 + 0.0a
HCH 12.8 £ 2.8a 17.0 £ 6.6a 0.64 + 0.1a 0.21 + 0.0a 0.03 + 0.0a 0.02 +0.0a
HCH + | 12.0 £ 5.2a 23.1 + 8.6a 0.57 + 0.1a 0.34 + 0.4a 0.05 + 0.0a 0.05 £ 0.0a
HCH + T 78 + 1.1a 23.7 + 10.7a 0.42+ 0.2a 0.54 + 0.4a 0.02 £ 0.0a 0.11 £ 0.1a
HCH + G 8.5+ 4.9a 10.3 £ 0.4a 0.28 + 0.1a 0.30 + 0.2a 0.03 + 0.0a 0.16 + 0.1a
HCH + [T 20.5 £ 4.5a 14.0 £ 7.6c 0.49 + 0.1a 0.14 + 0.1a 0.06 + 0.0a 0.02 + 0.0a
HCH + TG 133 + 1.5a 353 + 8.1a 0.47 + 0.2a 0.97 + 0.4a 0.05 + 0.0a 0.32 + 0.1a
HCH +1G 14.7 £ 4.5a 129 £ 3.4a 0.68 + 0.5a 0.21 + 0.2a 0.05 + 0.0a 0.12 +£0.2a
sl
vLﬁJIUUL%E]‘u 18.5 £ 3.8a 25.8 + 8.4bc 0.49 + 0.1a 0.31 £ 0.2b 0.02 + 0.0a 0.03 + 0.0c
HCH 12.8 £ 2.8a 17.0 £ 6.6c 0.64 + 0.1a 0.21 + 0.0b 0.03 + 0.0a 0.02 +0.0c
HCH + ualu T 78+ 1.1a 23.7 + 10.7bc  0.42+ 0.2a 0.54 + 0.4b 0.02 + 0.0a 0.11 + 0.1c
HCH + sanae T 11.5 £ 3.5a 418 + 9.7a 0.33 + 0.0a 223 £ 1.0a 0.03 + 0.0a 0.57 + 0.1a
HCH + 2anu T 11.6 £ 3.0a 29.0 + 4.0b 042 +0.1a 1.73+0.4a 0.05 + 0.0a 0.43 + 0.1b
AN TUYBIANTATUALI)
vLﬁJIUUL%E]‘u 19.5 £ 5.4a 12.2 + 1.5a 035 £0.0a 0.65 +0.3a 0.05 + 0.0a 0.07 + 0.0a
HCH 8.9 + 0.4b 58 + 1.5b 0.22 + 0.0a 0.62 + 0.1a 0.02 + 0.0a 0.08 + 0.0a
HCH +G (0.01 mg/\) 8.9 + 5.4b 6.5+ 2.6b 0.27 + 0.0a 0.48 + 0.2a 0.03 + 0.0a 0.05 + 0.0a
HCH +G (0.1 mg/l) 10.9 + 2.8b 11.1 + 1.2ab 0.31 +0.1a 0.61 +0.2a 0.04 + 0.0a 0.07 + 0.0a
HCH +G (1.0 mg/\) 10.9 + 2.8b 9.5 + 3.8ab 0.32 + 0.0a 0.59 + 0.3a 0.03 + 0.0a 0.07 + 0.0a

*FnusmuwsinguiaanmetuuaninuuanesegnitudAymeadin (P<0.05) senirimsveasaderiulunediniiednu fge: PGR =
A19MIUANMTRTAULAYRINY; | = IBA; T = TDZ; G = GA,,.

n3i1dn HoH TuRuitlivgniimAedulddh Tutudl 10 wdsarniudasen HCH Sosay 97.7
vosUinaiifuadlufudinsegluiuilivgniie dnlufuiiugniiedud HoH widoegSenas 83.6
Tufuseuwen Bulk soil) wazdavay 67.9 Tulsleaiiles Usuia HCH anased951a59masain
Fudt 10 Fefiiulsiannluiud 30 HCH Anandesglufuilivgniivinifuiesay 50.4 danlufiud
Ugnitwivdeegosay 10.0 lufiuseuuen waziesas 1.5 Tulslvaifles Werhwdadlnaluugly
ansmusunsaiivladeumzadduiu Snsin1siidn HCH lurasusmuiindy Jaduldannly
Fudl 10 Uiauwes HCH Ainamdesglufiuseuusniivgnimilnedsdudatuaisazats IBA, TDZ,
uay GA; Indeeg¥enas 52.2, 60.7 uax 37.9 anwandiu Tuudl 30 Usunas HCH danlngjgninda
ponaINAu warUsinaiimdeeglufuvowinansdiugniisianuaegsenitedosas 0.7 - 100
Taonsanasues HCH MSafigarenululslvaifiosvestnlnafiunanudadiusluaisazas GA,
Tuduil 10 wdeUSunas HCH egiilesievay 4.6 vsUSnaususiu uazUTuns HCH snd1sesud

A5297ALALUTURN 30 (5197 3)
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M19197 13 Sewazved HCH NwdsedlufunlivgnitvuazUgntnlnadrimiesdsdudadiuans
AUANNTATaAULRvesiYseiiaiu 3an1svseiukarAnududuaeiu aududusuny
w84 HCH 10w 46.8 + 11.3 mg/kg

i Fuil 10 Fuil 30
A13MIUANM AT LAULAA1Y T
laiugnite 97.8 + 21.6a 62.5 + 14.0a*
fusauUan 83.6 + 9.8ab 10.0 + 6.8b*
Aulslaailos 67.9 + 29.8b* 1.5 + 0.6b*
Ausouueon + utlu | 52.2 + 8.2bc* 5.4 + 0.4b*
Aulsloailos+ walu | 40.9 + 0.0bc* 4.0 + 0.4b*
Auseuuon+ ualu T 60.7 + 12.6bc* 6.3 + 6.0b*
Aulsloailes +ualu T 40.8 + 3.1bc* 0.7 + 0.7b*
Auseuuon+ uilu G 37.9 + 1.4c* 2.6 + 0.1b*
Aulsloadles + udlu G 4.6 + 1.6d* BD
Ausauuen+ wilu IT 60.6 + 20.2bc* 14.0 + 11.9b*
Aulsloafles +ualu m 43.7 + 1.5bc* 3.6 + 1.5b*
Auseuuon+ ualu TG 22.3 + 3.8cd* 6.1 + 8.2b*
Aulsloailes+ ualu TG 21.2 + 6.9cd* 1.6 + 1.4b*
Auseuuen+ uilu IG 54.8 + 8.3bc* 13.8 + 1.2b*
Aulsloafles + udlu 16 383 + 16.7c* 4.2 + 2.7b*
Bmsloirneiy
laiugnite 97.8 + 21.6a 62.5 + 14.0a*
fusauUan 83.6 + 9.8ab 10.0 + 6.8b*
Aulslaailos 67.9 + 29.8bc* 1.5 + 0.6b*
Ausouueon + udlu T 60.7 + 12.6bc* 6.3 + 6.0b*
Aulsloafles+ ualu T 40.8 + 3.1c* 0.7 + 0.7b*
fusouusn + sAae T 536+ 11.6bc* 6.6 + 5.8b*
fulsloadles+ sase T 57.6 + 7.4bc* 4.7 + 3.5b*
fusouusn + danu T 49.8 + 12.3bc* 1.8 + 1.0b*
fulsloadlos+ danu T 51.7 + 2.9bc* BD
AT UAN S
laiugnite 97.8 + 21.6a 62.5 + 14.0a
fusauUan 34.9 + 12.9bc* 12.7 + 2.9b*
Aulslaailos 13.6 + 4.6¢* 13.7 + 6.8b*
fusouuen + G 0.01 mg/l 49.8 + 25.0b* 15.6 + 3.0b*
fulsloailos+ G 0.01 mg/l 15.9 + 2.8bc* 12.6 + 0.8b*
fusouuen+ G 0.1 mg/l 43.4 + 8.4b* 159 + 13.2b*
fulsloadieos + G 0.1 mg/lL 11.1 + 1.8¢c* 17.3 + 6.1b*
fusouuen+ G 1.0 mg/l 67.0 + 3.9ab 35.1 + 11.0ab*
fulsloailos+ G 1.0 mg/l 18.9 + 2.0bc* 16.6 + 4.0b*

ShusmudinguidnmetunansemuuanasegeiidudAymeedia (P<0.05) ssuitimmeasseaiulupeduilifieniu * uaniny
uansigeeetitedAenIEiRaniun 0 fee: | = IBA; T = TDZ; G = GA; BD = fnd10naninvesnsing 0.4 me/kg
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watrlnafiudluasauaunsieigdulavesiiv 2 sdanauiuuaauaisinsfudenis
1499 HCH 9ana1nau n150199 HCH amaqasm%’ﬂ6]Lﬁaﬂqﬂ%niwmﬁmmﬂLuﬁmﬁl,mﬂu
ansazany IBA+GA, e IBA+TDZ ileiSouifisuiiuaunivgnivilnedisnainudaiiusansauns
naasyduladiafen Ui HCH wdeeglufuseuusnuesiuiigninlnadsnainnisud
WAnly IBA+GA,; 1130 IBA+TDZ Antdudeuay 60.6 uar 54.8 vesUSunausuduluiudi 10 fvin
wudildasmuaumnaiyiulanaufufiosifes fe TDZ+GA, Mvinlsinsinda HCH A nfiu
unnimsUgasedmlnedisnanudeiurluaisazats T0Z sliadealutud 10 Feuiunad
waeegvesiuniugnimilnafiunainiiurluasazats TDZ+GA, Tuduil 10Amlufesay 22.3 104
USnaususi (m3n9di 3)

wi38n15W TDZ 0.01 me/l dsmasenisiadaiulavesdrilnadsiinanslidnedu waly
wuNansEMUABMSA1dn HCH eenatndunieluszeriian 30 $u Usunas HCH finseglufuseu
uanvesiuiiugnilnadudiudalu TDZ 0.01 mg/l wiesa w3ednviusaey TDZ 0.01 me/l A
Judevas 60.7, 53.6, way 49.8 vosUTInauTuFumuAWy danluiuil 30 Usunaiivdesddn
1 6.3, 6.6 uay 1.8 vesTuausuduRmEdU (11399 3)

miﬂqﬂ%’wﬂwmﬁmmﬂmé‘mﬁé’uﬁaﬁ’u GA; AMILTLTUA9 Lidinasen1sandn HCH Tu
udl 30 USunas HCH Mmdeeglufusouusnvesiuiiugninlnadslailidudatu A 1Jusovas
12.7 Felifinnuunnsnsegnaiifeddun1eadituuiung HCH 17imﬁaasﬂuauﬁﬂqﬂ%’wﬂww‘ﬁam
nEaTidula GA, 0.01, 0.1, waz 1.0 mg/l

lanumsazauyiunn HCH TudeBoseauarsnuesdrilnaiivgnauesy 30 fu & HCH
Usinaudntien fie 9.8 pe/s inuluilardosnvesinilneiisndae TDZ 0.01 me/l tleav3nans
e

ansmuaumsiasaiulafliienuriaeeinsnuhansoldifuanumuniuresis
soansuanuld fog1atu IBA 1410 me/l ansafinnisiaiyidulavesinnanegsludud
Uuidoudunu (Chouychai, 2012) luwaidi TDZ 0.01 pM ausasiiunsiasasiulavesiialng
Tuszuulalasndndluansazans Knop Aififiniiald (Lukatkin et al, 2007) Faspuidududild
Tunsinuildaedimsanvnneunthiudriaansafiansiasyvesinluiuiivuidouls 1BA
1 mg/l annsnifineuemseauarANETINTsuNd RN edsluAuiivudeuduau 20
mg/kg (Chouychai, 2012) TDZ 0.01 mg/| annsodsniminanvessondrilnedmielufud
Yudouiluuunu 400 mg/kg (331050 RUaBuaANE, 2557) mﬂwmmamium Flunse
(Pb(NO3)) 800 mg/kg % mamaawul,mal,mmam‘i,u GA; 0.35 mg/l (1 uM) Luamamwm
muAuilallsdudaiu GAs (Hadi et al, 2010) agnslsfmu SalaifssamuAsaiunavosans
mugunaiiulamddtstuduivudovashindngiisngueesinilunaeiudeds

Tunsnuadel) nsnseRulMnemeasAIuaNnTsRulalilavilinisasaydule
vosdnlwaAsuudas uidiunisida HCH eanandu nmsmdadlalfiAnannisazay HCH
Tudlaibofis densannafiunsarauvedansussialufiefiduiatuasmuqunadsaiul
(Wang et al., 2007) lunguuasansmununisaiapivlarsausindléd cA, TussAvsnimgsan
Tunaifiun1siidn HCH senarnAulaghitufuamnuidudues GA; Afwldsy Tunguueaniv
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wudnldansmuaumsaiydulngmiu Srlnefinsedusie TDZ+GA; agduaiunisindn HCH
ponanAuldfian mnuannsaves GA; Tumsiiunmsmideaansuaiivesnainduiiseauludud
fnsUudousiufuvesuamdeunasivuleelniu msdanwu Tagates patula §98 GA, 1-5
mmolke unstesaanenistanmassuuluelnduiudntosfiotesas 4 (Sun et al, 2013)

nalndsansmuaunsiasyivlavesiivisenisida HCH senanduiiugninlnadalsl
Juidladtn uitihsdunamnainnsdfiunisgesaatenadanimees HCH Tnsanizlulslea
Wesvosinlng Fudiuldanmisiinrududures HCH anasegesindalulsleailos waylid
n1sazau HCH egnsiifdidgluideodia nsvianudilafeitunavesarsaununisg
wigivlarenstoaatsnstin maesasnanululsleays 'gULLUWaqmwé’wwnmﬂﬁm
waghanssuvenuafisslufulunsnevauswsioasAIVANN SIS RUlATa N YR Balin1SAN Y
naly

3.1 navaIMsldansaruanNssyRuladen siuyAunUudewanssanalslelaalg
AYUABNINNED
I < = o % 9; 'Y} %
AshYLUanluaNTaTaNY IBA kag TDZ Jxan1eyiaug1ie0nwasdInunkfaua 9510
filnenanasegfituddgynisaifuiliiinanonisiasyiulnguuuudug Turueiinisudiuin
Tuansazaie IBA %58 TDZ w99 19meliilnanamnue1gonkas i1nunkiave951nva
MHNe17 (AN5199 14)

A9199 14 A dwitlnas waviuinuiswsstnalnadriuioannsygluiunvudeunazl
Yulou HCH tJuian 30 Tu

ALY (cm) Uutinaa (mg) UAUNWAS (mg)

=

NY Hhlg bahl Hhlg bahl Hhlg bahl

"Laiﬂuﬁjau 58.6 + 12.1a* 12.3 £ 5.6a 2,050.0 + 544a 130.0 + 26.4a 226.7 + 81.4a 333+ 11.5a

HCH 61.6 + 7.7a 11.4 + 0.2a 2,033.3 + 275a 126.7 + 37.8a 2333 + 57.7a 26.7 + 5.8a

HCH + | 67.1 + 5.4a 155 + 6.4a 2,366.7 + 385a 120.0 + 62.4a 161.2 + 158.2a 22.8 + 11.2a

HCH + T 65.8 + 8.3a 19.7 + 3.2a 2,046.7 + 362a 136.7 + 66.6a 186.7 + 48.9a 233 + 1.8a

HCH + [T 39.8 + 2.6b 12.4 + 8.1a 1,225.0 + 106a 55.0+ 7.1a 74.7 + 18a 42 +3.7b
*Fnusmudinguiuanssiuuansnuansegnsidud Aymeadn (P<0.05) ssninsmaneasadisaiulupeduiieniu fde: | = 1BA;
T=T07;

nsgasaas HCH TuduitlivgniimAndulddi Tnefl HCH ravBestluudesas 97.71u
Fuil 10 ndsUgnity uazdumdedadesas 50.0 Tutudl 30 wdsugnity msUgndilneidiunan
wdnfinszdusng 1BA + TDZ vy HCH lufuseuusnanaaiiiian Tasluiuil 10 wdeegfio
Sovaz 65.3 drunsugninilingniinnaindnaiingzduse IBA ¥inli HCH TuRuseuuenanastn
fgplaeideis Sovay 94.4 Gilisnaanfuiilivgnitvedafidoddnymnaadia duuTunas HCH
Tulsleailesveatiinenanadluseduiiininfuseuuen agndlsfmu Uuna HCH Tududiugn

mingsnnseduiarldldnseduimeaisaivaunisiasyivlnanasegluseauiiedtuluiug
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30 fpagsyninefosay 21.2 - 11.2 dwsufiuseuuen uazsavar 6.9 - 2.3 dmiulslaailes Ly

wumsavay HCH lutlaifaganuazsnvesmilinenmnauluiuaavinerasnismaass (30 Ju)

M19199 15 Sewazved HCH Mindeegludunlivgniiwiazugnailnenddudatuaisaiuaunis

wieiulavesivdnedaiu anududusunures HCH WU 46.8 + 11.3 mg/kg

th

o Suit 10" Suit 20" Suil 30
Taiugnity 97.7 + 0.0a 93.6 + 0.0a 54.0 + 0.0a*
fiuseuuen 86.7 + 4.4ab 64.3 + 0.7b* 16.1 = 4.9b*
fiuseuuen + | 94.4 + 3.5a 65.4 + 4.9p* 21.2 + 11.3b*
fiuseuuen + T 79.5 + 4.5ab 22.2 + 15.4¢* 18.8 = 4.0b*
fiusauuen + IT 65.3 + 14.0bc* 44.1 + 10.0bc* 11.2  0.5b*
fulsloailes 69.4 + 9.4bc* 7.8 + 6.8c* 5.4 + 1.0b*
fulsloailes + | 89.2 + 11.0a 40.5 + 19.6bc* 4.5+ 3.6b*
fulsloadles + T 71.4 + 10.3bc* 20.9 + 3.1c* 6.9 + 4.1b*
fulsloailes + T 49.4 + 8.3bc* 6.7 + 3.6¢* 2.3 + 0.0b*

Shusmwsinguiadnsaiuuansruuansnegeiitedfymeedia (P<0.05) sswitimsvaassieniuluneduiieaiu fde: | = 1BA;

T = TDZ; 8D = snhdnsidavess¥nd 0.4 me/ke.

STt 7 Snvauzesudmilnaey 30 Yu Ssugnlufulivuiiou HCH (©) vuidlou HCH waslésy
TDZ 0.01 mg/l Tnansuaiida (T) n1ssaasiu (W) uaznisaanuilu (S)

sUft 8 Snwavesdudiinenieny 30 Yu degnlufiulivudion HoH (© Ywideu HCH ()
Uuiou HCH 1n1nmindiug IBA (1) TDZ (T) wag 1BA Sauriu TDZ (IT)



38

LONE15D19D9

i Flados uar Tladnual Furdng. 2551, manedsadaBetuund. ununwes. 36
(WiAw): 229 — 233,

Yilugn aunsena Uag U1deN 1A3eRT1Y. 2555. naveinsndulaatilnindenisiasaylusseveu
n&esiinnneaiivgrlunsefivuteweulndawiu-dawn. 27153753 6uas douasu
IM9inwYAs. 30 (1): 14 - 24.

Yiugn aunsena Uag 11N 13eRTIY. 2556. NavanIakeariLunAueERnLaLInAEyTaY
somsisyresundinnlunseiivudoweuladauu-daln. 295577
memansuazimalulad umiinenagguasivardl. 15 (1): 1-11.

Unums JUng LSy nad vUOuY g8 aseneamiu wag 151050) aeane. 2554. HATEIPBNTY
uazruvsisadusieruiufivvedualusundrdnlneivgnlufiudng. 1nsans
WNEATULIFNT. 13 (1): 43 - 49.

1510560 QYR WINT ABUTOALNT ANEEIN WugITIRl WIYY AN ke Tusns Aadauysel
2550, wavesinifsgsousoniatiyvesiuseutninalufudiivutoungestu. ury
1N¥A3. 39 (LAw): 316 — 320.

2310300 QURIY LISYINIY YUY a1 asznomiu wazdnums sulingd. 2553, pruduiivues
Aumunavioulndauriuiinndslufumssonsasysresfundvesdiineuas
ANNINSFA. mszﬁzzfy??mnmnwmm%ﬁ 11. 25 - 26 UNTIAY 2553. AULINYATAANT
UNTINENFEVDUNAY. YL 425 — 428.

1310500 QYR LURYAITT WAN Az viug aunsena. 2558. navean sidansaiununis
wiiulesauiudennuluiivvesiiuuunsuludnlneduniden. ununwms. 43
(ke 1), 823-829

1910300 Ry waztvums UUnY. 2553, Haved IBA uay GA; deanuiluivresdunulusiu
néndesyluusng. nisUszadinnmednns wnineraemaluladsimuna

SupanAsai 3. 20 - 21 weumAN 2553. Tsausuiine Unse T Saedn wih 836 -
842.

1510560 QUR8 WYY AN Larvtiug aunTEa. 2557, NAYBENTAIUANNISIISYRULAYeY
furorrundufivvosfiuuuviulutminadrniomasiiine . 1sas3deuarauasy
MIMTNYAS. 31 (3): 11-23.

2310300 QA8 993 Ueeduns wazallug) aunsena. 2557. navedlelaladuroruiduiiv
voslnalianlumilnensvosdundn. 2159715398 wmnersemaluladsimuena

yiuoon. 7(2): 51-55.

ouitus neafn wag WuSas nua. 2509, naveslulalaiunaveendusonisifuenieide
Wnglieanss3eann. 115FITInenmans i InendeuisaIs. 2 (2): 183 - 201.

Bleecker, AB, and Kende, H. 2000. Ethylene: A gaseous signal molecule in plants. Annual

Reviews of Cell Developmental Biology.16: 1-18



39

Boutté, Y, lkada, Y, and Grebe, M. 2007. Mechanism of auxin-dependent cell and tissue
polarity. Current Opinion in Plant Biology. 10: 606-613.

Calvelo Pereira, RC, Monterroso, C, Macias, F, Camps-Arbestain, M. 2007. Distribution
pathways of hexachlorocyclohexane isomers in a soil-plant-air system. A case
study with Cynara scolymus L. and Erica sp. plants grown in a contaminated
site. Environmental Pollution. in press.

Calvelo Pereira, R, Camps-Arbestain, M, Garrido, BR, Macias, F, and Monterroso, C. 2006.
Behaviour of a-, B, - and 8-hexachlorocyclohexane in the soil-plant system of a
contaminated site. Environmental Pollution.144: 210 -217.

Calvelo Pereira, R, Monterros, C, and Macias, F. 2010. Phytotoxicity of
hexachlorocyclohexane: Effect on germination and early growth of different
plant species. Chemosphere., 79: 326-333.

Campbell, S, Arakaki, AS, Li, QX. 2009. Phytoremediation of heptachlor and heptachlor
epoxide in soil by Cucurbitaceae. International Journal of Phytoremediation. 11:
28-38.

Chouychai, W, Thongkukiatkul, A, Upatham, S, Lee, H, Pokethitiyook, P, and Kruatrachue,
M.2007. Phytotoxicity assay of crop plants to phenanthrene and pyrene
contaminants in acidic soil. Environmental Toxicology, 22: 597-604.

Chouychai, W, Chompunut, J, Sathonghon, S, Ruppat, P. 2009. Respond of Corn Seedling
to Lindane and Endosulfan Contaminants in Soil. 35" Congress on Science and
Technology of Thailand. October 15 — 17, Burapha University. 5 pages.

Chouychai, W. 2012. Effect of some plant growth regulators on lindane and alpha-
endosulfan toxicity to Brassica chinensis. Journal of Environmental Biology. 33
(4): 811 - 816.

Chouychai, W, and Lee, H. 2012. Phytotoxicity assay of crop plants to lindane and alpha-
endosulfan contaminants in alkaline Thai soil. International Journal of
Agriculture and Biology. 14: 734-738.

Du R, He E, Tang Y, Hu P, Ying R, Morel J, and Qiu R. 2011. How phytohormone IAA and
chelator EDTA affect lead uptake by Zn/Cd hyperaccumulator Picris divaricata.
International Journal of Phytoremediation. 13, 1024 — 1036.

Eraslan, F, Inal, A, Gunes, A, Alpaslan, M. 2007. Impact of exogenous salicylic acid on the
growth, antioxidant activity and physiology of carrot plants subjected to
combined salinity and boron toxicity. Scientia Horticulturae.113: 120 — 128.

Famiani, F, Proietti, P, Pilli, M, Battistelli, A, Moscatello, S. 2007. Effects of application of
thidiazuron (TDZ), gibberellic acid (GA3), and 2,4-dichlorophenoxyacetic acid
(2,4-D) on fruit size and quality of Actinidia deliciosa ‘Hayward’. New Zealand
Journal of Crop and Horticural Science. 35 (3): 341 - 347.



40

Fassler, E, Evangelou, MW, Robinson, BH and Schulin, R. 2010. Effects of indole-3-acetic
acid (IAA) on sunflower growth and heavy metal uptake in combination with
ethylene diamine disuccinic acid (EDDS). Chemosphere. 80: 901-907.

Gangwar, S., Singh, V.P., Srivastava, P.K. and Maurya, J.N. 2011. Modification of chromium
(VI) phytotoxicity by exogenous gibberellic acid and application in Pisum
sativum (L.) seedlings. Acta Physiologiae Plantarum. 33(4): 1385-1397.

Garrison, AW, Nzengung, VA, Avants, JK, Ellington, JJ, Jones, WJ, Rennels, D, Wolfe, NL.
2000. Phytodegradation of p,p’-DDT and the enantiomer of o,p’-DDT.
Environmental Science and Technology.34: 1663 — 1670.

Hadi, F, Bano, A, and Fuller, MP. 2010. The improved phytoextraction of lead (Pb) and
the growth of maized (Zea mays L.): the role of plant growth regulators (GAs
and IAA) and EDTA alone and in combination. Chemosphere. 80: 457 — 462.

Huang, X, El-Alawi, Y, Penrose, DM, Glick, BR, and Greenberg, BM. 2004. Responses of
three grass species to creosote during phytoremediation. Environmental
Pollution, 130: 453-463.

IPM Thailand.
http://210.246.186.28/fieldcrops/ipm/th/Pesticides/pesticides_banned abc.htm
dudutud 19 Asmew 2551

Israr, M, and Sahi, SV. 2008. Promising role of plant hormones in translocation of lead in
Sesbina drummondii shoots. Environmental Pollution. 153: 29 - 36.

Kidd, PS, Prieto-Fernandez, A, Monterroso, C. 2008. Rhizosphere microbial community
and hexachlorocyclohexane degradative potential in contrasing plant species.
Plant Soil. 302: 233 — 247.

Lopez, ML, Peralta-Videa, JR, Parsons, JG, Gardea-Torresdey, JL, and Duarte-Gardea. M.
2009. Effect of indole-3-acetic acid, kinetin, and ethylenediaminetraacetic acid
on plant growth and uptake and translocation of lead, micronutrients, and
macronutrients in alfalfa plants. International Journal of Phytoremediation. 11:
131 — 149.

Lukatkin, AS, Gracheva, NV, Grishenkova, NN, Dukhovskis, PV, and Brazaitite, AA. 2007.
Cytokinin-like growth regulators mitigate toxic action of zinc and nickel ions on
maize seedling. Russian Journal of Plant Physiology. 54: 381 — 387.

Macek, T, Mackova, M, Kas, J. 2000. Exploitation of plants for the removal of organics in
the environmental remediation. Biotechnology Advances. 18: 23-34.

Malabadi, RB, Mulgund, GS, Nataraja, K. 2004. Efficient regeneration of Vanda coerulea,
an endangered orchid using thidiazuron. Plant Cell, Tissue, and Organ
Culture.76: 289 — 293.



a1

McCutcheon, SC, Schnoor, JL. 2003. Overview of phytotransformation and control of
waste In Phytoremediation: Transformation and Control of Contaminant,
McCutcheon, S.C, Schnoor, JL. (eds.). New Jercy, Wiley-Interscience, Inc. pp. 3-
58

Meng, H, Hua, S, Shamsi, IH, Jilani, G, Li, Y, Jiang, L. 2009. Cadmium-induced stress on the
seed germination and seedling growth of Brassica napus L., and its alleviation
through exogenous plant growth regulators. Plant Growth Regulation. 58: 47-59.

Murthy, BNS, Murch, SJ, Saxena, P.K. 1998. Thidiazuron: A potent regulator of in vitro
plant morphogenesis. In Vitro Cell Developmental Biology-Plant. 34: 267 — 275.

Olszewski, N, Sun, T, Gubler, F. 2002. Gibberellin signaling: Biosynthesis, catabolism, and
response pathway. The Plant Cell. S61 — S80.

Ortega-Baes, P, and Rojas-Arechiga, M. 2007. Seed germination of Trichocereus tercheckii
(Cactaceae): Light, temoerature and gibberellic acid effects. Journal of Arid
Environment. 69: 169 - 176.

Ouizoudou, G., I. Ilias. 2005. Hormone-induced protection of sunflower photosynthetic

apparatus against copper toxicity. Biologia Plantarum. 49: 223 - 228.

Phillips, TM, Seech, AG, Lee, H, and Trevors, JT. 2005. Biodegradation of
hexachlorocyclohexane (HCH) by microorganisms. Biodegradation.16: 363 — 392.

Poolpak, T, Pokethitiyook, P, Kruatrachue, M, Arjarasirikoon, U, and Thanwaniwat, N. 2008.
Residue analysis of organochlorine pesticides in the Mae Klong river of Central
Thailand. Journal of Hazardous Materials.156: 230 — 239.

Ranwala, AP, and Miller, WB. 2008. Gibberellin-mediated changes in carbohydrate
metabolism during flower stalk elongation in tulips. Plant Growth Regulation.
55: 241-248.

Schefczik, K, Simonis, W. 1980. Side effects of chlorinated hydrocarbon insecticides on
membranes of plant cells : I. The influence of lindane on the membrane
potential of Elodea densa leaf cells. Pesticide Biochemistry and Physiology. 13:
13 - 19.

Schnoor, J L, Licht, L A, McCutcheon, SC, Wolfe, NL, Carreira, LH. 1995. Phytoremediation
of organic and nutrient contamination. Environmental Science and Technology.
29: 318A-232A.

Sharada, K, Salimath, BP, Shetty, S, Gopalakrishna, N, Karanth, K. 1999. Indol-3-ylacetic
acid and calmodulin-regulated Ca  ATPase: A target for the phytotoxic action
of hexachlorocyclohexane, Pesticide Science. 35: 315 — 319.

Simonich, SL, and Hites, RA. 1995. Organic pollutant accumulation in vegetation.

Environmental Science and Technology. 29: 2905 — 2914.



a2

Somtrakoon, K, and Kruatrachue, M. 2014. Effect of alpha-naphthalene acetic acid and
thidiazuron on seedling of economic crops grown in endosulfan sulfate-spiked
sand. Journal of Environmental Biology. 35: 1021 — 1030.

Sun'Y, Xu'Y, Zhou Q, Wang L, Lin D, and Liang X. 2013. The potential of gibberellic acid 3
(GA3) and Tween-80 induced phytoremediation of co-contaminationof Cd and
benzolalpyrene (BlalP) using Tagates patula. Journal of Environmental
Management. 114: 202 - 208.

Thapina, A, and Hudak, PF. 2000. Pesticide use and residual occurrence in Thailand.
Environmental Monitoring Assessment. 60: 103 — 114.

Thomas TD, and Michael A. 2007. High-frequency planted regeneration and multiple
shoot induction from cultured immature seeds of Rhynchostylis retusa Blume.,
an exquisite orchid. Plant Biotechnology Report. 1: 243 — 249

Tanimoto, E. 2005. Regulation of root growth by plant hormone-Role of auxins and
gibberellins. Critical Review in Plant Science. 24: 249 — 265.

Tassi, E, Pouget, J, Petruzzelli, G, and Barbafieri, M. 2008.The effects of exogenous plant
growth regulatorin the phytoextraction of heavy metal. Chemosphere. 71: 66 —
73.

Ulman, E. 1972. Lindane, Monograph of an Insecticide, Verlag K. Schillinger, Federal
Republic of Germany

Vanova, L, Kummerova, M, Klems, M, Zezulka, S. 2009. Fluoranthene influences
endogenous abscisic acid level and primary photosynthetic processes in pea
(Pisum sativum L.) plants in vitro. Plant Growth Regulation. 57: 39 — 47.

Vanova, L, Kummerova, M, and Votrubva. 2011. Fluoranthene-induced production of
ethylene and formation of lysigenous intercellular spaces in pea plants
cultivated in vitro. Acta Physiologia Plantarum.33: 1037- 1042.

Wang H, Shan X, Wen B, Owens G, Fang J, and Zhang S. 2007. Effect of indole-3-acetic
acid on lead accumulation in maize (Zea mays L.) seedlings and the relevant
antioxidant response. Environmental and Experimental Botany. 61: 246 — 253.

Xing, W, Luo, Y, Wu, L, Song, J, and Christie, P. 2006. Accumulation and phytoavailibility
of benzo[a]pyrene in an acid sandy soil. Environmental Geochemistry and
Health. 28: 153 — 158.

Zeevaart, JAD, Gage, DA, and Talon, M. 1993. Gibberellin Al is required for stem
elongation in spinach. Proceeding of National Academic Science USA. 90: 7401-
7405.



43

AARNUIN

NAIUANUNAINIATINISAVUTIIUIU 2 15949 AD

1.

Waraporn Chouychai, Maleeya Kruatrachue and Hung Lee. (2015). Effect of plant
growth regulators on phytoremediation of hexachlorocyclohexane-contaminated
soil. International Journal of Phytoremediation. 17 (11): 1053 - 1059. (IF
2014/2015 =1.739)

1310500 QYR LAy U1AYT LATBATIY. 2556. NAYBIANTAIUANNITIASRULIUNTTAsE
amnudufivressnezaaslslalranuludaiinen. 115a15inermansuazinalulad
UM IenagguasIveTil. 15 (2): 32 - 40.



International Journal of Plyioremediation, 17: 1053-1053, 2013
Capyright @ Taylor & Francis Group, T1.0

TSSN: 1522-6514 print / 1549-7H79 ouline

DOL: 10,1080/ 152265142014 989309

a4

Taylor & Francis
Tayhr &Franis Sroup

Effect of Plant Growth Regulators on Phytoremediation
of Hexachlorocyclohexane-Contaminated Soil
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The influence of three plant growth regulators, indolebutyric acid (IBA), thidiazuron (TDZ) and gibberellic acid (GA3). either indi-
vidually or in pair-wise combinations, on the ability of waxy corn plant to remove hexachlorocyclohexane (HCH) from contaminated
soil was studied. Waxy corn seeds were immersed [or 3 b in solutions of 1.0 mg/1 IBA, 0.01 mg/1 TDZ, 0.1 mg/1 GA-, or a mixture
of two of the growth regulators, and then inoculated in soil contaminated with 46.8 mg/kg HCH tfor 30 days. Pretreatment of corn
seeds with the plant growth regulators did not enhance corn growth when compared with those immersed in distilled water (control),
but the pretreatment enhanced HCH removal significantly. On day 30, HCH concentration in the bulk soil planted with corn sceds
pretreated with GA; or TDZ+GA; decreased by 97.4% and 98.4%, respectively. In comparison, HCH removal in soil planted with
non-pretreated conlrol waxy corn seeds was only 33.7%. The ellect of several growth regulator application melhods was tested wilh
0.01 mg/l TDZ. The results showed that none of the methods, which ranged from seed immersion, watering in soil, or spraying on
shoots, affected 11CL1 removal from soil. 1lowever, the method of applying the growth regulators may affect corn growth. Watering
the corn plant with TDZ in soil led to higher root fresh weight (2.2 g) and higher root dried weight (0.57 g) than the other treatments
(0.2 1.7 g root fresh weight and 0.02 0.43 g root dried weight) on day 30. Varying the concentrations of GA, did not affect the
enhancement of corn growth and HCH removal on day 30. The resulls showed thal planl growth regulators may have polential for

use to enhance HCH phytoremediation.

Keywords: auxins, eytokinin, gibberellin, organochlorine, phytoremediation

Introduction

Hexachloroeyelohexane (HCH), a widcly used arganochlo-
rine pesticide, is recalcitrant, highly toxic, and listed as a pri-
ority pollutant by the USEPA (Phillips er al. 2005) . Because
of its persistence, HCH contamination remains a serious en-
vironmental problem worldwide. Kim and Smith (2001) re-
ported HCH concentration to be about 2.97 pua/kg dried soil
in Chulla province, South Korea. In another study. HCH con-
centrations ranging from 0.19 1o 42.3 pg/kg dried soil have
been reported for vegetable soils in Guangzhou, China (Chen
et ai. 2005). In the Mae Klong river area in central Thailand.
HCH concentrations ranging from 6.9 to 24.2 mg/kg dry soil
have been reporied (Poolpak e al 2008). Thus, removal ol
HCH [rom contaminated environmenl is considered an ur-
genl issue.

Address correspondence o Waraporn Chouychai, Biology
Program, Department of Science, l‘aculty of Science and ‘lech-
nology, Nakhonsawan Rajabhat University, Nakhonsawan, Thai-
land 60000. E-mail: waraporn.c@nsru.ac.th

Phytoremediation has boen suggested to be a useful tech-
nology to remove HCH contaminants from soil. Several mech-
anisms hy which plants may help to climinate HCH from soil
have been described. Calvelo Pereira et al. (2006) reported
that HCH could be accumulated in both the shoot and root
of Avena sativa, Chenopodium spp.. Selanum nigriim, Cviisus
striatus, and Vicia sativa, with the highest accumulation being
found in leaves of Cytisus striatus (60 mg/kg) after growing
the plant in soil contaminated with up to 19,905 mg/kg HCH
for 4 months. Sesamum indicurm was reported to accumulate
16, 10, 6 and 2 mg/kg of the gamma isomer of HCH or
lindane in the root. shoot, leaves, and seed biomass, respec-
tively. when grown in lindane-contaminated soil for 124 days
(Abhilash and Singh 2010). In another sludy, loss of HCH
and increased Cl™ ion concentration were [ound in HCH-
contaminated soil planted wilhh C. striaius for 180 days (Kidd
el ul. 2008). Total HCH concenlration in bulk soil planted with
C. strigtus and unplanted soil decreased tfrom 100 mg/kg to 30
and 40 mg/ kg, respectively. C1™ ion concentration in Lhe rhi-
zosphere of C. siriatus was 200 mg/kg 1in HCH-contaminated
soll while the Cl~ 10n concentration was lower than 50 mg/kg
in non-contaminated rhizospheric soil (Kidd ef al. 2008), 1The



1054

results suggest that phytoremediation was effective in cleaning
up HCH-contaminated soil.

Plant growth regulators have been used to improve the
efficiency of phyvtoremediation. Several reports showed that
plant growth regulators may increase the capacity of plants to
remove heavy metals. Tor example, Picris divaricata zrown
hydropenically in Iloagland solution supplemented with
100 oM Ph(NO;)» and 10-100 M indelcacctic acid (IAA)
could accumulate more lead (Pb) in biomass than control
plant without IAA, Lead concentrations in leaves of P, divari-
cata without and with 100 M IAA treatment were 1,340 and
1.540 pg/e, respectively (Du et al. 2011). In another study,
alfalfa grown in 80 mg Pbh/kg soil and watcred with EDTA
solution supplemented with 100 @M IAA and 100 M kinctin
showed inercased Ph accumulation in shoot without enhanced
plant growth. Lead concentrations in leaves of alfalfa without
and with TAA | kinetin treatment were 92 and 127 mg/kg dry
weight, respectively (Lopez eral. 2009).

The method of applving growth regulators to plants can
also affect their effectiveness. For example, application of
1 uM IAA or GAj; to corn planted in Ph-contaminated soil
rezulted in variable Pb accumulation depending on the appli-
cation methad. Sead immersion in TAA or GAz solution Ted
to lower Ph accumulation (40 and 30 pg/e in stem and leaves,
respectively) than Ph accumulated by corn plant which was
sprayed with TAA or GAz salations (60 and 100 jrg/ 2 in stem
and leaves, respectively) (Hadi, Bano, and Fuller 2010).

The beneficial effect of plant growth regulators on growth
ol plants exposed (e organochlorines or PAHs has also been
reported. For example, seed immersion in 10 me/1GA; or IBA
mnereased ool length ol Braswica chinensiv seedhngs srown in
20 mg/ kg hndane-conlaminated soil (Chouychat 2012). Hy-
dreponic growth of toemato exposed to 10 300 oM phenan-
threne or pyrene with 50 nM brassmoslerond was betler than
those exposed (0 phenanthrene or pyrene alone (Ahammed
etal 2012). [t isnot known if application of plant growth regu-
Tators o plants can enhance phytloremedizlion ol organochlo-
rine compounds. In this study. the effect of 3 plant growth reg-
ulators, IBA., TDZ, and GAs, used alone or in combination,
on waxy corn growth and HCH removal was examined. The
plant growth regulators used are well known representatives
of auxins, cytokinins and gibbersllins. In addition, the effect
of several methods of applying the plant growth regulators to
waxy corn plant and the effect of various concentrations of
plant zrowth regulator were studied. Corn plant has been used
in phytoremediation of soil contaminated with phenanthrene
(Chouychai et al. 2012) and endosulfan sulfate (Somtrakoon
et al. 2014). In particular, waxy corn was reported to be more
tolerant to phenanthrene, anthracene, fluorene and fluoran-
thene than sweet corn (Somtrakoon and Chouychai 2013),
making it potentially more suited to phytoremediation of soils
contaminated with organic compounds.

Malerials and Methods

Soil Preparation and Analysis

Alkaline soil with no previous history of organochlorine con-
tamination was colleeted from Khaorad Agricultural Station,
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[Maculty of Agricultural Technology and Industrial Technol-
ogy, Nakhonsawan Rajabhat University, Nakhonsawan, Thai-
land. The soil was kept at room temperature (25-31°C) in
black plastic bags, Before use, the soil was air-dried at 26-31°C
for at least 24 h to constant weight. A sample of the soil was
sent to the Central Laboratory ( Thailand) Co. Ltd., Bangkok,
Thailand for chemical and physical characterization and mea-
surcment of hackground organochlorine contamination.

The soil used in this experiment, as described previously
(Chouychai and Lee 2012), was alkaline (pH 8.9) with low to-
tal phosphorus content (below 0.29 g/ 100 g soil). The soil con-
tained (per 100 gdry soil): 0.21 g total nitrogen (N),0.123 g total
potassium (K}, and 1.78 7 organic matter. The soil was tested
for a number of organochlorine compounds (benzene hex-
achloride, heptachlor & heptachlor cpoxide, aldrin & dicld-
rin, dicofol. DDT, chlordane, endosulfan, endrin, DDE, and
DDD) by GC-MS. None was detected.

Technical HCH (Dr. Ehrenstorfer GmbH, purity 99005,
mixture of 76% alpha isomer, 6% beta isomer, 159 gamma
isomer, 2% delta isomer, and 1% epsilon isomer) was weighed
and dissolved in acctone. The HCH solution was transferred
to a glass sprayer and spiked to soil to a final concentration of
ahout 50 mg/kg dried soil. Asa control, acetone without any
pesticides was sprayed into soil. After thorough mixing with
a metal digger, the spiked soil was air-dried at 25-30°C for
more than 24 h ar until the smell ol acetone had disappedred
belore use. Itiplicate soil samples were randomly collected and
HCH content in the soil samples analyzed. The concentration
ol HCH m the so1l samples determined with GC-MS was
46,8 £ 11.3 mg/ kg dried soil, This was considered the mital
conceniration of HCH mosols.

Experimental Design

Pol experimenls were perlormed i Seplember and Oclo-
ber, 2012, Seeds ol waxy corn cultiver Big while 824 F1
(commercial seeds of East west Seed Co, Ltd, Nonthaburl,
Thailand) were used. Plant growth regulalors, used either
alone or n pairs, were indolebutyric acid (IBA. Fluka. pu-
rity 99%). gibberellic acid (GA;. Fluka, purity 90%) and
thidiacuron (DL, Fluka, purity 99%). Corn seeds were 1m-
mersed for 3 hin one of the following solutions: (a) dis-
tilled water; (b) 0.01 mg/1 | TDZ: (c) 1.0 mz/l IBA: (d)
0.1 mg/l GA3 (e} 1.0 ma/l IBA + 0,01 mg/l | TDZ; {f)
LO mg/l IBA + 0.1 mg/l GAs; (g} 0.0] mg/l | TDZ +
0.1 mg/l GAs, and then inoculated in 11CIH-contaminated

pot. The pots used 1 this experiment were 7 inches n di-
ameter and each contained 1 kg dried soil. After germina-
tion, each pot was thinned to one seedling, Corn seeds 1m-
mersed in distilled water were inoculated in non-contaminated
soil as another control for plant growth, These were done in
triplicate.

To assess the effect of application method. three differ-
ent methods of applying 0.01 mg/l1 TDZ to corn were com-
parcd. There were 5 trcatments, as followed: (a) sceds im-
mersed in 0.01 mg/l1 TDZ for 3 h and then inoculated in
HCH-contaminatcd soil; (b) sceds immersed in water for 3 h,
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inoculated in HCOH-contaminated soil, and watered with 10 ml
of 0.01 mg/1 TDZ per plant at 3 davs after planting: (c) sceds
immerscd in watcr for 3 b, inoculated in HCH-contaminated
soil, and on day 5, the leaves of cach plant secedling were
sprayed with 10 ml of a solution containing 0. 01 mg/1TDZ +
1 drop of Tween 20: (d) seeds immersed in water for 3 h and
inoculated in IICII contaminated soil; and (e) seeds immersad
in water for 3 h and inoculated in non-contaminated soil. The
experiments were done in triplicate,

To assess the effect of varying levels of plant growth reg-
ulators, three concentrations of GAy were compared. Corn
seeds were immersed for 3 hin the following solutions: (a)
distilled water; (b) 0.01 mg/1 GAz; (¢) 0.1 mg/1 GAz and (d)
1.0 mg/l GA;. The immersed seeds were inoculated in HCH-
contarminaled soil al 2 3 seeds per pol and Lhen, alter germi-
natioen, thinned o one seedling per pot, Corn seeds immersed
i distilled water were inoculated in non-contaminated soil as
a4 contral for plant growth. These were done m tripheate.

One gram dry soil each ol thizospheric soil and bulk sol
was removed on days 10 and 30 alter seed germinalion lor
analysis of residual HCH caneentration by GC-MS. Soils from
unplanted control treatment were also eollected and analyzed.
I'he plants from each treatment (in triplicate) were samplad
on days 10 and 30 to determine the shoot length, root length,
fresh weight and dried weizht of shoat and root. The dricd
shoot and root collected on day 30 were analyzed for HCH
concentration also.

HCH Extraction and Analysis

Soil samples were subjected to Soxhlet extraction. One gram
drv weight of soil was mixed with anhydrous sodium sulfate in
1:1 ratio. Endosulfan sulfate (Dr. Ehrenstorfer GmbH, Ger-
many, Lot no. 81205, purity 98.5%) was then added as an
mternal standard (100 w1 of a2 300 mg/l endosulfan sulfate
slock solution prepared n hexane). The soil sample was ex-
tracted with 150 ml ol acelone and hexane (1:1, v/v) lor 12 h.
I'he extraction cycle around the thimmble was approximelely
34 cycles per hour. 'T'he extracts were transferred to 2350-ml
pear-shaped Masks and evaporaled (o near dryness under re-
duced pressure in a 60°C waler bath using o rolary evaporalor
(Buchi, Germany). An addional 10 ml s-hexane was added
to each concentrated extract and evaporated to a small vol-
ume (ahout 1.3 ml). HCH in shaot and root of each plant was
extracted in the same way as that for seils.

HCH concentrations in the hexane extracts and standards
were measured using a gas chromatograph (Shimadzu GC
AOQC-5000) cquipped with a mass spectroscopic detector (Shi-
madzu MS-QP2010). The standard curves were lingar at con-
centrations ranging from 0.4 to 100 mg/1 of HCH. Scparation
was achieved using a Rtx®B-5MS capillary column (30 m x
25 mm, LD. — 25 pm). The helium carrier flow rate was
0.6 ml/min with a pressure of 49.5 kPa under split 30:1 ratio
conditions, The oven temperature was programmed at 180°C
for 2 min, fellowed by a linear increase of 20°C/min to 250°C
and held for 2 min, The temperature then increased from
250°C to 2807 C at 20°C/min and held for 4 min. The injector
and detector temperatures were maintained at 230°C,
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Staristical Analysis of Data

Two-way ANOVA was used Lo tesl Tor statistically signmilicant
differences between treatments followed by LSD test,

Result

Eftect of Plamt Growth Rezulators on Corn Growth

In general, the amount of HCH added to the soil had no
apparent toxic effect on corn growth up to 30 days after seed
germination, as the shoot and root lengths of corn grown
in non-contaminated and HCH-contaminated soils were not
significantly different (P = 0.03). Seed treatment with cither
individual or combined plant growth regulators also had no
apparent effect on shoot and root growth of corn during the
0-day experiment (Tables 1 & 2).

The effect of different methods of applyving the plant growth
regulators on corn growth was tested by using 0.01 mg/1 TDZ,
The results showed that the shoot length of corn seedlings was
not affected by different application methods. However, on
day 30, the shoot fresh weight of corn seedlings either wa-
tered or sprayed with 0.01 mg/l TDZ was significantly higher
than that ol corn whose seeds were subjected Lo nmumersion
treatment. Correspondingly, (he shool dried weighls ol corn
seedlings watered or sprayed with 0.01 mg/1 TDZ (0.6 and
0.4 g, respectively) were higher than those of corn seedlings
from szeds immersed in 0L01 mg/T 113/ and without 113/,
treaatment (0.2 and (LT g, respectively) (Table T). The root ol
corn scedlings watered with 0.01 me/l TDZ also grow better
than that of seedlings receiving other application methods, as
seen by longer root length, and higher raat frash weight and
root dricd weight on day 30 (Table 2).

Immersion of sceds in various concentrations of GAz had
no effeet on shoot length and shoot dried weizght of corn.
However, the shoot fresh weight of corn scedlings (1.27-1.30 g)
from seeds immersed in 0.1-1.0 mg/1 GA- was higher than
that (0.76 —1.10 g) of the 0.0l mg/1 GAy treatment on day
30 (Table 1). All concentrations of GA5 applicd did not affeet
the root fresh weight and root dried weight and decreased
corn root length on day 10, except for the 0.01 mg/l GA;
treatment which resulted in decreased corn root length on day
30 (Table 2).

Effect of Plamt Growth Resulator on HCH Remaoval

HCH removal in unplanted soil occurred at a slow rate. Onday
10,97 7% of the spiked 46 8 me HCHY/ kg dried soil remained
in the unplanted soil, while 83.6 and 67 924 of the spiked HCH
remained in the planted bulk soil and rhizospheric soil, re-
spectively. The amount of 1IC11 decrzased more rapidly after
10 days, such that on day 30, about 54.4, 10.0 and 1.5% HCH
remained in the unplanted soil. planted bulk soil and rhizo-
spheric soil, respectively. When corn seeds were immersed in
plant growth regulators before inoculation into soil, the ini-
tial rate of removal of I1CII increased. This is seen on dav 10
when the amounts of HCH remaining in the bulk soil planted
with corn seeds previously immersed in [BA, TDZ. and GA;
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Table 1. Shoot length, fresh weight and dried weight of waxy corn grown in I1CIT-contaminated and non-contaminated soil

Shoot length (cm)

Shoot fresh weight (g)

Shoot drv weight (g)

Plant Day 10 Day 30 Day 10 Day 30 Day 10 Day 30
Typz of PGR
MNon-contaminated 19.0 L 1.3a* 395197a 049 1 0.1a 2541 lea 0.03 L 0.0a 015 L0.1a
HCH M8+ 46a 345+74a 0334 0.2a 3084 30a 0.04 + 0.0a 0.09 +0.0a
HCH 41 23.5 £ 100a 32y +Hda 0.0l £0.4a 245+ 24a 004 £ 0.0a 017 £0.2a
HCH+T 1571 39a 419 1 53a 028 1 04a 2581 1.0a 0.02 1L 0.0a 021 L01a
HCH+ G 21.5+0.4a 41.2 £ 1.6 0.30 £ 0.4a 254 +£04a 0.03 £ 0.0a 016 £0.1a
HCH 41T 304+ 1.8a 3x4Ta 0.04 £ 1.0a 1.26 £ 0.8b 004 £ 0.0a .08 £0.0a
HCH | TG 2294+ 12a 339+ 20a 048 4+ 0.3 4474+ 20a 0.02 +0.0a 0.3240.2a
HCH 416 2532+ 25a 34 +£05a 039 +0.4a 190+ 1.2a 003 £ 0.0a 12+ 0.1a
Application method
MNon-contaminated 19.04+ 1.3a W 5+97 0494+ 0.1a 2.54 + 1.fah 0.03 4+ 0.0a 0.15+0.1b
HCH 21.8 £ 4.0a M5+74a 033+ 0.2a 3.08 + 3.0ab 004 £ 0.0a 0.09 £ 0.0b
HCH + immersed T 1571 39a 419 1 53a 028 1 04a 258 1L 1.0b 0.02 1L 0.0a 021 L0.1b
HCH | watered T 275+ 1.7a 31.3x3.6a 0.44 £ 0.6a 591+ 1.3 0.03 £ 0.0a 0.57£0.1a
TICIT + sprayed T 2.8+ 3.7a 400+ 5. 1a 064 +0.35a 581+ 1da 0.05 £ 0.0a 043 +0.1a
Conecentration of PGR
Non-contaminated 30.3 £ 5.0a 4=+£19a 080 +0.3a 0.83 £ 0.1b 006 £ 0.0a 007 £0.0a
TICII 254+ 24a 40.8 +6.7a 075+0.1a 1.10 = 0.lab 0.06 £ 0.0a 0.08 £ 0.0a
HCH | G(0.01 mg/l) 2344+ 52 342 +56a 0394 0.2a 076+ 0.1h 0.04 + 0.0a 0.07 +0.0a
HCH 4+ G (0.1 mg/l) 270+ 1.0a 4.1 = 0.9a 070+ 0.l1a 130+ 0.2a 005 £ 0.0a .08 £0.0a
HCH +G (1.0 mg/l) 254 1 4.1a 41.0 | h.ba 078 1 0.3 127 1 0.3a 0.06 1 0.0a 0.08 1 0.0a

*Different lower case letters denote significant difference (P < 0.05) between the same experiment in the same column. Abbreviations: PGE. = Plant growth
regulator: I = IBA: T =TDZ; G = GAa.

Tabhle 2. Root length, fresh weight and dried weight of waxy corn grown in HCH-contaminared and non-contaminated soil

Root length (cm)

Rool [resh weight (g)

Rool dry weight (g)

Plant Day 10 Day 30 Day 10 Thay 30 Day 10 Thay 3N
Typc of PGR
MNon-conlaminated 185+ 3.84% 238 £ 8.4u 049 +0.1a 031 =0.24 0.02 £ 0.0a 0,03 £0.0a
HCH 12,8 + 2.8a 17.0 + 6.6a 0.64 £0.1a 0.21 £0.0a 0.03 £ 0.0a 0,02+ 0.0a
HCH +1 120 | 5.2a 231 1 B.6a 0571 0.1a .34 | 0.4a 0.05 1 0.0a 0.05 1 0.0a
HCH+ T 7.8 x1.1a 237 +£10.7a 042+ 0.2a U.54 £ 0.4a 0.02 £+ 0.0a 0.11+£0.1a
HCH+ G 851 409a 103 1 04a 028 1 0.1a 030 L02a 0.03 L 0.0a 016 L 0.1a
HCH |IT 0.5+ 45 14.0 4+ 7.6¢ 049 +0.1a .14 +0.1a 0.06 + 0.0a 0.024+0.0a
HUH 4+ 1G 133+ 1.5 353+ 48.1a 047+0.2a 097 £ 0.4a 0.05 £ 0.0a 0.32+0.1a
HCH +1G 147 L 4.5a 1291 3.4a 0.68 1L 0.35a 021 102a 0.05 L 0.0a 0121 0.2a
Application method
Non-contaminated 185+ 3.8a 25.8 £ 8.4bc 049 +0.1a 0.31 = 0.2b 0.02 £ 0.0a 003 £0.0c
HCH 128 + 2.8 17.0 + 6.6¢ 0.64+0.1a 0.21 +0.0b 0.03 + 0.0a 0.024+ 0.0¢c
HCH + immersed T’ 7.8 x1.1a 23.7 £ 10.7bc 042+ 0.2a 0,54 = 0.4b 0.02 £+ 0.0a .11 £0.1¢
HCH + watcred T 11.5 1 3.5a 418 1L 9.7a 033 100a 2231 1.0a 0.03 L 0.0a 057 L01a
HCH | sprayed T 11.64+3.0a 25.0 4+ 4.0b 0424+ 0.1a 1.73 4+ 0.4a 0.05+ 0.0a 043 +0.1b
Concentration of PGR
MNon-contaminated 1951 54a 1221 1.5a 0351 00a 0651 03a 0.05 L 0.0a 0.07 L0.0a
HCH £9=04b 38+ 1.5b 0.22 +0.0a 0,62 0.1a 0.02 £ 0.0a 0,08 £0.0a
IICTII +G (0.01 mgsl) 8.9+ 54b 6.5 + 2.6b 0.27 £ 0.0a 048 £0.2a 0.03 £ 0.0a 0.05 £ 0.0a
HCH | G (0.1 mg/1) 10.9+2.8b 11.1+1.2ab 031 +0.1a .61 +0.2a 0.04 + 0.0a 0.07 4+ 0.0a
HCH +G (1.0 mg/l) 10.9 = 2.8b Y.5 £ 3.8ab 0.32 £ 0.0a .59 £ 0.3a 0.03 £ 0.0a 0.07 £0.0a

*Different lower case letters denote significant ditference (P < (.05} between the same experiment in the same column. Abbreviations: PO R = Plant grovth

regulator: I — IBA: T — TDZ; G — GA;.
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Table 3. Percentage of HCH remaining in soil planted with waxy

corn (realed with varying lype, method, and concentralion ol

plant growth regulators and unplanted soil. The initial TICIT
concentration was 46 8 1 11 3 mg/ke

Plant Day 10 Day 30
Varying type of PGR
Unplanted 97.8+21.6a 62.5+£14.0a"
Bulk soil 83.0 £ 9.800 100X 6.807
Rhizospheric soil 67.9 L2980 151060
Rulk soil | immersed T 522482k 5440457
Rhicospheric soil 1 40.9+0.0he* 4.0+ 0.4b7
Bulk soil + immersed I’ 00.7 £ 12.6b¢* 6.3 +0640°
Rhizospheric soil — T 40.8 £3.16c*  0.720.76"
Rulk soil | immersed G 37.04 140 264015
Rhizospheric soil = G 4.6+ 1.64" RD
Bulk soil + immersed 11’ 00.6 £ 20.2b¢* 14.0 11957
Rhizospheric soil — IT 437+ 1.5he* 3.6 1.5
Rulk soil | immersed TG 22343 8ed* 614825
Rhizospheric soil = TG 21246004 1641457
Bulk soil + immersed 1G 548+ 830" 13.8£1.207
Rhizospheric soil — I1G BILI6.T 42276
Varying application method
[Unplanted TE+216a 6254 140a"
Bulk soil 83.6 £9.8a0  10.0 £ 6.8
Rhizospheric soil 67.9+£29.8bc* 1.510.65*
Bulk soil + immersed T 60.7T+£12.6bc* 6.3+ 645"
Rhizospheric soil =~ immersed T 40.84+3.1-*  0.740.75"
Bulk svil + walered T 33.6 £ 11.6b¢* 6.6+ 5.8h%
Rhizospheric soil — watered T 57.6 £ 7.4bc* 4.7 £3.5b*
Bulk soil + sprayed T 498 £ 12.3b¢* 1.8 1.06"
Rhizospheric soil = sprayed T 51.7 4 2.9hs* RD
Varying concentlration ol PGR
Unplanted YTBL21.0a 625+ 14.0a
Bulk soil 3494+ 12.9bc* 12.7£2.95"
Rhizospheric soil 13.6 L4.60% 137 L6880
Bulk svil + G 0.01 mg/] 49.8 £25.06* 15.6£3.06%
Rhizospheric soil — G 0.01 mg/1 159+ 2.8h¢% 12,0 £0.80"
Bulk soil + G 0.1 mg/1 434 £8.46* 1594 13.24"
Rhizospheric soil — G 0.1 mg/1 11.1 L18* 1731614
Bulk svil + G 1.0 mg/1 67.0+£3.94p 35.1£11.0ab*
Rhizospheric soil — G 1.0 mg/l 189+ 2.05¢% 10,0 £4.00°

Different lower case letiers denote significant difference (P < 0.05) between
the same experiment in the same column. denotes statistically significantly
different from the dey 0 value. Abbreviations: I = IBA: T =TDZ: G = GAa:
BD = below detection limit of 0.4 ma/kg.

solutions were 52.2, 60.7 and 37.9%, respectively. Bv dav 30,
most of the [ICII has been removed. and the amounts re-
maining in soil of all planted treatment ranged from 0.7 to
10.0%, Of particular note was the very rapid decrease of I1CII
concentrations in the rhizospheric soil of corn whose sceds
were immersed in GA; solution. On dayv 10, only 4.6% of the
initial HCH remained and HCH was undetectable on day 30
(Tablc 3).

Corn seeds immersed in 2 mixture of plant growth regula-
tors showed variable effect on HCH removal. HCH removal
was slightly reduecd when the soil was planted with sceds im-
mersed in IRA | GAz or IBA | TDZ solutions as compared to

a8
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that of soil planted with sceds immerscd in solutions of individ-
ual plant growth regulators. The amount of [ICT remaining in
the bulk soil planted with corn sceds immersed in solutions of
IBA+GA; or IBA+TRZ were 60.6 and 54 8%, respectively,
on day 10. There was only onc combination treatment (soil
planted with corn sceds immersed in solution of TRZ+GAS)
which led to greater removal of HCH from seil than that when
seeds were treated by TDY alone an day 10 In this instance,
the HCH remaining in bulk soil of TDZ+GA-treated corn
were 22.3%, an day 10 (Tahle 2).

Although the method of applving 0.01 mg/1 TDZ affecrad
corn growth (see above), their effect on HCH removal was not
pronounced. as the HCH in soil decreased ar ahout the same
rate for all these treatments over 30 days. Theamount of HCH
remaining in bulk soil planted with corn immersed. watered,
or aprayed with 0.01 mg/l TDZ were 60.7, 53 nd 40.8%,
respeclively. on day 10, and 6.3, 6.6 and 1.8%, respeclively, on
day 30 (Tabhle 3).

Clorn seeds trealed with various concentrations ol (GeAg had
no dapparenl ellect on HCH remmoval, On day 30, Lhe extent
of HCH removal from bulk soil planted with untreated corn
seeds (12.7%) was not signilicantly diflerent lrem those (real-
ments i which seeds were treated with 0.01, 0.1, and 1.0 mg/1
GAS.

Residual HCH in Corn Biomass

At the end of the experiment, the shaot and reot tissues were
sampled and tested for HCH content. No HCH was accumu-
lated in any of the shoot tissues, as the levels were helow the
detection mit ol (04 g/ e hiomass inoall treatments. A smiall
amount of HCH (9.8 pg/g biomass) was found only in the

root tissue of corn watered with Q.07 mg/T 1)/,

Discussion

Auxins, gibberellins and cytokinins are plant growth regu-
lators generally used for enhancing plant zrowth in agricul-
ture, The synthetic phenylurea cytokinin, TDZ, has been
reported to protect chlorophyll from degradation, enhance
seed germination, accelerate bud break. increase stomata for-
mation on leaves, and increase fruit weight (Murthy, Murch,
and Saxena 1998), The synthetic auxin IBA is often used
for root induction in plant regeneration fn vifra (Thomas
and Michel 2007). Gibbherellins have been reported to induce
seed germination and increase internode elongation of flower
stalk or stem (Ortega-Baes and Rojas-Arechiga 2007; Ran-
wala and Miller 2008; Zeevaart, Gage, and Talon 1993). These
three plant growth regulators have also been reported to in-
crease plant tolerance to pollutants. For example, 1-10 mz/1
IBA could induce growth of Brassica chinensis in lindanc-
contaminated soil (Chouychai 2012), while 0.01 M TDZ
inereased corn growth hydroponically in Ni-containing Knop
solution (Lukatkin er al. 2007). The concentration ranges of
the plant growth regulators tested in the current study are
similar to those reported previously to enhance plant growth
in polluted soil. For example, 1 mg/1 TBA was reported to
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enhance shoot and root length of Brassica chinensis seedling
grown in 20 mg/kg lindane contaminated soil (Chouvchai
2012), and 0.01 mg/l TDZ was shown to enhance shoot
fresh weight of waxy corn grown in 400 mg/kg phenanthrene-
contaminated soil (Chouychai ef al. 2014). Corn plant grown
in 800 mg/kg Pb(NO3) produced higher biomass when its
seeds were pre-soaked in 0.35 mg/1 (1 M) GAj3 than control
plants whose seeds did not receive GA5 treatment (Hadi et al.
2010). However, it is not known if these plant growth regu-
lators can assist in the phytoremediation of organochlorine
pesticides in soil.

In this study, treatment of corn with plant growth reg-
ulators did not appreciably change corn growth, but it led
to enhanced HCH removal from soil. This was not due
to accumulation of HCH in plant tissues, and thus dif-
fered from the enhanced accumulation of some metals by
plants treated with plant growth regulators (Wang et al
2007). Among the 3 plant growth regulators tested, GA3z
was found to be the best in increasing HCH removal, inde-
pendent of the varying GAj concentrations tested. Among
the combination treatments, TDZ+GAjs-treated corn was
found to be the best in enhancing HCH removal. The abil-
ity of GA3z to increase pollutant removal was previously
tested in cadmium 4+ benzo[a]pyrene co-contaminated soil.
Spraying of Tagates patula with 1-5 mmol/kg GAj increased
benzo[a]pyrene biodegradation slightly, by up to 4% (Sunet al.
2013).

The mechanism by which treatment with plant growth reg-
ulators may accelerate HCH removal from corn-planted soil is
not understood, but it is very likely a result of enhanced HCH
biodegradation, especially in the corn rhizosphere. This is in-
ferred from the more rapid decrease in HCH concentrations
in rhizospheric soil, coupled with the absence of significant
HCH accumulation by plant tissues. To better understand the
effect of plant growth regulators on pollutant biodegradation
in the rhizosphere, the pattern of plant root exudates and ac-
tivity of competent soil bacteria in response to plant growth
regulator treatment should be studied further.
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Effect of Plant Growth Regulators on Hexachlorocyclohexanephytotoxicity
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Abstract

This study investigated the sffects of three plant growth ragulators, indolebutyric acid (IBA). gibbsrelicacic
((34,), and thidiazuron (TDZ) to decrease hexachlorocyclohexane (HCH ) toxicity on longbeans. 1 onghean seeds
were immerszd in 0.1 — 10,0 my/l IBA or GA3, or 0.01 — 1.0 mg/ATDZ for 3 h 2nd (han sown on 20 myg/kyHCH-
contaminated scil or non-contaminated soil. After 10 days, the results showed that 1.0 mg/llBA was the best for
increasing longbean seedling growth in HCH-contaminated soil. Seeds immersad in 1.0 mg/lIBA provided
seadlings with highsr fresh waight than other treatmsants. All concentrations of GA, and TDZ only induced plant
growth n non-contaminated soil. Seeds immearsed in 1.0 mg/l1DZ inhibited shoot and root elongation of
longbean seedlings. Thaese resulls sugyesl hal [BA is appioprialz o induce longbean growlh in HCH-

contaminated soil and that further study is reguiredabout growth after the saedling period.

Keywords: Phylotoxicity, Auxin, Gibberellin, Organcchlorine, Thidiazuron
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Tulanswlumswarilasulandlonls Wald Ga, 10
um uaag i lduasRuddunondle 100 pM1 7]

lunmansasii snududuas GA, 7ilgAe 0.1
~10.0 mg %30 0.3 — 30 pM ugdfazlimansanszéu
N3V 480§ ,m::i'nlz%‘mi’uﬁun’s‘iwﬂw’iayluﬁuﬁﬁ
HoH 6 udsansaifuthminuisluduns ey lu
driu T Wi ldmald ca. dli
sunsoaanuduisas HCH danmaiaizusdu

fuflud HeH

ngrpaenailnenald nsiRvaanutudunas 6A,
pazdInm R den RSy reatadnu g viu
deganlasnaly n1saigressaadsaniTiviue-
Saawlussdy 1 pM wazTindainTuszdy 1 nM wa
wsinldn nnrrdudinisesnvesnaating1avalu

e da =
Funfuazlaifl HeH

3.2 He299 IBA Gan3taianaaawn a1n2ilnen?
msutaanaingaluaisazats IDA 01 - 10.0
w e ¥ a A )
mgf e langlu@ufl S HoH wuin BA 1.0
gl bR winaausainiinuiItedt e adunaa
L Y [ | & a4 a4 & a
fifnungamhdundrfisnnnwiad usinaurie
IBA 10.0 myl adwilpfeunsia udliduade
' A
anuamaas suddafindluaisazans LA 01 —
. v o | ¥ A
10.0 ma/ ud1si s lwdungd HeH wodt BA lasl
HRF 0AINNLIIWBALF UM IN WA ITBIA AT EIN B
v v & A ¢ , &
AWEAURNAIN N ALNEAAUT LU IBA 1.0 mg/l Witk
- by ar . - - ¥
nﬁm‘Huﬂmmaauaagammuna"ﬁmmmuﬁmnuﬂu
ihnduada e saynnais aBaunfiausening
& o A . A . PR ey
WEaFuDlH IBA aadutuinig wdwnzadluiunil
N oy o w oA a P |
wialddl 1e11 exiulddn dundrfindnludund 1icn
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(B) uaztiminuifasiae (C) uasduninmdning
fiyludunludviadienazaselslolasen -
vai% (11C11) 20 mo/kg 1@ 10 3w fgyansok:
O sihnaw O GAz 0.1mg/l I8 GAz 1.0 mg/l
B (A, 10.0 mgl; @ANBIM=DING Y
fRvEnfeiunaoily Innuuandiaie
peaiiudanmeastoning sunandi L3y
GA, eranuluduiid HCH awdudwdsnu
 uEAIRMNILAN AW AU tITiRe MAYMIRDa
andundAeinluduibivuwileuiléin ca,

A A e
FTAUINEIINU
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2 HaV9 CA; ABAWENITIA (A) shuinaasn
(B} USZHIHHNURITINC) VadauwnaTMHNLT
d = P |1 R g ]
avtnludnd Wivsadiantzaaalslalaaian -
W% (HCH) 20 mo/ka 1wizan 10 Susdnsok:

v o

O snai CIGA, 0.1 mg/! Il GA, 1.0 mg/l
E
AINNA ANV A NN EDSIA Y Land1any

GA, 10.0 mg/; QBT EII TN
psaiiipgAynasdiaszwing dundilady

GA, @AUlRFUAT 11011 nandiaT g infiu
* uREIAMAAN SN uae it A YY9aia
andundiiyluani hidwiauitlasu cAq
ETOH PN
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No HCH HCH 20

4 . ¥ oo 517 4 Hawe9 IBA §anN813N (A) hwdnaann
7UN 3Wav29 IBA damuuniuea (A) hntinaaaa @

(8) st e (©) 1asdundriailngn (B) Laz¥MUNUAIIIN (C) TasdunanEne

4 i m a a Ansuludui biivdadianazasalslalaaan -
ATy luduilddvialianoeaaalslolaaian - v -

- e e e .
Lw(HCH) 20 mg/kg iulaan 10 7 RUANE
O shnaw CJ1BA 0.1mg/l Il 1BA 1.0 mg/l

E3 IBA10.0 mg/l; @I8NHIMBI8INGHAINUW

v (HCH) 20 mg/kg slwam 1070 Saneoi:
O snéw O 1BA0.1mg/! Il 1BA 1.0 mg/l

EA IBA10.0 mg/l; 8N BIA#IAINEHAINRUN

& . o P a ' s
o A o P L e A WnfidanunaIneflanuuane1anuasin i
LANAdINuRaNEAsfl annNLandIAua sty ;
s e e a e L. FemariasznIsaunif 163y IBA @i
fagnwaidszninedundnladu IBA drenu Y
- o~ k% k% - ar
P v ar *
Tuauisl HOH st an i * urasamy TuAun HCH et uidanu LLﬁﬂﬂﬂ'z’m‘d
e me . w - v e
' as ' . s aa @ o A
wanensnuatlnudmaunsaiidsnaunanf Lmnmanujmwu?mjmvmmnw IMEAUNTTY
o4 o v ve e o4 e
2 En el e 4 e i ludunlidwdaunldsy 1IBA szaufsany
Sy lududlis wilawn 163y IBA szaui@eann -
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aziiwinaauaziminuiiaannad nindudiadn
luduflidwilan {gﬂﬁ 3)

msstwaaiainerilussazaiy BA 01 10.0
mgll uaavi lahwnluduilad 1o wudn IBA fewa
#AIUIIILA T MEN NS ITINUINNT TN N U9
iafiudl BA r;m@rrmrﬁ'u'ﬁ'umdaﬁ'fhll,w1:'lu?mﬁ"b]
f HCH szl mannfunidunfifiinnnada
futtiananacnafinrdymosis uazdunsaianan
waahudlu BA 1.0 mgyl szilimiinaavasin
snnindundrflananwiadudlwindunia Ba
auduiuduliditesinz luduidnield HeH
Aoa miugwianifngaluaiszas IBA vnaa
Aniwarl Snadssiminusmsssund Bideswns
ludufifwIalad HoH 1wy GUA 4)

IBA .ﬂum‘m’mqmm‘mﬁmmLEUT-ﬂmaaﬁmﬁﬁ"mm
nazdunaiaydnlavasioluan 7 ldTuasiield
f lavgmnsagaadunsasgrasiuwnartilwause
:Tnm*w-ﬁizluauﬁﬂu.ﬁau‘ﬁumu 20 rghkg 1§ [12],
[13] ua ldaun I #aI LML QvaIdwns AN 1INe
Autaludufvuibonenladaurndairas-1oo
maiks 16 [18] @slums@nwnil IBA 1.0 mgl aansa
FAmimitnsevssdundrorTnsaludiuivwdan HeH
20 mavko g Wa% 318991 HCH ansséiues
zafluw 1AA  ludunmtmle uaen1s6isu 1AA 90
mouanszelidundrdidiylfmiudnd (19 T
Aule1 msawdaio HoH - Ay el
seaumaszailan 1AA Tudunsrdadnemwfowly uae
mauswianadnmaluansssans 18A agroldszén
209 18A 1Tudndld Sedaeiindinenlunazidoe
#a'y

3.3 nawas TDZ vanm i wuesewnamdng
nswwiaddnenluasazaiy 102 0.01 - 0.1
mgll uiwinzsaludnlitudl ow HCH vinl¥aus
YaNTEIAUNE1Y Q'lw;:ﬁuLﬁﬂ';ﬁu*@i’uﬁu‘1=11'1n|,n.|’§@1ﬁ we
luindu wddufuaaduduaes 102 D 1.0 mai
winlinusmeensasie s a1 An1aaia
wananis mautaealumsazany TDZ nnaIY
Avuudimneludud il HoH flibminaavasdu
Afwnnndduiananiuiad udluiinduained

nudreynieanaud liiinadaiminuisvasaunsn

arng"sfany ilavdudenuilusisazansg TN7
nnaaduiullvnzluduf HCH 20 ngkg wuinli
Srndaiasimingaws s mTnER B unE udms
HaRe MRNSAzAETNZ 1.0 mgh 2siavnlaanusng
paman Ity A YN W EAALsET EUN I dunET
wosluduiwdwdan HoH  Bnean (;ﬂJﬁ 5) 188
wWisnfouisiraadatiugl 102 anaduturinin
udtnzadluduiiimiolsddl HoH eufu'lédn dunsi
Liﬁrﬂuﬁuﬁﬁ HCH wsfhiwminaanavassasuazinsi
s ufiaseludnlds Hon (31]1"1 H6)

T0Z fnsfiugamaaiyidulavesnnatadaion
Tazfunarnaidneniunanwaeiudlussasans TDZ
rpm’:'mL"ﬁm"ﬁ'ul,ﬁaﬁ;‘mm'wlu@“lu“r%dﬁdmﬁamm:
Taidwidlau HCH aflanurmnananindufiinain
wiefurluiniuedaiduidgnisda uszezaaas
i s duduass TDZ ga%v. qﬂﬁ 6) AN
wialu 1DZ2 001 mgn  udnhanwngludnily
Uuidlau HoH  vinlidhwminssuasiminuivessn
midnenuiniule LLﬂ'ﬁ'ﬂh‘fﬁm’m“ﬁl’uﬂ'ﬂgm”nn’hifa:
lalfina adrelsiany msudwaaiElinenlumsazais
7 udrvivnwnsluduidwdlow 1o e lsidesdn
ihminuiresn uasfienududn 0.1 - 1.0 myll a3z
ybiimsinaevesnanandefsuioduiunen
wiafurluinsunia 102 0.01 mo athefivadidny
NNROAAIY

10z dusnmwgumuaiy.dulavesfiongy
"L%Iﬂ",ﬂﬁwﬁmﬂﬁagL’%EJ%dﬁnwﬁ'lun"iz#-uﬁ%mnw,mn
paavaafrldd lavianlinmdunisuansealums
ISR BaLiteL B avas AT e boiiaiT T adn [20]
Wa N3N [21] M3l TDZ esamiudnfiy
PpIgrsda RN el s s uunT e n1g
upLwastalwalumsazats TDZ 0.01uM 7386857
Uwisazsfmbadatniinald 227 TDZ 1.0 mgl
FanTnaLaTu NS yresd1r Inafiaiy ludud
Uu.ﬁauﬂgaa‘fm 10 mghkg o was=laldnadrZ o
Ngaa'ﬁu‘luﬁwﬁm%u,ﬂu 100 mg'kg [23] NWDLNEE
fnadile T0Z 100 man udhldiwizlunsed
twidlauauladauru Fava vinldsinunssdnad
ﬁ'ﬂmwaﬁalﬂﬁ'@um Llﬂa:imﬂa'itymmuaﬁﬁﬁ [14]

lumsfinwnd TDZ demaludrumsdudinnuo

YRIN AL AT HAZIINVAIA A FINAINNIA HIITALIU L6
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as & a I @ oA
[24] a9un ﬂ”l':l'1."l'i-\'1”llk TN7 1NasaaMuLilwiwasans
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Eﬂﬁ SHaway TDZ 'Fi'?]?'l']"l&.li"l'.]ﬂ 2 (/) ‘L{:]‘I-’I'lti'liﬁ“'lﬂ k9]
(B) uazsiminusazaa (C) vasduniriainemn
fisnluduilifviofienazasalyiolaaian
W3 (HCH) 20 markg Husaan 1034 aganual
O sindu O3 102001 mg/l Bl 10204 Mo/
B3 TDZ1.0 mg/l: fI8n¥sABIaINg=mAny
Snfldnsiunanofslinnuwandrsiuadnaiide
#fmaiasnhsdund Lty BA dafu
Wiufis HoH e o fs * uaasnay
aaneaivag Sleddunaidnndunid
Saluduilivwond a5 BA srdudoany

ufineanadngs aaaadld TD7  Swiieananu
a = o = A P
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gi.lﬁ 6 Aa1@y TDZ 6iafiue1iuan (A) hnsinaagae
(B) uaziminutsnaa (C) vasdundrdainen
fasnluduilifwiafiznazaaalslelaaien
VIU(HCH) 20 mavkg tEwaan 1073 afganwal :
O <hndv C1TDZ0.01 o/l I8 TDZ0.1 moA
E3 TDZ1.0 mg/l;  @28nESN1E109N5 BA1ANA
nflenaiunanofivlier uwand i fuetiaiie
saymaliavonhadunai eI BA s
ludufldl HoH anududmfoafs * uaasan
uanensnuagrdiedrdunisaifandunaif
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