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(Executive Summary)

1. Arnudrdryuasianvasdym
nsvuneasnssudlngludssnaimdavannsisanalnelodldarnafiioiu
wawda nsldasiaiivanisinuaslunismuaudnsfsuardaidrwhlhiaansuuidiouves
asailufanndouiady mstdndnsinduessunilunaeiuduasiadvianierifiould
Tunsnisinwasisluialiuasiivau ldAanisandevesansiadingufandianaisuiom
TaslawizAuuagnznauuinaiiinsiuneasnssy anailunguosfunulunasiuiitionlduas
andnsorundludannden Téun Aa7 wuniaaes leuladauriu aasiay dan3u wavduau Wy
#u aufnafeiuariduiivnuiauansolumsazalufdlFiauasieventmls
o luyusisvnislunmsiidaasvardoanaindundoniivutiou (kruawal et al,
2005 waz Poolpak et al., 2008 way Thapinta & Hudak, 2000)
uananiinsldasedlunsiinuasnssudunauiudidwalitudouaninaulii
wingausansineninssu msldasidadagivnauessunulunassuluannglifuiinnis
donanmldiduiu Basonidundquarsideuamuluduindon gndesamelden liszve
avanolddluluiy wasinlignezasginliduinndeegludulasdufuageudumuaiy
ansBun3sludu (Hilber et al, 2008) uazdwasonduyAuriondulsyloniluiu nisituyaniw
fufideulnsunmstutiouarsnquessunilurasiu Tasnssuruntsmisian e duisdi
Uszavsnmuasduinsdodauninden nsruiunisfindnerdeauaisnvesdedi®in loun
dunidvdefinlunisdesaauansuaivlimualunieernndsundasguvesmsuaiuliiiau
\Huiwiosasnirasisiy (5nsal aeag, 2551) dwsunalnnisiitnansuaiivisieiinaty
38 1wy nsadaansuaNumens (phytoextraction #58 phytoaccumulation) Nseasaateale
WY (phytodegradation) N15n583018510 (rhizofiltration) N15M336187% (phytostabilization)
n15vilWseined1eWy (phytovolatilization) warn1snsyaunIStsgdatunIufy
(phytostimulation) (Macek et al., 2000) ImEJnalnﬁﬁwwm‘lumsﬁuvjamwmé’au‘ﬁﬂutﬁau
asuafiudunidednadueasunulunasiu loun nsavauasuaivany nstevdaasioiy uaz
nsnsedunsgesaanefeRvity
fegrnslifvuasqdunisiugfuiivuitiouarsiiadasivnguessunulunaeiuil
UssaumnudiSaiinenuegudatiios iy msituyanmiuivudeuduaulagléinniug (zea
mays) SAukUALSY Streptomyces sp. M7 (Benimeli et al, 2008) msfﬂluuvjamwﬁuﬁ
Vuidleusumeasiuavigumnaaianenledieivieduns (Campbell et al., 2009) #3amsld
WyAvg (Zostera  marina) nissunistssaatewednassiunluniialaeydunsdudnmsey
il (Huesemann et al, 2009) Inodnwnsvesiiviiiuszansamlunisiunldiuy
anwwandauiivutlou thud dendufiviadydr nuseamwndenilivunzauviorauaay
a130mslAR fszuusndia awnsoveulwwasndsmndnievssloniluntsirinarsuaivil
vudleuihuuiouluduilegdnuasifumsiiuiuifalisdunidannsaendvegls uazdaiduns



WnUiinuasilulsylonifivdseanainsinfiudndne lasfisiddnuuzdnariinduivaed
VWAL 1AM (viivg) aunsena, 2554)

aslsfinny dadriavesusravsnmlunisiuyansnduessunuluaseiuludusefs
wipadunidanlngaziierdosiuanuasivesansludunndouaugindenissosaaiose
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yos Y Maadyossniiy uarliansiivdminmniinfiutu wafifetueianszdunistos
aatsalsuanwususeusINRYla Lwiﬁé'ahjmmsmzqnalnﬁLL‘Li%’mléf (Cheema et al, 2010)
swqmms%’aﬁﬁnmnwsﬂqnﬁ%am‘nﬁm"mﬁu‘lumsﬁuwumwwumﬁauﬁﬂmﬁauﬁaamsneju
oosunulunassudilinusienu winuinisugnivesiniy iwu Ausdugnsiuiu vieRusdi
sufuimedngndlinalunisifiuuszansamnisesaaearslunduwedloadnesisunin
llasmfueuldd Tasnalniifisasssiintrsatuayumstuanmuandeuiivudou Tun ns
Aaufduiusserinsssuunnuesitvsasssiinthoifufanssuveseulesd Usinaansiivdsesn
Mns ity wazduaiuliszvusnvesiivfidusisunuazseulyuiniy nalndandnazdae
atfuayunsesamesasuudeulilasansivdsnnsnitverviliasuaiivansaazansthlé
undunagyilisdunisuasrfivanmnsniarsiudidivaduazgniosanunmeluradaely
uanmnﬁﬁuu’%nmﬁ'ﬂ'@ﬂﬁﬂzjaawﬁmémﬁu%ﬁmmqmuaugsgﬁmmzLm'mst,aﬁzg‘uaw?mw%'éﬁ
vuihfidevaanpansuaiwanntu udy (Sheng-wang et al., 2008 way Xu et al., 2006)
msfnuiildinwnisliiidaummuseasiouladaurudama Whun 41lna (Zea
mays) _5aﬁu (Vigna sinensis) wazuminaa (Cucumis sativus) m?/vduwvamwﬁuﬁﬂu@auﬁwmu
Tndaurudawin Tnsleuladaunudamaduasinarsitldannisdesaarsiouladaunuda
Induansiedfisoadhsy Tuardinsaygnlildsuuadlufials @Fnan adtna, 2551) msiiou
Tadaunudsligninildludsamalng viliflonafiezifiansuuiloudnsilag TnoRuteanii
onldiimnuannsalumsmumusisiouladaunudaaldd Tnvsanuas inftvialuans
pImsAnUnAneviduiaeuladaunudanduiui 40 fednsusenlanfinwminuiivesi
fausinueMeanveIINIRzanatantosinu (vllvgy auded, 2553) uANESIBUITRYIA
umatiussAnsanlumsazavanslunguessunulunasdu 1iu fad 165 (Whitefiled-Astund et
al, 2010) lasmsfnwildnaunuinuamuivieneuladauiudamadefodefissuusn
vosfimsamsiin saiiAnwmmsazaueuladawriudamialusin sdu warluvesininamu
darjy uazuAIn venaniiginuUssansamlunisnssdunisdesaaraieulndaunudauia
lnggduvidlaenisugniisudazaila uazdgnsiulaedugfasasaiin nanisdnwaziiy
Uselomidensilutuganmiuivudiouseansidadnsunduensunilunasiurely
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2.1 efnwinisidsuulasileionsruusinvesinlnananu fmy wazunina 910
mMsdudalauladaunudais
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ms3stluadiiifunsdinuinisivisuwlaneadadeiiszuusnuesininamiu dava
wazumintussazaunanendinisdudaduiouladaunudams saudsfnuwinisasauuasnis
indeudnsieuladanudanainiudignn sdu uarluresiivsawain uonanilddnw
Aanssumsgesaansuladaunudaminlaesdunidlasandenisnseauianssumstssaaiene
nsugndmlwavany fwu wazuasniiosiinfisr vionsugniivsuiuaselin n1svnaes
\Huuuu Pot Experiment TngldAudsliifivsyfansuudousearsiunduesiunulunasiuin
fou udhiufumseuladaurudamaivsuanduduiuouasiulufu Jsdiusunsdniua
meluszeznan 2 U fwleluid

3.1 ManSEuRY

duduilivsgiRmstudoueuladaurudamainiey udsaniuihAundieseim
anautEnaaiivagnisnmyesiu Tiun dnvazdeiu Usinuansdunid Ynalulasiau
Favun Uinamoae Sanfwirlulgls el anadunsadie sauisufinaneulada
wiudaaiiorsuitiouey fsduliuisiigumpiiiesnouldon Giaszaunmiu u vidn
weaufiinisnan Useinalvy d1in awwivauuiv)

asanslouladauriudamialuesdlnuudifvaslufuuiinsviuinuiueu Thia
witugavineluiudi 50 fadnsurenlansuiminuiwesiu Faduanududuiiagiuvoulundi
fswrumsvuidioulufuvesussmeing nisniuisdulignhazarosemelulugaiuddd
nawszam 48 il msvnaedlugamuaueIssButudeatuiulugamnaes uiduordlay
FudusharasadliifissesadsaludBnasiiviniy wasiviiluanmundoudiortuiels
avdlaussimely

3.2 Anwvimsisuwasesiadeiszuunnuasisndsiudaeulndaunudamn

wzwdndrilne dvy wazumsmilufunsefigninlivudeudeleuladaunudauma
50 findnsuseAlansuimiinwivesiu Wuan 10 fu visndufuiedrenitvudneenm
#eniren formalin acetic acid alcohol Hegitvasiuvinaladarsiemaiaiislumisity
Fatlorderinunnnarauen deudned safranin-fast green wdafnwidnuaniodeneld
ndesqanssmiuuulduas uenanifufviediivivdafiotanugs Seimiinan/uies
50 d1Au waglieswivsinunaslsiad

3.3 Anvimsavaueuladaunudamaludninamng fmu wasunnn

wzdnd1ilnn davu wasussnnluduiilifvszfansuudeudunm 10 Fu wien
dudefundresimisaumignlunsraiivssgiu 1 Alansu Fadududigniliudouse
wuladauriudamaiissiuamududy 50 Sadnsuseilanfinuinuiewesdiu duan 90 Ju
sminiuie¥nweuduluiu Wushegitenn 30 u usndruresly s1n uazdduuitl



whsnduelianden vntuiwhegns 1 nfu wiadadefihasaisraussuinasnisunay
oxdlauieia3os soxhlet apparatus Wunan 4 4lus wdnhdegransemeuimenios
rotary vacuum evaporator udrazanefieginduiaeniau mntuIdinssiviinaeulada
LLWU‘?I’aLWG\ﬁQﬂazaN‘Luﬁ%ﬁ’JEJLﬂ%;a\‘l gas chromatography-mass spectroscopy

3.4 Anwinsnszauianssumstesaaigeuladaurunisnisugnitveliagen

Ugndnlwavau vy wasuasnnlufuudientuds 33 mnduifiusegsiuan
U3seusINitY (rhizospheric soils) uarfusauuan (bulk soils) N 30 Yu itedATzsiUTaM
aun3dlufu (iAs1enuiunn total heterotrhophic aerobic bacteria 678811113 tryptic soy
agar wavUSinantesianuadeeims sabouraud dextrose agar) wavainiouladaurudaine
finnfndlufuudrBanssaeuuBinumeinies GCMS  dufegsiivinniamiugs daiudn
An/uAaesn d1eu lu
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4.1 uwunsauiunuddy 1 dowrew 2554 - 30 wgAINgw 2554
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Aanssu 5.0. | wA | aw | da | Wy | we
54 55 55 55 55 55

wssuAulusweuladauudama

Tt

wzsund1lng HINu unenan

fenundasugnluduivudleuasiivdineessn ey uaz o o o
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4.3 ununsebunudde 1 dguisu 2555 - 30 woAdnigu 2555 (Enwinstevaansuinm

5NWY)
fansau v, | na | an | no | aa | we.
55 55 55 55 55 55
wisuAuudeumladaurudamauazziund >
fesundrasgnluiuivuitiounasifuiunn 30 Yu Hunm
90 JuuasdmszvuUiunnnugdunid FEnwniviiaden) o o e
tresundrasgnlufuiivudeuwanifuiunn 30 Yu um
90 JuuarirTziuiunugdunis (AEnwiunan) o o e
nszideyauardnvitsiesuanuimi >
4.4 wauMSANLUNWITY 1 SuA 2555 - 31 wgun1Au 2556
Aanssu sa. | wa | aw | dle | we | we
55 56 56 56 56 56
afaouladaunudaiauazlinssviuuig GC-Ms >
Tinsevidoyanafifuazinmenunsiduaiuauysal >
WsELAURTUIMNATEE S URRIWA R AL o o |o |o
InvhsrenuatvaunysaikasUau o |

5. HANIL/MITaI50 AN INTANUN LUINSEITITINISTLAUUIUIUG

4 4 d Doy SN
51 991394NAIA21LANWUNW  Phytoremediation of Endosulfan  Sulfate-

Contaminated Soils by Mixed Plant Cultivation

FB5815NAININTANUN International Journal of Phytoremediation

(Impact Factor 1.32 T 2009)

4 4 d W _aa
5.2 ¥9I30MNAININVTANUNW Stress Response in Root Tissues of Crops by

Endosulfan-Sulfate Exposure

%927158715NAIMI1SARUN Environmental Toxicology (Impact Factor 1.73 U

2010)

6. swlszinailasins (austezanlasanisildsunisiauaiuyy suussnalsiiu 240,000

umAl)
_ 5I0N15 Ut 1 Uil 2 59
1. MUNARAIABUUNY
- AmguunuvinlATINs 120,000.00 |  120,000.00 | 240,000.00
2. wanman¥an
- aseuladauriudamn 50,000.00 60,000.00 | 110,000.00
- anafidwivAnviiloideiiy 8,000.00 - 8,000.00
- gsefidwmivanauaziiasizneulataurudama 10,000.00 |  20,000.00 |  30,000.00
- nsiAtadeAuYSE 13,50000 | 500000 |  18,500.00
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- yiTue 8,000.00 9,000.00 | 17,000.00

- nszmaﬂgnﬁ‘uLLazmmwmuﬁﬂ 3,000.00 - 3,000.00

- WwanWugNY 1,000.00 2,000.00 3,000.00

- mndnsulamagnalinseiienias GC-MS 4,000.00 - 4,000.00

- Fandwinaudwiviavhgdidusesnuatuanysal 1,000.00 2,000.00 3,000.00
3. vaa oy

- uimsliiadesiie GC-MS 5,000.00 20,000.00 25,000.00

- AMUSMTIASIZAIDE AU 5,000.00 - 5,000.00

- MusMswisuieiaiioofiv 10,000.00 - 10,000.00
4. MNAAIIN

- AamvNEaaTIe 1,500.00 2,000.00 3,500.00
Samuﬂs:mm‘lﬂsaﬂ"ﬁ 240,000.00 240,000.00 480,000.00

7. 1@NE15919D4

vilugn aued. 2554, nsuganmwandenfivudeulinsideulalasasususieiv.

NTATIINTUALIY UNS. WszUAT. 5(1): 125-129.
uilugn aued. 2553, sieumidsatvauysal (589 nsdadeniiefidinumununedns

Miadngivnaueawnuluraeiuiediunlduaninbu. suussnuwiudiu

UNINY IR UUMESAY,
dnen A3t anduuimsAngialagdanm,

http://www.doae. 80. th/report/sukda/hoy hit.html auaumaumuw 19 dwnAu 2551,
25105801 Quany. 2551. msWuWamwam’maammsm 21501579I7155719A9E Tuan. 3 (1):

134-145.

Benimeli, C.S., Fuentes, M.S., Abate, C.M., Amoroso, M.J. 2008. Bioremediation of lindane-
contaminated soil by Streptomyces sp.M7 and its effects on Zea mays growth.

International biodeterioration and Biodegradation. 61: 233-239.
Campbell, S., Arakaki, A.S., Li, Q.X. 2009. Phytoremediation of heptachlor and heptachlor
epoxide in soil by Cucurbitaceae. International Journal of Phytoremediation. 11:

28-38.

Cheema, S.A, Khan, M.I, Shen, C,, Tang, X., Faroog, M., Chen, L., Zhang, C,, Chen, Y. 2010.
Degradation of phenanthrene and pyrene in spiked soils by single and combined
plants cultivation. Journal of hazardous materials. 177: 384-389.

Hilber, I., M&der, P., Schulin, R., Wyss, G.S. 2008. Survey of organochlorine pesticides in

horticultural soils and their grown Cucurbitaceae. Chemosphere. 73: 954-961.

Huesemann, M.H., Hausmann, T., Fortman, T.J., Thom, R.M., Cullinan, V. 2009.

In situ

phytoremediation od PAH- and PCB-contaminated marine sediments with

eelgrass (Zostera marina). Ecological Engineering. 35: 1395-1404.




Kruawal K., Sacher F., Werner A, Muller J., Knepper TP. 2005. Chemical water quality in
Thailand and its impact on the drinking water production in Thailand. Science of
the Total Environment. 340: 57-70.

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

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

Sheng-wang P., Shi-giang, W., Xin, Y., Shen-xian, C. 2008. The removal and remediation of
phenanthrene and pyrene in soil by mixed cropping of Alfalfa and Rape.
Agricultural Sciences in China. 7(11): 1355-1364.

Thapinta, A. and P.F. Hudak. 2000. Pesticides use and residues occurrence in Thailand.
Environmental Monitoring and Assessment. 60: 103-114.

Whitefield-Aslund, M.L., A.L. Lunney, A. Rutter, B.A. Zeeb. 2010. Effects of amendments
on the uptake and distribution of DDT in Cucurbita pepo spp. pepo plants.
Environmental Pollut.ion. 158: 508-513.

Xy, S.Y., Chen, Y.X., Wu, W.X., Wang, KX., Lin, Q., Kiang, X.Q. 2006. Enhanced dissipation
of phenanthrene and pyrene in spiked soils by combined plants cultivation.
Science of the Total Environment. 363: 206-215.



SYieUI58

aouil 1 navensadulaadnlvin (BA) densisnyluszazdiundruasinnanedsiiugnlunae
Vuidououlndaurudamn
1.1 wismswivudiousuladaunudamn
azanglouladaunudaia (USEM Dr. Ehrenstorfer GmbH Lot no. 81205 Usuine
wosiiu anuviavstesar 98.5) luas@lau (AunwdmuniTins s UTEN Merck Useina
wos) udnfvamselitiarudutugavinelunsedu o, 4, 10 waz 100 fadnsusenlansy
dhwiinussweamse ntuitmseinaudlugaiudunm a8 Hilus elvdhazanssuine
U gavhouvanse 50 nfuldadlunmsusnaainidaamg 120 fiaddns wavUiuautuves
nielidufevar 65 Wnstwiinnounisvaans
1.2 NAHDUNAYDIEIIAIVANNTIIRTEY IBA fDAUNGIRNNINGAY
msvageuAuluiuanulaianisues Somtrakoon and Chouychai (2013) lneus
WdAWUSNIRs (Brassica  chinensis) (U3¥midela ngawm) luansazane 1BA  aamidindu 10
findin3uriedng (U3EW Fluka Usswaauigoiwng anaudavissosay 99) Wunan 3 dalu udh
wgluniawanadniiinsefivudoueuladaurudamaudazanududu arududuay 10
wda (msvnaesiouaaug) aeisliigumpivesiliunassiuni sahmnfuitesne
audulunsiglingd gamuauinduisafuudududaiugniedeludingy deasu
Auuaan 10 Ju 5’mmsw’%ayuaeﬁunﬁwmwﬁaﬁlLa‘%ty‘luwsﬁaﬁﬂuﬁyjamauiﬂ%’aLLWwéYaLWW
Wiguisuiusundnlugaauay
1.3 Anwinsiednvasdundrinnanedeieialunsevuitou
Anvinmnadydivlavesiundiildsuuarlilédu BA Tuduiivudioueuladaunusama
odundriieny 10 Yu ieTiasyiimiingn uazdhwiinuiessen s uazlu Ammemven
uazmWENIIIN Yiinueaelsiladle aaslsiladll uazUSunuaaslsiiadiovun Tasthluanves
AunaEnnINeUTIN 200 fiadnsu wdalidivuin 0.5 x 0.5 wuRwes udugluansazane
oxdlaumnuidudusesar 80 Uuluiiln samgll 4 esmneaida lunat 24 2lus 9anduti
asavaneninAngandunasoinissaunlnsiinfinesfinueneiu 645 uay 663 wiluns
A58 Huang waranglul A.a. 2004 udBeiummnnududuvenaslsitadunazaiinly
nheliafiniudeliaddnsiaunis
AN TUYEIARBLHAR 1B = [12.7 x A663] - [2.69 X A645]
Auiutuvesnaelsilad T = [22.9 x A645] - [4.68 x A663]
audtuvesnaslsiiadiovun = [8.02 x A663] + [20.2 x A645]
1.4 AnwinswAsuuassadaBefisruusnuasiuntriinnnemdsdudaaulada
unudainn
wzdaiugnngdunseiignilivudiounoeuladaunudamamududu o,
10 ua 100 fadnsuselanfiwiinuiwemse Wuna 10 u udntufusetiennita



ARLLBLEDYIIAILVINLAL ALY BoUeed safranin-fast green udAnwIanvuzilabonla
napansImluuulduas
1.5 AAsrzidayanieain
NSIRTYTRIAUNANTUAAIAIBAREY + AlTonuunInsgu Wisusumuuanas
! =l € aa vV <4 =) 1
FEMINVINUUAMENINAGRUNIIATAAIY Two way ANOVA  UasiU3sulilauaiiuuansig
TENIeANRRYNIY LSD's test

ABUil 2 HaveINTALRAHILUNNIEUaZTRN (NAA) uazinifegseu (TDZ) denstadylusses
% o o v o & o o
sundrvasinngenvanlunsievuiaweuladauvudaine

Muigiunmmeaedluseudl 1 Wten 1.1-1.5  uadsuslavesarsaiuaunis
Wwigivlnvesfivain IBA 1Uu NAA uway TDZ anuidudu 10 fadndusiedns (USEW Fluka
Ussimanigeuint anuuiansievas 99) uarldvmenigninlivuileuouladaurudamn
AMILTNTY 0, 4, 10 wag 100 fiadniusonlansy

aaudl 3 HATBINTAUDANILUNYNEUDZTRN (NAA) uazlnidegysau (TDZ) Aensivdnylusses
dundrvastnalwevau daviy uazupsnniivgnlunmevudeusuladauriudama

viugudisriunsaaeduneuil 1 vded 11-15  udwdsuriavesansauauns
Wigdulnwasiioain IBA Uu NAA uway TDZ anudiudu 10 Tadnfusiedns (USEM Fluka
Ussinaansgeuin anuudansionay 99)  uaziUAsuviiavesiisnadeuaindnniadady
F1lwavu (Zea mays Lvar sacharata Bailey) #aldludaunianisinvesudsvleandns
wiewug Saf Yevauunyd dmy (Vigna sinensis) Fsldudaiuvnanisenvesusdvdant vav
n 20 SvTuunys wazumanm (Cucurmis sativus) Filfudaiunsmsdvesuisnigad
Wughy $1fn nganme Usendlve waglinsofignilivudeueulndaunudamnaududy
0, 1, 10 uag 100 daansumenlaniy

ABuil 4 uavesnsUgninTnananu daviu wazunnINRBIE W aznsUgnIaniuiofiuy
anwdviivuidioueulndaurudamn

4.1 usariiasiziiedisfuitliivseiinslénumsidadasiveuladauniy
Jawn

uduiiliiiusedansldoumsindadagineuladaunudamanteulufuiuinaie
tgui a. vmides 8. fumside 9. amasaw snduihedwaunisdiukiigaungives
uErseuiuihunsunsaidvinagngy 2 fadues derdnfiusuelnguasievennity Sinse
Usinanauladauriudamaiinndrdluiude Gas Chromatography - Mass Spectroscopy 8o
Shimadzu §u QP2010 Ussmadu wedusumslivuidiousvassiafindndeu Sinsize
psAUsENOUNIINMEAMILaIATivadiy o viTnasdfjiRnisnats (Uszinalneg) S aren
vouunu Auiildiifesazvetoynanity 10.23 Sesazveseynindusiu 1533 fovasueseunna
Aumilen 74.44 Fov 8.11 Al 109.5 ps/cm Sovazvesdunieingdu 2.40 Sesazues
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Tulnsauisuadu 029 YinavearadaiiuhlUl4le 5838 fadnsusedlanduthuiinus
Y9I
4.2 wisuduiiluidoueulndaurudama
arangouladaunudamnluesdlaundiduaslufuliliautuduaavnglufudu 71.3
findnsusonlansuthuinuiewesiu Asduiinauudlugaiy figungives (2942°0) Wuian 48
Hlue iilelifvhasansssmely asasuanuiuiladiorfuseseuladauriudamnluiulag
dufumagnaiu 5 0 tiearaaeutiinmueuladaunu-famadudy lasiaias GC-MS
4.3 MSATLUAUNAT
AuUNaI NI (Zea mays Lvar sacharata Bailey) ﬁUﬂﬁﬁf\iju (Viena sinensis)
wazfunduAN (Cucumis sativas) l3oalasududmiugdnlnavau vy uazuasnatly
thndwdune 3 dalus udazlunemanadniiussedutudououladaurudamnainy
Wty 71.33 fadnsusenlansuhmiinurisvesiu aefislifgnumgiiveslilsunasssuni s
dmnfuiesnyarutulufuliaei idesundiony 10 fu dendundiudausdildluns
1/1maaaﬁuvjamwauﬁﬂwﬁamauim%’auﬂu%at.ﬂm
a4 Anwszansnmuasialnanau faviu wazuaananlunisanySinmeulada
wudamaivudouludu
TNUHUNTIVNABDIUUU CRD msﬁuﬂamwﬁu‘imaﬂqﬂﬁwﬁﬂLﬁmﬁﬂﬂﬂﬁwﬁuné’w
P1INanIU c'ﬁvju wiBuanete 10 Ju aqu‘lunssma%wssqﬁuﬂuLﬁautauim%aum
damin 1 Alandu lag 1 nsvaeUgnituiiies 1 wila mﬁy\luvjamwauiﬂ&Jmsﬂgnﬁmaawﬁﬂ
swiuilnshesundrinnamiu funddny uasdunduannety 10 Fu awgnlunszang
Fsussapuvuidiououladaunudamn 2 Alanu Tas 1 nszeUgnivy 2 wilasiuiu Ugnitvein
WWeuazUgnitesuiulunszansiiussaiuilivudey uarduitlivgniialdifunisveasdluge
AIUAY aaumLmuwaaﬂsvﬂ1awﬂanwmuuauwmw,wa'l,ﬂumﬂmmmLam‘lumﬂmuuawaq
ey smu’mmuLwasm«nmmsuu’lumulwﬂsummaﬂau 60 \uan 60 Ju Mnduiuineteiu
59UINNY (Rhizospheric soil) soUuansInne (Butk soil) Tuudi 25, 50 uar 60 NTIATITR
Uinaeuladaunudamaiivndelufude GC-MS
4.5 Anwnsiyvesisiwigluiuvudioueulndaunudama
Anwinsindyiulavesirluduiivudoueuladaunudamia Tnefudetefisain
nszaiivgnifiseiinfies wasnssansitugniissuiuluiuil 25, 50 uay 60 vesmmaasuite
Srsehimingn wasivinuiweseen 510 warlu MNENLER LAAHEIIN VT
aaelsiladio raolsiladd uasUSinunaslsitadianun yusafunsmaasdlunouit 1 e
13
4.6 msanauasmsaaszviviuntauladaunudaiase GC-MS
wulsdaunudamafiandsluduiunataseniossenianlasidhegsfiuuss 1 nfu
yiluielnouanauiu Na,S0, (anhydrous) ludnsidu 1:1 avarsunuun-enezaaslslalaawe
ALY (USYW Dr. Ehrenstorfer GmbH Lot no. 81205 UstimAwasiu aadanisesas 98.6)
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anundud 100 fadndusefiaddnslusnsundidvasufudiegiainnes 50 lulasans iold
\Ju internal standard
Tnduhinsgepunatndefviaranenanswiezdlauuazieniay (U3 Ajax

Finechem Pty 911ia Uszathduaus) lasdnudasainidvss Wang uazauzlud a.a. 2007 Tu
§asndu 11 dhowedowenmandunat 12 Fali wasdfueumgiivumlidmsihasany
vausuluvasaussyansieslild 56 seudedalus desnthasazasfiaaldussiveus
feiAtaanduassEvELUUIL (rotary  evaporator) iauSinasiegsananndeussuia 1
fiaddnsiiAueniouadlu 10 Gaddnsudindusesudiunnsietaviedssunm 1.5 fadans
MniAnsiUiinaeulndauriudaindenios GC-MS Ustansamlunsadnouladauny
Famagadliinitdosar 80 Aunmnmsieuiisudinateuladaunudarinues interal
standard #atmaonuildifisusulimaasinsuemudutuneuilvada

MseszRUTIneuladaurutawauas internal standard Tuansazaneignisuldy
1A309 GC (US¥M  Shimadzu 314 AOC-5000) fakisuRuRmaneiAe Mass Spectroscopy
(Shimadzu ~ MS:QP2010) anzlunisuenaisazldnzladnodudain  Rix®-5MS (USHn
Restek) (30 wns x 25 fadwas, 1D. 0.25 lulaswas) anmedldlunsiaaisuuy split 14
dasrdnlunis split \Wu 30:1 Sasmsivaveswfadiden 0.6 fiaddasroundl saumalivesneduil
Gudtu 180 ssmiwaidea Tavadlifigaumaitiduna 2 wil nnduiugungifuiesen 20
swwalasowdl augumgiinedutigeds 250 ssewadea  uazadiigumadiddunan 2
wift nduisgungivesreduiiuluindesan 20 swisaiuanounii SIRIIVHNEREHDER
fla 280 sauwaiFua wazadlilgamaififuna 4w gumpfivesdunamesidu 250 sewn
wadea uazfmawesilu 250 ssrwaldoa 1ny retention time voweuladaunudaiadu
10.38 Ul Waz retention time 484 internal standard \Ju 5.58 Wil

4.7 nMFinTzidayaneain

Yovavupueuladaunudainfivdesguansdroaade + Andsnvuninsgiu
WIHUBUALLANANTE NI ININIUAMIBNTNAGBUNNEARMIE One-way ANOVA  Uae
Wisuluaruanasssinsadesae Tukey’s test
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HANIINAADY IATRILAZETY

msdnnildfinuussaninmussmaugnitwiafivgniiissdwenarugniuiuas il
mamsamﬂsmmaulmaLLWanaLWWiumumanquUuLUau‘Ius £AUNTZN1NAADY LABLUS
nsAnweaniluaestuneu furouwsniu Anwauiuiveeusuladaurudamaronisiadey
Tuszorsundrwasninads d1alwavanu davy wazunandn Fuduisieglursddreiu Taed
Inquszasdiiiefnidenalinvesfiniidanunumnusenuduivuesouladaurudamaiiofas
tnldlunisiiuganmiviivudeweuladaunudamslunismaassiuiiaes Taglunisdnen
auduivweseuladaunudaiasosiundiy Sslifnwmavesarsmuaunsiasyiviaes
Ay lagvaassldarsauaumaasyiviavesivlungueanduuarlainlaiiu fuvuves
arsmunuMasyiiulavesivlunguesndu laun nsausaruuividuezdin (NAA) waznsn
sulaalinlvin (BA) warduvuvesasmununswsyuasitlungulelviaiu lun Indegseu
(T02) Wneflauy@gruinmsnssauudaiugivmoaismuaunisiasyivlavesivardizanaiy
Wuivvsseuladauriudaaioniansyvesivlusrezaunails uwinanismaasawuineulada
wiudandiseauenududu 1-100 Sadnsuseilansuiminurwesiu ldfufivsensaialy

sozdundvesiinriananads drlwaviu damu wazunsnredredaou nisléarseuaunis

o a

Wigdulavesislunsnssfuwaaiugnouilumizlunseivuiloueuladauriudamn ndu

@
]

dwaidesonisiaiyluszegaundivesiiednaig laslany TDZ JeazdinaldudoNmuinisues

<

folag@nieiuINIseIINuInndd NAA  uas IBA sadunisaeuyszansnwuesiiey laun
Ilwavu fiy wasusnnlunmsanUiinaeuladaurudamaivuidovluduiadeonlduda
WugNynlliumMsnszauasasavannsies yiulavesiislundulaws lnenanisfinwiuas

a < =2 1 1 = [ o &
msamsmwamiﬁnwﬂuumawumaumaqmsﬂﬂmwumu

pouil 1 wavesnsmdulaadnlvindeniswinluszezdundrvasinnanedeiivgnlunse
Yuitoueulndaunudan
1.1 navesnsadulaadalvindeannuendsen dulinanuazimiinukuaseandinnaneds
m'sLa‘%tywaaé\’uﬂéﬁmwwﬁa‘lumﬂaﬂuLT”JauLauiﬂ%’aLLWUGXaLwmﬁizﬁumwmﬁuﬁu a, 10
uaz 100 mmwemesnunnivundnnadeiislylunseilivuidiousdrsiiteddgmaeadi
(P<0.05) 1n8ANNYNILOAVBWUNANINAMAWIAY  4.68+0.6, 5.4+0.77 uaz 4.67+0.58
iwuRins audiy msldudaiugildiunsadulaadnlvintinalissoinudatusiudlud
nau lnsanueneesvasiundnnefuiistudloeuladaurudamaiivudioulunseiini
iudugetu uiidoleuladounudamadudu 100 Sadnfusenlansu dwalimmeneenanas
wieuins 4.16:0.50  wufitms uidaduafiunnninisiadyvesiundinansgslunsieitlsl
Vudleudddudniugildsunsndulnatalniniduiy msldwiatuinnagsiilésunsadulaatin
Tv3nlivihldanusneeavesdundninsfaiimslundagseduanududuvewouladauruda
WinuANsNefY (P<0.05) (nwil 1A)
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dwiinanuessensundnnsssmasylunneiivudeueuledaunudamiafiseiuni
Wudu a-100  fadnsuseilanfudminuiemsisliuansisiniminanvessondund
Aadaiosnlunselivuiioustrsiitioddymaia (P<0.05) nsldwdaiugnanedeilésy
nsmdulnaiilvinlidwaliihuinanvessensundnnadawansannudatugilildsunsady
Tnatalviniinnseduanududuveneuladaunudamn luvnsinsadulaadalninlidemals
imdnuisresseadundinaeduandisnindundinideiildléunsedulaatalndnisuiy
(P<0.05) usiouladaunudamniissduaudutu 4 fadnfusoAlanunsedumaaiyvosiu
n&nadalfidndeslneiuinuiswesseniiiinduminninmedsiiosylunseilivudou
pgaiitidndyneadia (P<0.05) litasldwdaiusilasunsadulaatalyinuielufam (i
1B uay 10)

0
>

Shoot length {cm)
(o Ld
e
b
2N

N

4 10 160
ifan sulfate tration {mgrkg)

a
@
o]‘
¢
End

®
°
&
@

&

[
o
Vet

0.014

Shoot Fresh Weight (g)
a
"N

g

[ 4 10 100
Endosuifan sulfate concentration {mg/kg)

4.0025,
0.0020
6.00154

0.00104

Shoot Dried Weight {g)

g bod
g 3
R

[ 4. 10 © 100
Endosuifan sulfate concentration (markg)

awil 1 anugmsen (A) Yviinansen (8) uasiwiinuiteen () vesfundrmnsgeiiadaly
nsetuouerladaurudaia dydnual ( M ) fundfinzannudailésunsedulaatn
ey (O3 ) dundimznnudailildSunsadulaadilin duidnesnudange
ffsiEniunnseiunaninnuuanaeiiteddymeadn (P<0.05) sewirsdundnaneded
I&3unarlildfunsadulaatnlvdnneuwiziinududureeuladaunudamnseduiiontu
WaE * wANIAUKANABETITYA A NEDA (P<0.05) Lﬁaw‘%ﬂuLﬁauﬁ’uﬁunéﬁn’mﬁaﬁgﬁzg
Tuneitlivudeu
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1.2 wavasnsadulaataludnsenrmennsn dmiinaauaztmiinudievassndnnanage

amemTnvesiund N e aitudernudidureseuladauriudaimafinduain 4-
100 fladnduseilansuiuiinuiwemse Tneddunnnimassylunseilivudoustad
vodrdgmneada nslesunsedulaadalvinvesudaiugnieiineumiglidwalviniiuensin
yasundnIegauandsanudaiuiililasunsadulaatnlvinedeiidoddanieada
(P<0.05) (Nt 2A)

Root leagth (cm)
N W b
>

-

o

- 5 .
a g
s ,il i
] 4 10
Endosuifan sulfate concentration (mg/kg)

0.016,

= B
o0
Lgo012
5
§' 0.009-
=
8 0.006:
U
5 0.003
0.000
3 a 10 100
End ¢ L1¢ tration (mg/kg})
0.0025, B c
2 0.0020 2
=
% a o a
% 00018 s
£ 0.9010;
g 0.0006
0.0000- ’
[ a 10 100
Endosaulfan sulf ion (markg)

awi 2 anuemsn (A) twitnansan (8) wasdwiinusienn (O vesfundnanedsiiainfly
nievuloueuladaurudamn doydnwal ( M) Fundriizanwdeiilasunsadulaad
Ivdnuay ) dundrimzannuidedlildsunsadulaaialudn daussnusanwdingy
fsidnfiuansiunaninuuansinsogasideddymneadin (P<0.05) sewiadundnedsil
Iesunarlilédsunsadulaadalvinneumgiinnududure neuladaurudamnssiuidiontu
LAz * uansAuuanAeg it dyeaiia (P<0.05) WetFsuiisutudiundinaedsiiiadny
Tunseiflivudeu

1
o s N

Y v v o v v a a a a1 v '
niinanvassindundinaesafimizainwdantasunsedulaadalniniidniesndn
v o & & 2/ as a o a ] o o @ aa s s
nssTnznwdanbilasunsadulaadnalninetslidsddymneaiia (P<0.05) st wmiings

v 2 2/ ﬂl d vaes =) o LY 1 1 )
YDINNFUNAINITIEINdanlasunsadulaadilniniawvindy 0.003, 0.007 uag 0.002
U A = ﬂi 4 o Qs a a @ 1 L
ndu Wadgylunseivuileusuladaurudaadudu 4, 10 way 100 Tadniudeilaniy
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2 o

miinuia mudidu euladaunudamadudy 10 Sadnfudenlandy nszdulddundnaned
Iﬁlﬁ%nsm%uimaﬁalvf‘sﬂﬁif'minaWuaﬁmqamﬁmsLa}%zg’luwswUﬁhjﬂmﬁauaejwﬁﬁﬂéﬂﬁm
m3adh (P<0.05) dnllunsredilivudounuiliiiudannednyldsunsadulnatalninudeol
fanilivinldiminaauanssiuedhdifoddynneada (P<0.05) luvasihwinuiwassindy
n&ndeiiaialunneduideueuladaunudameiissfuanududu 6100 fadnfuse
Alansuthminuisremsis liunnasiulidnudannsdsagldsunsadulpadnininfoumns

wiolifinm (P<0.05) (Mt 28 way 20)

1.3 wavasnsadulaadnlvindeusumeasslsiladveualuluvasinnineds

msvuideuveseuladauriudama 4 fadndusedlaniuiminuivemsedwali
Unuaaslsiladiamaluluvesiundinindeiinzainudaiusilésunsadulaatalnin
vdelsifimuiiviunaganiinaslsitadromaluluresdundnansfsiiasylunseiflivudon
otsifdfynisada (P<0.05) Wernmuiduduvsneuladaurudaadiutudy 100 fadndu
soflansuthmiinuisemsedwalivinuaasisladimmueluluresiunirnansdamnies
dundrnsdaiasylunmeilivutousdraitedfymieeda nisldsunsadulaadlvinki
dwalivfinuaaslsiladviamualuluuandeaniudanedsillilifunsadulnatalniniiyn
seiumdiiuve souladauriudamn (P<0.05) (nwil 3)

-h
a o o 3
o
|

Total Chiorophyft (mg/ml)
»n

-d

[ 4 10 100

Endosulfan sulfate concentration {mg/kg)

amit 3 Uhinuaselsiladiaualuluresiundrnnsdaiiasglunsevuidewenlndauniy
Fan dydnwel (M8 ) Fundriizanudedilasunsedulaatnalvinues (01 ) dundn
fmznnudaiilildsunsndulaaiinlnin dusdnusandmguiiuidnfiuansafunans
auuAnssedilifudiyneadia (P<0.05) sewisdundinnaedeiildsuuazlilifunsadilaa
Tlvindeumgiianududfureseladaurudamassiudionty * uaninuuanssegred]
WedAgneata (P<0.05) LﬁaLU%'EJULﬁsmf‘fuéfuné'wn'mé:aﬁnﬂ%miuwswaﬁlﬁﬂutﬁau

NnRamIeasdfnuiluneud 1 Ffinwinaveinsadulaadalnindensaialustesdy
1% LY v o dnl’ o o < ' s @ )
nawesinngenUgnlunieduidaueuladaunudanaziiuitouladaunudaminlivans
a 0w v o o ) o o ) ¥ v 3§ | o
mwmﬂuwwmamunamnmnm LLazLauimsnauwwatwmwsvﬂljmmwmumauamansumums
mm‘uawamua”mn emL'Jumvﬂummwmuwmmnﬂa 100 fiadnSusiaflansuisazdwmali
dinanvessinuas UsmmﬂaaIsWaawmm’lu‘lwmwnn'mmamaamnuu uslidinananis
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WiuetaniATu ez nsmevavesdenuluiivreteuladaurudaiiavediu
né’wmwéjuﬁm*?iimmﬂﬂdwam dlesnsniluduiidudatvasivivudeulufulasnse
sumdenlidufeiitlunstiaauuduswesiund-lunsdudasuaisiiv (Chouychai et
al., 2007) Lauiﬂs'?j'aLLWU%LWm*?’immL%':J%uguﬂuﬁwiaﬁmﬂ’ﬂmaﬁ’lmwﬂmﬂuﬁwiaﬁmﬂ’maa
goauiigdiuarsiunaunadleadneslsuidnlalasasvou laud wounsidu wuleie]lniu
uazvigosusuiiuiaduiiviviatwiinanues Brassica napus L. isudntosusidufiuiisuuss
sothwiinanuesnunndt (Ren et al., 1996)

venniiienuhasnguessunulunasiusiindus dwadenaelsiadievesausod
B8 Scenedesmus quadricauda Berb 614 lasfirnududuszdusi 0.02 %30 0.2 fadny
foAnsuat 2,4-D Axnszdunsduasizinaelsiladio Uiinuaaslsiadiofuiutu ud 2,4-0 oz
LﬂuﬁwsiaﬂaaiiﬂaéLaﬁizé’ummm"m%uqaﬁa 20 fadndusedns asnandasiurantsfinuiilaed
sefuanutuiuiusinueaelsiladiomaluluresinnandssiintu luruziinunidudugs
yonaulndaunudamndwmalinaolsiadiomaluluresinnidianas Ssonafiauveuanms
WasuwUasSunaaslsitadiaiduiu (Wong, 2000) egnslsimuanladaurudamadainday
\uusdennsdaduianageulunisined Ssisnnuearh-ouladaunuiiuansaa
Wuwsednnassegsdaauii 40 fiadndusieAlaniu (Chouychai, 2012) losnioulada
wiudamperaluglvesasuaivasauluiiy lneenudnlngnaninsanwueuladauviuly
ﬁ%ﬁ"ilanLLazﬂﬂazamazviﬁﬁnmtﬂﬁaﬂlﬁ (Calvelo Pereira et al., 2006; Weber et al., 2010)

nsldeasluufizainasusnlunduoanduiiietiiuarmuniusesielusuiiuyg
anmnwindauiiseiusenuiagiireiiies lnsdwlngidunisldsvarsuafiviidulans
N3ANYITRY DU waAMENUIMNIIH indole-3-acetic acid w928l¥ Picris divaricata avas

eMldatu iessniniisruusnuasiunaitu Taonnslénsadulaass@anannududu 100

uM Freliefisnsnisaeifintudosas 20 fheuazasranuasmnluinienar 373 (Du et
al, 2011) dunsAneves Lopez  uazamgnuINsIFasAIUANNISIRSyvesieansady
TnaerdRnuazlatufusiuiu EDTA fivszansamlunisedeuthensi wniiawasdansdann
fudrgluvesirdailaniunntu (Lopez et al, 2009) Tuuadinisléansauaunisiaiouesiiy
aunsadwadusoneivuaznsavailanenidnlaeiale wu Tunisfnwies Vamerali 51897y
nstnsadulaadalninbitnnzlunsanunilurdenmswaunsadulaadalndnfudvainsy
Tnsnsenduaniaunaveausi #ug olejformis Tudiuvesdduiiegnienu uazddmaliusie
azaulavemin W As, Zn, Cu, Co uaz Pb ivuiieusuiululnslsdanadld (Vamerali et al.,
2011)

msldmsemunumayiviavesiivlunistunanmwndeuiivuitiouasdunidiivos
Weiiiisreuiransduniddwadessuuseiluuneluity (u fusouvssdnidudan
Hexacyclochlorohexane agiiseauvainsndulnassdfnanas (Sharada et al,, 1999) nsndulaa
drlvineelnenuhainsaiunseiydulavesiundiiinaiedgluiuivudouduauld
(vsms waveny, 2550) lumsdnwiadsinsldsesliuannmeuenlunguesndu léud nsadu
Tnathlv3nnszdumaaiyvesndaiusnaeda wudiundinansdsiimzanudailasunsadu
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Tnadlvdnfinssgildastundaililddunsadulaadnlnin wanvineuladaunudamaly
dsmasuniusziveandunisluresiiv nsnseduindnninedsieeanduliarnsaiiuaiiy
numulsidundinidedeanuiuiivisssuladaunudaald Fsieannisdnuveg
Chouychai fiseruiinsadulaadolnsnivszansamlunisiiuanuenivenwazsnves
fnnadeiivgnlufuiudeviuiay wasdoifmimdnanvesinnadeiivgnlufuvudon
woavh1-teuladauniuls (Chouychai, 2012) mmu,mnsm‘uaamsaaﬂqwémauauim%’auﬂu%auﬂm
fuouladauriulelawesiug suviimsisuamweseuladaurundinnddilodoninds
Fuidudeiimsinwsel nuansneilusouil 1 swiuinsedulaatiludnlianumsoiu
Armuvuresiundnadsierduiivuensuladaunudaiald Fsdunsinuiluneud 2
Fedansdnuwmanesansmuaumsiiyiivlnvesiidedundinidedsldidonnaasuivas
auaunsasyiulavesirlunqulelalaiusiuine lasdanldlndsyseududunuvesans
aruaun1ssyiRvlavesiglungulelalaiiu wazarsaivaunisiasgidulnvesiglungy
songuidenldnsausaruumvauszdinununsadulaatnlvin Inenansnyiluneud 2 1y

@

&
U

aouil 2 wavensausaruuNdvesdAnualnifisgsoudanisioiylussezdundivas
Finnedeiivgnlunsevudioweulndaunudamia
2.1 wavesnsausaruuwvnAuedanuazinifegseusoninusmean vmiinaauaztdwin
uVieUBIEaARNNI1G
Fundrnnedeiaialunsievuidoueuladaunudaniiszduaududu 4-100
ﬁaan'ﬁ"um'aﬁian%uﬁmmmwamqan'jwﬁunéwmNoﬁaﬂ'Lﬁ]‘%zy'lumwsﬁlﬁﬂutﬁauaéwﬁﬁaei’wﬁ'ng
& (P<0.05) nslasunsaueariuunniduesdiniuuiliuvinliausmysnvesiunan
mwaﬁaﬁw‘%zﬂumﬁav“lu’muLT‘yJauLLaslﬂﬂm’flamauim%’auwxlwﬁ’aLWQOiwmmmaaamaaé{unéﬁ
Anefetliildsunsausanuurimauesdineteditddyvneadn (P<0.05) Tnsmmusmeanvos
Fundnnedsiildisunsausavhuunmauezdfndduvindy 3.610.73, 5.10£0.46, 5.35:0.51
uaz 5.48:0.70 g dodylunnevuidououladouriuiam 0, 4, 10 waw 100
fiadnfudelansumudu lusneiinislasulndegseundudwmaliniuenseavasdiundn
nadeiialunssvuidioueuladauiudamamnitaruengonuasiundmdailazunse
woawwunmauesdfinuazlilduarsmuaunisiesigyeialaasedsiideddnieada (P<0.05)
Tagawemeenvesiundinanaeiildsulnieyseudanigluiuluiioueuladauriudamin
ANINTY 4, 10 uaz 100 HadnSusenlandudAiies 2.14+0.19, 1.97+0.39 was 1.68+0.41
Wwuiuns audiy (1wl 4A) daunwdl 5 uansdnvasyesiundinmndailaulnideyseu
wazlyldisuansamuaunisiadgyuialaay
ihwiinanvasenfundnnegsiiaigluduudeueuladaurudamneiliuuas
LiléSunsaueavhuurimaussdiniunliiliuanetu snfuiissdvanududureseulada
wriudawiadu 10 fadnsusedlaniusrdwalvimnueneenvasiundiniedailésunsawaan
wunimuesdingenindundnanseiibiléfunsaueaniuunynaussdRneg it dyneada
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(P<0.05) dwlnifogsouiinwltudsmalimiinanvossanfuninnedsinindundinanded
Lildsulnegsounazdundinandeiilsunsauoariuunmauezddn - (nwil 4B) Tuvsd
dwiinuwesessundnnagaiisglunssuudemeuladaunudamadissuaududy o-
100 fadnfusadlansu lidanmbminuiwewendundimisiiiisyluduiivudeusted
HodAn9ada (P<0.05) mslﬁ%’unsmLLaaV\hLmv\lmﬁuas%anuaﬂwL?\ﬂsgiauhjﬁﬂﬁﬁmﬁnu,ﬁa
yoswoarundnadsiaigylunssluteuwsuladaurudamsiivnssduaududusisain
dmthuiswesoadundineaiilildfuasmuaunisaiyresiisduansitaowinetid
Sudduneadia (P<0.05) lnsmsidsunsausarhuurimauesdindwaliiminuiwessendu
nénmadeiiaiylufuuudeueuladaunudaniissduanududu 4-100 Tadnsuseilaniy

o @

aandmunanesaiesylufuihivudeuetalisdAgymeada (P<0.05) (nwi 4C)

Shoot length {cm)
& il

N

Shoot Fresh Weight (g)

Shoot Dried Weight {q)
e ©p & o o o
o g 8 o o
§ 8§22 5% §

AW 4 anugmigen (A) Uminangen (B) wasinuminuisean (C) ¥aIRundAnNINGInesY
Tunsrevulouaulndaunudaniseiuamnududu 0 Tadnsusenlansy ( M) 4 fadndu
) way 100 fNaanSuseilansy (B ) drush

soflaniu (1)) 10 Tadniudeflaniu (
snwsmMwdingquiniuiidnuansauunnauegditddynsadfissuiseuladaunudamn
fenudutusineiu udgnnseduainansmununsisdyvesiveindiedty du * mnedeiany
uansemndundinnedaiilaildignnssduanansmununisisdyresisieglunmevudousy
Todaurudamaiimududuietuedefifedfoyneada (P<0.05)
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L
e <

o 9 v PN, o v oA a < 4 1Y) 9
AWH 5 dnvazUeIRuNa AR 819 10 Wneselunsenludaueuladaunudamnuay
wgensmuANMIRTEuladstianuisumwi Toun Uindu (A) uag TDZ (B)

2.2 wavasnsaueavuunAussdAnuazinfegsaudanuenasn diminaauazimin
WIYRIINANNI96

sundnedaildusas ldfunsaneanuummaue3andawsylunmeiivudeuey
Tadauniugawin 4-100 fadnsusedlansuasiinnugnsinannnitdundinnedaiiaiolufuill
Yudeustraiifoddynieaia (P<0.05) (w 6A) usirrnududu 10 fadnfudenlaniuves
wuladaunudaninoznszduliisundinagsillildfunsauearuumauerainidminanues
sngatufiniu uinsldunsauean L auerdanndudanaliiminanveasindundn
nndeiiasgluiuiilivudeuazuoneulndaumudanaihiwindavesmnanauasing,
hutinanvessindundinnedaiilslésunsauoanuunmauezain (P<0.05) (1 68)

LRGSR MARYITBITINLAITBIRUNA NN e lE T UuazlalldFunse
woavhuunmaussdRnudasiumuuanialitefissduanutudureneuladaunudama
Wu 100 fadnsudedlanty  Feasiiuiinmsiiesusiniitudnesiavessnuivesiunis
finnnadedilalléiFunisnsedusensauoavhuuimaussdantoumizagosnidund ilasu
n1snIsRusEnsalearuuIAueEdRntoumzegadaiau ((md 7) uenaniaududy

iU 6 Hadnusedlaniuveasuladaunudamanssdulidminuiaesndundinaags

datulaieglsunsauearhuunmauesdannseliiin drulnifsgseundudanaidsasin
vasundnaddaevinliiundinnedsliiwauiniseessin (1wl 8)
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o
»

Root length (cm)
- N w E

=)

0.0154

0.0104

Root Fresh Weight {g)

0.000

0.0025- 5 Cc

0.00204

Root Dried Weight (g)

o o o
o o i3
o o o
p=) - -
a © o

0.0000

At 6 Armensn (A) dndnansin (8) wavtmdnuiesn () vesiunddnnedsiinialy
nievuteueladaunudamaiisyiuamandudu o dadnfudeilansy (M) 4 fadndude
Alansu (O ) 10 fadnsusenlansu (B )  waz 100 fdadnsuseilansy E ) dwud
SNYIAWIBINgEMRULANLEAIA MULANA e sliTe @R aliRsz e uladaunudaing

ANNTUANTY WANNIEAUIINASAIVANNITRS vy wtinifieniu da * viunefdiany
wansanaunaInIneluldgnnseuatnatsauANnssyresiiviasylunsevulsweu
Indaunudamniaudutuneinuegsiitoddymeads (P<0.05)
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o @ Yy v oo D R ) & o Y a a w 1
MR 7 dnvaizvpwiunaiinningesasglunseivudsueuladaunudains 100 fiadniuse
a @ v v o v v - aa 1 < &
Alansu (A) wazdunangnnszdumenIalaantuvauesdfnfeumlunienuuleuey

Y o/ a a ol 1 a o @ Y w L4 4" A v
lndaurudamin 100 fladniusenlaniy (B) A MeinY113w8ITINLMENNNA LHalledn dou
L = Iy ¥ ¥ :J o A ﬂv g o/ a a w 1 a o/
modrnsiiu vesrunaiesylunnenduilausuladaunusaia 100 dadnsusianlaniu (O

Y v oo v v = aa 1 =} 1 Y
wazveIunagnnsAuMensaLeariuuimavezdanteumluneiluideueuladauny
Famn 100 dadniuseilaniu (D)

d >3 } 3 Y 1 4 { v 1 4 o @ L 1 a U
Al 8 dnwaigvesiunaWnnigeiignaszumelnideyseu 10 Tadndusednsioumizlu
da ‘e o 9 o = Y ‘e P @
Vﬁ']EJVIﬁJLLathNLQUIﬂ‘UaLqu‘ﬂaLWﬂ FILLENIDTINITLAEINUY ﬂallllli']ﬂLﬂJaa']E}ﬂiU 10 AU
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2.3 navaansausaruuvimaussdinuazinifegsoudaUsununaalsiadluluvesinn g
fundnmedsiiaiglunsevuideweuiadaurudan ¢ Tadnfudedlanty fuiina

aaplsiladionavaaslsiladiamualulugenitdundinnssinioluduilivudouasiui

Vuitloueuladaurudamn 10 uay 100 fadndusenlansuethaiituddaymnaada (P<0.05)

@

hid

N

Chiorophyll a (mg/ml)
L E

DRI .

-

Chlorophyll b (mg/mi)
e

- -t
< o

Total Chlorophyll {(mg/mi)
@

SEREINSERNE L

=

v

‘J Ty o a I a, & as ke v o 2/
mMwi 9 Binueaelsiladie (A) Aaslsiaat (B) wazaaslsitadvianun (O) vasiundinnanegs

o

a X g s J a v ket a a [ I a
nasglunseduiousuladauiudaanseduanudutu 0 Jadnsurenlansu () 4

a @ ot

fdadnsuseilansu ( B) 10 fiadnsumeilansy (Bl ) war 100 fadnusenlansy (B )

v s [ v a

dumdnwsnmudinguiiidnuansanuunnaegtdidudAgmeadfsniteuladauiu
amana iUty uignnIERuIINaTsAIUANNSRSYYasivedafeaiu dw * el

fianuunnaeansunaneganlildgnnseRuatnaisauaunsadyyosisniadglunsiey
&) &/ s o v v a o ' e o as aa
Yuoueuladaunudamananuidududeniuetriivodfymsaia (P<0.05)

]

€

=1

wenniinslasunsausanuurmauerdinuasnifeyseulidwaliiiununaslsilad
whiluresiundniemaiglunmevudoueuladaunudamainududu 10 fadnsuse
Alansu sennaunaneienlilasuasmuaunisiasyivassetwiidudWgywneada (P<0.05)
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Tuvariidundnnadsiasiylunmevudeueuladaurudamn 100 fadnfudeilaniu Alddy
nsmLLaaWWLLUWVn§uazs‘z’jﬁﬂuaﬂwL@iasgiau%ﬁufsmmﬂaaiﬂaét,aLLazﬂaaIsWaéﬂu'wmiﬂUQa
nwundnedsiiaiglunmeiivudeueuladaurudamaiissfuamududuotuuagiaild
%’Umsmmuﬂ'ﬁm%iyﬁ%aaeasjwﬁﬁaé’wé’mw'Naaa (P<0.05) luvaisiinslésunsauwaaniuunm
uavdinuagimAsysoultidwasouiinuaaslsfaddluluresiundininesiaiglunse
Yudlousuladaunudamaiienuududu 100 Sadnfudedlaniy Uinunaslsiladdluluvessiu
né’wmnﬁaﬁuﬁzﬁlummﬂmﬁau 100 fisdnfuseilaniulisenndundinindeiiadnludu
1JuL"“L"Jaul,m”hj%’unsmLLaamLLuWMﬁuaz%anuaﬂwLﬁasgsauasmﬁﬁaﬁﬁzgmaaﬁa (P<0.05) (N
l9)
Tnsunfoonfisfigninindslniugsounsidnwaslondu Lifas (Valabadi et al,
2000) Fdlumsnwinuilniegsewhlinueneesvesiundinsgsanasiynszduai
didureseuladaurudawa wiieuladauiudamaifissedrsdisrssvitliauenseaiiuiy
Ao wihlnfegsousriinenuindeuiaunsofiimidnanvesfiald 1wy msdawulniey
50U 10 ppm et uinanvewaiilé (Famiani et al, 2007) usiundnsgaleFulmde
gsoudlothuimizlunseiivudoueuladaunudamtn azlsivilsiwiinandisandunds
nassilillddudasueuladaurudanin vilndululdhasiufduiusvesnisesnquiseuing
wuladaunudainiulnisgsould Famsoongrsiadutuvesarstiluanalunismevausssie
mmm%'aﬂ‘uaaﬁmﬂuﬂﬁngm%ﬁﬁxﬁm%ulﬁﬁ"ﬂﬂ (Ryabushkina, 2005)
dmsunsauearhuunmauozdanidumsmusumsisiydulaifunumnalumsdn
n1seansInvesiviindn (suiani waveniz, 2552; Sszevisuazans, 2550) ﬁaﬁtwswmsmuau
nmaadglunguesnduiiunuwlumansziunsiainuesivlasnszdunisiidyessin diufiud
Avesnlasfiviuiivesmnfiglasnisnssfumsuasaduasnisinuenevasiead (Fassler
et al, 2010) uslumsAnwiiwuinsauoavuunniduesdanlifunuwlunsnssfunsiade
yoesndundinedunseiivudeuinnin Fweradumszeuladaunudamalidiasants
WiyiulnveeauarsInyasiundIneg msiidundinanaagnaszdusiensauaariuumin
AuozdAnudrinnmnglunneiifieuladauiudaumalivilinruemsnuasiminuiaessn
Fundnnagaisannisldldfunsaueanuunmauezdin uragviliiminaauessnanas
msfifeduiatuansuaiiv wivedsbivanoniandufiy uwiasuafwvaniuausoat
ANunaduien s gulavesiy vinliindnanaeseals a1sauaunisiiguesivlungy
sandufiunumdrdylunisananuaieauniivluanigil fethadu nsausaruuriniues
FanthvanomsiedsrvesamediFen Chiorella vulearis neuduiwrewanilon nzin
uazvnawnsld (Piotrowska-Niczyporuk et al,  2012) nsa 3-dulnassdAnsrudu
Benzyladenine °zhanszéjumm‘%zgwaaLLﬂaé’aﬁaé’uLmﬁuﬁf Garde ’luamasﬁloﬁ'%’quaauiuﬁu
Andindusuies 0.1 fadn3uradns (Varova et al, 2011)
fansauaavhuuvimaueriinuarnifegsoudwadeuinunaslsiladliuniin sniuil
ssivanududugegaveneuladaurudamindinsausavnuurmavesdanuar nifegsoudma
Tisinunaslsfiadiouaznaslsfladiamunvasiundnedsgatiuisentiodiunalniiansruna
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nsisyteiuanmnisaigesinliduund feiifistonudn apu-30 Fadulalalafiuwiiei
fegSoudetulnivgseudhniivuiinunaslsitadie T uazualsiusedluivilnafildiufiv
nlnalvianld (Sergiev et al, 2006) Fenaslsiiadioduraslsiladuiindiinuldearsuaiud
fnaetulussdusznauuaransirintviimdulnalrien Ssasmarivinlinaelsiiadioanas
(Wong, 2000) msfnwiioruidenldszduamuduiuresasauaunisisiyvesioilimunsay
AONISNTTAUNISIIS eIy MsfnwssiuaMududuresansmuaumsasylivinaunonts
afuayumawiyesituarAnwinalnidsinvesmsmugunisaiaiulmiiassradundinineda
solu snmsnaasdunoud 1 way 2 JdldAnvmavesasmugunisesyvosivawsin Tiud
nsadulaatnlvin nsauearuurmauesdinuasinifegsounon1sia3yrasundINIFud
nndunisinuluneudelulfidenarsauaunisnadyiviavesfivifissansuiia lHun nin
wearhuuAuasdinuaslnifegseudaiufunuveimsnuaunisisdyvesinfieglunguesn
Fuuazlalvladumud iy smeaeuduiy 3 olia liun dlnamnu iy wasuninan e
Wisuifisuriavesiiafinsdonldlunisinmnistuanmauiudoudeeuladaunudamn
Tneffanfsmuuenisidoimmnansmugunisisyivlnvesiasaossinlidemansedunis
winluszezdundrvesdnlwamu favu uazussnuguieafuiliausanseduninadnglu
szuzAundweanedels MInseudsiudiivmnsaisauaunisiasgiviivlnvesiadadly
v udufiszdesiuiiunisdountsmzdunduaslisndudosihunldsmtumsituanwiud
vudioueulndaurudawn Tnonansanuluneuit 3 Hused

aaudl 3 WavsInsANDaNILLWMEUR:dAnuariniFeysaudannsyluszezAundvas
drlwaunu davia wasunsnmignlunsiedudeuevladauviudama
3.1 navosnsaupavhuuMAuesSandaruensen duinaauazminukwasan
uladaunudamnsziummudududug 1-100 Sedndusedlaniy Wdwaduivsie
maesnluszesiundwesinlunafinsanudailsfliumsmuaunmsisiyvialaae Tnsnny
817809 1fmﬁnaﬂuazﬁmﬁ'ﬂLW"N‘Uaqﬁuﬂé'ﬁ'rﬂwmﬁﬂqﬂ‘luﬁuhjﬂulﬁauuazﬁuﬁﬂmﬁamau
Tndaunudamniiynsduandudulifinnuunndrsfusgsiifodfmeadia (P<0.05) (il
10A, 10B uaz 100) msfiwderiuginlnaldfunsauoavhuunmauesdfnroumzlidmasie
nsisglusrzdundrvesiminauniin emnanuenen thwinanuwaziwinudwessen
Fundrdnlwaduuliilivnnmanndundininaililifunsaueanuuriniiuerddnegiadl
Hoddiyneadia (P<0.05) wihnsauearuunnduesdfnaunsanseiulsimiinanvassendu
ndrdlnadisglunsevudoweuladaurudamia 10 dadndudenlandy iiintuedsdl
Toddynnadanniy (P<0.05) (nwdi 108)
nsiisidadmulFsunsausariuurinidussdindeumzdmanenaidyluszesiundy
gasimulainnin Tnseusmeeauasimiinasvassonsundrdmuiinialunsevudewen
Todaunudamniissduarudutudonfulismslunnsunddmuilldfunsawoaniuuming
dusrdfnetafitudfmeadn (P<0.05) (A il 100 waz 10E) amftuinsausaniuurm

« 3 ]

uasIRnlnasioANUEIEATIRUNA NN Tunsedulouuladaunusanaisyau

A

)1}
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ity 10 fadnsuseilanuwitu Teevilfuensesesdunddmuduaindodios
333+1.81 wufuns lusasiinusneenvesundfnudlildiuamseuaunisiasyinle
woiiAnde 9.62+4.45  teuRns (P<0.05) uenaniinsaneaniuurniduesdnndeiuualdy
nsvduliimtnusiwessensunddamuastuiu 0038:0006 nfuilaissnlufuduideuey
Tndauriudamadudu 10 fadnsuseflaniudenlansu laaidumiinnninuinuisosdiund
fmuilildfunsausaruurmausydndasianfies 0.007£0.004 n3u (nwil 10F)
Tusgiinsauearuunynauesddniuunliudimanonnuesenvesdiundmunin
i minanvesen lagennueneavesiunduanildsunsawoarhuunmauesdn
wazeTluneiivuidioueuladauriudanin 1 waz 10 Sedndudenlaniuilandu 7.98+1.48
WAy 8.55+1.86 (wuRAT Jannnienuenseavesiundiuainniildliiunsaueariuumin
fuesdiniiasgylunsevuiloueuladaunudamnssiuarnduduionfuagraiideddgma
aiR (P<0.05) (Wil 106 waw 10H) usRIINinIAueA LU EUBLdRnTLu s fulv
ininuvswessongunduainiieiglunsmeiivuidoueuladaunudama 100 fadnsuste
Alandu gandndundumnnitlilldfunsaueariuurimiaussdanifioadntes (nwil 100
3.2 navaslniAsysaudonaueisan Ymnaauaztwtinuieuasgan
msdaiuginawaldsulnfegsouteumsdmarainuenoeauasimiinanues

'
a

L ¥ v a <t 2/ o v L v o]
gaasunat1lwg Inslnifegseuduulivilinuenveavesundrinalwaiasglunse

(1)

o o

Vuidleueuladaurudamineududu 1 uay 100 fadnfudeilaniuanasedreiifddayma
adid (P<0.05) AnusonvasrundrdInafilsSulnifoysoudianfios 10.30£3.51 way
12.15+3.98 wuiiwas dewiylunseiivuidfoueuladaunudamarundudu 1 way 100
fiadnsusianlaniy auasu ahuﬁmﬁnamwaasaﬂﬁunéﬁwﬂwmﬁlﬁ%’ﬂwLﬁasgsauLLa:Lﬁaﬂu
nseidudeueuladaunudamamundudu 1 war 100 fadnsudeilaniudandies
0.28+0.009 uay 0.32:0.10 N3 AWEWU (it 10A uar 108) Tuvaiiithuinuvwessondu
nédnlwadilasulnifegseunarbilduasmununsiaiyeialaaslifauunndisiuosied
uddryvnaadn (P<0.05) (MW 10C)

Inifegseudwmarodundrdamuisranuensen tmdnasuaziminuks Tasaawen
gonvaafundimuldulmAsyseudasiylunseivutioweuladaunudamaynszdua
uduiimnugneeadinidanuilildzuasaivaunsisysinlaasedioddynieeda
(P<0.05) lnsanmgmganvasiundrdmuiilésulnifogseusiauion 533£0.58,  5.70+1.38,
5.90+0.87 uay 5.64+2.16 \GURUAT Lﬁam‘%nﬂumwﬂuﬁjamaﬂm%LLWuifaLWmm’J’m'J'u 0, 1, 10
uaz 100 fladnsusedlaniy audiy dumiugneeavesdundadmuiibildsulnfegsoudan
f9.9.29+ 3.22, 10.69+2.73, 9.62+4.45 waz 9.71+2.25 wuRuns orsalunmevudiouou
Tndaunudamadudu 0, 1, 10 uar 100 fadnSurenlandy AU (MIWA 10D) durivein
anvewaafunddmuiwdaiusldsulnifegsounoumeiiaufios 0.2040.06,  0.29+0.04,
0.18+0.05 way 0.31+0.09 n5u Lﬁaw%aﬂuvuswﬂuLﬁautauim%aLLWu%’aLWmﬁmﬁm%'u‘ﬁ'u 0, 1,
10 uaz 100 fadnsudanlansy muddy Tuvasiidundrdmuilildgnnseudsarsmununs
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m‘%zg‘tiﬁmlmLaaﬁﬁmﬁnamﬁuawamﬂu 0.36+0.17, 0.4420.14, 0.52+0.22 waz 0.56+0.18 n3u
dessalunseiivudeueladaurudaminiiedudy 0, 1, 10 war 100 fadniuse
Alan$u mud iy (nmdl 100) venaniinifegsoudsdwalimimntnufessendundidamud
wnluganidundrdmuilildsuamseuaunsaiauislaasegeifddymeaia (P<0.05)
Tnpiminuiwawensunddmuiiniylumevudeueuladaunudamaiianumdudu o, 1,
10 uaz 100 Hadnfuseilaniu iy 0.069£0.017, 0.066+0.024, 0.077:0.007 uaz
0.057+0.011 n3u mudIdy (Wil 10F)

3
[w}

=

$Shoot Jength (cm}
3

Shoot length (om)
&

08, 8 08 . E 08

b
b d
Shoot fremh weigit (g)
©
o~
@

=3
o

Shoot fresh weight (q)
4
2

9

KO PGR

=4
o
3

(-]
S 2
q B
[e]
e o
e

g g

g

©.1604

60751

%

Shoot dried weight (g)

£ 82 8 ¢
$ 4
Shoot dried weight {g)

B

0.0259

:

AT 10 ANEIZER Tvtinanvedsen Lastnuinuiiuessenuasrunatdnalne (A, B, C) Au
& (O, E, F) wazfiundunann (G, H, 1) fudlunsrsdudoueuladaurudamaiiszdy
AN 0 Tadnsusionlansy (L) 1 fadnsusenlansu () 10 fiadnsudeilansy @ )
waz 100 fadniusenlansy (B ) diumdnwinwdinguifuiidnuansniuunnmiteeeng
Hoddymuadfszuieulndaunutamaiinnnandudusiiety wilATUAIIAIVANNITIIT YD
Wyrdadeiu diu * wmaﬁaﬁmmLLG\rwhaﬁ]wnﬁunéﬁﬁlﬁlé{%'um3mw-3unﬁm%zy°vaaﬁw7iw%m
Iumswuﬁjaumuim%auvdu%’atw6\1‘71'mmvﬁwﬁuLﬁaaﬁuaéwﬁﬁ’aﬁﬁmmqaﬁa (P<0.05)

“lwmzﬁﬁuné’ﬁLLmm'1161’%’11?m%wamnms‘lé’%’ulmLﬁasgsamﬁuﬁ'u Tnedundumanni
Isulnifegseusimnuenseasnidunduasnnililddulnifegsouiinnseiuaududuves
euladaunudainnagrafidedfyn19ada (P<0.05) (nndl 106) Tnsarnus1ienvasdundd
Lmﬂﬂ*?ilﬁ%’ulwLﬁwgiauﬁmtﬁm 3.19+0.62, 2.96+0.72, 3.62+0.52 uag 3.12+0.70 GURUAT
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ahummanﬂamaaéz’mé’wLLmﬂmﬁlﬁlﬁ%ﬂmﬁa‘gsauﬁﬁhﬁa 5.86+1.49, 6.08+1.28, 6.89+1.29
uaz 7.28+1.03 wwudiwes dassglunmevuloueuladaurudamnfinrududu o, 1, 10
uay 100 fadniudeilansu audisu dmsuiuinasvewenundunsnniuuldiliuandng
fusnnsgniredundunananilddulniegseunarlildsulndogsounoums luvusilnifey
seudwmadetminuiwessendundunsnanannnintminan ((md 10H) Tastwtnuiaes
gansundumnIisglunmeivudeusuladaurudamaiisssumnududu 0, 1, 10, 100
fiadnSusienlaniuiA1iies 0.014+0.003, 0.009+0.002, 0.013+0.003 waz 0.013+0.004 A%
iy Tuvagiiminuiaesseasundussnnitlaildsulndegseuiianiu 0.016:0.003,
0.014+0.004, 0.015+0.004 uag 0.016:0.003 A Wawiglunseivuilowauladaunusam
piiszAuAIItY 0, 1, 10, 100 figanfuseilandis saudady (At 101) dwmsunwit 11
LLama5ﬂww°uaqé’unﬁnmmwﬁm%zy’lumwaﬂulﬂauﬂutﬁamauim%’auﬂusﬁaLWWLLaznszéjuﬁaa
asmIvANNIRILAULRA 1Yty

AR 11 dnyalzvesRunduwaInIegYsEana 4-5 Juiiasgylunseivuildeueuladauny
FaaLazLIEIAIUANMSIRSRULassrladunauwe Taun dndu (A) TDZ  (B) waz NAA
(@)

3.3 navasnsaugavuuWvAue:dfndeamus1asan dmdndauazivninukivessin
iouladauriudamaiisziuaudududud 1-100 Tadndusierlandy bidwaiduivse
AmEMIIN dwiinan hviuieassngungrdialne sundivsuaziundmanilallasy
arsmugunsiesyuialaag (Ml 12) aamenasan dminaauazdmidnukwessinesiy
nddalne fundrdmuuazsundunimniivgnluduludeueuladaurusamannsziuaa
duduliumnssanivgnlufuiiivudeweulndaurudammetteiveddymeada (P<0.05)
snusunddmuiiedglunsevudoueuladaurudamn 10 Taanfudedlaniu fmwen
sngenidmuiaiglunseiilivuiiouedsiivuddymaada (P<0.05) Tasmwensnuas
sundrdamuiiteylunssvuidoueuladourudama 10 Tadnsuserlaniuwinfu 3.23+1.80
wudes luvagiianuensnveasdunddmuiiasgraeiilivuideuiidufios 2.40+1.80
WuRns (MWl 12E)
mslasunsaueariuunmduesddnlidmaatuayunisiasyuesdundrdalne sund
favin wazfundunsnegedaay venaninsaueanuurinauerdandalualtiliany
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ssnvasundrinlneidyluivdudeusuladaunudameiisssuaududu 1, 10 uas
100 fadnSurodlaniy feniies 3.16+1.17, 3.94+2.26 uay 4.42+2.38 Wufiuns Jmnia
Amugnvesiundilnedldldsunsauearuunniduesdnnieialunevuidouey
Todaurudamafisziuanududuioatuegefitod dyneads (P<0.05) (il 124) Tuvagd
nslésunsausaniuunmdussdinlidwasonaiminaauaziminuiwessinvesiundn
F1alne Sitesiszdvanududursseuladaurudamalunsodu 10 fadnfureflaniu
witufidmalihminanuasiminwiwessndunddinedilésunsausaruuriniduesdin
mnddunginlnedildldsunsawearhuunnduesdfnesniitudfynieadn (P<0.05) (Nl
12B waz 120)

ueniNiinsanoar LU AuesdRnddlidmarenusnnuasiunddmuiiainlu
nisvutoueuladaunudamaynsziuamudutunge Tnsauenmnuesiunddavlsl
uanasiuluunazszauanututure weuladaunudamniiinazlasunsanoaniuunnaduey
Fanvselfiniy (P<0.05)  (nmdl 120) wimslésunsauearuunmaussdinndudmanions
dwinanuasimdnuiesindundidany Tnedenseulisunidmuiiwminanauasimin
LLﬁd‘uaqsqu%ﬂﬁLﬁaLﬁzyiuwswﬂuLfJamauIm%’aLLWusﬁ’aLWmﬁm’mL‘Em?u 10 way 100
findnSusianlansy ﬁmﬁnamaaswﬂﬁunﬁwﬁ’mmﬁam'%zy’tumwﬁﬂmﬁaumuim%’aLLWu%’ﬁLWm
10 uaz 100 Sadndusieflandindu 0.22+0.04 uaz 0.30£0.01 nfu AUEEU (Wil 12€) dau
ﬁmﬁnLtﬁwaﬁwnﬁuné’ﬁ'zvjmﬁaLﬁ]‘%zyluwswaUmﬁamau‘Lm%’auWu%’aMm 10 uaz 100 Ju
0.020+0.003 uay 0.027+0.004 N Araid Ry (Mwdl 12F)

‘lwmzﬁﬁunﬁmmm’flﬁ%"uSw%wamnﬂsmaawquuw‘/nﬁuaz%anmnﬁqm Iagdinane
Hammenn dmihasuaziminuiwedundiunini nsléunsaueanuuiviauesdan
fuwalilvianusnsinvessundusinnanasdefisuiusundwannildlafunsaeana
wurimuesdiniiynssduanuiduduveseulataurudamn Tasarusnsinvesiunduasnm
Aldsuninuearuunnduesdinilaniios 2.90£1.71, 4.12+1.32, 6.00+2.11 uaz 5.41+1.70
wufns Woidlueuladaunudamadudu 0, 1, 10 war 100 nfuseRlaniy My
(it 126) lusrihwinaavesndunduninanldsudninannnsauoaruunmauesaan
Houninhwminuiewsesn (At 12H) S miinueessndundunsnniilizunsauaaniuum
nauerdindeniylunsevudououladauriudamadudu 0, 1, 10 uay 100 Fadniuse
ﬁ‘[an%’uﬁﬁﬂgan'jﬁﬁmﬁnLLﬁa‘uaq5'1nﬁuné’mmmwﬁlﬁlﬁ%nsmLLaaWWLLuWWﬁuaz%ﬁnadNﬁ
dodndaymeadi (P<0.05) (nwil 121)

3.4 navadlvifeysauranue15n Unitindauasinuinuiivessin
msndaiuguesiilnaminy day wasunsnnlasulndegseunvirdmwadusdenis

wiglussezaunavesiivvisauyia lnevitlinnuensn dmdnanavessin wastiunwessin

v v v v v 3 « v v v Y o ay M ove
yawmunaininanaziunaumnanasmniunddninauaziundunnnildldiulniey
souilaasglunseivudeupuladanudamaluniazaududustrsiidedrdyneada
] 3 1 Y v & vy =t [y
(P<0.05) (mw# 12) wiianusnsinvessunadmiuilaiulnifeyseunasldldivarsaiuau
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nsisyialaeeduuliuliunndsiuegdidoddynieada (P<0.05) (nwit 120) Tnglnide
ysoulidenadedmiinuisassindundrdaniy (nnil 126) uindudwaliidminanvessindu
nédmuanasinIdund iR bildsulndoyseudenialuudarseduanudutureon
Tndaurudamnogadidddameada (P<0.05) Tnswinanvessndunddmuilasulnioy
soufiAiies 0.006:0.003, 0.009+0.007, 0.005+0.002 waz 0.018+0.009 n3u iasylunse
vudoueuladaunudamadutu 0, 1, 10 uar 100 fadnsurenlandy mudEU (1wt 12F)
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AW 12 ANUENTIN TTNanUesIIn Lartmnuiirassnvestund e (A, B, C) Ay
& (D, E, F) uazfunduasnm G, H, ) issglunsmeduideueuladaurudamniisziu
ANULNTY 0 fiadndusionlansy (O) 1 fadnsurenlaniy ) 10 fiadnsusienlaniu ()
war 100 fadn3usaflaniu (B ) dufdnwsnwidinguifiuidnuansanuunansiegnel
Toddymeadfssuiaeuladaurudamaiicnududusieiu WAl UAIAIUANNSLAS S
Wyrtadeaiu diu * mnﬂﬁaﬁmmu,mnvi'm)"1ncv"funé’w*?i‘lu“lé’%’umsmuﬂumm?cy%aﬁ%ﬁm"‘zcy
IumwaﬂuLﬁauLauImsB’aLLWuGB'aLwmﬁ'mmL‘ﬁuﬂmﬁaaﬁuadwaﬁﬁvﬁwﬁmmﬁaaﬁa (P<0.05)

3.5 uavensauaaruunmauazdinuaslnifsysoudeusuunaslsiadiulu
é\'uné’ﬁﬁﬁ'ﬁﬂwmmmﬁhﬂﬁgnnszﬁua’1nmsmuqunﬁm'%cy‘uaaﬁ?j‘uﬁﬂlﬂLaaﬂu'%mm
=Y L2 a‘ dv ] K" o s aa 4. a ;ai d‘l’ o) s A
raslsiadioluluiinduesniidedrdgnradfdisdylunseivuleueuladaunudamad
¥ou 1, 10 uar 100 fadnsumeilaniu (P<0.05) wauSunuraslsiadiuazraslsiadviavus
lulurassundrdninanduanated wituddgymeadanseiuanududuveseuladaunudams
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Wenfuil (P<0.05) (nwdi 13A, 138 way 13C) mﬂé’%’ulwu'?}s?'saumaumﬁwﬁhﬂwmmmdau
izt lisinunaslsiladie aaslsitady wazaaslsiladsmualuluvosiundrdrilne
winiaiylunnevudeueuladauiudamannudutu 0, 1 uaz 10 SadnfusoRlaniuanaq
pgaiideddumnaad (P<0.05) uafistduaaduturessuladaunudamady 100 Sadnsu
selanfunduvinliusununastsiadieluluvesdunaidnalnawmnuasseaudulile wagvinlv
UsinmeaslsiladtnarUiununaslsiadiounluluresdunddninamnudniuegied
Sudndiynieadn (P<0.05) (i 13A, 138 uaw 130)
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Total Chiorophyll (m g/ml)

Total Chloraphyll (mgiml)

Tatal Chlorophylt {mg/ml)
3

2

~ - Al € a  ea a & 1% v
awi 13 YSunweaslsiladie raalsiladd wavaaslsiaavianunluluvessunaitrilneg (A, B,

Q) sunandanu (D, E, F) wazsundwnini (G, H, 1) iwsglunsieduidaweuladauriuda
wiafiszAuauriuty 0 dadnfusieilansy () 1 fiadnsuseflansy O ) 10 fiadnsude

Aansu @) uaz 100 Hadnsudenlansy (B ) dusdnusnundinguiuidnuaniany
upnAvegsiidaddnmeaiasenineuladaunudamaiinudududaiy wdldivasauns
msdyvesiivrdadendu du * mnefsdamnuuandandundilildsuamsauaunisiady
vaafiwissglunsedutowouladaunudamaiinnududuietusg o dyneada
(P<0.05)

TuvaznsawaariuunnduesdfndwaliviusudeUSunuraslsiadluluvesdunda
v e 2 %4 1 &’ s L% d' £ i 24 v 5 <
Imlnawu wasivuilduinnmsvuiloueuladaunudaianssauanududuse Ao 0 way 1
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feanfusoilansuazyilinaslsiladio aaslsiedt uaznaslsiadnamumlulurasdundiinlne
wnuidued eliTuddynieada (P<0.05) usidlornududuveseuladaurudamalunse
asdudu 10 waz 100 fedniusielaniu ndudwalvinaslsiladie aaslsiiadd uazaaslsilad
nanualulurssdundrdninamnillédunsaearuunnauesdfnanasesaiidedifyni
adiA (P<0.05) (MWl 13A, 138 uaz 130)

mMsnszfudnfmuiaumziensauearuurinauerdindmaliuinunaslsiiadie
aaolsiladl waznaslsiladnmuaresdundrdmuiinsglunsevuidoueuladaurudams
Wiudiu 10 waw 100 fadndusoflanty fudinagenidundrdamuiilignnszdushansauean
wurmauesdnnedraiteddyneann (P<0.05) (nwdi 13D, 13E way 13F) Tusaueiidadh
wWuiignnszdussnigseuiuunliudmaliuiuaselsiaduesiunddam fnaslsiladio
Aaelsfladi uazmaelsiladiavumanas InslawisUinuaaslsiladionuaveafundndavuiign
nszfuitindisgsoumniiinanaslsiiadimunvesiunddamuiilignnszduislnioy
sousthaiifuddayn1eadn (P<0.05) (nwdi 13D, 13€ uaz 13F)

nInszRuLdatiuguaIniensaeanLuimAuedfndwmaliuiunueaslsitadie
aaelsiladd wazraslsiladiuerasdunduninniasglunsevuiloueulndaunudamn
10 uaz 100 fadnureilaniugsnindunduninnillignnssdusoansauaunsiasyviala
e eiitudAgIsans (P<0.05) ahulvaLﬁasgsauﬁl,l,m‘[ﬁudma’(ﬁﬁu’qﬂaa‘lﬂaém AalsHaal
wazaaslsiladiuavefunduninanases s dumeadfiguiu (P<0.05) sniudiu
nduminiignseiudelnifegseusasiaiylunseiivudeu 10 fadnsudenlansu fuwalt
fvsinuaaslsiiadianinginitinuaaslsiiadvosiundunnanililégnnssdudie
InifegseustiidudrAyn1eada (P<0.05) wiilennududureneuladaunudamalunie
Wududu 100 Tadndudelaniy nduviliuiinuaaslsiadsauvinvasiundunsnaniign
nszfuInlndsyseusiniunduminiililldgnnsedushelmfoysoussralitivddgmneada
(P<0.05) (nwil 13G, 13H uaz 13)

3.6 wavaauladauriudaina nsml,aamquvnEuazf‘z‘ianu,a:lvnLﬁasgsausiamsmﬁauuﬂaq
srauiiioBavasfiundrdnTnavanu dundrfavis uazdundumenan
uladaunudaindanalidnuauwes vascular bunble ludwsenvastundrdninaan
$ruuas msnszudaiusinlnavudsnifsgseutioiinduiuves vascular bunble 7
gonvasund ey lunsefivudounaslivudoweuladaunudamald (am
7l 18) venaniiouladauriudaundidumaanuialaauiinnuesiund i e dw
wiaiusildumsnsedushensausaruunimauesdinazdusalivaluauiisnuesiund,
Frlnamutiieiglunseivuideunarlivuiloweuladaunudaminfiuiuld (nwil 15)
Turnziiouladaurudamalidmadenisudsuntasseiuiladevesdunddvunasfund
uasnegtalau uananinisnszfusdafsasmugunsaigiviaaesiinliiandu
nsauaaniuunnduerdnudelndegsoudeilidwalhdaidovasiundrdamuuazdunds
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wnsnfieigluiunvuileuleuladaunudaiasnainsund vesienldlasuansaiununis
LW3tyvesnYTialaiay (N 16 waz 17)

o - S ) v v W = a vt &
AN 14 WUaEeEansnn LU R U1 glwanudua s ylunsenlivuileunasy
Yuisueuladaunudana warlasuaisaivaunisigivlavesivanedaiu aed dundd
rlwannuiasglunenlivudounaslildsuasmuaumsssydulavesivedalaae (A)
Plwamunesglunsevuideuleuladaunudama 100 faansuseilansuuazlilasuans
muaunsiesydulavielaees (8) fundrdnlnavuiiaiylunseibivudeusarléfunsn
T aa a a @ 1 a L g v v a‘ a A 4‘4’
weaWuUWMIAUREEAn 10 Tadniuseans (C) sunartmlwaninuniasylunsienluieueu
Tadaunudaa 100 fadniudednsuazlasunsauoanuunmaussdsn 10 Jaansusedns (D)
sunat ey lunenlivudeuuagladulnisiegseu 10 fadniusedng (B) fundn
o a4 a =] & o o a a v 1_a v =
alwavnuieiylunsemuleueuladauriudaing 100 fadnsusednsuazlasulnideyseu
10 fiadnusiadns Aea vas. fiv vascular bundle waz leaf Aa nulu
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] & 4 4 ) v U = a v & &
AW 15 Wabesnaanutsrasunaiialwavudaasglunsenldvuileutazduileu
wuladaurudamn warlasuansaununisesafulevasiysiegidaiu dell dundigalne

& a ay o X v Yo a a - a v Y
wnunasylunsenlivudeunazliildsuasavpunisaiyiulavesivyialaias (A) siundn
F1lnanuniadglunsevuidoueuladaunudames 100 Jadnsusenlansuuarlilasuans

a a a 8/ v v A a d’ [) X Vas
muann1sIgivlavialaas (8) sunditnilwaniunasglunsenlivuildeunaszlasunsa
a aa a a v 1_a v v v a a P &
waaWwuNMAUBYEsn 10 fadnsusadns (O) Aundmlnamunaigylunireniuieuley
Tadaunudaa 100 fadnsusednsuazlasunsauoaniuunyiduezddn 10 dadniusedas (D)
Feia X A lean endo Ao Laulalnasiia
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o ) ' & 4 o =&  a iy & = @
AMA 16 sediliadoRnauwINTe AN TRBRluneldvuileutaztuilowsulada
wrudaa wazldsuansarunumaiasgiiulavasiessyiiniu fidl  sanveIRuNaILAINIIM
Wiglunnenbivuleuiaslildsuasmuaunsnsydvlavemysinlaes (A) saavasunal

d' @ dy @ @ a a 2 [ o M Vo
wasn sy lunseduideueuladaunudama 100 fadnsuseilaniuuarlilaivansaiuay
nasgaulavidelame (B) Tinvesunalwasnimasgylunseilivudsunasliiunsauear
= aa a a @ I a U i 4 4 a d' d‘l’ g
wunvAuezdRn 10 dadniudedans (O sanwesaunaiwminIiaiylunsenvuileueulada
urludas 100 adnsusednsuazlasunsaueaniuunndueddn 10 fadnsuredns (D) Ade
Vas. Aid vascular bundle



35

d o 1 dv d‘ e Ell 1 é = ' ﬁ" ¥ @
nwn 17 mamaLuawammumwwaqmwmqLﬁ]szg'lumwﬁluﬂuLUauLLasUuLﬂauLauIm%a

urudauis uazldfuansmugunisisadviavesitudsiadiu foll senvosundrdaviuiiiase
'Luwiwaﬁ\lajﬂuLﬁauLLaﬂﬁi?ulwLﬁasgiau 10- fiadnfudedng (A) vesvessund ANy
nsredudoueulndauriudama 100 findnSusenlanitiuarldsulnissgseu 10 fadniusiedns
(B) Tnvassundnuasnniaiglunseilivuieuarldsunsauaaruunmidues@an 10
fiadnfudodns (O Invassundtuninaimasglunsieivuiisueuladaunusdama 100
fadinTusednsuaslasunsauoanuunnidussdin 10 Nadndusedng (D) A1de Vas. e

vascular bundle

Tunsnundwuiseduarududureseulndauriudamiaiilidus 1-100 fadniuse
Alansu Liludunsredefundrdnlnamnu dunddavu uazdunduasninannidn fundrves
faauannsassaldegnng ﬁqﬁv'umﬂ‘ifmsmmmmsm%zymaaﬁ%ﬁ"'qnimaawwLLuWW
duszdinuarinfegsoulidmaannnuiuiivideatuayunsidyresiunifivnaaeursan
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giausetsle lunaeditisisnuitnlnadienunuiusowsaniouladaunuguiu faudii
answauszwirsear-euladaurutarduaufissiuanududy 0220 fadndusenlaniy 9
dsualiimnuemsnuasininaanadls uindulidmasetminukwosseauassin (Chouychai
and Lee, 2012) viomsihwdadnlnafisenudmumzluduiivudisudunuazlivinlinas
Windulmvasdilnaanas Benimeli et al, 2008) usinusisauineuladaunuiisediuaing
WaduSesar 0.2, 0.4 way 0.6 ¥lWs8arn1599nU839 1IN 9808 1AYTEAUAMULTLIUTDUDY
Todaunudamniiiinduazdmaliruemsen AnueMsIN Funa warSiueasisiladioves
fivanas Wieanududuveseuladaunudaadu 02 fadnfusenlandy dwalivium
raolsiadtanauvdeiiios 097 faansusendy luvnsdiouladaurudamnninududuiosas
0.4 uaz 0.6 ndvdmaliusinueaslsiladtiiutudu 1.11 uay 1.13 fadndusondy suddu
venvniteuladauruinsiuliinaneuleilldanmuduiviaseendiauiidedhsenisi
UFATewfintu 19u Wefeendina neaflusanending wazgieseanladoandina udu
(Vidyasager et al, 2009) Fsnudufwraseuladauriu vioouladaurudamaseivens
‘Tj’yuagjﬁ’uizﬁ’ummLiuﬁuﬁ‘l,ﬁmaau suariinvesitvdsfiadssInguaznisnevausronin
WuRiwvesansuafivfiunnsaiu
audndnisiasaresivateldaneiiiinsvuieuvesasuaiuindenaldiuia
AMUASER (Menone et al,, 2008 uag Lukatkin et al., 2007) Lauiﬂﬁ'aLLWu%'aLWm%dL‘fJumi
Fnaniildannisgesaaseuladauny (Weber et al, 2010) fanudufivlndifosiuanses
au lnganulufvvesouladauruannsadnildisinnnzesenaneandiay wazfdwa
SUNIUNTEUIUNSAUATIETAIBLES Laznszuiuntsmelavasianie (Menone et al, 2008)
MINBUALDITDIRTREA TS BAN SR WIndBy Feiniin1sdsunlasssiugasluunisludis
(Kumervora et al, 2010) tgu nsiivigeausuiuluamsaznseiulivsunmansaueuledn
meluwadvesdhdumieigluanmuasadofiviu u,axLﬁaﬁmmwQaaLLsuﬁuLﬁu%uﬁ%?iq
vhliszsuvensaneulainanelumadfingaunuluie Sansauaulednilifusesluuiidwoly
N19ABUAUBIRDAIIULASUATDING %aazﬁw‘lﬁﬁﬂjLﬁ'\éjamozﬁﬂﬁmazammm%zglﬁuim FLAUVDI
nsﬂLLaU”Led%nﬁLﬁu%udwaviammm%’u MsTuds LasMNUeATIYesBeeu uenaniinsauauly
dndafniliiinnsaaredvesnaslsfaqdnsie (Vanova et al,, 2009) iwuiieiungesusuiiu
fiszduaududu 0.1, 1 uae 5 SaansurednstinmilyuSinaneiaunsluwaduosdadum
vty defirliurgesusuiivluanmuasaids Tnsiefifuduasmuaunaaieyinieiuie
navauaIteAATenvas Ty (Vaova et al, 2011) mishwiasgluannizdiinn
vuidouresmsuaiivldfumsmugunisaiyainneuenierndumadeniitisinnaugaves
sEauaIAIuANNSISynelugadng uazvilvinadmaasgldnuuni
fssauigatunisldasmuaunisisdgiviamesiinfietisanmnduiviesans
uaRwseRaly fufoanauiuivuedlany wazesinilunasiudedis wu nslénsadulnain
vdn 1 fadnfudedns trstiivanuensenuazaesINTeIRnNIed Miedglufutudeu
duau 40 fladndusieflansulafosas 14 uaz 26 mua1du (Chouychai, 2012) Wansnsau
winiugininadelniseyseuaslaufuisananuuivessinda (N*) uardansd (zn”™)
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sonsidaluszardundrvasirilneld (Lukatkin et al, 2007) wenvintu msldusiadluaw
psevAtevdndssenudufivrosiluuuniuiar niusosundwzdemaniugnlussuul5auls
anuedenaniildfuaslunguwedlondneslsundnlalasmiveuasnszduliszdunsauauly
Fnmelumadivgaiudaasilifinmsameuessaaclsiied msldfuunadluamesosinisly
50 wiluluans wazvnenn 5 wililuanfazdisiuAanssunsduanzimeuamomsidomn
wartoiiufianssuveneuluiitisananudufivanesndiauiiduiiviunzidomals wu
guaicol peroxidase, catalase, ascorbate peroxidase W& glutathione reductase 1Wusy
(Ahammed et al, 2012) uenaniifafinnslénsadulnaesdfnlunisanfivvesneinasdanedne
sy Tuivgnlussuulfauruiu Tnonsedulnaes@finarundudy 107 Tuans sunszduns
13graenLarTINnIunz Tula Tnvarnaidevadlansaeivinuiwessen s AUENITIN
USinasueasin uasiiifiovessnld (Fassler et al., 2010)

wlumsineieuladaurudamnlidwmadusunsadensissylussosdundrvosite
sgudaiau msliansauaunsisiganmsusniidilusenasunmunisiaiyaanfvesie
1§ wimsldasenuaunisaiguesittlunisinuniihsatuayunisisyestninamiu da
WukazuaInMeg Ay Insuninnldsunswaannsaweanuunmauesdnnuazinifieysou
wniian Insdwaderaiminuazamenn lmﬁasgsauﬁﬂﬁﬁmﬁnamaz&mﬁnLLﬁq uay
ALEITINVDILAINIIGAGT AIUNTALDANMUNEUDETANA A TAINETITINWAININEARY
wuiy wiliulfudelidmdnuisnduty  msfiuninniunliilnifeeiadues
iosnnumenandinaranasuafivld Tnedseauirfsluisdunsanunsoazavansuafividl
arwannsolumsazareimldnansyia iy #A7 750 teumaaed msldsuansnununis
winnneuenuazieuladaunudamaniousuenadmilliiAnnsaduguivinldamnduiiude
ussnRsdY venaniy msnszﬁuﬁ’;sJaﬁﬂ'mqumsto‘%aijauimmnmﬂuanﬂzanajuaaﬂ%uuaz
lalaladuaansoifiuauaansolumsazauasuaiuoeafisld Wy msldanslelnfudaduans
muaumsissyiulangulalalaiumenisflaensdanuniesnasiutiodfiunsazauinialy
Alyssum murale Tagyliinafisfutasiiiudnsinisaeth (Cassina et al, 2011) sty 1AA
Hreiunisasaunsiuazdnedlununsiu (Fassler et al, 2010) duininauardmulddy
dvdwannnsaueawwunmauesdinuazlnifegseunaiu lnansauearuunniuesaan vh
Wimmensinan udlifinasodinin dlniogseuinliniugnin dindnan wasdwmin
whsiunliianassiae Tuvasiinsaueawinunmavesdanliinadennusnisnveadany us
nszuliiminvesimuiistuldluseiivutoueulndauriudawma 10 uaz 100 Tadniuse
Alan3u dulndsgsevlifinaderusmvessnd iy uividliimdnsnanas

uenantu TumsAnunindunuhasmuaunisaigresiivhnsaueariuunmaves
Fanuarlnifsyseundudwmaidonanisinsyvesiivle wailoraidewnonaududuiildls
wanzay sgivanututuibivngammesasmugunsisyiidwadufiviefeisealud
dunlasnislisunsadvuaisadnainaeueninmiulufeiisefuanudiudu 100 lulasTuans
iwamuiwﬁﬂﬁﬁ‘vmﬁmLaﬁﬁuuasaaﬂ%L%uﬁiaﬂ'sﬁiamsv‘hﬂﬁﬁ%mqa%u suhinsdsundas
szuuiimiiiiresusendiuiidufiviae wimaldaudududes 10 WilasTuanfesdivan
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enudufivanlasidousodduanls (Gangwar et al., 2011) w39n3l4 1AA ﬂixﬁuﬁa%ﬂﬁﬁw
mduduiiguiuluivihlinisesyvesiianas (Malik and Sindhu, 2011) aenslsfini seéfu
mﬂm‘ﬁwﬁumaamsmuv’jumsL%%zyﬁlﬁunﬂsﬁnmﬁvmaﬁswmudwmmsadqLa%um‘st,ﬂ%aﬂaaé\'u
nalusuiivudould wu nisldnsadulaatnludn 10 fadnSusednstrafiudminanuasin
vosfnnadaiaigluiutuideutununazueanrouladauriy 40 fadndureilaniuliovas
80 uway 40 MWAWY (Chouychai, 2012) uenNtu nsaLeaviuunmauerdan 100 lulas
Twan§ 3o 18.6 fadnsudednstioiiunisazauvengily Sesbania drummondii Faduity
ngaé"ﬂmahiﬁwasiamm%zgtﬁuim (Israr and Sahi, 2008) n1slynsawearuuNMIAUsLIFn
wazlnifegseulunmsvdnidssnuduiivveseuladaunudamadesundrdnilnamau davs
wazumsnudaitlisniu dessnfivtianasgldmulnilunseivudeueulndauviu
Fauln nslFansaruaunsaiafuisneusiiandudwalidundvesiedininasyiitnuns
fafumsnnaedumeud 4 Jadendrlwavu dmauasunsntulflunsiuanimwandon
Vudoueulndaunudamalaslifesddasmuaumsindydvlavesiniiuduin lneviinves
ﬁ‘uﬁ'Lé'an’l‘?ﬂunwwmaaaiﬂuﬁ‘uﬁagﬂmaﬁmaﬁu loun Pocaceae,  Leguminosae W@
Cucurbitaceae Iﬂaﬁy’ﬁ”nﬂwmazﬁaﬁnf‘éatﬁuﬁﬂmaﬁ Pocaceae uay Leguminosae ‘“zfaﬁ‘tﬂu
Nﬁﬁy’maalﬁﬁm51J1m°l°z’ﬂun1s?‘;luwjanwwauﬁﬂutﬁauﬁwmsmaﬁwﬁuw%‘é 1wy wodlyadnasls
dnlalasasueu wedraosiunluiianieduauuiua? (Chouychai et al., 2012; Jidere et
al, 2012; Lee et al, 2008; Li et al, 2002; Xu et al, 2010) @ruunnFaoglund
Cucurbitaceae Aflsrsauidivszdnsnmlunisavanansuafivdunidlunguessunulunasiule
waneyile Wy A7 wazeuainaes (Campbell et al, 2009; Whitfield-Aslund et al., 2010)
Tnewan1sAne 1dun nsidgrasinlwann davu uazunnnlufvivudoueuladaury
Fawin UsransamlunisanSunateuladaududamaiivudeuluiu wazauawnselunis
avauouladaunudawinluduvessnuavardu Guddl

ABUTl 4 wavaansUgndnaTwanany davy uasunsnIuREsdWaLAzNsUgnIaufuNauY
anwiuiivuitioueulndaurudamn
4.1 mswyvastinTnavatu davunazunsnalufududioueuladaurudaiin
Flnavay unainnuazdviueigldflufuibivuifoueuladaunudamnsiiugn
Wissdiawasugnimiuduszerna 60 Yu maasgresdnlnavaiu fvuuazunnilufud
Yuidoussuansafudsiuagiurliavesiivuazguuuunsugninigniisssiniougniauiudiy
indu msvgninTnamuviedmuiissdsieugniwiuiveindug luduiivudeuey
Indaurludanniguaind wazlivaneinisinsenlag naenszeziial 60 TUVBINIMAADY UA
nsugnimlwemusauduuasnvdedmuluduiivudeundudsmalinrueneseavesining
yunnirnuengeavesilnamuleUgniiissdislnsewigluiui 60 vesmvnass
druanugnoenvesdmuluduiibivudeuliunndsninanusneeavesimuiesyludud
vuidlousthaiituddymeaifinansverinm 60 Yuveamvaaes ‘Iummm‘r’iumnmﬁ"’eﬁﬂ@‘naﬁm
é"]ﬁ'mazﬂgns'wﬁ'uﬁwﬁmsuq wantarnseeunediowdyluduiivudouauladauiudama
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wazawaslusewinetudl 50-55 wesnstnedund Tngluvewmindlewialuiuiivudoussdl
pImswdsaziiien duseavewsinazuaszuniuLasdulihazugnuainluduivuideu
WssdmiaSeugnimiuiiveiedy WeRnsuifissawsauamuesiawuidninamiuuay
fjuienumnzausensiunldiuan mivivudoueuladaunudamnmnndunanm

4.2 wavasauladaunudainsanisiaiyvaseanuassn
r’nj £ g LY b4 ¥ < < o g a o
AugIen dmdnaauaziminuisvesseatalnanunlgnifasdiialufuy
A’l’ o o 1 ' 2 = < o w =l ' v o i <4
UutoueuladaunudawaliuansdrsantralnannuiivgnifesdisniaUgnsiumiudmamie
umanluAunbivuideuluiui 60 vesmsdredundtedisiifedAymeada (P<0.05) 11alne
a a d’ 1 o < C.II ! a IJ d’/ g @ o a‘
winuesyauunfdlsdgniiniuisnrivsesmrludunduilewsuladauudama daniwa
18

A e b ¥ i a A ﬂy o/ o a = @ !
A 18 anvazvewuinlnavunlgnluuinluileweuladaududamin 73.1 fadnduse
Alandu Tngugniauiuusnai ) wazdgnsauiudmy (921) Wunan 45 Ju

deugndrilwemnusiduumanaluduiivudeueulsdaurudamnazdmalinisiaie
vowand 1 lnavuiadulddiian Tnsmuenven dinanuazminukwessandilng
wuwiifu 65.7 au. 12 n$u uas 2,58 n3u Tuuil 60 vesnsthedundt amuddu aenadeaty
ALENMILENA 15mﬁﬂamuaz1§mﬁnuﬁwawaﬂﬁniwmm'lmﬁ'aﬁgﬂéquﬁ’uﬁqvimluﬁuﬁUuLﬁauﬁa
fifuviiu 49.0 @19 a3 was 1.36 3w Tufudl 60 vesmsiiesiundt audfy (ms1edi 1)
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Twvafimaadyremndnlnamuuansannisasyvessenlasiinisaioilid Tuiui 60
vosnsredundmuihmsgnivinavuluiuivudeueuladaurudamasgyitliamue
snuazimnanvassndnlnavuiiivgniissdiia wieugniaufuuanidnitriuet
smLmz‘tfmﬁfnacvmaa'ﬁﬂ*ﬁniwmmwuﬁﬂqn’luﬁuﬁhjﬂutﬁauadNﬂﬁaﬁwﬁmmaaaﬁ (A157197 2)
plsfinuneuladaurudamnndunsequnisiaiguesniminamiudeugnininamu
saufudany lngauean ddnasuaziminuisressndnlnamiuaszgegaidiougn
safudmudedandu 15.9 9u. 0.3 n¥u uay 0.08 n3uluiui 60 vasmsiefund Ay
wuladauniudamindmaiufiuieunsnnliiiasgnifissdWaieugniwiuiiveingy
waiidunaldegnetnauifonugsesvesimimilgnlufuivudeussduniniuenoen
vosumaniivgnlududilivudion fnnwdt 19 18udnuvaznisiasyvesduuninanendsen
nsthefundiduna 25 TuliilgnitesifaasUgnimtufunasdninamiu dluiui
a5 gaamsthesundmuiluseuninuassemsudondialgpluduiivuiiousuladauny
ol FuunniimuahidnsigniissdvmieUgndauduivedadulufuivudeuazae
meluszeziaan 50-55 | Sumdrainnisinedundd lunas s itvgnluduilivudeu A
emsoRveIAININIIAagTENing 26.0-29 6 . Tutuil 45 Tesnnsthedundt uananiiamen
gaauaziminanvesusinmignlufuiilivudiouluuieeninandlidanuuandieiueged
tudfynieann Tutud 60 vesn1stesundi (ms1eit 1) Taeamil 20 wanadnuauzvesdy
umaniivgnluduilivuiousuladauiudamaiuing, 60 Ju uenaniwuineuladauny
Famndsdmadedormunnsiisnueininidie elgaissanluduilivudeunuisnues
ussniimsiianduund wesdavgnianiutudainuiiruemsnuazdmingassn
ussnazgaimsUgnuaInauissdfe (nsted 2) wemadmsuusngmsalilaiduiiveuu
(2 Iﬂaé’nwmz‘uaﬁwmmm’wﬁL%%@IuauﬁUuL‘f‘jamauiﬂifaLqu%’aLWxﬂazﬁé’nwmsmmaxma
uazliiannsadsiminliuiuouluurminens

D
P "‘) -

nwi 19 dnvusvesruuasnugnlufumluleueuladaunudain 73.1 Tadniusenlaniy
lngugnieseiiafien (de) dgniamduma (nany) wazdgniaududalnawau (v21) Wuoa
25 Yu
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2N 20 aﬂwmwaam'uu,maﬂamﬂqn'luﬂuﬁlu‘tJuLUauwuimaLLWWame Ingugnsuiuaimy
($8) Yaniieseiadies (nam) dasdgnsauiuininanay (91) iuian 60 fu

'T I

N o

MW 21 dnvaizvasunnuivgniuiuivuileueuladaurudaa 73.1 fiadniusdenlaniy
Tngugniwiudminaniiu (de) Ygnifesdds (nane) uazdaniauduwsinii (¥31) Wuiian 60
W
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Tu‘umvﬁtaulmsﬁaLLWU%aLWmﬂﬁulﬁémaLﬁdm ﬁianwsw“‘smaaéﬁﬂuﬁ%ﬁﬂamﬁméwﬁa
LLauUaniwnuwwwau‘] Fanwii 21 msmmmawammuswnwaqmwﬂmw"LUummmas’m
mvzuna@LLauumummwaasmmwwﬂanmemwma~Uani'mnuwwumaumumﬂmﬂaﬂm
mqmmnsmnumvgwﬂgfﬂ,uﬂuﬁluﬂuLﬂauamauuammgmaanm (15197 1 uaz 2)

4.2 Vanuaselsiladluluiieiasylupuiivudoueulndaunudama
LﬁaUQn%niwamm‘tuauﬁhjﬂutﬁauLau'im%’auWuséTaLmeudw%mmﬂaalﬂaéLa
AaslsWaal LLazﬂ%mmﬂaa‘[s?\laéﬁgawum"lu’twaq*ﬁwﬂwmmmﬁmasﬂuﬂiaa 13.4-16.1, 14.2-
15.2 way 29.4-31.2 Nadndusiefiaddns naensrviian 60 TuTINITMAGDY MUATU (@15197
3) wallodalnamnuaiyluiuiivudeweuladauiudamiaduna 60 Sunuindiua
aaelsiladio aaslsiadd uavaaslsitadionunluluresiirlnamuanaundeysyne 9.1-9.2,
5.1-5.2 uaz 14.8 fadnsudeladans muddu (st 3)
nsUuddeuvsteuladaurudaminluiudidmaliuinanastsiadlulurewnini
anaa Iﬂmawwz‘tﬁlmm%dsﬂaéﬁﬂu%mLmewLﬁaanLﬁmé’w‘v’wﬁaUQﬂiauﬁ’U‘ﬁwﬂwmmw
viedmsiluAuiivudoudiriios 1.6+12, 5320.2 uay 2.041.9 fadniudeiiadans lufuil 45
yoesiesiundn mud iy (1519 3) duviunaslsitaddlulureninnivgnluduiili
Juidloufinndu 198514, 14909 way 17.8+18 Tadnuseiindanaidovgniiinsdiis Ugn
Saduilnavuiaziamy audiy dudiiunselsitadiowazaaslsiladnmualulures
umnniivgniissdriavieugnufudninamudedmiluiuivudeueuladaunudam
mzﬁdwﬁ"nn'jm%mmﬂaaiﬂaéﬁﬂgnluauﬁlaiﬂmﬁau wiSsnuesraslsiadlelaznaslsilad
ssluluresunanlsdidanasnnauiulddamiioutunaslsilads
Tusazieuladaunudainlidsmadiouiinunaslsiiadluluvesdany TnoySunm
aaslsiadluluvesdiulidazugniissdadougniuiuiissiadulufuiivudioweulnda
wriudauslaisneanuSinunaslsiladiiugnluduiilivuidou (sl 3)

4.3 msaadSuaieuladauriudamnanfulaenisugnivviabien
Uinuwaseuladaurudamanivaelufunevdainasirtadmenisugnitsfissuie
\neviseugnivesuiunanfiinsen 4 Usinueuladaurudamslufuuinaseusiniiunnaie
a s La  a P . a & e a a a
wilviuudinMiuuinuseuuens iy (bulk soil) slinvesiynivssdninmlunisanuiunu
wuladaurudaauiniiga lawa 9alwanaiu damvu uasunanan lngieisauiivssansamly
2 & & a a b4 v o
msanUTinueuladauriudaumnusnnfuseunnldgedisievay 88.7, 68.6 uax 69.7 lutuii 60
waziui 45 YBIMIEAUNGT MUY RANITVAADIEAIRIAITIT 4 druRuuSiusauuen
sy Uinaeuladaunudaiiamasgedisiosas 27.2, 46.8 waz 80.0 UShwfuseuuansIn
kg Q.'I " U A 2/ v v o s Q’: Lo
Tlwanu dy wazuaanluium 60, 60 waz 45 vaamsiedund auddu fadudilne
= a & a da a o - -] ° v a 4 & )
wulsheluiivniivssdninmgeaalunsfinuiinasihuldnuyanwiuiivuidewoulada
g 2 1 [=3 A du g g M v o Ty N
wiudamald drulufuivuleuweuladaurudamaualilivgnitvialaas Ysnaueulada
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wiudamaunuaglideundanasnelunm 45 Tureamvmeass waslivinauvasaySovay
85.4 TuTuil 60 vesmIvAaes (AN3199 4)

4.4 msaavsinasauladaunudainainfulagnisugninesiuiu

msUgnfiwsuiuaessiaiussavinmlunisanuuanouladaurudamaldsniingg
Ugnivuissviiaifion (Madl 4) madgninlnamnumdudmuiivszavsnmlunisanuiun
wulndaunudamalifiian Inelutuil 60 veamsiredundmuiiuaeuladauriudaiin
widsagivinnilsleadisfvosinlnavuuasdmudulosas 41.7 way 52.3 Waugniwiaes
vingwiy uazieuladauriuiamnfumdosguinuseuuenvesiiviiasuudosar 56.1 wanis
viAaBILEnIFIANT19dl 5 uenIniinmsUgndmuNuuana wuiRuUinusauTINdvud
Usganinmlunsandinateuladaurudamalanguiu Wnelivsinaeuladaunudamnanas
Ustannufenar 50.6 U3IMAUSEUT RGN wamsnaaisUgniesmiuwuinszansnmly
msaavnaeuladaunudamndadtulddluiuuinaseusnftmnniduuinaseuuen
fuvdiusevuinsinfiwiiieugninlnaviunasimusuiuiivssdnsamlunmsanuinmeu
ndauruadldfiniduesitvaiinguq levanUsinaneuladaunudaimnadlifosay 44 sesaunde
frosinlnamnunazuninnisaavimateulndauriudamauinuivuseuusnadidosay
368  dumsUgnuasnaniuiuimiiiuszansamdiiaalunisanUSunateuladauriudama
vshaiuseuuen lnouhinaneuladaurudamnmionyiovay 20 nansvnaasuansianIsed
4

4.5 Gunaeulagaurudamaluliiabony
Uinaveseuladaurudamaluiioofivreutiam lnsUinnuasaafinsaanuleisin
P 1] w vV <4 s =y 3 ar
YoumnMivgniuiuinlnavnume 364 lulasnsy Ysinawevouladauriudainnsiony
untuitlaflafonTuf 25 ven15e8Aunan wazdaiuszazalunsugniiiuinnIunduny
nsavauauladauiudanluiloioNuanas NaN1SNAADILAAISINITIST 5



A - v Q'J 1 ) d‘ l&’ ) g g @/
A1599 1 Nsesguessentnlnanity unin waztdludunuleunas bivuidouweuladauriudamn

Sudl 25 Fuit 45 Suit 60
FUNVDINY avMEn  uwitnan  uwdnute  emenn uawidnan uwdnuwie Auenn uawnan  uamvnusie
(VURUAS) (n3w) (n3%) (WruRung) (n3w) (n33) (LwURUNS) (n3w) (n5w)

dnlwavau
drlnaniu 24.7+84a*  1.02+0.8b 0.11£0.1b 250+0.86  1.41x0.1bc  0.18+0.00b  26.8:3.7c  1.76£03b  0.27:0.00c
FINAMIU+UAINTT 335+84a  0.77+00b  0.16#0.00ab  27.1403b  1.75+0.labc  0.17+0.00b  29.2:+0.3c  1.98:000b  0.29x0.1c
Fralwavu+ i 250+84a  0.78:02b  0.15+0.00ab  25.4:02b  058+£000c  0.13:0.00b  29.6¢0.1c  1.98+0.00b  0.29:0.1c
Tminanu+euladaurudan 29.1#79a  1.82+0.2ab  0.19+000ab  24.7+¢2.1b  308+0.7abc  0.64+0.1b  252+08c  1.00+0.8b  0.01x0.00c
dmlwanu+unsninsauladaunudaiie  40.2412.0a 3.29+1.0a 0.36+0.2ab 48.7+8.4a 12.9+8.4ab 1.83+£0.8a 65.7+4.2a 12.0+3.5a 2.58+£0.5a
Fnlwamnu+fviu+ouladauriudama 40.2£3.8a  3.33x10a  0.40+0.1a  556:82a  14.1x30a  217+02a  49.0+1.0b  9.0:03a  136:0.00b
[N aeal
UmINn 223+23a  062+0.2b 0.07+0.0b 29.6+1.6a 1.17+0.0b 0.12+0.0b  38.0+7.3a  1.62#05a  0.26:0.0b
w1+ Ay 242+19a  1.38+0.4ab  0.17x00ab  26.0:0.1a 1.40+0.0b 0.1120.1b  29.5:5.8a 1.89£05a  0.22+0.0¢
LLG\Gﬂ'JHﬁ"’wj&J 23.1+#24a  1.01x0.1ab  0.12+0.0ab 28.6+0.8a 2.63+0.2a 0.27+0.0a 34.9+0.5a 2.48+0.3a 0.3320.0a
unen+euladannudamn 256+1.7a  1.61x05ab  0.02:0.0b 6.35+0.5b 0.23+0.0b 0.02+0.0c died died died
wman+gnlwavnureuladounudaidn  27.6:67a  3.15:1.7a 0.4120.2a 7.5+3.5b 0.12+0.0c n.d. died died died
wnInM+Aamu+euladaunudamo 19.2¢75a  0.9420.6b 0.0920.0b 6.85+0.2b 0.12+0.0c 0.01£0.0c died died died
iy
°1vg'u 28.2+6.4a  2.00+1.3ab 0.24+0.2a 71.6+6.3a 11.0+2.1a 1.59+0.1a 66.6+5.6a 2.86+1.0a 0.45+0.2a
ﬁ"mju#l'h’ﬂWﬂwnu 24.4+1.5a 1.05+0.5b 0.18+0.1a 71.3+4.8a 10.3+1.7a 1.55+0.0a 40.9+9.4a 2.3340.3a 0.28+0.00a
t'{"wjuﬂman'n 24.5+5.9a 1.01£0.4b 0.16+0.0a 72.0+3.8a 11.0+0.82 1.59+0.0a 40.9+15.5a 1.78+0.7a 0.29x0.1a
Hvju+euladaunudamn 31.34+8.8a  1.55+0.7ab  0.25:0.2a  652:259a  7.85%6.7a 127+12a  882:39.6a  7.81x53a  1.10£0.5a
fanu+iminannursuladaurudaing 378+4.6a  4.71xl17a  0.57:02a  51.0+2.6a 9.6+0.9a 1.38:0.1a  54.5:218a  3.01+16a  0.59+0.2a
z'{'m'wumn’n+Lau1mt8'auwm'faLWm 34.2+29a 4.60+1.9ab 0.57+0.3a 50.0£13.9a 9.85+4.2a 1.25+0.8a 56.2+8.7a 32.10+1.0a 0.70£0.5a
wsnewn *fdnusmuninquiaidniimeiusansanuuaniseguiifoddgmaiassrisiveiiadeaiu (P<0.05)

1%



o a v & a o X § & @ o
M5 2 MSIRIYIeITINT AU unen wasdauluiuivudousaslivuiloumuladaunudais

Fudl 25 7 Juil 45 Fudl 60
yiinvpaiy ey vwtan Bmtdnude AUYN Ywmtingn  swinuste AU Yinan  unwdnusie
(twudunsg) (n3w) (n3w) (swuRuns) (nfu) (n3%) (MTURINS) (n3w) (n$w)

dnlnanu
Irinamitu 44+19a*  0.15x0.1a  0.10+0.0a 8.2+0.6ab  0.16£0.0a  0.02+#0.00ab  9.5x1.4b  0.19200a  0.02:0.0b
Fiwamu+unanin 4.5+0.1a 0.09+0.0a 0.009+0.0c 9.6+0.1ab 0.20+0.0a 0.02+0.0ab 10.2+0.4b 0.23+0.0a 0.03+0.0b
Frlnamanu+dany 8.7+44a  0.08x0.2a  0.008+0.0c ~ 9.60.2ab  0.0610.0a  001x00b  104:0.1b  0.23£0.0a  003+0.0b
FMinavimnu+ieuladaunudamn 59+38a  0.11x0.0a  0.02+0.00bc 3.5£0.7b 0.06+0.0a  0.008+0.0b 1.8+1.2¢ 0.04:0.0b  0.0008:0.0b

dnlwamuruninnHoulafauriudamn - 7.3:38a  0.23:0.1a  0.07#00ab  21.8+121ab  0.68+0.6a  0.20%0.1a 4.0+1.4c  0.08+0.0b  0.0008+0.0b
Jralnavu+imu+Hauladaunudain 9.2¢4.8a  0.20x0.0a  0.03+0.0bc 266+6.6a  047+0.1a  0.16:00ab  159:1.d4a  0.30+0.0a 0.08:+0.0a

BAIN

wmdngn 8.2+4.3a 0.01+0.0b  0.0009+0.0a 7.60+1.9ab 0.03+0.0a 0.003+0.0a 4.8+1.0b 0.02+£0.0b 0.004+0.0a
wen 1+ lAv Y 4.07+2.0a 0.03+0.0b 0.002+0.0a 4.40+0.2b 0.03+0.0a 0.005+0.0a 4.2+1.8b 0.03+0.0b 0.004+0.0a
len'J’Hﬁ"’Jw'u 4.6+2.4a 0.02+0.0b 0.002+0.0a 9.70+0.1a 0.03+0.0a 0.003+0.0a 9.8+2.8a 0.06+0.0a 0.00420.0a
unan+Houladaunudamn 4.1+0.9a 0.02+0.0b 0.001+0.0a 6.6+0.8b n.d. nd. died died died
wmnn+inlnavuHouladaunudain  59:36a  0.09£00a  0.006+0.0a 4.0+1.4b 0.03+0.02 n.d. died died died
unan+ivin+ouladaunudaia 26+21a  0.01+0.0b n.d. 7.1£0.0ab n.d. n.d. died died died
Dy

ﬁﬁvg'u 7.6+4.7a 0.18+0.2a 0.03+0.0ab 7.7£2.3a 0.53+0.1a  0.16+0.0ab 12.0+8.0a 0.23x0.1a 0.03+0.0a
ﬁwjmﬁw'ﬂwmmw 5.2+2.0a 0.09+£0.0ab  0.01x0.0ab 7.6+2.2a 0.49+0.0a 0.15+0.0ab 13.0+7.3a 0.17+0.0a 0.02+0.0a
ﬁ"wjmummw 5.343.2a 0.06£0.0b  0.009+0.0b 7.7+0.9a 0.53+0.0a  0.16+0.0ab 7.0+1.8a 0.14£0.02 0.02+0.0a
ﬁ")*rg'u+LauTﬂ‘8'aLLWu‘ﬁ'aLV\lm 2.4+2.2a 0.06+0.0b  0.02+0.0ab 13.0+1.0a 0.61£0.0a 0.18+0.0a 6.023.1a 0.25£0.1a 0.07+0.0a
fmu+Tmlnaueuladaunudamin 11.8+59a  0.32:0.1a  0.07+0.0a 5.9+1.6a 0.41+0.1a  0.12+0.0b 9.5¢51a  050+0.3a  0.08:0.1a
Smy+unanHauladaunudaina 7.8+26a  022+0.1a  0.05:0.0ab 106+57a  0.47+0.1a’  0.13+0.0ab 58+18a  030+02a  0.05z0.2a

mngwn *fdnyinwdinguiiniidniishtuanmuuansegrdifed dgneadfssuindivsdadeanu (P<0.05)

o < a a PN A v Y a o g ) & 9 9
A1319% 3 Yunaumaslsiladie raslsitadd uasmaslsilaavianuavasdnlnavinu uninan wazdmuluduiivudounarhivudoweuladaunudamin

s
w



Fuil 25 Fuil 45 Fuit 60
invaInY AULN dwiinan  dhwiinue A21U817 dadndn  dwdhuke  ewenn vwihan uwdinudie
(wufiuns) (n3w) (n3y) (lruRURT) (n3u) (n3w) (WwuRiuns) (ns) (n3w)

dnlwevony
dmlwavu 21.8+0.8a* 26.1+11.3a  49.1+10.6ab 16.3+0.7b 14.2+0.1ab  31.3+0.8ab 16.1+0.6a 14.2+1.0a 31.2+0.4a
F1INANIU+IAINT 21.6+0.0ab  20.14#0.0a  42.8+0.0ab  17.7+34ab  16.1+3.5ab  34.747.0ab  13.4+39ab  152+2.0a  29.4:2.1a
%’ﬂ’ﬂwmmwwﬁ"wju 14.8+5.4b 11.2+7.5a 26.8+13.1b 16.8+4.6b 8.1+3.8b 25.7+8.3b 15.4+0.4a 13.8+13a  30.0+18a
I lwavu+ouladaunudaiin 21.70.1a 24.2+57a  47.1#5.6ab  22.1x08ab  18.3+3.0a 416+37ab  9.1x0.0b 52+0.1b  14.820.0b
InlwannurinainnHouladauriudamin  22.9+1.3a 30.8+1.7a 59.0+3.1a 205:2.8a  17.3x48ab  43.1x7.7a  9.2+0.0b 51+0.1b  14.8+0.1b
Fralwamu+dmu+ovladaunudainn 23.7+1.0a  26.6+140a 515:13.1ab  225+0.2ab  18.2+2.9a  41.9+29ab  9.2:0.0b 51+0.0b  14.8:0.0b
wannm
WHININ 240+17ab  26.7+17.4ab 52.0+158ab  11.6+0.3ab 19.8+14a 32.1+1.4a 11.6+£0.2b 21.1+0.4a 32.0+0.9b
unan g MInanau 21.3+0.2ab 32.3+2.6a 54.8+2.5a 11.9+0.1ab 14.9+0.9b 27.5+1.0a 11.8+0.2b 15.2+0.9a 27.7+0.7¢
LLmn’nJrﬁ‘"m'u 21.3+0.3ab 27.9+6.0ab 50.4+5.8ab 16.7+2.0a 178+1.8ab  35.4+4.0a 16.2+2.1a 18.5+2.4a 35.620.6a
unanN+ouladaurudain 233+15ab  14.7:39ab  39.3x24ab  7.2+25b 1.6+1.2d 9.1+3.9b died died died
uean+IIlnavuHeuladaurutan 19.3+2.8b 5.8+3.8b 26.1+5.7b 8.8+0.7b 5.3+0.2c 14.5+0.6b died died died
wnsn+Savin+aulndaunudamn 24.2+0.0a 6.7+0.0b 32.2+0.0b 5.9+3.9b 2.0+1.9c 8.2+6.0b died died died
vy
daviy 219+0.6ab  17.2¢114a  403+11.7a  219:02a  30.4+18a  536:17a  13.1x47b  17.7+10b  31.6+4.2b
v+ Innavy 17.5:2.6b 13.7+7.0a 32.129.6a 21.6+05a  29.8:28a  52.6+28a  15.1x38ab  16.8:2.7b  327:4.1b
famja+unIn 20.0+0.5ab  20.529.1a 41.7+9.7a 21.9+0.4a  30.4+4.2a  53.6+38a  10.3:0.2b  187+04b  27.7+0.9b
sY'wijau‘[mq?auwwKaLﬂn 20.1+23ab  19.7#129a  40.6x154a  21.9+0.1a  22.3+82a  45.4+82a  21.3+02a  343:0.la  56.8+0.1a
daviu+inlnanu+ouladaurudainn 21.4:02ab  18.2+6.52 40.8+7.0a 22.3+0.5a  26.8+60a  48.3+35a  21.0+00ab  352+0.2a  57.4+0.2a
dviu+umannouladaunudain 23.8+1.6a 25.5+7.3a 50.6+9.0a 21.6:0.1a  19.4:x1da  42.2+16a  213:01a  36.0:02a  58.6+0.1a
wneng *fMshysmundinqeiniidniimatulansmnsuuandesisiitoddymisaifssineivstiafioatu (P<0.05)

£

v
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1919 4 USinaeuladaurudamniuasluduuinalsleaies (rhizospheric  soil) wazfiu

v & & o = o w [} @ [
souuen (bulk soil) Y@ITMINAMIIY HIWN wazuAINIWIINUgnIRgsd LAz UanTmiuly
081 60 Ju lufunvuioweuladaunugaia

Plant fovavvesauladaunudamaiinie
Day 25 Day 45 Day 60
glnaniu
Rhizospheric soil 14.5+2 0e* 11.7+1.1e* 11.3+0.90*
Bulk soil 31.0+14.90* 27.9+6.6de* 27.2+6.6cd*
HONNI
Rhizospheric soil 85.6+8.7ab 30.3+8.2de* NA
Butk soil 78.9+8.8b* 80.0+10.3b* NA
Rhizospheric soit 50.6+11.1c* 38.8+17.2d* 31.4+5.3c*
Bulk soil 72.6+4.5b* 63.1+6.3c* 46.8+7.0c*
ININAMY + UAIn
Rhizospheric soil ¥837lwawu 90.1+6.2ab 70.6+0.5bc* 62.9+7.3b*
Rhizospheric soil 83LaININ 86.6+15.0ab 54.1+4.5cd* NA
Bulk soil 83.1+1.6ab* 69.4+13.0bc* 63.2+6.9b*
dlwavmy + daviy
Rhizospheric soil 9097 lwaway  91.4+24.6ab 47.4+49cd* 41.7+11.2¢*
Rhizospheric soit 'Ua\‘iﬁ.’?xvju 89.5+20.8ab 52.3+7.6cd* 52.3+9.8bc*
Bulk soil 98.4+11.5a 100.6+9.6a 56.1+13.3bc*
19 O
Rhizospheric soil ¥83ttm3N1 73.9+12.5b* 55.7+8.3c* NA
Rhizospheric¢ soil ?Jadﬁllmlu 79.1+8.8b* 69.5+£2.9bc* 49.4+7.2bc*
Bulk soil 90.7+24.7ab 90.8+16.8ab 80.0+1.8a*
Augaaruay (hivgniiy) 98.2+5.0a 98.3+5.6a 85.4+9.4a

winewg anutuduitusiuvetouladaurudamiaidu 71.3 fadnduseilandy
fdnyINuBInguiunanfdiukdaniamuanasessited dymeainseninaniniuus

ameluTufeniu (P<0.05)

o </ s A 1 s [}
*uansUsuuveseuladannudainnuanaisiusgs

Wiguisuiuiuil 0 vasn1sénesu (P<0.05)
Mde NA vunes lifiveyalllesniniivniy

a o

Weddgyneadsluunazniniuudiile
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A151497 5 Ansazan vesauladawrugamialuganuazsNuet AU WAINIT kaLHINY
vsnvgnimesdianazUgnsintududlufuivuideweuladauwnudamaduia 25 Ju

Amsavauluiiy
flaidoiy (lasniu/vonavun wie Tulasniu/siniavun)
aa912lnanu
Frlwawy BD
TTNARIU + UAINDT 4.4+ 0.0a
Fnlwavau + damy BD
HOALANINI
WesnM 143 + 8.1a
UAIN2T + TILNAWITY 10.5 + 4.0a
AN + Sy BD
ﬂ"’ '
danu 18.1 + 1.1a
fau + nlwavau BD
v + wpen 203 + 2.2a
fin 2
G lnanu BD
drlwavu+uninn, 0.2 + 0.0c
Fralwamvu vy 16.3 + 5.5bc
52NUAINT
WAIN 17.0 + 5.9abc
UAINDT + TIlNAWITUY 34.4 + 11.0a
WnINI + vl BD
n &
v 226 + 3.1ab
&'wg'u + Ilwavu 17.1 + 5.5abc
ANy + uaann 8.1 + 3.7bc

k1

g 9 a < o

U8R MsnEsNsinguinianfisiuwansmuuananessiiteddynisadfsening
Ayviadenunelutuinendiu (P<0.05)
Age BD wunwde dasnnindniiiaveansasiiain (0.2 lasnsu/édu)

msﬁnmﬁxﬂumsﬁﬂmLLsnﬁ'ﬁnmwaﬂuaamsﬂqnﬁ%ﬁamsﬂqnﬁmﬁawﬁﬂLﬁamazmi
vgnfivhwfilumsidaeuladaunudamniivuiouludu nsugndinevu davin vie
umm eIl viensugnisusiazaiinsiniudugq fussdvdamlumsidaouladauniu
Famivudouluauldiniluduitlivgniis nuanismaassmariiviliasuldidminami
Wuilvifirnummnzaudensiunldlunsituanwiuivudeuevindaunudamauniian
iflesmndnlwavmuasaanuinateuladaurudamaluiuldirauuinaseunnuasiu
seuuen lihasdumsugnininaiissdniovdonsugnininasuiufiveiindy uenaniing
-Lﬁmfuaa‘ihﬂw_mluﬁuﬁﬂmﬁamau‘[m%’aLLWuGZaLWWmmsaLﬁzylﬁmmlna*ﬁaﬁﬂqmﬁaqé’wﬁ'w’%a
Ugnsawfuiinuindu nMsadguewanuazsinvesdnlnavmuansaeiyldfidiaugniuiu
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uasnIuazdIvy wasidefiansunandnumznisiadyvetseniarIngmudnuaIuse
numusiateuladaunudauialdiduiy uidmudivssannwlunmsasUiaeulndaunudan
ﬁﬂuﬁauluﬁulﬁs?wnﬂﬁwﬂwmmm‘ﬁaﬁﬂQnLﬁmé’wﬁ’aﬁaﬂgné’mﬁuﬁwﬁmﬁuq

nsUgniivlufuiivueuladauiudamndioifinuszansamlunsidaeuladauiy
Fawaldfniduiivgnitn msugnirilwevmulufuiivudoudioss sz avinmasaalums
fdmeuladaunudamaaniu lusasinsmamuszduretouladaurudamaluiodeialihs
Tusgninnmmeans wadedndulSuadisuinuarldiiteddusenismaass sgralsfianuns
avausoinlurassuluimsdnguasiisenu 1w Avena sativa L. aNS0aEaNENTEARBLT LY
Trasnisuldidludiuvessnuasludlougnit Galica  Ussweaawu siinisuumtiousoenes
naslslalaaonimulufuiissiuaududugeia 20,000 fiadniudedlaniy numsasamenys
anslslalnaenisuiisnuazluvosiio 24 waz 32 fadnsusenlansy musdiu (Catvelo Pereira
et al., 2006) uanmn{f Phragmites australis iamannsalunisazay 1.4-dichlorobenzene,
1,2,d-trichlorobenzene wazunuui-anszaaslsialaatanioy 1nelian bioconcentration factor
wihiiu 14, 19 uaz 15 muaiu ndsaniaduianuaisaenannialdanylelasindnune 7
$u (Migueal et al, 2013) rlnsdunsdinemunieumiiidauamsolunisasauans
uanwdunidguarsuin LU Aetey WD Aan Ane wazieUainassawenled (Campbell et al,
2009; Inui et al,, 2008; Kobayashi et al., 2008, Otani and Seike, 2007; Parrish et al., 2006;
Whitefield-Auslund et al., 2007; Whitefield-Auslund et al., 2010) wauSuunisazaufido
Duvsunaiidnn fadunalnnsavauarsuafivdunidsefied dimuidaiiesiunlsluns
frdnansuaiuivudouluiu

Lﬂuﬁ‘m511@'5wfjﬁuﬁus‘u’%nmsaumnﬁmﬁmmﬁwﬁmdanwsﬂvuy\l‘amwﬁuﬁﬂu@auﬁm
arsuafivdunid lagdnlnaluiivasdnguaziiussans mmmnzaniigadenisiunldlunis
ﬁuvjamwﬁuﬁﬂmﬁamau‘lﬂ%’aLLWusij”aLWm‘lumsﬁnmﬁ Tnedninafiszuusindesfiunnuaus
mnmadawa’lﬁﬁﬁuﬁﬁwaasm{hmumnu.azLﬂuﬁaQimﬁ’maaqﬁuw%eﬂé’nﬂuadnﬁ ansfinds
nnnfiedadulselenidensnssdunisiadyuazinssunistesaasasuaivuasqduyssle
(Gaskin et al., 2008; Kidd et al., 2008; Korade and Fulekar, 2009)

nalnifivtheanyiuaeuladaunudamaiivudouludulunsdnunitihazanannaln
phytostimulation Tnenalniiuszaunaduislunmsthinldannisuudeuvesansduvisiinamuse
nistegaatsliviatesiin 1w msﬂgnﬁ"wn (Trifolium repens L) lufuiivudeulmuulein
LLsuazv‘i'flﬁU%mmlmLuuifaﬂaLtsuﬁﬂmﬁau’luﬁuaﬂaﬂﬁmnni11uﬁuﬁ1ﬁﬂgﬂﬁfd Iﬂa‘luﬁuﬁﬂqn
drumazaninalavuleinusuadliindeiiios 333 fadnsudedlansuanuSunaiEudu 1,000
findnSudeflaniundennn 60 Fuvesmsignity dnluduiilivgniieBinameslanulefausy
anaunde 800 fadniuseAlaniy wuuTinuduvisidesamslauulsiusuldudnuseusn
5awwaluﬂ%u1mqaé’aa (Wang and Oyaizu, 2009) wenaniinsidafgoivuiieulufuiiniu
1nmsUgnirdavhan Vinaiidtanasuinuseunnfivusaanadesas 36 anidudu Tae
audidududuvesfiliidsewing 414-498 Tlasniusienlandu duluuillivgniiovsuna
fdtanandivefosar 5.4 whilu (Xu et at, 2010)
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’Lumsﬁﬂmﬁswmuﬁwmwgnﬁ%imﬁuaawﬁmmﬁiwLﬁuﬂizﬁwﬁmwlumaﬁﬁmau
lndaunudamalaalunimsdaniiviessiiodes nsugniwswiulisnenuiiheduadusns
YasUimnaumstesaavarsuafivdunidaiinduq 165 wu n15Ugn Eluesine coracana  uag
Brachiaria serrata 32 ﬁﬂszam%ﬂm’[,umiaﬂﬂ‘%u1muquﬁuLLazwqaa%'uﬁUuLﬁauluaulﬁ
fndmsugnitmiiasiiaieanasluiuilsivgniis Tasanududuvesuuriniausgluseduil
annsanssavuldiileugniivsudy dumsugnidfissriinferannsoanuinamunmiuld
Uszanasenay 96 dauﬁuﬁhjﬂgﬂﬁ*ﬂﬂ%mmLLuWMwﬁuaﬂaﬁaaaz 63 auawiu drunisaau’
wIwgenTunuI1 MevgniiviuiuansaanUinugessuldiovas 96 n3ugn E. coracana
iesdivaunsnanuinamgesiuldiasas 81 dmduluiuiilivgniivasuiuamgosiuldos
av 47 (Maila et al., 2005)

ahuﬁnmsﬁﬂwmﬁawuiwmsﬂqnﬁaéaﬂwaﬂws’mﬁu rape depiiauusyandamlunis
ﬁuﬁamwﬁuﬁﬂmﬁauﬂLLuuwguLLaslw%lﬁ?\ﬂi'\mﬁﬂqﬂﬁwﬁmﬁm n1sUgnddavinat
$3AU rape awnsoanUSunamuuuniutarindulaiedosas 74.9 uar 62.8 mwudsy luvasi
MsUgn rape  fawduiumannsaanUTaduuuniuiayniuasliiosar 72 waz 68.4
wiwn 70 Fuvesmsuanity muddu lusaginisdgniiveiafendazaninmlunisan
Usinmnsisaldiingt msugnitesauiu TnsfluuuniuuayinduiiuSinuanassewinedosas
38.8-41.5 uay 33.7-36.3 muaeU (Wei and Pan, 2010) NM3ANMIAINA1IANIINKANITNARDA
maamsﬁnmfﬁﬂzflumsﬁnmﬁwuiwmsﬂqnﬁ‘diauﬁufxﬂsxﬁw%nwﬂ,umsﬂaﬂ%mmLauIW?j’aLLWu

.
=

Faaladninisugniiwdissriiadesludviivulou Fausingnisaififatuiiiudsides
imsfinwsialy

aguxanisfing

1. wuladaurudaminisziuanududud (@ Sednduseflaniutwiinuiwemse)
dawanszunsiasyuasrundngelaevilinameean AnuensIn uazUSinuraslsiad
avuageiu maiuanudutureeulndaurudamatuludu 100 faansusentansunin
wirvemiebiduiwiadundininefeedadaauy nsausawuunmauesdnuasinifogsou
Linszdunisiadguesdiundimndsiivgnlunsievuioueuladaurudanogradaau ud
Indegseudiszivanududu 10 fadniusednsndurilisnnanadslaiimu daunsauearih

[l
= U kot

wurinmduesdinfiszAuanudntudeiuiduuliuilinnuengoavesiundnanedaish
Ugnlumseiivu

b

Yeuvdslivuidlaueuladaunudamageiuniinansdeiililésunsausari
wunAuesdin wazmstinvusiniidudfune fiavessnudvesiunddnnedeililésuns
nszdumensauearhuumAuerRnieumzsztosniwuniiildunsnsedudensausan
wunmMAuesTANnouNIL

2. ouladaurudamniissiiunududu 1-100 fadnsureflanfinwiinuswemsnglsi
Wuivrensiadgylusserfundrvestnlnamiy damy wazunsnnedndaau nisldnse
ueavuurdusrdinuarlnifeyseuliduadulinisaiyesitvenlufuiivudeweulada
uwiudauinfinidundrvesfieilifuasmugunisiadgidvininlaee urarsaauaunis
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WwIgivlavashsniassstinnavdialdunanisiasguassunaivesiensan laolawizlnitey

u
a

sowilinnugioen ANuesIn wasUinueaslsiadluluvesdialnavnunazimuiedy

b

a

Tunsevudousuladaurudamnanas lurariinsauearhuurinduesdinduasunisiadey
wizvostnlnavuuazdmald duunsnnduisildSunadsnnnisldfunsaweaniuun
mauesdinuazlnfeyseustednaunifiviiodu lnglndsgsoustluandnavessinunana
waznsauaavhLuinduLdRnALYNAILEITINYDIUAINITANAS

3. nsUgndninaiissdwistiwnliuhlUldlumsiuanmivivudeueladauny
Faaldfnan WoswnnisgninlwafissdisannsoanySmareuladauiudamaliini
nsugnimiumieunimfissdiiemsugniinsiufuasssiia nsvgnuasnifissdiiavie
UgnsaufuelindumnsoanuSuaneuladaurudamsldmduiy ununnmldonzailuns
taldtuanmdvivudowdesnnlnerumiuivresouladaurudamaiivudevlusu
wazmeasreuiussILNTHUMENWAuIrAuaR nisUgnivsaudusessiiaiiusyansnwlums
amU%mmtau%’auWu%’aLWmﬁUuLﬁau’Luauaa‘Lé’ﬁwni”lm'iﬂgﬂﬁwﬁmﬁm Tnvguesiiviianunsa
asUBnausulndauiudamaiiuuiiouluduaddifiaafenmsugndnlnammusufudaviu naln
fdlldraaiifalilumsanuBinueuladauiudamniivudeulufufonsnssduianssuves
auvddfiendeuinuseusnlvidesameiouladaurudama nalnnisanuSunaseuladauny
Famnsnomsazauludunaiiseavdennvesfindululidendosnasanutinaiouta
wriudamslusenuarsntuuTuaiinann
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Abstract The extent of endosulfan sulfate removal
from soils by ditferent planting pattern with sweet com
(Zea mavs), cowpea (Fgna sinensis), and cucumber
(Cucumis safivus) either cultivated alone or together
was investigated in pot experiments. Endosulfan sulfate
was removed to the greatest extent in the treatment in
which sweel com was grown alone; only 11.3 and
272 % of the initial endosulfan sulfate remained in
rhizospheric and bulk soil, respectively, of sweet com
grown alone at day 60. Endosulfan sulfate was also
removed from soil to a great extent in treatments where
cucumber or cowpea was grown alone; only 30.3 and
38.8 % of endosulfan sulfate remained in their respec-
tive rhizospheric soil after 45 days. However. cucumber
did not tole¢rate the toxicity of endosulfan sulfate well
and died around 5055 days when it was cultivated
cither alone or together with another plant. Cultivation
of sweet com and cowpea together was less effective in
removing endosulfan sulfate from soil: about 41.7 and
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52.3 % of endosulfan suifatc remained in their respec-
tive rhizospheric soils after 60 days. The results showed
that single cultivation of the plants was the most effi-
cient way to remediate endosulfan sulfate-contaminated
soil in this study. Endosulfan sulfate was detected in
both the root and shoot of plants but given the low levels
found, bicaccumulation was judged to be a relatively
minor factor in endosulfan sulfate removal from soil.

Keywords Cowpea - Cucumber - Endosulfan sulfate -
Mixed plant cultivation - Phytoremediation - Sweet com

1 Introduction

Endosulfan is an organochiornine insectucide which is
widely distributed in soil and sediments as a result of
its widespread use in agriculture for protection of vari-
ous types of vegetables, fruits, cereal grains. cotton, tea,
coffee, and omamental plants (Castilio et al. 2011
Joseph ct al. 2010; Weber et al. 2010). Endosulfan was
used extensively to control insect pests in countries such
as Australia, Brazil, Canada, China, India, Mexico,
Thailand, and USA (Boonyatumanond et al. 2002;
Poolpak et al. 2008; Weber et al. 2010). The use of
endosulfan has been restricted in many developed and
developing countries, and since 2011, it is included in
the Stockholm Convention on Persistent Qrganic
Pollutants (POPs) to be climinated worldwide
(Kataoka et al. 2011; http7/chm.pops.int‘Convention/
Media/Pressreleases/Widelyusedpesticide
endosulfanphascout/tabid/2216/languagefen-US/

Q_} Springer
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Defauttaspx). Residues of endosulfan have been
reported in agricultural arcas of previous usage and
sometimes in adjacent areas. For example, in the
agricultural soil adjacent to the Mae Klong River in
ceniral Thatland, the concentrations of all isomers of
endosulfan were reported to range from 0.5 to 16.
I mg kg™ dry soil (Poolpak ct al. 2008). In another
study, the highest concentraton of a-endosulfan in sed-
iments along the castern part of the Gulf of Thailand
ranged from 10°to 104 ug kg ' dry soil during drying
scason (Srivilas and Jaidee 2006). The maximum levels
of endosulfan in sediments were 49.4 pg kg™ dry soil in
the estuary located at the mouth of the Chanthaburi
River in Thailand (Sumith et al. 2009). Endosulfan
was reported to persist in soil for 3 months to more than
2 years depending on environmental factors and 1somer
forms of endosulfan. B-Endosulfan usually persisted
longer in the environment than the x-isomer (Awasthi
et al. 2000; Kathpal et al.1997; Rao and Murty 1980;
Stewart and Caims 1974).

Endosulfan sulfate is one of the main metabohites of
endosulfan degradation in soil and sediments. It should
be noted that some microorganisms can transform en-
dosulfan without producing endosulfan sulfate (Kataoka
and Takagi 2013). The concentrations of endosulfan
sulfate deteoted in surface sediments during dry season
of rice cultivation arca near the tributaries of the Mae
Klong River in central Thailand ranged from .15 to
0.58 mg kg™ dry weight (Poolpak et al. 2008).
Endosulfan sulfate concentratons have been reported
to range from 0.13 to 10.5 mg kg™ ' dry sediment near
the Wu-Shi River estuary in Taiwan (Doong etal. 2002).
This metabolite is as toxic as but is less biodegradable,
more persistent in the environment, and has greater
bioaccumulation potential than its parent compound
(Bhalerao and Puranik 2007; Kataoka and Takagi
2013; Weber et al. 2010).

Phytoremediation has been reported to be an effec-
tive method for remediating various organic contami-
nants in soil, such as DDT, dicldrin, lindane,
polvchlorinated biphenyls, and polycyclic aromatic hy-
drocarbons (Chouychai et al. 2012; Mackové et al.
2007; Matsumoto et al 2009: Mitton et al. 2012; Pan
et al. 2008; Surcsh et al. 2005; Xu et al. 2010). Some
microorganisms are known to degrade endosulfan sul-
fate. For example, Kiebsiella oxytoca KE-8 was able to
utilize endosulfan sulfate (initial concentration
173 mg 1) as a sole carbon source. This bacterial strain
could degrade endosulfan sulfate with a degradation

)] Springer

constant of 0.2465 day ™' (Kwon et al. 2003). The
white-rot fungus, Trameres hirsute, was reported to de-
grade about 70 % of endosulfan sulfate (initial concen-
traton 10 uM) in 10 days (Kamei et al. 2011). Plants
have been shown to enhance the ability of competent
microorganisms o degrade persistent organic com-
pounds in soil (Chouychai et al. 2012). Plants may
facilitate the degradaton of organic contaminants by
increasing the number and activity of competent micro-
organisms in the rhizosphere. as well as improving the
chemical and physical soil conditions (Fan et al. 2008;
Pilon-Smith 2005). Most of the phytorenediation stud-
ies have used single plants. However, in the natural
environment. the presence of mixed plants is the nom.
Combined plant cultivation was found to be effective
remediating PAH-contamimated soils. For example,
planting with maize and rvegrass significantly enhanced
the rate and extent of phenanthrene degradation.
Phenanthrene concentration was reduced from 52.53 to
about 4.50, 4.15, and 1.00 mg kg‘l in soil planted with
ryegrass alone, maize alone, and a combination of rye-
grass and maize, respectively, after 60 days of incuba-
tion (Xu et al. 2006).

Effective methods of removing endosulfan and its
metabolites from the environment have yet to be devel-
oped. The use of single plants for endosulfan bioreme-
diation was reported by Ramirez-Sandoval et al. (2011).
They observed that more endosulfan was removed from
pots planted with Ocimum basilicton than without plant
during the 30-day experiment. About 90 and
160 mg kg™ of endosulfan remained in soil planted
with O. basilicum and Ocimum minimum, respectively.
In comparison, about 140 and 250 mg kg™ of endosul-
fan remained in soil without Q. basilicum and
O. minimum, respectively (Ramirez-Sandoval et al.
2011).

The objective of this research was to compare the use
of single and mixed plant cultivation to remediate en-
dosulfan sulfate-contaminated soil. The plants chosen
for the study came from three different families: sweet
corn (Zea mays) from Poaceae, cowpea (Mgna sinensis)
from Leguminosae, and cucumber (Cucumis safivus)
from Cucurbitaceac. Members of the Poaceae and
Leguminosae famihes have been used to remediate soil
sites contaminated with hydrocarbons, PAHs, PCB, and
lindane. The main benefits of using these plants for
phytoremediation include their fibrous root system, hav-
ing large root surface area, excretion of large amount of
root exudate, and/or having the ability to fix nitrogen
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{Chouvehai et al. 2012; Jidere et al. 2012; Lee et al.
200K Lictal. 2002; Xu et al. 2010). Also. plants from
the Cucurbnaceae family have been reported 10
bioaccumulate organochlorine insecticides such as hep-
tachlor and DDT from soil (Campbell ct al. 2009,
Whitfield-Aslund et al. 2010).

2 Materials and Methods
2.1 Soil Preparation

Soil with no previous history of endosulfan sulfawe
contamination was obtained from the Kookacw
Temple arca, Kantharawichai District, Mahasarakham
Province, Thailand. The soil was air-dried at room
temperature (2921°C) for at least 72 h to constant
weight before used. A sample of this soil was sent to
the Central Laboratory (Thailand) Co. Ltd.,
Khonkaen. Thailand for physical and chemical char-
acterizations. The soil was of clay texture with a pH
of 8.1 and an electrical conductivity of 109.5 s em™
(0.11ds m™"). 1t contained 2.4 % (dry) organic matter
content, 0.29 % towl nirogen. and 3838 me kg™
available phosphorus. The soil did not contain any
endosulfan sulfate or lindane as verified by gas chro-
matography mass spectrometry (GC-MS) analysis fol-
lowing Soxhlet extraction (described below).

An aliquot of soil (equivalent to about 20 % of the
soil to be spiked) was spiked with endosulfan sulfate
(Dr. Ebrenstorfer GribH, Germany, Lot no. 81205, pu-
rity 98.5 %) dissolved in acetone. After thorough
mixing. the solvent was allowed to evaporate inside a
fume hood at room temperature (291 °C) for 48 h.
Then, the spiked soil was added with mixing to the
remaining 80 % of non-spiked soil to give a final endo-
sulfan sulfate concentration of 71.3 mg kg™ dry soil.
The homogeneity of soil was checked by taking five
random samples of endosulfan sulfate-spiked soil and
analyzing their initial endosulfan sulfate concentrations
by GC-MS.

2.2 Seedling Preparation

Seeds of sweet com (Z. mays Lvar sacharata Bailey)
(commercial seeds of Chokkasikorn Seed Ltd.,
Nonthaburi province, Thailand). cucumber (C. sarivus)
(commercial seeds of East West Seed Ltd., Nonthaburi
province, Thailand), and cowpea (¥ sinensis)

{commercial seeds of Chuavongseng Lid., Bangkok,
Thailand) were rinsed with sterile distilled water and
nunimersed in distilled water for 3 h. The seeds were then
germinated on moist endosulfan sulfate-spiked soil in
experimental pots which were kept at 2921 °C in a
nursery which received natural sunlight. After 10 days
of germination, healthy seedlings of plants with compa-
rable size were picked and transplanted into the exper-
ument pots. The seedling transplantation date was con-
sidered the starting date (day 0) of the experiment.

2.3 Expenimental Design

Pot expenments were performed 10 a nursery from
March to May 2012, In single plant cultivation, cach
cylindrical pot conwining | kg dried soil spiked with
endosulfan sulfate was planted individuaily with a ten-
day-old seedling of sweet com, cowpea, or cucumber.
Formixed plant cultivation, combinations of swect com
and cowpea. sweet com and cucumber, or cucumber and
cowpea were cultivated in one pot containing 2 kg
endosulfan sulfute-spked soil. Soil without any endo-
sulfan sulfate was set up in the same way and planted
cither individually with sweet com. cucumber, and cow-
pea or in pairs of seedlings to serve as the controls.
Another control was soil-spiked with endosulfan sulfate
but without any plants. All pots were given stenle
distilled water daily to maintain the water holding ca-
pacity of the soil at about 60 % for 60 days. The
experiment was done in three replicates. The placement
of pots in the nursery was changed randomly every
week. One gram (dry weight equivalent) each of
rhizospheric soil and bulk soil was removed on days
25,45, and 60 for analysis of residual endosulfan sulfate
concentraton by GC-MS. Soils from unplanted controt
treatment were also collected and analyzed.

2.4 Plant Growth

The plants from single and mixed cultivation pots were
sampled on days 25, 45, and 60 to determine the shoot
fength, root length. fresh weight, and dried weight of
shoot and root, as well as chlorophyll a, chiorophyll b,
and total chlorophyll content. Chlorophyll contents
were analyzed according to Huang et al. (2004).
Briefly, about 200 mg of plant leaves were cut and
incubated in 80 % acetone for 24 h at 4°C in the dark.
Absorbance of the solution was measured with a spec-
trophotometer at 645 and 663 nm. Chlorophyil
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concentrations (mg mi ') were calculated using the
following equations:

Chla) = 712.7 » A663} - 2.69 » A64S]
‘Chlb} = 22.9 x A645| - '4.68 » AG63]
Total Chi] = 'R02 » AG63] = 20.2 % A645)

2.5 Endosulfan Sulfate Exraction from Soil
and Analysis

Soil samples were subjected 1o Soxhiet extraction. One
gram dry weight of soil was mixed with anhydrous
sodium suifate 1n 1:1 ratio. Gamma-
hexachlorocyclohexane («o—HCH, Dr. Ehrenstorfer
GmbH Lot no. 71210, Germany, punty 98.6 %) (70 ul
of a 400 mg "' &-HCH stock solution prepared in
hexane) was then added as an intemal standard. The soil
sample was extracted with 180 ml of acetone and hex-
ane (1:1, v/v) for 12 h. The extraction cycle around the
thimble was approximately 3-4 cycles per hour. The
extracts were transferred to 250-ml pear-shaped flasks
and evaporated to near dryness under reduced pressure
mn a 60°C water bath using a rotary evaporator (Buchi,
Germany). An additional 10 mi n-hexane was added to
the concentrated extracts and evaporated to a small
volume (about 1.5 ml)y (Wang et al. 2007). Endosulfan
sulfate in shoot and root of cach plant was extracted
according to the method as that for soils.

Endosulfan sulfate concentrations in the hexane ex-
tracts and standards were measured using a gas chro-
matograph (Shimadzu GC AQC-5000) equipped with a
mass spectroscopic detector (Shimadzn MS-QP2010).
The standard curve was linear over the endosulfan sul-
fate concentration range of 0.2 to 100 mg I, Separation
was achieved using a Rtx®-3MS capillary column
(30 m»25 mim, 1.D.=2S pum). The helium carrier flow
rate was 0.6 mi min™" under split 30:1 ratio conditions.
The oven temperature was programmed at 180 °C for
2 min, followed by a linear increase of 20 °C min™ 1o
250 °C, and held for 2 min. The temperature was in-
creased from 250 to 280 °C at 20 °C min™" and held for
4 min. The injector and detector temperatures were
maintained at 250 °C,

2.6 Statistical Analysis

Percent of endosulfan sulfate remaining in soil was
expressed as the mean+SD. One-way ANOVA was
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used 1o test for statistical significance among experi-
mental treatments. Subsequent multiple comparisons
of means were performed using the Tukey comparison
method. Statistical significance was accepted at £2<0.08.

3 Results

3.1 General Plant Growth in Endosultan
Sulfate-Contaminated Soil

In non-spiked control soil, all the plants grew normally
either alone or in combination for 60 days. The growth
of sweet com, cucumber, and cowpea grown n endo-
sulfun sulfate-contaminated soil varied depending on
plant species and planting regime. Sweet corn or cow-
pea, when grown alone or together with another plant in
endosulfan sulfate-spiked soils, appeared healthy and
did not show any signs of stress during the 60-day
experimental period. Interestingly. the shoot of sweet
com was longer when the plant was grown together with
cucumber or cowpea especially on day 60. The shoot of
cowpea grown in non-spiked soils was not significantly
different from that grown in endosul fan sulfate-spiked
soils duning the 60-day experiment. In contrast to sweet
com or cowpea, cucumber exhibited poor growth in
endosulfan sulfate-spiked soils and the plant died be-
tween 50 and 55 days of transplantation when grown
either alone or together with another plant. The leaves of
cucumber grown in spiked soils exhibited chlorosis and
wilted. Also, the shoot of cucumber appeared short and
stunted when the plant was cultivated either alone or
together with another plant. On the basis of general plant
growth alone, sweet com and cowpea seemed to be
more suitable than cucumber for use in
phytoremediation of endosulfan sulfate-contaminated
soils.

3.2 Effect of Endosulfan Sulfate on Shoot and Root
Growth

Shoot length. shoot fresh weight. and shoot dried weight
of sweet corn grown alone in endosulfan sulfate-spiked
soil were not significantly different from those of sweet
com grown alone or together with cucumber or cowpea
in the absence of endosulfan sulfate after 60 days of
transplantation (Table 1). Sweet com also grew well
when cultivated with cucumber and cowpea in endosul-
fan sulfate-spiked soils. The best shoot growth was seen
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in sweet corn grown together with cucumber in
endosulfan-sulfate-spiked soil. The shoot fength. shoot
fresh weight, and shoot died weight of sweet com were
65.7+4.2 co. 12.0+3.5 g.and 2.580.5 g. respectively
on day 6(): the corresponding shoot values were 49.0=
1.0em, 90403 g, and [.36:00 g, respectively, when
sweet com was cultivated with cowpea in endosulfan
sulfatespiked soil on day 60 (Table 1). In contrast, the
root growth of sweet com was relatively poor and dif-
ferent from its shoot growth. On day 60 of transplanta-
tion. the presence of endosuifan-sulfate in soil signifi-
cantly decreased the root length and root fresh weight of
sweet com grown either alone or together with cucum-
ber compared to control plant in non-spiked soils
{Table 2). However, endosulfan sulfate stimulated root
growth of sweet corn when it was cultivated with cow-
pea. The highest root length (15.9 cm), root fresh weight
(0.3 g), and root dried weight (0.08 g) of sweet corn was
observed when it was grown together with cowpea on
day 60 of transplantation (Table 2).

Growth of cucumber was adversely affected by en-
dosulfan sulfate, and this was evident imespective of
whether cucumber was grown alone or together with
another plant. The most obvious effect was the shorter
shoot length when cucumber was grown in contaminat-
ed soil as compared to control plant grown in non-
spiked soil. On day 485, the shoot length of cucumber
plants ranged from 6.35 to 7.5 cm whether grown alone
or together with sweet corn and cucumber (Table 1).
Symptoms of stress, such as chlorosis, were evident on
day 45 in leaves of cucumber plant grown in endosulfan
sulfate-spiked soil. All cucumber plants grown either
alone or together with another plant in spiked soil died
around 50-55 days after transplantation. In contrast, in
control pots without endosulfan sulfate, the shoot length
of cucumbier ranged from 26 to 29.6 cm on day 43, and
the shoot lengths and shoot fresh weights of cucumber
in various treatments were not significantly different
from one another throughout the 60-day period
(Table 1). Endosulfan sulfate also adversely affected
the development of cucamber root. The root of cucum-
ber grown in endosulfan sulfate-spiked soil was long
and very thin, and we were unable (0 measure its weight
accurately in some of the reatments. In the absence of
endosulfan sulfate, the cucumber roots appeared nor-
mal. Interestingly, the cucumber roots were longer and
weighed more when grown with cowpea (Table 2). The
reason for this is not known. In contrast to sweet com
and cucumber, endosulfan sulfate did not adversely

@_ Springer

affect the shoot or rootof cowpea culuvated either alone
or in combination with other plants. There was no
statistically significant difference in any of the shoot or
root charactenstics of cowpea measuwred hetween any of
the wreatments and conirols (Tables 1 and 2).

3.3 Chlorophyll Content of Plants Grown in Endosulfan
Sulfate-Contaminated Soils

When grown in controf soils, the chlorophyll a, chloro-
phyll b. and total chlorophyll contents of sweet com
feaves were about 13.4-16.1, 14.2-15.2, and 29.4-
31.2 mg mi"', respectively, for all treatments on day
60 (Table 3). However, when grown for 60 days in
endosulfan sulfate-spiked soil, the chlorophyll a. chlo-
rophyll b. and total chlorophyll contents of sweet com
leaves decreased to about 9.1-9.2, 5.1-5.2, and
14.8 mg ml™, respectively (Table 3).

The presence of endosulfan sulfate also significantly
decreased chlorophyll content of cucumber, especially
that of chlorophyll b. The chlorophyll b contents of
cucumber leaves when grown either alone or together
with sweet com and cowpea in endosulfan sulfate-
spiked soils were only 1.6+1.2, 5.3£0.2, and 2.0&
1.9 mg ml™, respectively, on day 45. In comparison,
the corresponding values in leaves of cucumber grown
in control non-spiked soils were 19.841.4, 14.940.9,
and 17.8%1.8 mg ml™", respectively (Table 3). The
chlorophyll a and total chlorophyll contents of cucum-
ber grown alone and together with sweet corn or cowpea
in endosulfan-sulfate spiked soil wete significantly low-
er than corresponding values in control cucumber plants
grown in non-spiked soil, although the decrease was not
as drastic as that seen for chlorophyll b (Table 3).

in conmrast to sweet com and cucumber, endosulfan
sulfate appeared not to affect the chlorophyll contents of
cowpea leaves irrespective of whether the plant was
cultivated alone or together with another plants, In fact,
onday 60, the leaf chlorophyll a, chlorophyll b, and total
chlorophyll contents of cowpea grown in endosulfan
sulfate-spiked soil was generally higher than those of
controls grown in non-spiked soil (Table 3).

3.4 Removal of Endosulfan Sulfate from Soil by Single
Plant Cultivation

The percentages of endosulfan sulfate remaining in soils
cultivated with individual plants are shown in Table 4.
In general, the amount of endosulfan sulfate in the
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Table 4 Percentages of endosuifan sulfate renwining in soil grown with sweet com. cucumber. and cowpea individually or in pairs in

endosulfan sulfate-spiked soil

Plant Ya of endosulfan sulfaie remaining
Day 25 Day 45 Day 60

Sweet corn

Rhizospheric soil 751 e 113+094d*

Bulk soil 31.0%14.9d4* 27.9+6.6de* 27.2£6.6 cd*
Cucumber

Rhizospheric soil 85.6+8.7ab 30.3£8.2de* NA

Bulk soil 7R.9+8.8b* $0.0£10.3b* NA
Cowpea

Rhizospheric soil 50.6=18.1c* 38.8%17.2d* 344453

Bulk soil 72.6%£4.5b* 63.126.3¢* 46.8%7.0c*
Sweet com+cucumber

Rhizospheric soil of SC 90.1%6.2ab 70.6£0.5bc* 62.9+7.3b*

Rhizospheric soil of CU 86.6%15.0ab 54.1+4.5 cd* NA

Bulk soit 83.1x1.6ab* 69.4£13.0bc* 63.2£6.9b*
Sweet com + cowpea

Rhizospheric soit of SC 91 4+24.6ab 47.424.9 cd* 41.7+11.2¢*

Rhizospheric soil of CP 52.3£7.6 cd* 52.3£9.8bc*

Bulk soil 984+l .5a 100.6+9.6a 56.1+13.3bc*
Cucumber + cowpea

Rhizospheric sotl of CU 73.9%12.5b* 55.7+8.3¢* NA

Rhizospheric soil of CP 79.1:8.8b* 69.5+2 9bc* 49.4x7.2bc*

Bulk seil 90.7+24.7ab 90.8+16.8ab 80.0+ 1 8a*
Control {no plant) 982+5.0a 98.3+5.6a 85.449.4a

The inttial concentration of endosulfan sulfate was 71.3 mg/kg. Different lower case letters show significant difference (P<0.05) between

treatments on the same day

*Shows significant difference between the amounts of endosulfan sulfate remaining compared to the values on day 0 for each treatment

NA not available because the plant died

rhizosphenic soil was lower than that in the bulk soil for
all plants. In the rhizospheric soil, the extent of endo-
sulfan sulfate removal was the highest by sweet com
(88.7 % on day 60), followed by cowpea (68.6 % onday
60), and then cucumber (69.7 % on day 45) (Table 4). In
the bulk soil, the extent of endosulfan sulfate removal
was 27.2 (on day 60), 46.8 (on day 60), and 80.0 % (on
day 45) for sweet corn, cowpes, and cucumber, respec-
tively. Thus, sweet corn was the most efficient plant for
removing endosulfan sulfate from soil. In the unplanted
controls, endosulfan sulfate concentration remained
largely unchanged for 45 days but then decreased to
85.4 % remaining on day 60 (Table 4).

3.5 Removal of Endosulfan Suifate from Soil by Mixed
Plant Cultivation

Endosulfan sulfate was removed o a lesser extent from
sotl when two different plant species were grown to-
gether as compared to single plant cultivation (Table 4).
The reason for this is unknown. The greatest extent of
endosulfan sulfate removal was found in mixed
cropping of sweet com and cowpea. On day 60, the
percentages of endosulfan sulfate remaining in the
rhizospheric soil of sweet com, cowpea, and their bulk
soil were 41.7+11.2, 52.3+9.8, and 56.1+£13.3 %, re-
spectively (Table 4). Good endosulfan sulfate removal

@_ Springer



1886. Page 10 0f 13

Waier Air Soil Pollut (20143 2251886

(about 0.6 °4) was also scen on day 60 in the rhizo-
sphere of cowpea when diis plant was grown togcther
with cucumber. As with single plant cultivation, greater
amount of cndosulfun sulfate was removed in the
rhizospheric soil than bulk soil in mixed plant pots. On
day 60, the highest removal of endosulfan sulfate from
the bulk sot] was seen in pots containig sweet comn and
cowpea (44 % removal), followed by sweet com and
cucumber (36.8 % removal), and then cucumber and
cowpea (20 %) (Table 4).

3.6 Concentration of Endosulfan Sulfate in Plant
Tissues

Table 5 summanzes the concentrations of endosulfan
sulfate in shoots and roots of plants. The amounts secn
are very low, with the highest amount of 34.4 pg detect-
ed in the root of cucumber grown together with sweet
com. In general, higher concentrations were detected in
plant tissues at 25 days. On longer cultivation, fewer and
fewer tissucs show any presence of endosulfan sulfate
accumulation.

4 Discussion

To our knowledge. this 15 the first report which investi-
gated the effect of different planting schemes on the
removal of endosulfan sulfate from soil. Planting of
sweet com, cowpea. and cucumber either alone or in
combination was effective at removing endosulfan sul-
fate from contaminated soil to a greater extent compared
to the unplanted control. Based on the results, sweet
com is a suitable candidate for phytoremediation of soils
contaminated with endosulfan sulfate. First, endosulfan
sulfate was removed to a large extent in the rhizospheric
and bulk soil of sweet comn cultivated alone. Second,
growth of sweet com in the presence of another plant
was normal. The shoot and root of sweet com grew
relatively well when the plant was grown with cucumber
and cowpea. Cowpcea also tolerated endosulfan sulfate
well based on shoot and root characteristics, but it was
Jess efficient at removing endosulfan sulfate from soils
than sweet corn when it was cultivated either alone or
together with another plants.

The presence of plants significantly enhanced endo-
sulfan sulfate removal from soils compared to unplanted
conirol. Cultivation of sweet corn alone in spiked soil
was the most effective treatment in removing

@ Springer

lable 3 Concentrations of endosultan sulfate in shoot and root of’
sweet cor, cucumber, and cowpea grown in endosulfan sultate-
contaminated soil for 23 days

Amount accumulation
(pa/plant shoot or ngiplant root)

Plant tissues

Sweet com shoot

SC BD

SC+CU 4.4=0.0a

SC+CP BD
Cucumber shoot

Cu 14.3z8.1a

CU+SC 10.524.0a

CU+CP BD
Cowpea shoot

cr 18.1zl.la

CP +SC BD

CP+CU 20.3+2.2a
Swect com root

SC BD

SC+CU 0.20.0¢

SC +CP 16.345.5bc
Cucumber root

cu 17.045.9abe

ClU+SC 34.4%11.0a

CU+CP BD
Cowpea root

CP 22.6%3.1ab

CP +S8C 17.125.5abe

CP+CU 8.1%3.7be

Different lower case leiters denote significant difference (P<0.05)
between the same plant on the same day

SC sweet com, CU cucumber, CP cowpea, N4 not available
because the plant died, BD below detection limit at 0.2 pg/plant

endosulfan sulfate from soil. While some endosulfan
sulfate was detected in some plant tissues during this
study, the amount found was so low as to be insignifi-
cant The accumulation of organochlorine compounds
by plants in the Poaccae family has been reported. For
example, Avena sariva L. could accumulate HCH in
both root and leaf tissucs when planted at a contaminat-
ed site in Galicia (NW), Spain where the total concen-
tration of HCH in soil was about 20,000 mg kg™'. About
24 and 32 mg kg™ of HCH were detected in the plant
roots and leaves, respectively (Calvelo Pereira et al.
2006). In another study, Phragmites australis was re-
ported to accumulate 1,4-dichlorobenzene, 1,2,4-
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trichlorobenzene, and y+HCH with bioconcentration
factors of 14. 19, and 135, respectively. after 7 days of
exposure under hydroponie conditions (Migueal et al.
2013). Plants belonging to the Cucurbitaceac family
have also been reported to accumulate various organic
pollutants such as PAHs, PCBs. DDT. DDE. and hepta-
chlor epoxide (Campbell et al. 2009, Inut et al. 2008:
Kobayashi et al. 2008: Otani and Seike 2007, Parrish
et al. 2006; Whitfield-Austund et al. 2007: 2010).
However, given the small amounts reported, the signif-
icance of bioaccumulation as a mechanism of oganic
compound removal by plants is very hmited.

It is known that plant-rhizosphere interaction is im-
portant for the bioremediation of organic chemicals.
Sweet corn belongs to the grass variety and seems t0
be the most suitable plant for phytoremediation of en-
dosulfan sulfate-contaminated soil in this study. The
fibrous and highly branched root system of grasses
may host a large number of competent microorganisims
which are fed in part by the plant exudates and root
lysates. These compounds are known to stimulate the
survival and activity of microorganisms to degrade pol-
lutants (Gaskin et al. 2008; Kidd et al. 2008; Korade and
Fulekar 2009). In one study. vetiver grass (Jeriver
zizanioides) was reported to enhance the removal of
(x+f) endosulfan from soils at a cotton farm in
Burkina Faso. Three months after treatment, planted
soils contained less endosulfan residues (<0.12-
0.39 mg kg™') than unplanted soils (0.057-
1.07 mg kg™') (Abaga et al. 2014). The halflife of
endosulfan was higher in unplanied soils (42 days on
average) compared to the rhizospheric soils of vetiver
(33 days on average). The authors attributed this to the
possibly higher number of endosulfan degraders in
planted soils (Abaga et al. 2014).

Plant-assisted removal of endosulfan sulfate from
soil in this study was likely due to phytostimulation.
This mechanism has been successfully used to decon-
tanninate other persistent organic pollutants. For exam-
ple, vegetation of white clover (Trifolium repens L.) in
dibenzofuran-contaminated soil significantly increased
the removal of this contaminant from soil. Dibenzofuran
concentration decreased from an initial 1,000 to
333 mg kg™ after 60 days in soil planted with white
clover. In comparison, dibenzofuran concentration de-
creased to only 800 mg kg™ in unplanted soil. The
highest number of dibenzofuran-degrading microorgan-
isms was detected around the rhizosphere of white clo-
ver (Wang and Oyaizu 2009). The removal of PCB was

also enhanced by the presence of alfalfa. An average of
36 % decrease in PCB levels from an initial concentra-
tion of about 414-498 pg kg™ was observed in the
rhizosphere of alfalfu compared to 5.4 % decrease in
unplanted soil (Xu et al. 2010).

In this study. cocultivation of plants did not further
enhance endosulfan sulfate removal from soil as com-
pared to single plant cultivation. Combined plant culti-
vation has been reported to promote the rate and extent
of degradation of other organic pollutants. For example.
naphthalene and fluorene were degraded to a greater
extent in soil planted with Eluesine coracana and
Brachiaria serrata as compared to treatment with single
plant and unplanted control soil. Naphthalene concen-
tration was undetected in the mixed cropping pot com-
pared t0 96 % removal in single plant cultivation and
63 % in the unplanted control. Fluorene concentration
decreased by 96 % in mixed plant cropping compared to
81 % reduction in single cropping with £. coracana and
47 % reduction in control treatment (Maila et al. 2005).
In another study. mixed cropping of rape and alfalfa
significantly increased the remediation of phenanthrene
and pyrenc in soils compared to smgle plant cultivation.
About 74.9 % of phenanthrene and 62.8 % of pyrene
were removed by cocultivation of rape and alfalfa, and
about 72.0 % and 68.4 % were removed by cocultiva-
tion of rape and white clover after 70 days of cultivation.
In contrast, single plant cultivation removed about 38.8-
41.5 % and 33.7-36.3 % of phenanthrene and pyrene,
respectively (Wei and Pan 2010). In this study, mixed
plant cropping led o reduced efficiency in removing
endosulfan sulfate from soil, as compared to single plant
cropping. The reason for this is not known and remains
to be investigated.
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Effect of Alpha-Naphthalene Acetic Acid and Thidiazuren on Scedling of Economic Crops
Grown in Endosulfan Sulfate-Spiked Sand
Abstract: The effect of two plant growth regulators. alpha-naphthalene acetic acid (NAA) and
thidiazuron (TDZ) on the growth of sweet com (Zea mavs), cowpea (Figna sinensis) and cucumber
(Cucurmis sativus) seedling planted in 1-100 mg kg of endosulfan sulfate spiked sand was
nvestigated. Endosulfan sulfate had no apparent toxicity as seedlings of these crop plants grew
normally in endosulfan sulfate spiked sand. Concentration of endosulfan sulfate in sand aftected the
response of seediing to induction by NAA or TDZ. Induction of crop seeds by NAA or TDZ did not
promote growth of sweet com. cowpea and cucumber to an appreciable extent. Both plant
regulators at concentration of 10 mg I seemed to exert adverse effect on crop seedling. TDZ
decreased shoot length, root length and chlorophvil contents in leaves of sweet corn and cowpea
growing in endosulfan sulfate spiked sand. In contrast. NAA was not toxic and promoted growth of
sweet con and cowpea seedling. However, cucumber was affected by NAA and TDZ more than
other plants. TDZ significantly decreased biomass and root length of cucumber. Also, NAA
significantly decrease cucumber root length and tended to increase cucumber root dried weight
when grown in 100 mg kg™ of endosulfan sulfate spiked sand.
Keywords:Alpha-naphthalene acetic acid, Com, Cowpea. Cucumber, Endosulfan sulfate,
Phytotoxicity. Thidiazuron
Introduction

Endosulfan is included in the POP Review Committee of the Stockholm Convention as one
of the persistent organic pollutants in 2011. It is a broad spectrum organochlorine pesticide which
has been used extensively worldwide for over 30 vears to control insect in cotton, rice, sorghum,
vegetables and fruits (Becker ef al., 2011; Gangwar et al., 2011; Kataoka et al., 2011; Kumar ef al.,
2008). Endosulfan is toxic to insects, fish and aquatic invertebrates (Paul and Balasubramanian,

1997: Shanma ef al.,, 2011; Wirth et al.. 2001). It has been shown to exert gonadal toxicity.
2
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genotoxicity. and neurotoxicity and disrupt endocrine function in mammals (Coimbra ef al.. 2003:
Silva and Beauvais. 2010). The main metabolite produced by microbial transformation of
endosulfan is endosulfan sulfate which 1s as toxic as the parent compound. but less biodegradable
and hence more persistent than the parent compound (Weber er al., 2010). This metabolite has been
detected together with endosulfan adjacent to agricultural areas and remote locations from the
application source m Thailand (Poolpak er a/., 2008; Sergiev er al.. 2006;).

The presence of toxic persistent compounds in soils and sediments is of considerable
environmental concern because of increasing opportunuty for exposure to these pollutants by living
organisms (Su ef al.. 2009; Weber er al.. 2010). The toxicity of organochlorine compounds to plants
has been widely reported. For example, the rate of monocotylydon germination was retarded in the
presence of lindane. Biomass of brassicaceae plant increased when grown in lindane contaminated
soil (Calveno Pereira ef al., 2009). Vidyasager ef al. (2009) found that endosulfan significant
decreased the percent of seed germination. shoot length, root length and biomass in Sorghum
bicolor L. The combination of lindane, monochlorobenzene, !.4-dichlorobenzene and 1.2.4-
trichlorobenzene exerted a synergistic toxic effect on Phragmites australis and this led a 70%
reduction in chlorophyll concentration (Faure er a/., 2012).

Various plant growth regulators have been reported to alleviate toxicity of heavy metals,
polycyclic aromatic hydrocarbons and glyphosate to plants (Sergiev ef al.. 2006; Ahammed ef a/.
2012; Du et al.. 2011 Piotrowska-Niczyporuk er al., 2012: Vaitova et al., 2011). However,
application of plant growth regulators to alleviate toxicity of endosulfan sulfate to crop plants has
not been reported. Both a-naphthalene acetic acid (NAA) and thidiazuron (TDZ) used in this study
have been reported to aid phytoremediation of metal contaminated area by reducing metal toxicity
to the plants and enhancing the acquisition and accumulation of trace elements resulting in
increased shoot and root growth (Piotrowska-Niczyporuk ef al., 2012; Vamerali ef al., 201 . Itis

not known if these plant growth regulators can improve the growth of plants in endosulfan sulfate
3
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contaminated sites. Thus. the objective of this study was to investigate the eftect of NAA and TDZ
to alleviate toxicity and promote growth of sweet com (Zea mays var sacharata Bailey). cucumber
(Cucwrmis sativus) and cowpea (Iigna sinensis) seedlings mn endosulfan sulfate spiked sands. The
results from this study should provide valuable information on the use of plant growth regulators in
endosulfan sultate phytoremediation.

Materials & Methods

Preparation of Endosulfan Sulfate Spiked Sand: Sand with no detectable endosulfan sulfate
contamination was purchased from the construction materials shop in Mahasarakham Province,
Thailand. The sand was air-dried and passed through 2-nun sieve to remove stones, debris and plant
roots. Endosulfan sulfate (Dr. Ehrenstorfer GmbH Lot no. 81205, Germany, purity 98.5%) was
weighed and dissolved in acetone. Endosulfan sulfate solution was spiked to a final concentration of
0.1, 10 and 100 mg kg’ drv sand. Control sand samples received only acetone. After thorough
mixing. sand was dried at room temperature (28-30°C) inside a fume hood to allow acetone to
evaporate. Sand was subdivided into 50 g (dry weight) portions and each portion was placed inside
a 120-ml plastic planting container. To the sand samples was added distilled water to 60% of water
holding capacity before used.

Phytetoxicity Assay: Phytotoxicity assay was performed according to Kirk et al. (2002). Seeds of
sweet comn (commercial seeds of Chokkasikom Seed Ltd., Nonthaburi province, Thailand).
cucumber (commercial seeds of East West Seed Ltd.. Nonthaburi province, Thailand) and cowpea
(commercial seeds of Chuayongseng Ltd.. Bangkok. Thailand) were immersed for 3 h in the
solution of one of the plant growth regulators [10 mg I of NAA (Fluka. United States, purity 99%)
or TDZ (Fluka, United States, purity 99%)]. Seeds immersed in distilled water served as controls.
Ten seeds were inoculated per replicate in endosulfan sulfate spiked sand prepared above and kept
at 30°C in a room which received natural sunlight. The sand was watered twice each day to

maintain humidity. After [0 days, twenty plants were randomly removed to measure their fresh
4
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weight and dried weight of shoot and root. shoot length. root length. chlorophvll a. chlorophyll b
and tota] chlorophyll contents in leaves. Fresh shoot and root of each seedling were c10ss-sectioned.
stamned with safranin O. and then viewed under the light microscope to examine their tissues.
Chlorophyll contents 1n leaves were analysized according Huang et al. (2004). Two hundred
milligrams of plant leaves were cut and incubated in 80% acetone for 24 h at 4°C in the dark.
Absorbance of the solutions was measured with a spectrophotometer at 645 and 663 nm.
Chlorophyll concentrations (mg/ml) were calculated using the equations according to Huang ef al.
(2004).

Statistical Analysis: Two-way ANOVA was used to test for statistically significant differences
between treatnients followed by LSD’s test.

Results and Discussion

Effect of NAA and TDZ on shoot growth: Concentrations of endosulfan sulfate ranging from 1-
100 mg kg did not appear to be toxic to growth of sweet comn seedlings. Shoot length. shoot fresh
weight and shoot dried weight of sweet com growing in spiked and un-spiked sand were similar
(P>0.05). Induction of sweet comn seeds with NAA did had no effect on shoot growth as the shoot
length. shoot fresh weight and shoot dried weight were not significantly different from those that
were not induced by NAA (P>0.05). However, NAA stimulated shoot growth of sweet com grown
in sand spiked with 10 mg kg'' of endosulfan sulfate (P<0.03) (Fig. |: a, b and ¢).

NAA had no apparent effect on shoot length and fresh weight of cowpea grown in any
concentration of endosulfan sulfate. Only the shoot length of cowpea grown in 10 mg kg of
endosulfan sulfate was reduced from 9.62+4.45 (without NAA induction) to 3.33+1.81 cm (with
NAA induction). However, NAA increased shoot dried weight of cowpea to 0.038+0.006 g and
shoot dried weight of cowpea without induction with NAA was only 0.007£0.004 g in 10 mg kg™

endosulfan sulfate contaminated sand (Fig. 2: d, e and f).
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In cucumber. NAA was found to atfect the shoot length instead of shoot fresh weight. Shoot
length of cucumber induced with NAA were 7.98+1.48 and 8 35+1 86 cm in | and 10 mg kg of
endosulfan sulfate contaminated sand. respectively. These values were significantly higher than
those of seedlings without NAA induction (P<0.05). Growth of cucumber in 100 mg kg’ of
endosulfan sulfate contanunated sand increased shoot dried weight of cucumber induced with NAA
to a higher extent compared to control (P<0.05) (Fig. 1: g. h and 1).

The shoot length and shoot fresh weight of sweet corn grown in endosulfan sulfate spiked
sand were reduced when its seeds were induced with TDZ. Shoot length of sweet com with TDZ
induction was 10.30+3.51 and 12.15£3.98 cm in 1 and 100 mg ke endosulfan sulfate contaminated
sand, respectively (P<0.05). Shoot fresh weight of sweet corn seedling induced by TDZ was
0.28+0.009 and 0.32+0.10 g in 1 and 100 mg kg’ endosulfan sulfate contaminated sand.
respectively (P<0.05) On the other hand. Shoot dried weight of sweet corm induced by TDZ did not
significantly different from control without TDZ and NAA induction (P<0.03) (Fig. I: a, b and c).

Cowpea seeds subjected to TDZ induction exhibited significantly decreased shoot length
values of 5.33+0.58. 5.70+1.38. 5.90+0.87 and 5.64+2.16 cm in 0. 1. 10 and 100 mg kg™' endosulfan
sulfate contaminated sand, respectively (P<0.05). Meanwhile, shoot length values of cowpea
without induction with TDZ were 9.29+3 .22, 10.69+2.73. 9.62+4.45 and 9.71+225 em in 0. 1, 10
and 100 mg kg endosulfan sulfate contaminated sand, respectively. Shoot fresh weight of cowpea
also significantly decreased from 0.3620.17, 0.44+0.14. 0.52+0.22 and 0.56+0.18 (without TDZ
induction) to 0.20+0.06, 0.29+0.04, 0.18+0.05 and 0.31+0.09 g (with TDZ induction) in 0, 1, 10 and
100 mg kg endosulfan sulfate contaminated sand (P<0.05). In contrast. TDZ significantly
stimulated shoot dried weight of cowpea grown in 0, 1. 10 and 100 mg kg of endosulfan sulfate

from 0.004+0.002, 0.008+0.004, 0.007+0.004 and 0.009+0.005 g (withowt TDZ induction) to
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0.069+0.017. 0.06620.024. 0.077£0.07 and 0.057+0.011 ¢ (with TDZ induction). respectively
(P<0.05) (Fig. I: d. e and f).

TDZ significantly reduced shoot length of cucumber seedlings from 3.86+1.49, 6.08=1.28,
6.89=1.29 and 7.28+1.03 cm (without TDZ induction) to 3.19+0.62. 2.9620.72. 3.62+£0.52 and
3.1220.70 cm (with TDZ induction) at 0, 1. 10 and 100 mg kg'1 of endosultan sulfate contaminated
sand (P<0.03). TDZ also affected the Shoot dried weight of cucumber. Shoot dried weight of
cucumber was reduced from 0.016:0.003. 0.014£0.004, 0.015+0.004 and 0.016=0.003 g (without
TDZ induction) to only 0.014+0.003, 0.009+0.002. 0.013+0.003 and 0.013+0.004 ¢ (with TDZ
induction) when grown in 0, 1. 10 and 100 mg kg of endosulfan sulfate contaminated sand.
respectively (P<0.05) (Fig. 1: g, h and 1). At the ussue level. endosulfan sulfate decreases the
amount of vascular bundle in shoots. TDZ treatment increased the amount of vascular bundle both
in corn grown in endosulfan sulfate and non-contaminated sand (Fig 2).

Effect of NAA and TDZ on Chlorophyll Content in Leaves: Chlorophyll a contents in leaves of
sweet corn seedling without any plant growth regulator induction significantly increased in 1-100
mg kg endosulfan sulfate contaminated sand compared to sweet com grown ih non-contaminated
sand. In contrast, chlorophyll b and total chlorophyll contents in leaves of sweet com significantly
decreased at the same level of endosulfan sulfate concentrations when compared with growth of
sweet com 1n non-contaminated sand (P<0.05) (Fig. 3: a, b. and ¢). Induction of sweet com with
TDZ tended to decrease chlorophyll a, chlorophyll b and 1otal chlorophyll contents significantly in
the presence of 0, 1, 10 mg kg™ of endosulfan sulfate in sand. Nevertheless, chlorophyll b and total
chlorophyll contents in leaves of sweet comn with TDZ induction significantly higher than control at
the same level of endosulfan sulfate (P<0.05) (Fig. 3: b and c). The effect of NAA on chlorophyll
content in leaves of sweet com depended on the endosulfan sulfate concentration in the sand. Low
concentration of endosulfan sulfate (0 and 1 mg kg') significantly increased chlorophyll a.

chlorophyll b and total chlorophyll contents in leaves of sweet corn (P<0.05). The chlorophyll
7
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content i leaves of sweet com induced by NAA sigmficantly decreased in the presence of 10 and
100 mg kg of endosulfan sulfate in sand (P<0.05) (Fig. 2: a. b and ¢).

In the presence of 10 and 100 mg kg' of endosulfan sulfate in sand. chlorophyll a.
chlorophyll b and toral chlorophyll contents in leaves of cowpea mnduced by NAA were
significantly higher than those in seedlings without NAA induction (P+0.03). Induction of cowpea
with TDZ reduced chlorophyll a, chlorophyll b and total chlorophyll contents in leaves of cowpea.
Total chlorophyll content in leaves of cowpea mnduced by TDZ was significantly lower than that of
the control (P<0.03) (Fig. 3: d. ¢ and 1).

Induction of cucumber grown in 10 and 100 mg kg” of endosulfan sulfate by NAA

significantly decreased the chlorophyll a, chlorophyll b and total chlorophvll contents in leaves
compared to cucumber without induction by any plant growth regulators (P<0.03). TDZ also tended
to decrease the levels of all types of chlorophyll in leaves of cucuunber, the only exception being the
chlorophyll content in leaves of cucumber grown in 10 mg kg of endosulfan sulfate was higher
than that of the control without TDZ induction. Chlorophyll a, chlorophyll b and total chlorophyll
contents in leaves of cucumber grown in 100 mg kg of endosulfan sulfate in sand was lower
compared to control without TDZ (P<0.05) (Fig. 3: ¢, h and i).
Effect of NAA and TDZ on Root Growth: Concentration of endosulfan sulfate ranging from 1-
100 mg kg™ was not toxic to root growth of sweet corn, cowpea and cucumber. Ten muilligram per
kilogram of endosulfan sulfate stimulated growth of cowpea through increased root length
compared to that of the control plant which was grown in sand without endosulfan sulfate (P<0.05)
(Fig. 4).

When seeds of sweet com, cowpea and cucumber were induced with NAA. there was no
apparent effect on growth of seedlings of these plants. NAA tended to decrease root length of sweet

com to only 3.161.17, 3.944+2.26 and 4.42+2.38 ¢m in the presence of 4. 10 and 100 mg kg™ of

79
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endosulfan sulfate. respectively, compared to the controls (P<0.03). NAA also did not atfect root
fresh weight and root dried weight of sweet corn (Fig. 4: a, b and ¢).

NAA did not affect root length but increased root fresh weight of cowpea to 0.22+0.04 and
0.3020.01. and root dried weight of cowpea to 0.020£0.003 and 0.02720.004 g 1 the presence of 10
and 100 mg ke of endosulfan sulfate in sand. respectivﬂy (Fig. 4:d. e and f).

The largest effect of NAA induction on seedling growth was seen with cucumber as
compared to other plants. Induction of cucumber seeds with NAA reduced root length of cucumber
seedling as compared to the non-induced cucumber controls. Root lengths of cucumber induced by
NAA were 2.90+1.71. 4.12+1.32. 6.00+2.11 and 5.4141.70 cm when grown in 1. 10 and 100 mg kg
! of endosulfan sulfate. respectively. Cucumber root fresh weight was atfected by NAA to a lesser
extent than root dried weight. Root dried weights of cucumber whose sceds receiving NAA were
significantly higher than that those of cucumber seeds without NAA nduction at all levels of
endosulfan sulfate in sand (P<0.0S) (Fig. 4: g. h and 1). At the tissue level, endosulfan sulfate
decreased the amount of xylem in roots. NAA did not increase the amount of xylem both in com
growing in endosulfan sulfate and non-contaminated sand (Fig 3).

TDZ exerted adverse ettect on root growth of all the plants tested. The root lengths of sweet
com and cucumber induced by TDZ were significantly shorter than those of plants without TDZ
induction at all endosulfan sulfate concentrations tested (P<0.05) (Fig. 4 a, b. ¢, ¢. h and i). Only
the root length of cowpea induced with TDZ was not significantly different from control (P<0.05)
(Fig. 4: g). TDZ had no apparent effect on root dried weight of cowpea (Fig. 3: 1). however. root
fresh weight of cowpea was significantly lower than that of plants without TDZ induction at each
endosulfan sulfate concentration (P<0.05) (Fig. 3: h). Root fresh weights of cowpea without TDZ
mmduction were 0.006+0.003, 0.009+0.007, 0.005+0.002 and 0.018+0.009 g when the plants were

grown in 1, 10 and 100 mg kg of endosulfan sulfate, respectively (Fig. 4: h).
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Concentrations of endosulfan sulfate ranging from 1-100 mg kg did not cause apparent
toxicity to sweet corn. cowpea and cucumber in this study. Seedlings of these plants grew well in
endosulfan sulfate spiked sand. Thus. using plant growth regulator had no effect on the alleviauon
and promotion of seedling growth. Sweet com has been reported to tolerate some organochlorine
pesticides. For example. Chouvchai and Lee (2012) showed that sweet com tolerated alpha-
endosulfan fairly well. While a mixture of alpha-endosulfan and lindane at 0.2-20 mg kg™ drv soil
decreased root length but there was no effect on shoot and root dried weight. Lindane concentration
of 100, 200 and 400 ug kg soil did not affect the germination and vigor index of corn plants
seeded in contaminated soil (Benimelt et al.. 2008). However. the phytotoxicity of endosulfan also
has been reported. For example. Vidyasager et al. (2009) reported that endosulfan at 0.2, 0.4 and
0.6% decreased seed germunation in Sorghum bicolor. Shoot length, root length. biomass and
chlorophyll content of S. bicolor decreased with increasing endosulfan concentrations. Chlorophyll
b content was only 0.97 mg kg! in the presence of 0.2 mg kg of endosulfan. Chiorophyll b content
increased to 1.11 and 1.13 mg ke when concentrations of endosulfan were 0.4 and 0.6%.
respectively. Endosulfan also led to higher activities of antioxidant enzymes including peroxidase.
polyphenol oxidase and superoxide oxidase i Sorghum bicolor (Vidyasager et al., 2009). The
phytoxicity of endosulfan and endosulfan sulfate was may depend not only on the concentration of
pollutants but also on the species of plants which differ in physiology and specific poliutant
response.

Generally, growth of plants in the presence of pollutants such as heavy metals or
organochlorine pesticides results in toxic damage to the plants. Endosulfan sulfate is a metabolite of
endosulfan biodegradation and 1t i1s as toxic as its parent compound (Weber ef al.. 2010).
Endosulfan causes oxidative stress, disruption of photosynthetic activity and respiration in plant
(Menone et al., 2008). Modification of endogenous plant hormone is one of the plant responses to

environmental stress and abnormal internal hormone levels which cause unusual growth of plant

10
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(Kummerova ef al.. 2010).  External plant growth regulator was used recently to decrease toxicity
of heavy metals and organochlorines to plants. For example. one mulligram per litre of IBA

" of lindane by 14%

mcreased shoot and root lengths of Brassica chinensis growing in 40 mg kg
and 26%. respectively (Chouychai, 2012). Treating seeds of corn with TDZ and kinetin was
effective at alleviating the toxic effect of Ni*” and Zn™" to corn seedling growth (Lukatkin er al.,
2007). Plant stress arising from polycyvcelic aromatic hydrocarbons induced the production of ABA
m plant cells. and this in tum might promote chlorophyll degradation (Ahammed ef al., 2012;
Vanova et al.. 2009). Surprisingly. brassmosteroid alleviated toxic effect of phenanthrene and
pyvrene to stressed tomato seedling grown in hvdroponics by enhancing the content of
photosynthetic pigments. Foliar and root application of 50 nM and 5 nM of brassinosteroid
alleviated all depression with a great enhancement in the activity of tomato photosynthetic
machinery. Activities of detoxification enzymes in response to anti-oxidative stress including
guaicol peroxidase, catalase. ascorbate peroxidase and glutathione reductase also increased
(Ahammed et al.. 2012). Moreover, IAA alleviated the toxic effect of Pb and Zn on sunflower
grown in hydroponics. Shoot and root growth of sunflower also increased in the presence of 107* M
of IAA (Fissler er af., 2010).

Different effect of NAA and TDZ on sweet com and cowpea was observed in this study.
NAA treatment led to decreased root length but had no effect on biomass of sweet com. TDZ
tended to decrease all root length, fresh weight and dried weight of sweet corn. NAA stimmulated
biomass of cowpea in the presence of 10 and 100 mg kg™! of endosulfan sulfate. TDZ had no effect
on root length but decreased root biomass in cowpea. Different effect of NAA and TDZ on growth
of plant seedlings varied according to plant species because this effect may depend on endogenous
level of eacli hormone in each plant species. This phenomenon has been observed in plant

micropropagation. For example, 4.5 pM TDZ induced multiple shoot formation from leaves of
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Acampe praemorsa {(Navak et al. 1997). but this concentration of TDZ induced direct
embryvogenests in leaves of Phalaenopsis *Little steve” (Kuo er al.. 2005).

This study also found that application of NAA and TDZ exerted adverse effect. likely due to
the use of inappropriate concentrations. Unsuitable concentration of external plant growth regulator
was reported in P. safivim. Application of gibberrellic acid at 100 pM increased ethyvlene and
reactive oxvgen species production in P. safivumn. The anti-antiooxidant system m plant was also
changed at this concentration of gibberrellic acid. However. toxicity of Cr to P. sativim was shown
in the presence of only 10 uM of gibberrellic acid (Gangwar er al., 2011). High concentrations of
[AA also decreased growth of chickpea (Malik and Sindhu. 2011). In contrast, the level of plant
growth regulator used in this study was reported to promote growth of seedling in contaminated
soil. IBA at 10 mg kg™ increased the fresh weight of B. chinensis grown in 40 mg kg™’ of lindane
and alpha-endosulfan contaminated sand by 80% and 90%. respectively (Chouychai, 2012). NAA at
100 uM or 18.6 mg I resulted in increased Pb accumulation in Sesbania drummondii and did not
affect plant growth (Tass1 ef al.. 2009).

In summary. the ameliorative effect of NAA and TDZ against endosulfan sulfate toxicity
was not apparent for seedling growth of sweet corn, cowpea and cucumber as these plants grew
normally in endosulfan sulfate spiked sand. However, inducing the seeds of these plants with NAA
and TDZ se¢emed to tesult in abnormal growth. It 1s possible to use these plants in the purpose of
endosulfan sulfate remediation 1n the future without using any extemal hormones.
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Figure Legends

Fig. 1 Shoot length, shoot fresh weight and shoot dried weight of sweet corn (a. b. ¢), cowpea
(d. e, f) and cucumber (g. h, 1) seedlings grown m endosulfan sulfate contaminated sand at

(O)omgke' (O )1 mgke” (B )10 mg ke and (B ) 100 mg kg'. Different letters designate

significant difterences between each level of endosulfan sulfate concentration and induction by the
same plant growth regulator. * Sigmficant ditference from control without induction by plant

growth regulator at the same concentration of endosulfan sulfate (P<0.05).

Fig. 2 Cross section of shoot tissues of sweet corn seedling grown in endosulfan sulfate-
contanunated or non-contaminated sand and receiving various plant growth regulators; Non-
contaminated sand and without any plant growth regulator (a); 100 mg kg™* endosulfan sulfate and
without any plant growth regulator (b): Non-contaminated sand and 10 mg 1" NAA (c): 100 mg kg~
! endosulfan sulfate and 10 mg I' NAA (d): Non-contaminated sand and 10 mg 1" TDZ (e); 100
mg kg endosulfan sulfate and 10 mg I’ TDZ (f). Abbreviation: vas. = vascular bundle; leaf = leaf

sheath

Fig. 3 Contents of chlorophyll a, chiorophyll b and total chlorophyll of sweet com (a, b, ¢). cowpea
(d. e. f) and cucumber (g, h, i) seedlings grown in endosulfan sulfate contaminated sand at

(O)0omgke", (J ) t mgkg”, (@) 10mg kg’ and ( E) 100 mg kg™'. Different letters designate
significant differences between each level of endosulfan sulfate concentration and induction by the
same plant growth regulator. * Significant difference from control without induction by plant

growth regulator at the same concentration of endosulfan sulfate (P<0.05).
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Fig. 4 Root length, root fresh weight and root dried weight of sweet corn (a. b. ¢). cowpea
(d. e. £) and cucumber {g. h. 1) seedlings grown m endosulfan sulfate contaminated sand at
(O)0omg ke’ . @) 1 mg kg’ (@ ) 10 mg ke and (B ) 100 mg kg™’ Difterent letters designate
significant difterences between each level of endosulfan sulfate concentration and induction by the
same plant growth regulator. * Significant difference form control without induction by plant

growth regulator at the same concentration of endosulfan sulfate (P<0.05).

Fig. 5 Cross section of root tissues of sweet com seedling grown in endosulfan sulfate-contaminated
or non-contaminated sand and receiving various plant growth regulators: Non-contaminated sand
and without any plant growth regulator (a): 100 mg kg™ endosulfan sulfate and without any plant
growth regulator (b); Non-contaminated sand and 10 mg I'' NAA (c); 100 mg ke endosulfan

sulfate and 10 mg "' NAA (d). Abbreviation: X= xvlem: epi = epidermis; endo = endodermis
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Influence of Indolebutyric Acid on Brassica chinensis Seedling Growth Growing

in Endosulfan-sulfate Contaminated Sand
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Abstract

This study was undertaken to evaluate the phytotoxicity of endosulfan-suifate and effect of a plant

growth regulator, indotebutyric acid (IBA), on seedfing growth of Brassica chinensis. Growth of 8. chinensis

was stimulated by low concentration of endosulfan-suifate. Shoot length, root fength and total chiorophyll

content of B. chinensis seedling growing in 4 mg/kg dried sand were significantly higher than that grown

in uncontaminated sand (P<0.05). The toxic effect of endosulfan-sulfate on B. chinensis was not obviously,

however, highest concentration of endosulfan-sulfate (100 rng/kg dried sand) resulting in decreasing of root

fresh weight and total chlorophyll content. Shoot length, fresh weight and dried weight of B. chinensis did

not affect by the presence of 100 mg/kg of endosulfan-suifate in sand. Immersed seed of 8. chinensis in 10

mg/l of IBA did not improve growth and tolerance of B. chinensis on endosulfan-sulfate contaminated sand.

Keywords: chinese mustard green, phytotoxicity, auxin, endosulfan-sulfate
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Figure 1 Chinese mustard green seedling growing in endosulfan-sulfate contaminated sand;
(A) shoot length, (B) shoot fresh weight and (C) shoot dried weight
Symbol: B sced not treated with 1BA and [ seed treated with 1BA
Different lower case letter showed statistical difference (P<0.05) between treat and untreated

with- IBA; *showed statistical different from the plant growing in non-contaniinated sand
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Figure 2 Chinese mustard green seedling growing in endosulfan-sulfate contaminated sand:
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Symbo!; Il seed not treated with 1BA and [J Seed treated with IBA

Different lower case letter showed statistical difference (P<0.05) between treat and untreated

with IBA; * showed statistical different from the plant growing in non-contaminated sand
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Abstract

This research investigated the effects of plant growth regulators alpha-naphthalene acetic acid (NAA)
and thidiazuron (TDZ) on Brassica chinensis seeds grown in sand contaminated with endosuffan-sulfate at
concentrations of 0, 4, 10, and 100 mgkg. The results showed that both regulators did not significantly stimulate
the growth of B. chinensis seedlings. NAA increased the shoot lengthis of the seedlings to 3.6140.73, 5.10£0.46,
5.3520.51, and 5.48:0.70 cm in the presences of 0, 4, 10, and 100 mg/kg of endosulfan-sulfate in sand
respectively (P<0.05). However, the shoot lengths of B. chinensis seedlings decreased significantly after treatnient
with TDZ. The dried weight of B. chinensis did not significantly differ when compared to the contro! that did not

receive any plant growth regulators. TDZ was strongly toxic to the root growth of B. chinensis seedlings. The total
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chiorophyll and chlorophyll « increased in B, chinensis seedlings after treatments with NAA and TDZ in the

presence of 100 mg/ky of endosulfan-sulfate in sand.

Keywords: Alpha-naplithalene acetic acid: Thidiazuron: Chinese mustard green: Plant growth regulator:

Endosuifan-sulfate
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sreauagumsituluseu 33 Weu 6 Fu Walydsurmsiui 20 fiurau 2557)

Wantilasans3degiuny : wsanvlleg dunsega

[] g‘l 1 d Qr 174 A <
snaeulugrefsud Jufl 15 suaney 2555 fie Juh 20 funeu 2557
1 d
518318 (9209 4)

390 swwdtedzan  AldTen  SIU50eY Judszunn AYNED
INTILINY Jeqiu  azawsudeian sumalasnts  (W3aiAu)
aariou Jaguu
1. Ameuuny  180,000.00 0.00 180,000.00 240,000.00 60,000.00
2. A9 0.00 0.00 0.00 0.00 0.00
3. Alddos 21,525.00 0.00 21,525.00 21,525.00 0.00
q, ﬁﬂ'ﬁlﬁq 167,803.40 49,637.30 217,440.40 218,475.00 1,034.60
5. AragHne 0.00 0.00 0.00 0.00 0.00
37 369,328.40 49,637.30 418,965.70 480,000.00 61,034.60
QU

ana. aydfaluAsuntassuyssanaamnatdassunfuninaian (Juiindoninuavil us.
6208/0081/2556) fariusulszanasiuvslasimsveneaildassiadu 43,500-21,975=21,525
warsuUssInusislassnmsvemnaandaiu 195,500+21,975=218,475

g I
uuRkunlasy
9 1 80,000.00 UM
80,000.00 W
80,000.00 UM
nfi 2 100,000.00 UW

) Y Y A
ARNLUYSUNINSUIANTATIN 1
S W , ¥ d
AANLUYSUNINSUIANTATIN 2
& ) Y d
ABNLUYSUNINSUIANTATIN 3
- Y ) ¥ A
ADNLUETUNINTUIATATIN 4
& o & A
ARNLUSUNINSUIAISASIN 5
S o & d
ADNLUYITUHINSUIATITATIN 6
54

80,000.00 um

215.03 v

64.75 UM

194.95 v

87.21 UM

5.88 UM

2.12 U
420,569.94 U (A)

Fuil 21 nsngAu 2554
Fudl 15 fugneu 2554

Fuil 6 uAnsuS 2555
Fuil 3 nsngAu 2555

Sufi 12 fugeu 2555

Sufi 31 Sunay 2554

Fuil 30 fiqu ey 2555

Fudl 31 §uanau 2555

Fuit 30 Tquieu 2556

Sufi 31 Furau 2556

Suit 20 fiunas 2557
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9 1(15/06/54 & 14/12/54)
0l 2(15/12/54 &1 14/06/55)
329 3(15/06/55 & 14/12/55)
420 4 (15/12/55 84 20/03/57)
U

Furutuaungs (A)-(B)

158,156.50 um
79,402.20 UMW
131,769.70 um
49,637.30 ym
418,965.70 Uy (B)
1,604.24 um (C)
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