RMUTP Research Journal, Vol. 10, No. 1, March 2016

waspamsidarsaduaumsipsiduiasunudaaNuIludvoaoions:nadlsls
lnanisuludplwaddintad
Effect of Mixed Plant Growth Regulators on
Hexachlorocyclohexane Phytotoxicity to Waxy Corn
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Abstract

The effects of plant growth regulators alone or in combination on Hexachlorocyclohexane
(HCH) phytotoxicity were studied. Waxy corn seeds were immersed in different plant growth
regulators, that are 1) 2 mg/l Indolebutyric acid (IBA) 2) 2 mg/l Thidiazuron (TDZ) 3) 2 mg/l
Gibberellic acid (GAB) 4) 1 mg/1 IBA + 1 mg/l TDZ 5) 1 mg/l TDZ + 1 mg/l GA3 and 6) 1 mg/l IBA
+ 1 mg/1 GAg, then sawn in 30 mg/kg HCH-contaminated soil or non-contaminated soil for 10 days.
All plant growth regulators could enhance shoot and root dried weight of waxy corn seedlings in
non-contaminated soil. Only 2 mg/l GA3 could enhance root length of waxy corn seedlings in
non-contaminated soil. In HCH-contaminated soil, only 2 mg/l TDZ could increase shoot dried
weight of waxy corn seedlings. Also, 2 mg/l IBA or 1 mg/l IBA andl mg/1 GA3 could increase root
fresh weight of waxy corn seedlings. The exposure with HCH in soil did not affect to shoot and
root tissue even though the growth of shoot and root were inhibited. However, the exposure with
HCH and receive exogenous plant growth regulator induced aerenchyma formation in cortex and

pith of waxy corn root.
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1. unth

a1sfdadnyfisngueasnilunasiu
(Organochlorine pesticide) i LaUAAaDS
(Heptachlor) auladauny (Endosulfan) wag
WnTrAanbskrlaalanwsy (Hexachlorocy-
clohexane; HCH) dnifuansuafivfiddalu
fawndeu Wasanfianuaeiiuazanunsa
anfnsludawndouliuy uihansaiflunguil
gnialdnenisinsesidudiulnauasfinny
uwinsdhaiuimamsinsaslusaoefuaud
Tt pA. 2002 waz 2005 wusnITNARARgTY
nqueasmlumassuiemualuAudle a.A. 2002
«WJu >0.01-0.305 mg/kg daulu A.A. 2005
nuansidndnsisnguanin lunaedurionn
Tudwdle a.d. 2002 fu >0.01-1.325 mg/kg
BAZNUNNIANANNTD9Ran5Y (Dieldrin) Tuwa
uAenIULNLTi S TIade (Hilber et al,
2008) Tuszimalnefisnsnudmunmannang
wouonszaaslslslaaonisy nalalswesiu
VSNt LaTAReEINT B Mii InaDY
Tu w.A. 2547 93w319 3.4-24.2 mg/kg
(Poolpak et al., 2008) &13MARFRIANBNEMN
ppsnlunassufiandslufiunarasinmant
Wufivsenisadgiivlnoseiizirswgia
waesin 1wy Sowmieanug no 6 Hadalumu
D oueuladauny Famne (Endosulfan
Sulfate) 40 mg/kg HANNLILOALALINNANAY
(2flwgn duRINa WaTguUNT Uazyuan, 2554)
arthiliasaludufitnnsuudoudiutusening
wuladaunu-FainauaziaUninassiining
WWNTUIIN 0.4 mg/kg HANUYIIYDALAY
thntnananas (@fng) auAZa Lazguum
tazyuan, 2565)

WBnBYAaD LIl lAaLENY (HCH) wu
sarndadnsivnguessnilunaadudill 8
Tolowas S 4 lalswaswindu Ao o-HCH,
-HCH, y-HCH waz 6-HCH fududszney
winvounainea-lanszaanlslzlaaianiou
(t-HCH) Fafluvsaanszaaslsislraeniou
fifinsldnuduasenuuas (0w aunsena,
2557) Tnglalswaisiaunuan (y-HCH) %38
auley (Lindane) fianndsludiu vinlkannuen
YBALAZINNTBRIAUAGITI NG NuRz T
ﬁﬂﬁﬁ WNnnee (Chouychai and Lee, 2012)
9713 (Chompunut et al., 2010) KNAINAY ko
filnan (a5l RUAY WATAMY, 2563)
anas wonanil Sedsnasanseenvauuanfia
Tuidsafimlnsnsinureseulsiiisde
Aunisdasdatyas lulansalulidn iy
avluaa (Calvevo Pereira et al., 2010) Fepa
JuRweefisvesarsidndnisnguossnily
Aaa3ull denasalszansanuassliisdie
Hunuivudouansidadnsionduaninnly
AABIUMY AefilsBnuinnsUgnunanaas
Tupuiidudoueulasauny Famn 71.3 mg/kg
¥l wpenIanaAA1 8527319 Tuf 50-55
navfudunadn wazUszansanlunsindm
wuladauny Famalaanszuaunisnsnszu
fefiw (Phytostimulation) fsunsvineu
Fauiuszninefisuazqaunidlulslaoa ey
panandutiaduldifies 20% luiuil 45
navgudunan dei1ni1Uszansainly
ansidneuladaunu Famnaludufivgn
TNy (72%) LLazﬁavg'm (37%) Tilsiang
(Somtrakoon et al., 2014) M3lfa13AIVAY
mIRsudvle Wy 9anBu AVWBITARY UaS
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Telnlafiy Judnisndeilsuanldifiuany
numupesiirluduiivuideuansidndagiies
ngueainlunasiy Felinzauiansaun
aswsaiivlanatgsinanunsadaudsunng
W3 aefials fMeg1udu ATuBINEAn
anegeluasazanunsndulaadalunin (indole
butyric acid; IBA) 1-10 mg/l AUz
ANMHEIDA ANNEITIN UAINITNEATD
Finnnedsiiiaglufuiivudouduiau 40 mg/
kg (Chouychai, 2012) M3utudadailnglu
a15ava1e IBA 1 mg/l Wuran 3 Falusvinli
dniinanueseanuazinndafnedludiud
vwiflow HCH 20 mg/kg sty (331a50] QuaY
Wae 1NN LAIBAINY, 2556) uslunneaTeans
muammim’%zyLﬁu‘ﬂmﬁhjmmimﬂuﬂﬁm’%ﬁy
Wulawesiisle wu nsugiwdadnnanegaly
miazmﬂlmﬁwgiau (Thidiazuron; TDZ) 10
mg/1 3 Flusraumnlunatudoweulada
wiy BaLn® 4-100 mg/kg WU MNTRFUVDY
Sndnnnedengassdn Tuvnsiimaugwaaly
ANTazaNYNILUNNIAUDLTRAN (Naphthalenea-
cetic acid; NAA) 10 mg/l nauggn 3 Falarg
lafinasionnsadgoeeinnnedeluninei
Judeupuladaunu samagudizaiy (2fwsn
AUAITNA WAT ANAYT LATDAINY, 2556)

pgnlafiony wavesmsldansmununis
Windulnufusewiafisduasunisiady
goefislufuivud suansidndnyfiznga
apimlupassudalifinisfnm faiansldans
muRuMIRsRulnasiasuiulisnny
uszauanudusaluduiivuid ousnsuadis
B 9 i mymddaiarhfinsylufuduidou

a139zM 80 mg/kg #ae EDTA nIndulaa-
p285n (Indoleacetic acid; IAA) 100 uM WA
1pfifiu (Kinetin; Kn) 100 pM ldazaunzi
Wisduludadaiiany (Lopez et al, 2009) M3
wgdnd1alnadmdienluasazaiy IBA
1.0 mg/l MNUNIAIVLUBLIAAN (Gibberellic
acid; GA3) 1.0 mg/l Wsthunuiwesyan
waziminasuesIndned iy inty
fizlupuivud oul uuun3y 400 mg/kg
(a3l U WATANE, 2558) mmmwaﬁ'
nanan Tumsfnnisefnsnasesnislsans
AuAIMIRsivlnswiuaplinfe 1BA
N TDZ, TDZ F7unU GA3 wag IBA 393
i GA3 Weanszdumsadadvlavesdnalne
Fraudpalufuiivuidieu HCH 30 mg/kg Wi
Aawanuduldidlunsinluysslosdluans
Huduiivudouansidndnsisnguaninlu
AaBSuMfizsaly
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WU NAUAINAUEANIANBINEAT
N pazmaluladmsinsaswazinalulad
2RFMNTIN NNNINYIAYIIBAJUATAITIA
Aty AeszigaanTRfug LYo sAuTiuT
viosUiRn1snane agamw nudn Wuiuens
(pH 8.9) fivSunauneanesatsnsnin 0.29 n3u/
100 n¥uthminuiewesiu Tlulnsiaurimun
0.21 n$/100 n¥uhwiinusiesaadiu TnunaiBe
ylamun 0.13 A¥w/100 Adwdwiinuiaweediu
wazansaundslufiu 1.78 n30/100 n3uthmiin
wivrasiukazldmniUsnuasidndng
fisnguansmlunasiudelsznanse wudy
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(Heptachlor & heptachlor epoxide) dan3u
WAz Aansu (Aldrin & dieldrin) lnAaw@a
(Dicofol) @6#l (DDT) mas3LAU(Chlordane)
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mawdpuindudiou HCH ddmutasn
AA5P09 Bidlan et al (2004) laads HCH
(U39 Dr. Ehrenstorfer GmbH, mwu%qw%f
faaz 99.0 udwnanveelalzwasuaarni
$auaz76 lolsiuasiunniovas 6 lolowas
wANIN3Baz15 lalslupsinanipuas 2 uas
TolswasiotFasusovay 1) walazaismiy
pzdlau andudadinadudulfldanududy
ypaanszAantsislraenuludiugu 30 mg/
kg Auilduemzezdlay 19 duganiugud
0 mg/kg Asiuly 24 rlusiielinzdlauszine
Tuldmumnaulfimnziuén

wBrandalnadawiieaiug Big white
854 F1 (aausn1en1sfnuasusemdadiias
Ba A0 WUNLR) Tuasazanusng 9 aolyidl Ap
1) IBA (Fluka, A U3gn530uaz 99)2 mg/l
2) TDZ (Fluka, ANau3qns3agas 99)2 mg/l
3) GA3 (Fluka, A2 WU3§V5308az 90) 2 mg/l
4) IBA 1 mg/l + TDZ 1 mg/1 5) TDZ 1 mg/1
+ GA3 1 mg/l 6) IBA 1 mg/l + GA3 1 mg/l
Wunan 3 Falus (Iessadremaaiiveeans
muaumssRUlnuanslugUf 1) wiaFeh
Twnzuuausiiisitududeuwaslivudou
HCH auag 10 WA 314U 3 UADNINLUUA
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NNINAaRNKUY CRD aavilady o 2x7 336U
oAy 10 Y thundilvenitmunanianany
2NIVR9LBALAZIIN edRanalauduiedans
Tufisaufign uazipannlausinfisanannluides
auiisUanen Fahwinaauazinminuiern
YDALAZIIN NAGBUANULANGINNNETRAY
Two-way ANOVA way LSD’s test fiszauiia
dhéiey 0.05 Anmdnwaizvaaioifoaalussu
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U7 1 Tassahepsansmunumsiaaivladils
lumanaansi nsndulaadalndn (IBA)
(Ludwig-Miiller, 2000) nifizgsou (TDZ)
(Murthy et al., 1998) kaznIAIVIUDLIAFN
(GAS) (Graebe, 1987)
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3. wamsnaaavia:dosniwa

mstudlou HCH 30 mg/kg ludusena
samsadvesiundinalng laadlaudiuge
Tuthndusdrmnsluduivuidow HCH vhmin
anveantnlnnanad wilifinasanNe?
yanuatNATnTaan (N5t 1) Tuva
i HCH dewasion3iadaueesnagedniau
Taerinl#anuenIwazimiingne95INanas

o o =

pghadifusfneadin wivihldhninuiees
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3.1 wavovansaouAumMsIoSyidulaia: HCH
domsioSryvovaeatholwadhoiktiads

Tupufldwdou HCH msutudnlu
ssmuRusRsYRLTaesin@sLaz I
fudpesfiaualiniudndilnadniisaly
wnzlifinasaanusuenkaziRinaATes
yaasundtalnadnden uwiansnsaLiy
dminuieraseonld (3nei 1) duludud
Yuitlou HCH MIUBINEAUENIAIVANNTS
wiumulairinfieuazansiny lufina
FEANENLOA LA AAYD DA T UY
WINWETN TDZ 2 mg/l snsnsafisinngnuia
vavanldiiinfieuiusundienannwaniug
dhndu Tepduflinannwdafiug TDZ 2 mgi
fihuinuieeswen 66.0 mg Tuvasiiguiiun

o

nnwdafiudihndufidwinuiesssen 50.6
mg duasmuaumssgRulasiady
Tufinan ou niinuieroswan waziile
Wisufisufiaidevessentialnad it
flunanwdafiugluiindunieasniun
asasyivlasfindie q weilmnzlufud
Yuidlourdolivudlow HCH th wui Tifina

LANGINAL

TDZ \usnsmuaumaasgiivlangs
fdag3adelinnoanuinanudutulugg
0.01-1.0 mg/l Bignansafinnsiasqvesyan
Fundrdiineniasyluduiivudeow HCH
20 mg/kg & (39570500 Quay wazIN&Y)
\A30R3NY, 2556) luvhueaigaiy TDZ 1.0-
10.0 mg/l LisnusaLfinn3iasyvecuen
filnenluduiivuideulnalnwa 50 mg/kg
(a0l AR LASAMY, 2557) ummnﬁy’u
TDZ 10 mg/l SyilinnusIuaauafiundn
FAn21eAe 912lNAmIU DINN LATLAINN
fsplunmeiivudoueuladauny Fauma
anasnay (BiMg ANAIINA WAz UNEEN
Lﬂ%am’m, 2bb6; Somtrakoon and Kruatrachue,
2014) uslun1sdnuwnd TDZ Lﬂumﬁmmu
aRsudivafisesiadieiiintnninwie
wossantinafindalufuiivuidsw HCH 30
mg/kg ot
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ANT197 1 ANNENIER Untnanueeeen waziminuiesanasfundtnnedmieaniwsyly
fufilaitudloundotuidiou HCH 30 mg/kg dluman 10 4u IﬂﬁlLL%ﬁLum‘éﬂ’J‘i_Jﬁ]ﬁJﬂ’liL’Q%@Lﬁ‘ﬂi@

FNNBUANUNDUMNNY
d13ADAN Tsivudlou HCH YJudlou 30 mg/kg HCH
MY | agnggng | dhminan | dhvdnudie | Aanueng Yminan dhnnud
(mg/1) (cm) (mg) (mg) (cm) (mg) (mg)

ﬁmé’u 2b.5 + 6.6a| 655.0 + 271.4a | 32.7 + 11.4c | 20.1 + 2.7a | 468.6 + 68.4a* | 50.6 + 5.6b
IBA 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
TDZ 2.0 30.3 + 8.4a| 638.3 + 82.1a | 654 + 6.2a |17.6 + 2.5a*| 457.1 + 77.4a* | 65.0 + 11.3a
GA3 2.0 28.9 + 7.3a| 718.3 + 111.1a [58.0 + 11.5ab|22.7 + 2.8a*|520.0 + 140.6a* | 40.8 + 12.5b
IBA 1.0 + TDZ 1.0 |34.3 + 7.ba| 578.3 + 156.2a |55.8 + 15.9ab|17.4 + 5.3a*| 452.8 + 178.3a | 43.4 + 20.0b
TDZ 1.0 + GA3 1.0(31.1 + 8.4a| 633.3 + 105.2a {60.4 + 11.2ab|18.0 + 1.5a*| 481.4 + 49.4a* | 53.4 + 10.3ab
IBA 1.0 + GA3 1.0 |31.2 + 2.6a| 585.0 + 12b.5a [b4.1 + 13.6ab|20.7 + 3.7a*| 595.7 + 91.6a | 59.6 + 8.2ab

SnwanwsenguianssTuLaaseNLansgag ity RN (P<0.05) srninsanImuAinsRsLaLle

A lafULAT * WARSANLLANGNSEENTTEARYMeaaR (P<0.05) seninssuiiasglufufibivuiieu HCH uaz

tutlou HCH 30 mg/kg ﬁiﬁ%’umimmuﬂﬁm‘%ﬁyLﬁﬂmﬁmﬁmﬁu

ANT197 2 ANNENIIIN UnTNEAYBesIN wasinntinuiseennuesiunddninadimieafinyly
fuilivudlaundatuitlou HCH 30 mg/kg uran 10 Fu ImJu,‘n"lumimwgmﬂﬁm%@Lﬁﬂm

fNpTaNUADUMNNE
d13AAY Taiudiou HCH Yuidlou 30 mg/kg HCH
MIIYPFU | gonugne | shwdnan | thadnude | Avnuen dniinan dniinusi
(mg/1) (cm) (mg) (mg) (cm) (mg) (mg)

‘Ifﬁﬂé’u 17.5 + b.1bc|571.7 + 268.0ab| 29.9 + 13.4c (4.4 + 1.0ab*| 270.0 + 72.8b* |46.7 + 4.9ab*
IBA 2.0 23.8 + b.4ab| 693.3 + 147.3a | 66.6 + 6.8ab |5.8 + 1.7ab*| 420.0 + 116.5a* | b7.7 + 16.8a
TDZ 2.0 20.7 + 4.1b | 426.7 + 120.9b |62.2 + 16.9ab| 3.2 + 0.8b* | 24b.7 + 37.8b* | 3b.8 + 8.0b*
GA3 2.0 247 + 3.0a |668.3 + 119.2ab| 73.8 + 13.8a | 6.8 + 2.6a* [394.3 + 129.7ab*|b3.8 + 17.7ab*
IBA 1.0 + TDZ 1.0 | 14.9 + 4.5¢ | 490.0 + 144.6b [66.1 + 21.1ab|4.3 + 0.7ab*| 247.1 + 62.6b* [42.0 + 10.2b*
TDZ 1.0 + GA3 1.0| 17.5 + 4.6¢ | 411.7 + 120.9b | 58.0 + 14.6b | 3.5 + 0.7b* | 241.4 + 26.1b* |45.6 + 7.7ab*
IBA 1.0 + GA3 1.0| 17.1 + 2.8¢c | 536.7 + 217.3b | 53.8 + 9.8b |b.b + 1.2ab*| 442.8 + 67.2a 57.2 + 9.6a

Snwsnwnsengeianseiusansruuanseeendidd Aneadia (P<0.05) sziNaImUANNISIRSLRLL

fepfiafunas * LaneANuuAnsegsiitud fynnesis (P<0.05) szninedufiniglusuilivuiou HCH uaz

duilay HCH 30 mg/kg ﬁlﬁﬁ”um‘;mmumim‘%zyLﬁﬂmﬁmﬁmﬁu
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Ui 2 dnwaidedonnvasiundrdnlnadimieieny 10 Judaauareuazdeusisdrnsiu
&g 100 wilpaSasmuasussd (A) sufiwludnausdimnzluiulivudou (B) wazhiu
fivuiiou HCH 30 mg/ sufugluansmunumsasgidvlaudrmnglupuiivuiiou HCH 30 mg/
TéwA (C) IBA (D) TDZ (E) GA, (F) IBA 317U TDZ (Q) TDZ F3uAY GA, uaz (H) IBA Ay GA,
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Uit 3 dnwasiiodenniunsnafs (pith) wazlsa (xylem) mmﬁuﬂa”ﬁﬂﬂwoﬁnmﬁmmﬂq 10 Ju
FRAUTIN LA NTE TN T fdeeng 400 wihlnwEeemussused (A) suilurlutihndy
wdwnzludulivuideu (B) uasdufivudieu HCH 30 mg/ dufiugluansmunumsiaigiiula
wdanzlufufivudlou HCH 30 mg/l 1¢un (C) IBA (D) TDZ (E) GA, (F) IBA %3y TDZ (G)

TDZ F3uAU GA, ua (H) IBA FWAY GA,
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3.2 wavovahsaouaumsIosSwyiculana: HCH
domsioSryvavsinholwadhontias

Tupufilsivudou HCH msudwéntu
GA3 2 mg/l Whiluflanansafinaanuenasn
a3 1 lnadnden ldpgeltadnfunie
adfdlafisudusundfivonanuaniiualy

3 |
° [

1ndu Tedufiunanwdndiualu GA_ 2 mg/l
fANIIA 24.7 cm &uduiNenaAmEATuY
Tuthndufinueisn 17.5 cm daudufiun
anndafiuglusnsmunumsiiaivlnans
BipfinNEIINaUAIFuTena I EaT U
Tuasmvgumasyivlesiodivs (M9
71 2) luvasfinsugdidnlusnsmunumsiadey
dularlesinfeuazansriinuiutiiuanings
Watminwisraesnls wilifinasatminas
28970

Tufufivuideu HCH mssangndvesans

a a

AawRunsasiiulaagsinely Tawlaifians
munumsasyRslasialaaeifinasony
g1 nMa T uRTe9In Tuanzfinng
wimdnlu IBA 2 mg/l w3e IBA 1 mg/l 334
Ny GA, 1 mg/l sansafindminganeen
Fralnald e feuiudufiinainiudafiugii
A8Y (13197 2) MIuBiNEaly TBA 1 mg/l
A GA, 1 mg/l sanInfinminaaUn
Tnvasininadwmisiiasyluduivuidou
HCH 30 mg/kg W@ w@usiisnsufianunsaifiy
thananvasndiinadwmds vty
Woufluuwndy 400 mg/kg usldanunsaiiiy
dminanvaesniuduiinsyluiuilivuiday
16 (3nsal quany wazaz, 2558) Faduly

[
o

Taasfisnfisduiatuaisuaislufiuiy

a

IrdnanaySunaennBunazaviuaisadu
aelusn sasluuanslufisifeaossingd
sreu e sdudaasuafisupails
Funantafdudaduauauinliszsuueg
aaﬂ%uﬁlulﬁm?jaamm (Sharada et al., 1999)
dauszdupesavivasadulufisdulisnpau
Tanadlafisdudadunadlondnazlsundn
Talpsmsueu (Xing et al., 2006) sty le
Al 3UDDNBUNSDAVIUBLIARUANANNYUDA
Feansnsadaasunsiasaivlavesialiidu
Undls Tnefisteanuin wandnninededilesy
IBA %39 GA, wdrt i unluduiivudou
AuULAY 40 mg/kg ﬁmim’%zymmﬁﬂﬁﬁﬂ’hﬁu
flanannidaiiualutinauld Tae BA sansa
Fruhnmswsuresnalani GA, (Chouychai,
2012) Wodevassndnalnadnamidsafiunain
waafurluihnau feflvnluiuivudouuas
Taiudlon HCH Tifinnnuuanseiy uiduf
nanaaiiuly IBA TDZ uay GA, WA
wrluduiivuidon HCH azifiuininlng
omdlusunpsifindueen (giﬁ?i 1) dufian
anuaniiuglu IBA sy GA, %39 TDZ 33U
M GA, azinlnseanmalutunesiinduiv
witiU3analnseanmatpandn dausiufisnann
WaATILY IBA iy TDZ Lifinlnseaime
wana Nl Tnfleenanuaniiug 1BA azfivu
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