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Phytoremediation of Endosulfan Sulfate Contaminated Soils by Mixed
Plant Cultivation

Khanitta Somtrakoon and Maleeya Kruatrachue

Abstract

The extent of endosulfan sulfate removal from soils by different planting pattern
with sweet corn (Zea mays), cow pea (Vigna sinensis) and cucumber (Cucumis sativus)
either cultivated alone or together was investigated in pot experiments. The experiment
was divided into 2 parts. First, the effect of alpha-naphthalene acetic acid (NAA) and
thidiazuron (TDZ) to alleviate endosulfan sulfate toxicity to growth of sweet corn,
cowpea and cucumber seedlings in endosulfan sulfate spiked sands was investigated.
The results indicated that 1-100 mg/kg of endosulfan sulfate had no apparent toxicity to
these crop plants. However, induction of crop seeds by NAA or TDZ did not promote
growth of sweet corn, cowpea and cucumber to an obvious extent. Ten mg/l of both
plant growth regulators seemed to exert adverse effect on crop seedling growth. Thus,
crop seedlings without induction by NAA and TDZ were used in endosulfan sulfate
phytoremediation in the second experiment. The results in the second experiment
revealed that the presence of plants grown either alone or together significantly
enhanced the removal of endosulfan sulfate from soil (P<0.05). Endosulfan sulfate was
removed to the greatest extent in the treatment in which sweet corn was grown alone;
only 11.3% and 27.2% of the initial endosulfan sulfate remained in rhizospheric and bulk
soil, respectively, of sweet corn 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 respective
rhizospheric soil after 45 days. However, cucumber did not tolerate the toxicity of
endosulfan sulfate well and died around 50-55 days when it was cultivated either alone
or together with another plant. Cultivation of sweet corn and cowpea together was less
effective in removing endosulfan sulfate from soil; about 41.7% and 52.3% of endosulfan
sulfate remained in their respective rhizospheric soils after 60 days. The results showed
that single cultivation of the plants was the most efficient way to remediate endosulfan
sulfate-contaminated soil in this study. Phytostimulation was more feasible mechanism

by which plants promoted the removal of endosulfan sulfate from soils in this study.

Key words: mixed plant cultivation, phytoremediation, sweet corn, cucumber, cowpea,

endosulfan sulfate
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Ugniwsrutuaessiialnefivisaudinmedugiu fod dralnasmsudmy Srlnadauty
uAIn1 wazdmuT ARl nsAnuaziAunansaasssuRaute 3.4

4. wrunsaiuanuidenasnlasinislundazyig 6 woau
4.1 unuMIAEUILINY 1 dguneu 2554 - 30 WerRneu 2554

AaNITU Ju. | nA. | @A | ne | ae | e
54 54 54 54 54 54
Sndequnsal ansiadl uazideiog - |
Anwiwveseulndaurudamnderiedofissuunnlussozdu “— |

nawestalng Sy waziaenlaemnzsunaluAun
Yuouuduiunanisiadgnguuuuluszezdund

wisdlanwazAnwinisilasunlaselelaNnseuusin —

AATRToyakarIATIIIENUANINATING >

4.2 WHUNSALELATY 1 Suaau 2554 - 31 wawn1au 2555 (Anwinsasauansuaiyly
W)

AanTIU 5.A. a.A. L. i.a. LY. | WAL
54 55 55 55 55 55

WssLAUNUUaueulagawnugaie

T

WEAUNEITILNA U LAINIT

fresundrasUgnlufunuuidounasivainwessin §19u way - | |
Tuvn 30 T Wuan 90 Tu Windesizsing

annLeUlATALNUINNAIUYBINTLALIATIENAIY GC-MS >

AATIVvaLARALINYINIIEUANATIVN —




4.3 UHUNIALTEUUATY 1 quigu 2555 - 30 WeeRAneu 2555 (@nwin1sgesaaleuiiin

IINNL)
AanTIu g8, | nA. | an | ne | aA | we.
55 55 55 55 55 55
wisnAuuoueulndaurudamnuasmydund —
tesundrasgnluiuiivuitiousanduiugn 30 fu Wuna
90 Junaglasziusunagaunid @nviivviinge)) o | | o
5’1&Jﬁuﬂé”lmﬂqﬂiuﬁuﬁﬂmﬁauuamﬁuaunﬂ 30 Su tHunan
90 JunagiAsziusunaugaunsd (Fnwiivnam) o | | e
AATIVaLAkALINYINII8UANNATIVEN —
4.4 wHUM ALY 1 SunAy 2555 - 31 waunax 2556
Aanssu 5.A. | WA | Aaw | e | e | we.
55 56 56 56 56 56
anmuladaunudamalazlns1erusuun e GC-MS —
TeswntayansadauardnyiissnunITeatuanysal >
W3NAUATUNUITE S URNL LAY AR LN — | o o
Javisenuatuanysaiuaylanu o | o

5. NAIIU/H2150971AIATI1AZANUN LUINTEITIVINTTILAUUIUIBRA

51  %150991A10919ZANUN  Phytoremediation

Contaminated Soils by Mixed Plant Cultivation

of Endosulfan

Sulfate-

%9215815MAAI1ALRNUN International Journal of Phytoremediation

(Impact Factor 1.32 U 2009)

5.2 ¥9150971AIATIAZANUN  Stress Response in Root Tissues of Crops by

Endosulfan-Sulfate Exposure

Y¥921581591A1MINZARUN Environmental Toxicology (Impact Factor 1.73 U

2010)

6. WUsznalasanig (Muszezailasnsilasunisiauaiunu suussanaliiiv 240,000

umA)
1919 I 1 i 2 sS4
1. IAAIMDULNY
- AMRULNUININENLATINTG 120,000.00 | 120,000.00 | 240,000.00
2. MINATIER
- ansouladauviudain 50,000.00 60,000.00 | 110,000.00
- asaildmudAnuviod ot 8,000.00 ] 8,000.00
- gswaldmsuanauazinsvioulagalugaea 10,000.00 20,000.00 30,000.00
- omnsiAsadeqaunie 13,500.00 | 500000 |  18,500.00




318015 i1 Ui 2 394

- mﬂﬁéﬁaus 8,000.00 9,000.00 17,000.00

- ﬂizquﬂﬁmmzmmwwLuﬁm 3,000.00 - 3,000.00

- wilariugity 1,000.00 2,000.00 3,000.00

- Anvndmsuldsesnaiinmeisieiedes GC-MS 4,000.00 - 4,000.00

- Jandinnudmiuiavhsuiauseauaduanysal 1,000.00 2,000.00 3,000.00
3. vnaAldans

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

- AUSATIATIEAFBE1IAU 5,000.00 - 5,000.00

- usmswieuine ooty 10,000.00 - 10,000.00
4. MAA19a

- AN TaRY 189U 1,500.00 2,000.00 3,500.00
F8UUsEINUlATING 240,000.00 240,000.00 480,000.00

7. 1ONE591999

fiug auned. 2554, mstuanimwedeufivudeuilnadenlalasaivousud.
MFENFIVINTHALITY UNT. WzuAT. 5(1): 125-129.

vflwgn aued. 2553, e idsatuauysal Bos msAndeniivfitimumumusioans
dndnsiivnguosunulunasiuiioviuldfunanindu. suussanausuiy
UPNINYIREUMEITAY.

Anmn asiliml. aaduuImsdngialagdinin.
http://www.doae.go.th/report/sukda/hoy_hit.ntml ﬁuﬁusﬁa;ﬂaﬁluﬁ 19 @Ay 2551.

29030 guane. 2551, mskuylanwawandeudefi. 215m539In 55T gRe Tusn. 3 (1)
134-145.
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aguil 1 wavasnsndulaatalvin (BA) demsaialussezdundrvasinnedeiiugnlunsie
Vuidauaulndaunudama
1.1 wisanseiivudouweuladaunudamn
azaeouladaunudams (USEn Dr. Ehrenstorfer GmbH Lot no. 81205 Useine
wosiu muuIqrstesar 98.5) Tues@lau (Auamdm3unsiiasigh U3En Merck Useine
wosdv) wanfvamselitlanududugavinglunsiedu 0, 4, 10 waz 100 Jadnsusioflandy
dwiinuisomne mniufmneinauudlugaiudung 48 dalus delvisvharassune
10 gevieutanse 50 nduldasluneuswanaindidanug 120 faddns uazdiuanutues
nywlidudosay 65 lemindeunisnnaes
1.2 NAFBUNAVBIEITAIUANNITIATEY IBA ABAUNAIRNNIINA
nsnagauANLduRuinuUaia1nisuas Somtrakoon and Chouychai (2013) lagua
\WAANUGNIAS (Brassica  chinensis) (UsEmiAgle nyanw) Tuansazate IBA avududu 10
fiadn3usiodns (U3 Fluka UssimAanizenidng anuuiavsdesas 99) Wuan 3 dlus wd
wnglunananafniidnsefivudeueuladaunudamaudazanududu anududuaz 10
win (nmeaesiomnaen) ssligamgdvedilésunassssud sabmniudiosne
arutulunseliasd gamvauiitwdsrfuwiududaiusninsdsludingu Weasu
muuaal 10 Ju 5®ﬂ1§Lﬂ%wmaqé’uﬂ§1ﬂawqﬁqﬁLﬁ]'%ﬁgiumwﬁﬂuL"f‘jauLauIm%’aLLWu%’aLWW
Wiguimguiusunanlugaaiun
1.3 Anwnsasyvesdunddinnnedeiiaiglunsevuideu
Anvmsissaiulavesundildsunazliilésu BA lufuiivuloweulndaurudaa
dlofundiony 10 Yu ifledenesidmidnan wesiuinufwessen 10 uarly arwensen
warAuENIN Yinuaaslsiladie aaelsiladd uasUimnaelsiladvionua Tneluanves
AUNAINNNIAIUTI 200 Hadnsu Wdalvdlvun 0.5 x 0.5 wudwng wduwdluasazany
ovdlauarududusosay 80 vulufidia gamgfi 4 esmwaidea Wunan 24 Halus aandui
asavaneuninFnganduuasheieiesadnlasinlafinesimnenindu 645 uay 663 unluns
ANIDVOY Huang wazanglul A.A. 2004 Ua39AIUIMNANIILTUYBInaalsHadumazviinlu
mheladnduseliadansneaunis
ANUNTUYRIARBLTTAR 10 = [12.7 x A663] - [2.69 x A645]
ANUNTUYRIRalIad U = [22.9 x A645] - [4.68 x A663]
arududuvesaaslsiadiionun = [8.02 x A663] + [20.2 x A645]
1.4 Anwinswisuulaseadiadefiszuumnvasiungrinnanefidsduiaeulada
unudainn
L‘V\nsmémﬂ’uﬁfmwé}:ﬂumwﬁgﬂﬁﬂﬁﬂwﬁaué’aaLauims?j’aLw\lu%’awﬂmmmvﬁwﬁu 0, 4,
10 uay 100 fadnusolansutminuiswemss e 10 Yu ndmnduiufegasnity



Faudoidormurnuaznuen Sousied safraninfast green udrAnwdnwaziodoneld
ndsganssAuuldas

1.5 Jnszvidayanieain

nMasyvesdiundiivuansineaade + Andeauuinnss Wisuisuauuaneis
FENINNINUUAMENITNAFRUNIERRME Two way ANOVA  wawlUSeuiiguainuunneng
sewinAadsde LSD's test

ARl 2 HavaINTALdaVILUNNIGUALERAN (NAA) uaglnifeysau (TDZ) densiaseyluszey
v % Y v o & @ o
dundnvasiinnedeivanlunsevuideaueuladaunudamn

MuagiunIsieaesluneuil 1 ded 1.1-1.5  wailasusiinuedarsniuauns
WwiAulnvesiigann IBA 10U NAA way TDZ anududu 10 Jadnsusedns (USEn Fluka
Uszinmanigewsni anuuignsiesar 99) uavldnsegnililuileueuladauriudaiin
AMULINTY 0, 4, 10 way 100 Tadnsumantansy

Aawil 3 wavaInIALDaNILUNNIALBERN (NAA) wazlnineysau (TDZ) denisiaseylusses
dunanvastnalnaninu 5’w§u LLaxLLmn’nﬁﬂgﬂiumﬂaﬂutﬁamauimeif’aLLWuGB'aLWm

vuRgatunmeaedlunouil 1 sdedl 1.1-1.5  wilddsuviavesanseununis
WwieAulnvesiiann BA 1Ju NAA way TDZ anududu 10 fadnSusedns (USEw Fluka
Useineanigelin anwuuiandievar 99)  uazidsuvinvesitanaasuaindnnansdady
F19lmAmu (Zea mays Lvar sacharata Bailey) @aldiudniumanisirvesudsvlanndns
wdaiug $1in Smiauunys daju (Viena sinensis) ddldudniumnanisivesuismda nav
n 1in SsmIauumyd wazunena (Cucurmis sativus) ddlddemiunmsnismussuismag g
fusits S nyunnn Yssmalne warldnsefignilivudououlndaunudamaamududy
0, 1, 10 uag 100 dadinsuseflansy

¥

Aauil 4 HavasnsUgnialnanay A2 wazuAsniBsdRaLazn1sUgn IR uLa Y
anmhuiivudioueuladaunudama

41 usaziiaszidedisfuilifivssansldnuarsidadagiveuladauny
Fann

AuduiliiiusgfRnmsldauasiindnsfinouladaunudamndoulufiuiiuiinuis
Unguia a. 91mides 0. funside 2. wmarsain Mntuiiessiunniviiuisigamgites
udrseuRususzunseifiuingngu 2 dadums erdnfiuvuialvguasiaweniiy Siasizi
Usunaneuladaunudamnfinnddlufugdie Gas Chromatography - Mass Spectroscopy 51
Shimadzu §u QP2010 Uszinadvu edudunislivuidioudeassiiadnanunneu Tinsgh
p9AUTENRUNIINIENNLAZATU0IRY o USENTiasUjURn1snats (Usemalne) 31in a7
youuAy Auiiliiiesavveseymansie 1023 Yevavuetoyniaiuiiu 15.33 fevavueionnin

Aumilen 74.44 ey 8.11 Anuthlnih 109.5 ps/cm Fevazveduvseingilu 2.40 Sevazved
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ulpsiausianuadu 029 USuumearlesaiifind lU14lé 58.38 fadnsusoflansuiniinuis
VDA

4.2 wisuAudivudeueuladaurudama

azangouladaunudaminluesdlnundniuasluiuliinnududugavinelufudu 71.3
findnsusenlansuthmiinuisesiu Rsduiinanudludaiu figaungiivies (2942°0) Wunan 48
Hlus delvidvinazassanely arvaeuanududefeatureneuladaunudaimslufulae
duifiusegneiu 5 90 Wiensnaeuuinaieuladauriu-daimnisus lnetedes GC-MS

4.3 NMIATBUAUNAN

FUNA1TIINANIU (Zea mays L.var sacharata Bailey) éJUﬂéj’lfwb’m:u (Viena sinensis)
LasUNEUAINN (Cucumis sativas) i3eslagutiudniuginilnamiu fmy wazunsnailu
ihndudunat 3 Hlus udumnglunananadinfiussepuuudeuoulndaurudamaaai
ity 71.33 fadndudedlanfinimtnuieeshu seidifigumaivedildfuassmumi
dmnudlesnmaruuluduliiag Wedundreny 10 Yu Bondundudeusslildluns
yaspsHuyanmiuiivuioueuladaunudams

a4 AnwUszavsnmeasdialnaninu damu uazumennlunisanUunaseulada
uwiudamaiivudiouludu

MNUNUNTTVAROILUY CRD  mstturanmdulasugniivaiaidearilnedefund,
dralnavany S viounanaieny 10 fu asgnlunsznisdeusspududoueulndaumiy
dowln 1 Alandulae 1 nswnnsgniidios 1 vdia nsiluganinulasnisugniaossin
safuvilaegnesundtrlneu dund iy wagdunduninieny 10 fu asUgnlunszans
feussaputudoweulndauriudamn 2 Alansu Tne 1 nsennsdgnits 2 vlinsaniu Ugniiveiin
Fewaztgniinsudulunssansiiussepuiilduunideu wariuflivgniielfifunismeaodlumge
AIUAY aaumLmuwaaﬂ'ﬁumwmﬂwmwﬁmmuL‘walaﬂmﬂ@mmmLaaﬂumﬂmmmwaa
Wy 'iﬂu'Wlﬂ'JuLWE]iﬂ‘hﬂﬂ??ﬂ%ﬂiﬂﬂu‘bﬂﬂiuMWM'i@ﬂau 60 WHunan 60 Yu nduiugogaiu
50UTINNY (Rhizospheric soil) sauuansInia (Bulk soil) Tufudi 25, 50 wa¥ 60 U1ATIEN
Vnaueuladauudaumlnfivdslufiuse GC-Ms

4.5 Fnwmsigvesivissylufuluideueuladaunudan

Anwnsiesyiivinvesiivlupuiivudeuowladaunudauia Tnaifusetefivain
nszneivgnitesiinifien uaznszansfiugnitusanduluiui 25, 50 wag 60 vesnTMaaedLile
Anmevidminan wagiivinuiieeisen 110 warly ANUBNBEA UAYANLENIIIN Ui
Aaelsfiadie Arelsfladd uasUSumnaelsfladvionun vmuieafunimeseduneud 1 wde
713

4.6 M3anakazNTATIEiUsInaeuladauudalnfig GC-MS

uladaurudamainndslufuinnatnierdoseniavlneiiegafuua 1 nfy
MliAlng uARELAU Na,SO, (anhydrous) Tudnsidiu 1:1 aganeunuan-envraaslsielaale
AL (U39 Dr. Ehrenstorfer GmbH Lot no. 81205 Ussinaeesiu anuuigvsiesas 98.6)
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a a

aududy 100 fadnsudefaddnsTusnundnivadlufuiiognauiuing 50 lulasans dield
U4 internal standard
ntuthiegspusnatngefyasarenaussninsesdlaunazionay (USm Ajax

Finechem Pty 911 Useinatiadnaus) lnaaauuaiainisuss Wang wazanglut a.a. 2007 Tu
dasrdiu 1:1 soedeswonitanifunar 12 dlus wazuSugamgiivuelidiinazais
viudguluvasnussgansieddlild 5-6 seusiodalus deunthansasaneiiadalsuseimeus
FELATBINAUANTTLNUUUMY (rotary evaporator) laUTumsiegsanaamaetsyan 1
findansTifnenoualy 10 faddnsudindusieauuiuinsiegnavioussana 1.5 Jadans
MnkAnTziUsnaeulndaunudamingieiaies GC-MS Ussavsamlunsadmeulndausi
Fandeslisniifosas 80 AwinainmslSeuiisulsunaseuladaunudamnuas internal
standard fiafineenuildifieufuUiuaasinsuenudududeuiiluads

nMATziUsnaeuladalludanuag internal standard Tuasavansieniwuly
1389 GC (US¥ Shimadzu 3U AOC-5000) AasasauiuRmAmesAe Mass Spectroscopy
(Shimadzu ~ MS-QP2010) @anmzlunisuenaisazlinzlanineduusin  Rtx®-5MS (UTEM
Restek) (30 wns x 25 fadwms, 1D. 0.25 lulaswns) anneiildlunisdaaisuuu split 14
gnsanlunis split «Ju 30:1 dnsnislnaveswiiadifen 0.6 Taddnssewdl gumalivesneduil
Budu 180 psriwadua Tnsadliigungitidune 2 wift amifuiiugangitudesng 20
osrailaround augnmgfinediniasis 250 ssmneadoa  wazadlifgumnddifung 2
it nthuiugungiivesredinituludndesnm 20 osnwaldariond augnmninodinigs
14 280 eALTAYE LLazvaﬁﬁqmwQﬁi‘iﬁunm 4 il gaunglvesdunnesidu 250 o9
wadea uazfmawesidu 250 ssrnwadea ag retention time wvaseuladaunudamnidy
10.38 W17l W@y retention time ¥84 internal standard tJu 5.58 11l

4.7 MTAIATITaYANISEDR

Yovavveaeuladaunudaniindesguanssiodiads « Andsuuunnsgu
WS UEUAULANANTE WIS UAMIENISNAZBUNINENAA8 One-way ANOVA  Lag
WSsuleunuLAnanssEIneARassY Tukey’s test
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NAN5NARABY Fa130luazagy

nsAnwilddnuUsyAnsnmvainisugniisiivgnifissdauazdgninfuassyia
sensanUiunaeuladaunudamalufuiignilvuudeulussdunszarmnaans Tnouus
nsfnweenduassiunou furounsndu Anvanuiduiiveesouladaurudasindeninaiy
Tuszerdundrvesnaneds 91lnavnu dmy wazunsni Faduitviiegluaedseiu e
Inquszasdifiodnidenvinvesfivifauumusernudufivveseuladaunusamaiiofia
turldlunmsituganinfuiivudeueulndaurudamalunismasesduiiaes nelunisdin
audufiviesneuladauriudamasosund iy §ilifnwinavasansmuauninaiyiulanes
fwsmeae Inennasdddaisauaunsiasyiulnvesitlungueendusarlelnlaiiu dunuves
a13nIuAuNTIssyiulavesialungueendu loun nInueawunduesdfn (NAA) waznsn
dulnatnln3n (BA) wagfunuvesansaivaunsiasyvesivlungulalnlaiu laud lndsgsou
(TDZ) neilauyRgiuinnisnseiuudaiugianisaisniuaunisasyiulnvesiivazdieanaiy
Juiiwveseuladaunudamnsonisiasayvesiivluszozdunails uananismaassnuiteulada
wiudamaiisziuamnududu 1-100 fednsusedlansutmiinuiwediu lldufviensadaly
svpzdundrvasiianananeds Trlwavan damiy wazunsnnededaau nsldarsaauaunis
Wigdivlavesiinlunisnssiusdaiugreui i lunnefivudeueulndaunudama ndy
daaidesanisesglussesdundvesiadndie lneany TDZ Ferzdwmadudefmmuinisves
fielaoionziannsressnaInndl NAA  uag IBA dstunisdeudssAnsninaasis 1éun
dlnavnu dma wazuasniilumsantiinaeuledaurudamafivudevlufuiadonldiude
wugfiudldsnunsnszdudeansauaunsisyivlnvesivlungulaiae Tnornanisdnuiuay
nsiasaiansinuluusazdunsuvesnisineidudsdl

aaudl 1 wavasnsndulnadaludndenisasgyluszezdundrvasinninedsiiugnlunse
Vuitlouauladaurudamn
1.1 wavasnsndulnadalvidndaninuenisen tmiinaauasiwidnuisuasaninnanede
nsaigrastundnedsunmetudeueuladaurudaumaiiszduaududu 4, 10
uag 100 ﬁmmEmaam:mﬂﬂ’hé\’uﬂéﬁﬂ'méjaﬁLﬁ]‘%zﬂumwﬂﬁhjﬂuLﬁauaéwqﬁﬁaﬁﬁﬁgmqaaa
(P<0.05) lA8AUENIEBAVRIAUNGININAILANYINAY  4.68+0.6, 5.4+0.77 uUaz 4.67+0.58
wufies auddu msldudatusilatunsadulaadilvinliualimminudeiugfuglui
ndu Tnsanueneesvesfundnadaiistuioeuladaurudamaiivudonlunseiiang
dudugatu uiilaeuladaurudaadudu 100 fadniudedlanty dwaliauenisonanas
waelfies 4.16:050  Lwufuns uidaduarfiuinninisieatauesiundininsddunsieilsl
Vudoudddudaiusilatunsndulaadnlniniduiu msliudatusnnedsiliunsndulaadn
In3nliilaueneenvesiundinnsdaiimnglundazssduamnanduduesouladauiuda
Wwiauanenaf (P<0.05) (il 1A)
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H 9 v 1% Y A a =i & o @ - @
WmtinanvesgeanunaInIgenesalunmenvuildeueuladaunudamniisyiuning
Wudu 4-100  Fadnsudedlansudimdnuiwemselduansisanuivinanvessendunan

Y o a 1 & 1 N v o W aa £ =3 v 6 Y Ay vo

naeasylunseldvuleusgelifudAynieadia (P<0.05) nslduanaiugninedeiilasu
nsndulaadnlvnlddwmaliimtdnanveseaniunaininagawanaisanudsiugnlilasunsndu
lnadalvdniinnszauanududuveseuladawrudams Turasiinsndulaatialn3nlidanaly
UIINUAIYRIEBAAUNAININAUANA19INAUNAIN I Tl LASUn B ulaadalns nuguiy
(P<0.05) usiaulpdaunudamniseiuanuduty 4 TaanuseilansunseAun1siasyvoay
ndnsslaanteslasuminuisvesgaaiiinduuinniiniegeiiiasglunseilivuleu
1 N v o @ aa [ £ < U Ay Yo a a a =] 12 A
pg i@ Ayl (P<0.05) lidasldwinniugnlasunsndulaatnlvinuselifinig (n1wd

1B way 10)
A

[

e

Shoot length (cm)
N -

10 100
Endosulfan sulfate concentration (mg/kg)

e
°
P
1]

a

e
=)
w

Shoot Fresh Weight (g)
_o o
o o
- (X

o
o
(=]

10 100
Endosulfan sulfate concentration (mg/kg)

0.00254 Cc

*
Y

0.0020+

0.00154 2

0.00104

Shoot Dried Weight (g)

0.00054

0.0000- T -
10 100
Endosulfan sulfate concentration (mg/kg)

1%
o Y 14

= S o v % Y a a

anil 1 AnueNEen (A) Uminangen (B) wazininuiseen (C) vedunainiegenaselu

dy U % o % s 2 v A & av vo a a
nevuloueuladaunudain dydnwal (M@ ) dundriwizainwaantasunindulaain
dnwar (O ) dunddmnzarnuaeililasunsndulaatalvin diusdnyiniwisinge
FuianTLanFARiusanIruLanaeeslited1Ayn1Eia (P<0.05) sEWiNeAuNaINI1ead
lasunazlilasunsndulaatnlninfoumizNnududursseuladaunudanaseauineanu

i | A v o W aa d' ™ = v v 1% Y aA a

WA * LansnuLansgegeiitedAanieani (P<0.05) WialUSeuieuiuiuNaINI198asey
Tunseilivulou
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1.2 wavasnsndulnadalvidndeninuenn dminaauastminuieuassnidnnaneds

aruEmanvesundn g aistudernuduiureseuladauriudamafistuain 4-
100 fadnsusdedlanfuthuinuisvemse Tneddunniinmsadylunseilduudeusdned
Heddgvneadn nslasunsadulaatnln3nveandaiudningenoumislidwmaliaiuenisin
yaefundInedauanasniudaiusililiunsndulaadalninedaddodrdgynieaia
(P<0.05) (A il 2A)

L
*

A
il * 5 & 1
£ a F
=
£ 31
o
5
=24 a =
°
&
1-j |l|
[\t
0 4 10 100
Endosulfan sulfate concentration (mg/kg)
0.015
4 B
20.012
‘S-, a b
K7 . a
= 0.009 a
= a
§ 0.006- .
b
g 0.003 2
m . ﬁ
0.000
(1] 4 10 100
Endosulfan sulfate concentration (ma/kg)
0.0025- a c
2 0.0020 a
=
.% a a
% 0.00154 y a a
E 0.00104
g
2 0.00051
0.0000-
4 10 100

Endosulfan sulfate concentration (mg/kg)

(%
o Y ¥

AW 2 AMHE139IN (A) Ymtnaasn (B) wazniiniiasin (C) vesiunaininaseiiaseyly

é{’ o o [ [ 6 v Y a & av vo a a
naevulououladaunudamn dydnwal ( @  dupafinzanudeiilesunsndulaain
dnuar  O)  sunanfimzanudaildlasuniadulaadalnin diufsnuiniudinge
FiuiianiunnAiuwansnuwanA e slited Ay eEda (P<0.05) 5nIN9funaINI196T
Tasuuazlilasunsndulaadalvinnoumizianududurssouladaunudaiinszauiioanu
WA * LanInuLansgegeiitedAgnieadii (P<0.05) WalUSsuieuiuiunNaININegaasey
Tunsrenlilulou

o 1%

Undnanueesindunaininegaiimizaimuanilasunsadulaadaln3niiAtesndi

'
= o w

neunzanwianlilasunsndulaatalninedslifedAgyneadia (P<0.05) Ingtntingn

]

ISP 1

YDIINFUNAININEITIzandanlasunsadulaadalniniiawiniu 0.003, 0.007 waz 0.002
nsu Wetasglunsenvuilsueuladaunudamaitutu 4, 10 wag 100 Jadnsussilaniuy
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Y a

dwitnus audiiy teuladaunudauiadudy 10 Sadnsuredlaniy nseduliidundinaned
im'léf%"uﬂiﬂSuiﬂaﬁ’ﬂw%ﬂﬁﬁmﬁﬂamaﬂiﬁﬂfqﬂm'wm':?Lﬁnﬂumwﬁlﬁﬁwﬁauasmﬁﬁsjﬁwﬁng
m3adR (P<0.05) drulumselivuidiounuilidiudannaagldsunsndulaatilvinuield
Sl mnanuansnaiuegnaditeddymeadn (P<0.05) luvasihimdnuimessndy
n&nnedaiiaiglunsevudoueulndaunudamaiiszduaududu a-100  fedniusie
Alanfudminuisremae lduandstulidiudannedsagldsunsadulaadilnindeuwns
vislaifny (P<0.05) (n il 28 uay 20)
1.3 wavasnsndulnadalvindeuiununaelsiiadiamunluluvasinnanegs
navudloureseuladauudama 4 fadnfudodlansuihninuisomaedsmals
Usinunaelsadnmunluluresiundiniadeiimzainudaiusilésunsndulaadilngn
y3eldfmuiviunuganiiraelsiladioualuluresiundinndeiiniglunseildvudoy
agnafitfudfyneada (P<0.05) Wiomududuvoneuladaunudaminfiatudu 100 fadnsu
soRlanfutminuiwemedmaliunuesslsiadimualuluresiundniedsiniives
Fundrnnsfsiiaiylunsefldvudeussaiitddgmieada nsldsunsndulaatilninl
dwalviuTinunaslsiladtmualuluuandisiniudanansdsitlildfunsndulaatiluiniinn
sriuanududuveseuladauriudaiin (P<0.05) (nwil 3)

-
e 3
o

Lw
|

2@
1

Total Chlorophyll (mg/ml)
L]

0 4 10 100
Endosulfan sulfate concentration (mg/kg)

[

amdl 3 Usnaeselsfladiousluluresiundnmsdsiiniglunmevuideuouladauny
Faulm dydnuel () Fundfiunzanudeildsunsedulaadalvdnuas (O ) dund
fungannudeildlisunsndulaadnlnin dwfdnusnudinguifiuiidniunndistuuans
AuuAnAegeiifdRameedia (P<0.05) sewindundnaseiilduuarliiliiunsndulaa
lnindeumnsfianududureaeuladaunudamaseduifionty *  wanwmuuandseeed
WedAgyn19ana (P<0.05) LﬁaL‘U%EJ‘UL‘ﬁa‘uﬁ'uéfuma”wmwéj&ﬁLﬁﬂgh%iﬁ&ﬁhjﬂmﬁau

Pnuan1snaaesinuluneuil 1 Sfnwnaveansadulaadilndnsenisadaylussezdu
n&rvasinnnedsiivgnlunmevuidioueuladauudamnasduineuladauudamaliuans
aufufivsosundinnaneds uaztouladaurudamaiszduanuitudumazdsmansziuns
\W3nuessonuarn eniuiisefuanududuiigannde 100 fadndudedlaniuTsazdenald
ihninanvessnuazUiinuaaslsiadiamueluluvesinninadsanasviity udlddsmadents



16

S3yvessantianusuazimtn maneuausweniufivteseuladauriudauaesiy
n&nsdaiafisinuinniisen esnsnifudwiiduiasuasivivudeuluiulaonse
suvsonllusudinlunstinanuuduswosiundilunsdudaiuansfiv (Chouychai et
al, 2007) Lauim%’aLLWueﬁaLWmﬁmmLﬁwﬁuqqLi‘]uﬁwiaifmﬁﬂﬁumﬁﬂLLﬁiﬂLﬁuﬁwﬁiaﬁwwﬁﬂﬁum
goawiefuanstungunedlendneslsunfnlalasaisuau lown waunsndu iuulelellnsuy
waztlgoousuiiudadufiuidetwiinanues Brassica napus L. iiisaintosud Jufiuiisuuss
Aotnvtinanuedsnannni (Ren et al,, 1996)

uenaniiimenuihamsnguessuniluraeiusiinduy dwadorselsfiadiovesamined
\We1 Scenedesmus quadricauda Berb 614 Tnefienududusediusn 0.02 vse 0.2 fadndu
sioAnTUed 2,4-D agnseRunsdunzinaslsiiadie Uiinuesolsiiadodafiutu ui 2,4-D 1
Juiiwsonaelsfladiofiseiuaududugefo 20 Tadnfudedns aenrdasiunanisinuilaei
siuardtusUiinaeaelsladiianualuluresinnnedsagiiatu lurusdaududugs
vououladaurudamindsaliinaslsiodiommualluresinnineisanas Feenafianvnuiainnig
\WasuulaaUSinanaslsiladiomuiu (Wone, 2000) aghdlsfnueuladauwnudamndninfiny
Hufiwsseinnesdadufimaaeulunsinuni Fsannuean-euladauuiivansain
Hudwseinnansdegedoiaudl 40 fadniuseAlandu (Chouychai, 2012) Lissanioulnda
wiudaumnonalugtvesasuaiivazauluiiy lnesisaudmlngnanimsanueuladauiuly
ﬁﬁtjﬂbﬂaﬂLLa8ﬁﬂazaua§jﬁu§nmm§aﬂ1ﬂ (Calvelo Pereira et al., 2006; Weber et al., 2010)

n1sldsesluufivainnisuenlunduesnduifietfinaununiuesiivluauiuy
annuandeuiisnenuesnuiegisseiiie Invarlugidunisldfvarsuafiviidulany wu
N13ANYIVEY DU wazAnENUIINITHY indole-3-acetic acid ¥l Picris divaricata avau
peildatu osmnfinfsruunnuastmaitu Taensldnsadulaaez@fnanuidutu 100
uM relifeisnsnsmetifisiudesas 20 Meuazasianunzifilufiviesas 37.3 (Du et
al, 2011) dwnsAnw983 Lopez  uazangnuinsldasauaunisadyesivinsndu
TnaezdAnuazlawAusuiu EDTA fszansnnlumsindeudronsm wusmiawazdangdain
fudgluresiidadtanuniu (Lopez et al, 2009) luvadsnsldasauaunisasgesiia
ansodmaidedonaiivuasnisavaulaventnlaeivls wu lun1sfinwives Vamerali 51897
Insldnsadulaadialninlidinesdunisdanuniunionisuaunsadulaadalvinduduamsm
Tnonsanduandinnaveansay Wiug olejformis ludruvesdduiiegimilonu uasdsdsnalsiusiv
avanlavievin 16U As, Zn, Cu, Co wag Pb fivudeusiufululnslsdanasld (Vamerali et al.,
2011)

=

nsldansmununsasyaulavasiivlunmsiluyanniinseunUuilouassunidiites

[ v

WaRilsee1uinansdunsddinanessuugedluunieluily 1wy duseuvestniduiaiu
Hexacyclochlorohexane agilsyauvainsndulnass@finanas (Sharada et al,, 1999) nsndulaa
lmneedisenuihausadiunsasyivinvedundinine s alunuivudeuaunuls
({Ununs wazauy, 2554) hmWiﬁﬂwm%ﬁ/ﬂﬁwaaﬁmumﬂmauaﬂiuﬂduaaﬂ%u oA NsAdU

Tnadnlvdnnsziunisiasyuesudniugninems nuddundininedaiinzainwanilasunsnduy
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Tnadalnsndnisasailidsiuadaiilyildsunsndulnadslnin wanvineuladawrudamaly
damasuniuszAueenduneluvesiiv Mmanseduindaniedangeendulsiauisatfiuaiiy
numulsidundininadedeanuduivvoseuladaunudamiald dsi1aainn1sinwives
Chouychai  fisneeruinsadulaadalv3ndussandnnlunisfinaueieenuassnues
finnansdsivgnludutueuduny uastefuiminanvesinnnsdsiivgnlufutudeu
woan-uladaunuls (Chouychai, 2012) mmLL@ﬂﬁﬁﬂﬂ@@ﬂﬂiaaﬂqwémaaLauim%’aLLWu%’aLWM
fuieuladauriuleloweidug Tuininudsunlanmeseulataunundsndrdidedefivie
fuudsiinsfnwdely anwanisanuilupoudl 1 azfiuinnsedulaadalydnldamsoiia
AramumuTesiundnnesenuiufivieneuladauriudamals FafunisAnuilumeud 2
Fafamafnuinavesarsmuaumsiaigivlnvesivdedundininededsldidonnaaouiuans
auaunssivlavesiglungulelalafiusiudie leedenldlnfegsowdusiunuresans
AruAunshasivinvesivlungulelalaliu wazarsaivaunisasyiAvlavesivlungy
senduidenlinsauearhuunndusrdfnununindulaadnlnin Inenanisinuluneud 2 1Ju
v &

fail

Aauil 2 navasnsaneavuunnAueasFRnuasiniiegseudanisiaialuszezdundves

fnnnsdeiivgnlunsevuitouweuladaunudamn

2.1 wavasnsauoaWuurmAuesdfnuaslnfsyseusianinuenisan twtinaauaziinuiin

WNYBEBANNNINNGY
dundninsdeiiaiylunseduilioueuladaunudaminiiseduaududu 4-100

fiadnTusieilansuiinnuenivenganitsundiniegenasylunsenlivudeuegadtded Ay
M19@8A (P<0.05) nstasunsanoaniunnIfuesdanduwilduyinliniueigenvesdunan

v o

Ny lunsenuideukarlivuleueuladaurudainnaindiniueigenveamuna

q
v A

nnegalilasunsaueanuunmaussdfnegelitedAgvneadn (P<0.05) lnaanueneanued
Fundnnedeildsunsauearuuninduesdindawinty 3.610.73, 5.10£046, 5.35+0.51
WAy 5.48+0.70  LUURLUAT LﬁaLﬁ]‘%z:u;lumwﬂmﬁamauim%'aLLWWB’@LWG} 0, 4, 10 wuag 100
faansusiedlandumudiy luvariinislasulndegseundudsmalvinnueienvesiundn
nmsaiissglunsetudeueulataurudamiamnitmiugsenvesiundnnedsiilésuna
woarwunmduesdnuarlilasuansaiununisasyviinlangegalitudAynieads (P<0.05)
Tnsanugnisenvasiundnadaildsulniegsouieniyluiuuuleuoulndaurudaums
AMUNTY 4, 10 waz 100 Taansusanlansudlawiias 2.14+0.19, 1.97+0.39 way 1.68+0.41
wURIIAT MUEIFU (MNd 4A) drun il 5 wansdnwazvesiundnnsdsilasulnifegseu
wazlilasuansmuaunsiasysinlaae
ihainanvessandundininsdsiiaiayluinuuloueulndaunudamaieilésunas
lilssunsauearuurimiaueraniiuuwliiuliunnsiisiy sndufissfuanududuvossulada
wiudamaidu 10 fadndudenlaniuazdmalinnueneenvesdiundinnsdsildsunsauean
wurimauerdngainindundnmedaililldFunsauoariuunymauesdanesidudfamada
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(P<0.05) dhulmiAsysouiiuunliidmaliminiinasvassondundinmissinidundinmagai
Lildsulnidegsounazsundnnedeildsunsauoariuunmauesdan - (1wl 48) Tuvaus
ihvinuiessandundinssiiniglunseuudeweuladaurudamaiisssuaududy 4-
100 fadndusedlansu lissnimdnukwesseadundnnedsiiasyluuiivutoussed
Hoddymaada (P<0.05) msldsunsnuearuumauesdinuasinifegsoulaivinlshmiinus
voswondundinefsiiisglunsevudeuweuladaurudauaiiynsefuaududusann
ihntinuisvessandundniedeiilildfuasmununisadyesiivdiangiiedessinogad
Todfaymeadn (P<0.05) Tnenislasunsauearuurmauesdindmwaliimtnuiwessondy
ndmsaiiosyluiuudeweuladaunudamniiseduaududu 4-100 fadnsudedlansu

o w

gandunanedenaigluaunlivuileusgdifedfyneada (P<0.05) (A 4C)

Shoot length (cm)
IS @

b

o o o o
o (=] =]
8B 8 & &

)

Shoot Fresh Weight (g)
o
o

i=d
=1
<

0.00254 C

© o ©o o
o L= o o
g8 2 2 g
(1] o [+ )] 3

Shoot Dried Weight (g)

0.00004

AWl 4 arwemeen (A) viinansen (8) wasutinuiisan (O vestundinnadaiiasey
Tunsevudeweuladaurudamaiisziuanududu 0 fadniudeilansy ( M) 4 Jadnsu
seflansy () 10 Hadnsusedlansy @ ) uaz 100 Tadnusedlansy (B ) dwusn
SNBINWSINguiMRNTaNLEnIANLANAseEsTTed Ay sad Avs e uladaunudain
finnududiusinsiu udgnnsziuanasmuaunsasyvesiivalafodty dwu * vnefeiang
uanAsandundinneeilaildgnnssduatnansauaumatiyresiviiiylunmeuuteuey
Tndauiudamlnfiarnududuiestuegaditedfymadn (P<0.05)
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AN 5 dnuyalzveItundIinnIee 81y 10 Tuilasgylunsenvuilsueuladaunudamnuas
WENIAIUANNTAT AUl sHadunaumie taun Uinau (A) wag TDZ (B)

2.2 wavasnIauaaNLUNNIAUEdRnuaIniFsgsaudanuE129In dntinaauaztmiin
WNYBITINENNINGA
dungnnmefeiildsunarlalldfunsnuearhuumiuesdindewialunmefivudouey
Tadaurudauln 4-100 Sadnfusedlanfuasiinnuensnuinnidundnnadeiiadalufuilil
Unioustheiifdfmeadn (P<0.05) (Mw 6A) uiaududy 10 fadnsusedlansuves
ladaurudauminaznssiulidundnnedsilaldfunsauearuurinduesdfnidwinanves
sIngeufnm uin1sldsunsauoaniuunimauesiinndudmalidminanessindundn
nmsaiissgluiuilivudousasiudoueuladaurudamndminanvessnanasuagsiing
dhwiinasvesndundinadsiildlisunsaneauunmiduesdiin (P<0.05) (01 68)
LidfiansanaInamiavsressInivesfundinnedsilaunaylaildunse
woavhuunnAusrdAnudaiiunnuuanisldthaiissfuanududureaeuladaunudais
Hu 100 fadnfudenlansy  Fsesfiuiininiesusiniitudfinesfavesrinuivesiund,
fnnnadailalléfunisnszdusensauearuunmauesdfnneumizazfosnindundilésu
nansEdufensaueanLuNTnAusrERndeumzasnadaay (amil 7) uenandenududy
seiu 4 fedndudedlanfuveseulataurudauanseduliihmdnuiessindundiniag
datulidagldsunsaueariuunnduesdfnuielifinu dnlnfyseundudmaidosonn
yosundnnsfslaeviilyisundnadalififaunnisuessin (nmil 8)
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51
— 44 e
£ b
8,
£ 3
=)
c
[}
2,
°
@
1
o i
No PGR
0.0151 . B

£
o
—
°

Root Fresh Weight (g)
g
o

0.00254

0.0020-

0.0010

Root Dried Weight (g)
s
4
o

0.00051

0.0000-

At 6 AnmenTn (A) tniinanasin (8) waztwiinusienn (O vesfundiinnansdaiaialu
nyetudoueuladauriudamafiseiunududu o fadnfudeilansy (M) 4 fadndude
Alansu (O ) 10 dadnsusenlansu (B ) uaz 100 fadndusedlansy (B ) dwi
SNBINHSINgEiMRNTLANLEAIANLANANETTEd Ay ad Avs e uladaunudain
finnudadiusinsiu udgnnsziuanasmuauasyvesiivelafodty dwu * mnefeianm
uandsandundinneeitlaildgnnssduatnansauaumatiyvesivfieiylunmeuudeuey
Tndauiudamlnfianududuiestuegdfitedfymadn (P<0.05)
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amit 7 Snwaesundrinnnadaiiaiylunsefivudeueuladauriudamn 100 fadnduse
Alansu (A) uazdundriignnssduiiensauoaruuninduesdfnnoumslunmefivudoueu
Tndaunudauin 100 fednsusenlaniu () nmdavnsvesmnuiinneds dedean fou
Fredelsiiu vesdundrieialunsefivudeweuladauniudamn 100 fadnsusenlansy ()
wazvasiundfignnsiudensaueanuurmauesdindeumglunseiivudouweuladauny
Fawln 100 dadnTusenlaniu (D)

M 8 dnuaizvasiunainnIsignnseiumelnideyseu 10 dadnTudednsneumizly
nyenuaslifiouladawnudamnn Fuwanensfediu Aoliisindlesiyasu 10 Ju
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2.3 wavasnsawaanuunmauezdinuazlnifegsaurausutuaaalsadluluvasdinnanegs
dundrnmadaiiasglunsetudououladaunudawa 4 Jadniudedlansy fuUTuw

naolsfladiouazaaslsiiadimunlulugsnidundiniedeiiadglufuilivudeunasAud

Uuitoueulndaunudama 10 waz 100 fadnSuseilansuethwilfudfaymann (P<0.05)

o
p

Chlorophyll a (mg/ml)
n & ;

@

iy

- L' £ Ly
@

-

Chlorophyll b (mg/ml)

- -
=2 o

Total Chlorophyll (mg/ml)

&

Al 9 Uhinueaelsiiadio (A) anolsiiads (8) wazeaslsiladiavun () vasfundinmies
Asglunsevudououladauriudamniisssiuanududu o fadnsusedlansu () 4
Taansuseilansy ( O) 10 Sadnsusienlansy (M ) way 100 Tadnusedlansy (H )
duisnusnMwsInguiiuniianiansauwanases19itud Aynsaifseninseuladauviu

FannNANUdNTUA1TY UAQNNTEAUIINAITAIUANNISIITYYRS YRR dau * vaneds
fAnuuand19a1naunaInIegeilidlagnnseduainaisalvaunIsiaTyvesi vy lunsie
Yuoueuladaunudaiananuaudufefiusg1siidodfgyneana (P<0.05)

wanantinistasunsauearuunmauesdinuazlnseysoulddmaliusununaslsiad
whiluvessundiningaisglunsevuioweuladawnudamninnududy 10 Jadnsuse
Alansu sivanndundininedaiililasuansaiununisiasyisaetegeilitdudAnyvneada (P<0.05)
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Turaidundnnssiniglunsevudeweuladaunudama 100 fadniusedlanu sty
nsnLoar U AuerBRnLayImAgseursdiuTunueaslsiladiouazaaelsfladvianualulugs
mmuﬂmﬂ’mmmLaimiumﬂsmﬂumauwuimaLLWuenaLWWimummmmummﬂuuaﬂmi@
SuaseuaumsLaSiiaesegaditudfaymeadin (P<0.05) Tuvaefimsldfunsnueariuumm
duszdinuazlnifeyseulidimadevununaslsiladtluluvessundrniedeiiaiglunsie
Vudououladauriudamniianududy 100 fedndudeflansy Viinueaelsladtluluvesiu
n&neiiaiylunssvudeu 100 fadnsudedlansulissandundinadaiiaialuiu
Vudouusilisunsnuaarhuunmaussdfnuaslniegseustiedideddymaada (P<0.05) (nw
7l 9)
TngUnfgeniinfigndnindaelnfeyseursdidnvastondu lifiaf (Malabadi et al,
2008) FslumsAnwiwuiilnfegsewilviaruemeenvasiundnnsisanasiiynssduaiu
duduroneulpdaunudamn uifouladaunudamnisweiafeagyiilfmiugnondiui
A wirlnegsoursiinsnuinieuhannsndfiudminanvesiivld Wy n1sdanulniey
50U 10 ppm Hewfiuminanvosuaislé (Famiani et al, 2007) uAFundINNsFelFsUlAe
goudothunmglunseiivulouonladaunudaun azlivinliimidnandsaindundn
nadeitlallddudatuieuladaunudaun R Iululiinsiufauiusvesnseenguisewing
uladaurludamaiulnidegseuld Ssnseengriiaduiuvesasiiluianalunisnevausse
aranaIeavasinduuingnisaifiindulavtly (Ryabushkina, 2005)
dvdunsanoavhuurimauerdanduamsauaunsisdapiulafidunuvannlunistn
nseennuesisiind? (gasfanl uazamue, 2552, Sszgvisuazany, 2550) LN IZANIATUAN
nsainlundueantuiiunumlunisnszdunaaiguesiivlasnssdunsaiyuosnn Wuiiud
AwesmnlasfiufiuiiiavesinfislnenisnssfumsulaeaduaznisBaneisvonsad (Fassler
et al, 2010) ulumsfnuinuinsnuearuunyauesdanlufunumlumnsedunisiaiey
vosmndundnmadlunseiivudounnin fsoradunszieuladaunudamialidmadonis
\3nAulvesseauarINYRIRUNAININE MsTiFundINIdegnnsEfusensaLoar LM
Auozdinudniuimglunseifieulndaunudaumalivhlrauenmauazdminuiswesn
Fundrnanagasannmslildsunsauearuuniniduezdin udasyliiminanvessnanas
nsfifieduiadiuansuafin uihedthianoiniaiuiy uasuafurdiduainsnas
ANUNARUABNISIASULAUINYRIY v lviluinAueTeala arsauaunIsiasyvasialungy
senduilunumdfylumsannnueioaudinluaninzd fredradu nswearwuniniaues
FRntheanensaieavesaniiedilen Chlorella vulgaris Mnauilufivvesuandeon azi
wazvosunild (Piotrowska-Niczyporuk et al, 2012) n5A 3-dUlAaBeTANTINAU
Benzyladenine PenszAuNsITIgUeILAadaiiduniug Garde Tuaneildsurigesusuii
Aududusudios 0.1 fadnfusiedns (Vakova et al, 2011)
FansauoarhuuAuesdRnuaglnifoysoudmaneUiinunaslsiiadliunniin enuiud
spiunuddugianveseuladaunudamadsnsauoariuunyauesanuas Inideysoudsa
TiUSnmnaslsfindiouazeaelsfladnamnvasiundinmedsgstuisonaalunalnilansaiuny
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mﬁm'%zysn"asJﬁuvjamwﬂmﬁcyﬁuaaﬁ?ﬂﬁlﬂuﬂﬂa Fafiflsneauin 4PU-30 Fadulelaleduadiad
TagSeduiieniulnifyseutioifinuunaslsiladie T uasualsiivesdlutrlnedilasuiv
nlnalianls (Sergiev et al,, 2006) Fspaelsiladiofunaslsiiadeiafifianulidoasuaivi
finaesudussdvsznevnazarsidasfivmulnalnien Ssansmarivilvnaelsfiadionnas
(Wong, 2000) mﬁﬁﬂmﬁmﬂLﬁaﬂﬁizé’ummLsﬁm%’umaﬂmimwn}mﬂma]'%zyﬁuaaﬁsuﬁlaimmzau
AON1INTEAUNTATYVOIY AITFNWITEAUANUTNTUYRIANTAIUANNITASY I gaNsonIs
atuayunsiiresiituasdnwnalndsinvesansmuauninaioivlaiidesdedundininegs
#elu nmavnaedhuneud 1 uay 2 FaldAnwmavesasarugumsaiyesiivanuyin loun
nsndulaatilvin nsnaueanuurmauesdinuazlnAysounanIas YU UNaINING AT
Mntunsinwlunsudeldlfidonarsauauninaigivlnvesiindssaessia léun n
wearhuurimAuesdinuasinifsyseudadusumwesasmusumnaiguesiiviioglunguoon
Funaglalylaiumudiu umegeuduiiv 3 wila Téud 9nlnevu dmy wagupena Ll
Wisuisuriavesiiviianidenldlunsinyinmsiuranmiuiivuleudooulndaunudamin
Tnefiauyfigiureanisideimnansnuaunsaiyiulnvesiivisaessinlidmansedunis
winfluszegdundrvestnlnavanu iy uazuasnmdueatuiliaansansgdunisiaialu
F2ELAUNA1VDININAIL N1snsrAuAaTugivmeasaIuANNIS RSy RULRUTAveiyT el
Assuduiigdesduiunstounamzdunduaglisnfudfosiunldusumsituganimaui
vudloueulndaunudamn Tnsnan1sfnulunoud 3 Budsd

aauil 3  WavesnsausavuunMEUszdAnuatinfeyseudaninasylussesdundnves
F1lwavanu favix uwazuasniivgnlunsevudeusulndaunudama
3.1 navasnsawearuumMAuezdRndennueieen tniihaauazimtinuisveseon
wuladauiudamasziuanududuiud 1-100 Jadnfusedlansu lidwaidufiuse
nmaasnlusseyiundestmnineiimzanudailllfiuasauaunisaiyinlaee Tnsnw
¥1788n umunammvmmﬂmeaqmmawanmwdaﬂiumulmﬂuLUauLLavmuwﬂuLUauLau
T,mézjaLW\IuezJaL‘W@wnmummmLsumulmmmmLmﬂmmuammusmﬂmmaam (P<0.05) (N
10A, 10B uwag 10C) maﬁmé‘mﬁ’uﬁﬁﬁﬂwm%’%’ummLLaaWWLLuV\Imﬁuaz%ﬂfﬁaul,wwlaidqma@ia
nmssalusrerdundvesdnilnamntn Weswnanueneen dminanuazdminuiwesen
Fundrdnlnasiuunlduldunndrsandunddilneildldsunsawearuunmanesdfnesed
tfudmeadin (P<0.05) uiinsaueavhuurmauesdfnanansanseduliiminanvessendy
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PJodAgyneananmiu (P<0.05) (mwm 10B)

mswdadmldsunsauearhuunmauesdinneumnzdamanenisasalussozdund
vosdanalannin Tneanuemeenuaziminanvessonsunddmuiiaiylunsevuidiouey
Tadaunudanisziuanuidududersulimsluandundrdmudladlssunsauoariuumin
negaiifedfuvneadn (P<0.05) (il 10D wag 10E) ezfiuiinsaueaniuunyg
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ANINTY 10 TadnSusieAlansuwinnu aevinlinnugigenvasiunaiiivyduasnioiiies
3.33+1.81 wufns lusnsiinnuengenvesrunaduililasuaisauaunisiesyainle
@edAe 9.62+4.45 L wURLLAT (P<0.05) usnainiinsaleaniuunniauesdfndsduuiluy
AUl ninuisvasensunainmngulu 0.038+0.006 nsudinasglufululoueu
Tndaunudamadudu 10 adnsurenlansuseilansu Inadumfuinniiminuisresdunad
amiuildlasunsaueankunvnAues BRNTadiA e 0.007+0.004 N5u (A1WW 10F)
Turuzinsauoan unyIauozdRnUL UL UNAINARDAINEIILDATDIAUNAILAINI
UNAINUINTNAATDIUA 1ABAINLENIYDATBIAUNAILAININTLASUNTALEaYILUNIAUBEERAN
waztasglunsrefvuloueuladaurudamn 1 wag 10 faansusenlansuiawdu 7.98+1.48
WAy 8.55+1.86 LWURALLAT FININATIAIILYENIEATOIAUNAILAINNTNLASUNTALBaN WY
duezdinasylunsevuilsueuladaunudamassduanuinduneiiuog1eiitsd1Ag i
adid (P<0.05) (0¥l 10G  wag 10H) usnnilnsaleanuurmauesdaniuuiliunsyauly
- @ v v v A a ] & Y o A a o 1
dminuisveeadunaiuninasylunsenvuidsueuladaunudan 100 Jaaniueds
a Y] v v Ay v Yo a aa  a & v ::4'
Alansu gandmundusnanildlasunsaweaviuunnauesdiniisudnies (nwi 101)

3.2 navaslmsgsauronnussen twiinaauaziminuieuassan

nsfidaiusininaldsulnfegsounoumedsarorisnusmsenuaztimiinanas
gondundilng Tnglnifeyseutiuunlinilinueneenvesiundrdninaiaialunse
Uuidoueuladaurudaminnrududu 1 uay 100 fadnsusedlansuanasessioddyma
adif (P<0.05) Awsenvesdunddnlnaildsulnifogseusianiios 10.30£3.51 Ly
12.15+3.98 wuiuns dewnsglunmedivudeueuladaunudaminannududu 1 way 100
findnsusioflansu suddy drniinaavessendundrininedldsulnfgsounaziaialy
nefvutoueuladaurudamaanududu 1 uaz 100 TednfusoAlanduiianfios
0.28+0.009 uay 0.32+0.10 ¥y MU (1wdl 10A uaz 108) Tuvauziidwiinuiessonsu
nétmnadlisulnfeyseunarliléfuasmuaunsiatgvialaaeliifanuunneiisiueeiad
TodFoynneada (P<0.05) (Al 100)

Infegsoudssareundrdaiuisenuemeen dmdnanuazdmdnuis lngeiue
samasiunddmufldsundeyseuduaiglunmefivudeueuladaurudamannszduaiy
dutufiauengeamnirdmuildldfuasamununsaiysialaasegsiifoddymieaia
(P<0.05) ImmmEm&Jamsuaqé’uﬂé’ﬁ’aw'mﬁlﬁ%’ulmLﬁaﬁiauﬁmﬂm 5.33+0.58,  5.70+1.38,
5.90+0.87 WAy 5.60+2.16 LURLUNT LﬁaLﬂ%@IuwswaﬂuLﬁaULauIm%’aLLWu%’aLWG}LGﬁ’uﬁu 0,1, 10
uaz 100 fadn3usedlaniu muddu druniuemeeavesiundiiudlallisulnfeysouta
f9.9.20+ 3.22, 10.69+2.73, 9.62+4.45 WAy 9.712.25 Wwufmms Wordnlunmevuteuey
Tndaunlusaumnduda 0, 1, 10 way 100 fadnduselansy AUy (A 10D) datimidn
anvesandunddmuaniuslasulnfeyseunoumneiiandios 0.20£0.06,  0.29+0.04,
0.18+0.05 wag 0.31+0.09 A5y Lﬁ"e)Lﬁigsl,umwﬂmﬁamauim%’aLLWueiTaLWmﬁmmL%’J’wﬁu 0, 1,
10 wa 100 fadnudedlansu mudu Tuvasidunddmuilildgnnsedusansaununis
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Lﬁ]’%ﬁgﬁuﬁm%Laaﬁﬁmﬁfﬂamawamﬂu 0.36+0.17, 0.44+0.14, 0.52+0.22 wa¥ 0.56+0.18 N5y
LﬁaL'«J’%@yiumwaﬁﬂmﬁaumuim%'auww’aLWmﬁlmmLsﬁuﬁu 0, 1, 10 way 100 fHaansusa
Alan¥u audidu (nmdl 108) uenanillmAeyseussdsmaliiminuiassondundrdmui
wnliuganirdundramuiildlssuasmugumsieiqeinlaaeesildoddymisada (P<0.05)
ImaﬁmﬁfﬂLLﬁwmaa@ﬁuﬂé’ﬁaWMﬁLﬁ]’%zylumwﬂu@amauim%’aLLWu%’aW\Imﬁmmﬁm%’u 0, 1,
10 way 100 Hadniuseilansy nAu 0.069+0.017, 0.066+0.024,  0.077+0.007 uaz
0.057+0.011 n¥u MU (AWdl 10F)
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Al 10 ArwEmeen tthanveseen waztmtnuuessenvasdund91ilna (A, B, O fu
ﬂé’ﬁé"m'm (D, E, F) wazAunaiwmanii (G, H, 1) ‘1'7iLaﬁaﬂumﬂaﬂuL%JauLauIm%’aLLWu%’aLWmﬁizﬁ’U
AMULTY 0 Jadnsusdenlansy (L) 1 fadndusenlansy (O) 10 fadnsusenlansy (@ )
waz 100 fladndusenlaniy (B ) duddnusnwssnguiiuianuaninaulanasegi el
tfuddgyadaseninaeuladaurudamaianududusiieiu  udldfuasauaunisiaiaves
NyyaLAeINU du MmaﬁaﬁmmLmn@mmﬂé}’uﬂé’wﬁiﬁlﬁ%’uaﬁmu@umsl,aﬁayuaqﬁ%ﬁl,ﬁauj
Tunsevudeueulndaunudamaiinududuiioatuegaditodfaymenn (P<0.05)

TuvnigAidundunsnnlddudvinaannislisulnfeyseuduiu lnofundunnag
IiulniAeyseuiamnugneeniniundunsnnilildulmfeyseuiynsefuamnuituduyes
wuladaunudainnosefitodfnn1aadn (P<0.05) (1wl 106) Insaue1Iuanveiundn
LLmmwﬁlﬁ%’ﬂmﬁaﬁsauﬁﬁ%ﬂm 3.19+0.62, 2.96+0.72, 3.62+0.52 Lag 3.12+0.70 WURLUANT
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a"aummEmaammaqﬁuﬂé’ﬁLLmﬂmﬁlﬂﬁ%’dwLﬁaﬁgiauﬁmﬁa 5.86+1.49, 6.08+1.28, 6.89+1.29
WAy 7.28+1.03 LYURALLAS LﬁaL%%@iumﬁwaﬂuLﬁauLauiﬂ%’aLLWu%’aLWmﬁmmL%’wi’iu 0, 1, 10
wa 100 Sadandusienlandy awddu dmsuiminanvessendunaiunsnandiuurldulyiuansing
fusnnseninsdundumannitlesulnidegseunarlildsulnfeyseuneunns Tuvasdilnioy
soudsnaretMTnLT e LenFUNEIuAINILINNIMTNER (nWd 10H) Taetmdnuiees
ondundumniiasylunseivuitoueuladauriudamaiisyiuanududu 0, 1, 10, 100
fadnsudeAlansudaiies 0.014+0.003, 0.009+0.002, 0.013+0.003 waz 0.013+0.004 N5
R GRIGT IummsﬁﬁmﬁﬂLLﬁwmaamé]’uﬂéﬁmemﬁlaﬂﬁ%ﬂwLﬁaﬂgsauﬁmlﬂu 0.016+0.003,
0.014+0.004, 0.015+0.004 Wag 0.016+0.003 N5u LﬁaLﬁ]‘%ﬁyiuwiwsﬁﬂmﬁamauimsﬁ'auﬂu%’aLw
AfisERuAIELTY 0, 1, 10, 100 fadnsudeflansy muardu (Al 101) dwmSunwd 11
wamsdnunzvesiundumniiaiyluneuidiouuudewsuladaunudamnuasnsedude
g13AIUANNSIS AUl iniy

AWA 11 dnuaisraItunauaInoglsEin 4-5  Tuiasylunsienvuiloweuladaunly
Famlnuazigansauaunsasydulasgiiadunewnig lowa dindu (A) TDZ (B) wag NAA
(@)

3.3 navasnsauaarLuNINIAUdRndanme19n dniindauaztmiinutuadsin
Lauim%’aLLWu%’aLWMﬁivﬁummL%M’J’u@i’jm,wi 1-100 fadnsuseflansy lidwmailuiivee
ATETSIN thvtinan dnthuiwessndundidinlne muﬂmmwuLLavmuﬂmLmemlu"Lmu
arsmuaunaiyvialawe (il 12) arwenisin dntihanuaziminuissssnuesiy
navIlng muﬂmmwmLLaumuﬂmLLmmmﬂqﬂiumuﬂmﬂauwuh%LLWu%aLWmnﬂsmumm
duduldunndsaniivgnluduiilivudeuweuladaurudamnogaiidoddgymeada (P<0.05)
s iusunddmuiiaiglunetuidioueuladauriudaun 10 Sadniudedlansu fauem
mﬂQQﬂdﬂﬁ"’wjmﬁLﬁ]’%ﬁgiuwiﬂaﬁlﬁﬂuﬁ’]auasiwﬁﬁfaﬁﬁzquaﬁa (P<0.05) IneA0E1I9INUDY
dundrdmufiaialunsevudeueuladauiudanin 10 Gednsuseflanfivinfy 3.23+1.80
wufas lurazdienusnsnvesiunddmuiinsgmaedlivuddeudanies 2.40+1.80
UALIRS (AW 12E)
n1stasunsawaanwunduesdfnlidimaativayunisiasyvessiunaitnilng dundn
Sy wazdundumsnaegnadaiau venaninsanoaruunvduesdandaiuulshlian
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m’mﬂmaqﬁuﬂé’ﬁwﬂwmﬁLﬁ]’%ﬁgiuﬁuﬂuLﬁauLauim%’aLLWu%’aLWmﬁisﬁummﬁm%’u 1, 10 way
100 fiadnsusenlansy fAufies 3.1641.17, 3.94+2.26 uay 4.42+2.38 LWUALAT FIRINI
auensnvesdunadlnefildldsunsaeariwuniniavesdnniiedalunevudeuey
Tndaurudamniseiuanududuieituegraditedfymneadn (P<0.05) ((mil 124) Tuvaed
nslagunsauearuunmdussdanlddenadonsimtnanuaziminuisuossinuesdunadn
F1lne Siftosfisziuanududiureseuladauiudamalunsiodu 10 fadnsusenlandy
whiuidsaliiminanuazsivinuieessindunddnlnailéunsauoanuunmauesdan
sndunddalnadlalldsunsaseanuunnaverifnegaltuddynieada (P<0.05) (nnd
12B wag 12C)
uananiinsauearhuuniduesainddlidmaronusnnnuesiunddanuiiaiofly
nievudewouladaurudamannszduanututuinge lnenruensinvesunddamyla
uanatsnuluwnarsauauduTurLeuladaunuganliinaglasunsaleaniwunniaues
FRnvdoldfny (P<0.05)  (nwit 12D) udnislasunsaueanuunnauesdinnaudnanass
dwiinanuasiminutmesndund iy Tnethensedulsidundrdmuiidmiinanuazimdn
whvsrngaduldidontglunmevuiioueuladaunudamndierududu 10 wag 100
findnsudedlansu dninanvessndunéddmuioiylunsefivudeueuladaurudams
10 waz 100 fadnudenlandudu 0.22+0.04 uaz 0.30+0.01 N¥U AWATU (Nl 12F) dau
dhwidnuisesndundidmadeiglunmsludoueuladaurudama 10 waz 100 1Hu
0.020+0.003 k@ 0.027£0.004 N3 AWEFU (N NF 12F)
Tuvazidundunsnnldiudninaannsauearnuunauesdinuiniign Tnodanasio
WANEN5IN Bminanuarimtinudswesdundunana nslasunsaneariuunnnauesain
fuwlduldanuenisinvesiundiuainanasiiefisuiusundiuaannilallésunsauaan
wurimauerdnivnszduaududureseuladaurudamn Tageuenisinvesdund1unena
flasunsanoanuunauesdandaniios 2.90+1.71, 4.12+1.32, 6.00+2.11 Wag 5.41+1.70
wufies Wedylueuladaunudamladudu 0, 1, 10 uaz 100 nfudedlandy auddu
(i 126) Tuwnisfmtinanvessindunaunennldsudvsnaannsaueanuunnduesdin
Yoonimimiinuieessn (Mt 12H) Fsimeinuiwessndundiunsnnilésunsaueariiuum
maverdindesylunmevudoueuladaurudamadudu 0, 1, 10 uaz 100 Jadnsuste
ﬁiaﬂ%’uﬁﬁhqujwﬁwﬁﬂLLﬁwawméfuﬂé’wLme’]ﬁiﬁiﬁ%’UﬂimLaaWWLLuv\Imﬁuaz%aﬂae}Nﬁ

o w a

Tod@aynneada (P<0.05) (nwil 121)

3.4 navaslmAsysouronnueInn dniinaauaztmiinuiuadsin
mMsfdaiuguostnlnemiu sy wazunannlesulndegseunuirdsadesdonis
Winlusverdundvasiivianuaiin Inevildanuensin twdnanvessin wazihuiessin
yosrundrinlnauazfundunsnnanasiinidundrinlnauazsundunsnnililasulndey
soudlowsglunsefivudenouladaunudaminlunsazanududuegeivod fynieads
(P<0.05) (il 12) usiinanuemsnvesdundrdmuilssulmfegseunazliilizuasmiuau
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mavasaiinlaaeduvualduliunneisiuegadifed faynieadn (P<0.05) (nwil 12D) tnglnife
gsoulsidamarotminuiwessindunddania (nmdl 126) windudwmaliiminanvessndy
nddvimanasmnifunddmuilildsulndegseuiloniylundassesuanududuvesien
Tndaunudamnogaiifuddamisedn (P<0.05) Tasthwinaavessindundrdmuildsulnios
SaUTALNEY 0.006+0.003, 0.009+0.007, 0.005+0.002 wag 0.018+0.009 nSu Lﬁ'aw%zﬂumm
Vudloueulpdaunudamadutu 0, 1, 10 uaz 100 Tadnfuseflaniu audiu (nwil 127)
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AWl 12 eI TThanvessn wavininuiwessnvesiundidnalng (A, B, O fu
néda (D, E, F) wagdundunsni (G, H, 1) fatglunmevudeueulndauniudamniszd
AMNLILTY 0 fadansusailansy (L) 1 Sadnfusedlansy @) 10 dadnsusdenlansu @)
waz 100 fadndusenlaniy (E ) duddnusnwdinguiRuianuaninauansasegiel
foddynsaifszriseuladaunudamniinnududuinety udldsumsauaunsiaigues
Nuwafendu dwu * mnedsdlnnuusndeandund ldlduasauaunsadyresiiviiaie
Tunsevuitoueulndaunudamniirnundudusiofuegraditoddymeedna (P<0.05)

3.5 navasnsakaanuunmauazdinuaslnifeyseusauTutunaalsadluly
Fundrdnlnemuildlignnszduainaisaiuaunisaigvesiiveialaaeiviuna
naelsiladielulufintuegriivoddymsadndiowsylunsedivuiousuladaurudaming
sedU 1, 10 uar 100 fadndurenlandy (P<0.05) usiUsunuraslsilastuazaaslsiladanun
Tuluvesiundriilnanduanasedsditedfymsadifissiuenudufureeuladaunudams
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Wenull (P<0.05) (N9 13A,  13B way 130C) mﬂﬁ%’ul‘mLﬁaiqﬁausuaqLuﬁmsﬂ’wﬂwmmmdau
winzdlwnlduyinlrusunuraslsiladie Aaslsiaal wazraslsWadnaualuluvesnunant1Ilne
d‘ a d’j U 7 ¥ ¥ =Y = U 1 a)f U
wunasylunsevudsweuladaunudamnnindudu 0, 1 uwaz 10 daansudenlaniuanas
pg1afiludAneans (P<0.05) wanseruaudntureseuladaunudamady 100 fadnsu
salansunauyinlrvusunaeraslsiadeluluvasaunatdnluaninuasseaunulile wagvinle
JsurumaslsiadtuasUsuiumaslsiadvanualuluresdunaitndlnaminuindus g9l

Hod1AYn19ana (P<0.05) (N 13A, 13B uag 130)
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A 13 USuaraalsilaawe raslsilasl wavmaslsiaanerunluluvesdunaitnilng (A, B,
O) sunafma (O, E, F) wagdunaumenan (G, H, ) aasglunsevudeueuladaunuda
winisgauauTNdL 0 Jadnsuseilansy (L) 1 Tadnsumeilansy O ) 10 Jadnsuse

a a

Alansy @) waz 100 Tadnsuseilansy (B ) diufdnwinwdinguiiuriianianinag
uandsegiitiddgmsadssnineuladaurudamlnfinrudutusiisty udldduasaiuay
mMsLadyuesivvdafeatu dw * mnefalanuuandaaindundilallfiuasaumuninaiey
vosiwiasglunsevudewouladaurudamaiinnududuierfusdeiived fumiead

(P<0.05)
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findnsusonlansuasyhliinaolsfiadie Aaslsfiadd wazeaslsfiadrmualulurasfundrinlun
wuinTuegeiitodfaynieadn (P<0.05) uwiflornududureneuladaunudamalunse
a9dudu 10 uar 100 Tadnusiolaniu ndudwaliinaslsiladio aaslsfladd uazanslsiiad
nonualuluvesiundrdalnamuiilesunsauearuunnavesdfnanasedeiidoddmig
&R (P<0.05) (nnil 13A, 138 uae 13C)

MsnsEumAnfuABuINEiEnsaLoaTuuIM e dRndmaliiUSunanaslsiladie
paolsfladd wozaaolsfladvanunvewiundrdamuiiaiylunsevudeueuladaunudas
Wt 10 wag 100 Tadnfusioflaniu fUSinaganindunddmiudilignnsedusnensauoayh
wuAneriRnegnadifddmnsada (P<0.05) (indl 13D,  13E wae 13F) Turasfiwdnda
wuignnazdudelnieyseuiivulidmaliuinunaslsiladvoswiunddu saeaslsiiadio
AalsTiads unznaelsfiadvianumnanas TnslaneUimnaelsiladvanuauasiunddauiign
nsgfuislmisgseusiniiinueselsiladianuavosiunddmuitlignnssdudaelniey
soupgaliuddun1ada (P<0.05) (il 13D, 13E way 13F)

n1sNTEAULaATLGLAINI e SAkaNuUnIdue BRndinaliusuiunaslsiladie
naelsiladd wavaaelsiladiounvesiundunsnaniiasalunsevudeueuladaurudaa
10 uay 100 Jadnfudenlanduganirdunduninnilignnsziuseasauaunisiaguiele
\agegaiifudAmeaia (P<0.05) dllmiAegseuiiuuilindwalinaslsiiadie naelsiiads
Lazaaslsiladianunvesdunduninnanasedreitoddymisadnuiu (P<0.05) snciuduy
nduasnfignnssduielnifegseusasailunmeiivudeu 10 fadnfudedlantu fuwald
fiusinueselsfiadanusiingeniiuiinueaslsiladveadundunsnnillildgnnazdudae
Inidegsoustslifodfynsada (P<0.05) uddearuiduduveseulndaunudamnlunsie
dududu 100 fadnsuselansu ndurtiliuiuunaelsfladisanmiinvesiundunainaiign
nszfunlmAegsoumnindunduninnilildgnnszduielnifoyseussaiidodfamnaai
(P<0.05) (MWifl 136G, 13H uag 13)

3.6 navaseuladaunudamin nsnuoawuuNnduszddnuasinifeyseusionsiuasuulas
szauiiaidavasfundrdralnananu dundrdavin wazdundiunenan
ulpdaunudamndanaliiiuiuves vascular bunble Tudiugenvasiundiinilnaan
$1uauas mInsdumdniusinlnemuselnifgseutiefindauyes vascular bunble 7
gonvasdunddinamuneiesalunsefivudouuar livuidfeweuladaurudamals (i
7l 10) vonanileuladaunudamadsdsmaanuiinaleauiinnvesiunddninemiu  dw
wiavugiliFunmInszdusensauearuuyn Aoz aRnrdmaliuTinailmaniisinvesdiund
nlwamnuieiiasalunseivudousarlduudoueuladaunudamafiatuls (nd 15)
Tuvazfioulndaurudamnlldsmatensdsuuvasssiuiedoveswundrdmuuasfundd
ussnegsdalau uenaniinanssdumidadsarsmugunisaigivlafiaessialiiasd
nsauaaruunnIAuesaRnuiolnAsysoudeflidmaliidoievesfunddaruuazdund
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d' a a -:l' .&’ U U U ¥ ¥ & d' M Yo
waan7syluAuivudaueuladaunudamnniindunaivesisnlilasuaisriuaunis
L3yvasitalaey (WA 16 way 17)

amdl 14 dedeiivendamuvinesdundrdninennudasdalunsedlivuideunas
Yudeueuladaunludan wazlasuaisaruaunIsiasyRulaveIi v laiy Fail dundn
%W’JIWQWJ’WVIILQ%Qﬂ‘LWIS’]ﬁﬁiﬂﬂuﬁjauLLaSIELiVLﬁ%’Uﬁ’ﬁﬂ’JU@Nﬂ'ﬁLfﬁQJ,LaUIG]‘U@\‘iﬁﬂj‘UﬁﬂiﬂLaEJ (A)
nlnennuiiesalunnevudeueuladaurudama 100 Jaansudenlanduuazlllisuans
muaumasydulavialaae 8) fundrininamiuiiaiglunsefldvudounas|dsunsa
woavhuuniAuedin 10 fadniuredns (© dundrdnlnamuiiasylunmeiivudeueu
Tndaunudaws 100 dadnsusednsuazlasunsaloaniuunniduss@an 10 dadnsuseans (D)
oﬁ’uﬂé"}%’qﬂwwm’mﬁLﬁ]%ﬁy’lumﬂaﬁhjﬂmﬁauuaﬂé’%’ﬂwLﬁasgsau 10 Hadniusodns (E) sunan
fnlnavuiiaiglunseiivudeweuladaurudamn 100 fadniudednsuarlisulniogsou
10 Hadniuradng Age vas. A9 vascular bundle wag leaf An n1ulu
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At 15 dedeiisndanuunaesiundinlnemiuiussalunseilivudouwazuuion
uladaunludama uagldfuasauaunmaaiydvinvesiivrsiafu fail fundrdnlng
ymuilaiglunefildvudounasllldfuasauaunisasyiulavesivialaas (A) dundd
Flnamuiasylunsevudoweuladaurudamia 100 fadnduseilanduuasldlesuans
muaunnaidvlnedalaae (8) dunddrinammuiiniglunmeilivudouwsyldfunsn
wpanuNMIAUeLEAN 10 Hadniusadns (C) é]’uﬂé”lﬁt’ffniwmmmﬁLﬁ]’%fgiuwiwaﬁﬂuLﬁauLau
Tndaunudams 100 dadnsusedansuazlasunsaleaniuunniauszdan 10 Jadnsunedns (D)
Age X fe loiau endo Ao Loulawnesla
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Al 16 é‘haa"mLﬁaLﬁaﬁmmwumaﬂqmaaLLmnw‘z’faLﬁaﬂumﬂaﬁlu’ﬂuLﬁauLLazﬂuLﬁauLau‘lwﬁ’a
uudan wagldfuansmununisisydulavesfivsseiadiu fil  seavesiundunanaii
Lﬂ%miumiwsﬁhjﬂuLﬁauuaﬂaﬂé’%’umimu@umiLﬂ%@@ﬂimaaﬂ%ﬁ@lmLa‘a (A) 80AUDIAUNAT
unsnfiaelunseduidououladauriudama 100 Tadnsusenlansuuazlilasuaismiuay
nsasaiulnvialaae (B) nvesdundunmnnitelalunseilduulousarldunsauear
wuNTNAuedn 10 fadndusiedns (O nvestunduninniasylunsefivudeweulada
wvludala 100 fadnfunednsuazlasunsateaniuunniauszdan 10 Jadnsunadns (D) Age
Vas. fig vascular bundle
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i 17 éf'gaa'mﬁaL?J'aé'fmmfum'nwaﬁ'svﬁu%aLf\]‘%zﬂumwEJﬁlajﬂuLﬁauLLazUuLﬁauLau‘Imsﬁ’a
urudan wagldsuasauaunisaiadulnvesiivieiafu fail sonvesfunddmudiaiey
Tunsrefilsvuidiounaslfsulnifgsou 10 Gednduredng (A) seavesiunduninniiaialu
nyevuidoueuladaunudama 100 fiadnsusenlanuuazlaulnifeysou 10 TadnTudedng
(B) nvesdundunsnifiesalunsedldvudounarlgunsawearuurmavesdan 10
Hadnfuseans (O 5'm6uaa¢’1’uﬂé"1LmeTﬁ'La'%fg'lum']aﬁﬂmﬁaumuim%’mmu%’aW\Im 100
fadnsusednsuazlasunsaeanlunmiauesdan 10 Hadnsudedns (D) Ao Vas. Ao

vascular bundle

Tumsfnmiinuissdvenududurenouladaunudaumaildfud 1-100 adnsuse
Alan3u lidusunmesedundrdnlnem dund iy wagdunduasnunnin fundues
Feveanuanunsaadeyldog1aund ﬁaﬁuﬂﬁsiﬁﬁaWSﬂaU@uﬂW5L’«J%aﬂaqﬁﬂjﬁy’mimLLaaWWLLuW‘m
Auordfnuasnifegsouliidmanaaruduivideaiuayunsaiyvesiundfisneaeuvisan
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sinusogsla Tuvaiifisenuindlnadanununudowsanieuladaunuguiy Sawian
ansnauszuean-euladaunuasdunufissiunututy 0.2-20 fadnsusedlansy av
dwmalvauennvesiinnanadly windulddwaserminuiwessanuazsin (Chouychai
and Lee, 2012) viionsthudadnlnafisenudmmgluduiivudeuauauaylaivilinig
WigAvlauesdlnnanas (Benimeli et al, 2008) wanusIsuIneuladaunufisesua
WutuSesay 0.2, 0.4 kay 0.6 ¥l938arnN1599NUBIUIN1ENAY INYTEAUAIIUTLTUYBILDY
Todaunudamaiiiuiuardmalinueneen ANLE150 T8 wavUSununaslsiladioves
fianas Weaududuveseuladaurudamandu 02 fadnsusedlansy dwaliusuia
aaolsilasTananvdeifiv 0.97 fadndusensy luvasieuladaunudamnnnudududovas
0.4 uay 0.6 ndvdsalTUsINuAaelsTagtiut Wy 1.11 way 1.13 Hadn3usieny auddy
uananileulpdaunudanseduliuiinaeuleiildananuiufiveseendiauiiiedlatenisii
UFATenRuTY Wy wWeseandina nedflusasending wazgileseanledoandina 1y
(Vidyasager et al, 2009) Fsarulufivvonouladauriu viseuladaurudamnsefivens
Juagivszduaududuilinaaey suuiswiavesiivdeiiadsrinewaznismevauosionany
Hufiwvosasuafivfiuansieiy
audninisiasyvesiivaeldaniziiinsvuienvesasuaivindemaldiizia
AMULASEA (Menone et al., 2008 way Lukatkin et al, 2007) uladaunudamndaduans
Fanansiildannnisdesaaneeuladauny (Weber et al, 2010) flanudufivlndissiuansis
fu lneanuduiivvessuladawruanunsadninldfiaiinnnzasonaneendiau wavdedana
SUNIUASEUIUMTALATIZNALLET harnszulIunsmelavesiivnie (Menone et al, 2008)
AREUALDIUBITRENIZIATUAMISRWInABY TwsniinsasunUasserugesluumeludia
(Kumervora et al, 2010) iy n1silvgeauwsuiiuluemsaznszduliuTinuvensaneuledn
melumaduasidumiasyluanmuasnideiugy LLazLﬁaﬂ%mmwQaaLLiuﬁuLﬁms‘ﬁuﬁ%@'q
vlsisyauresnsaueulsBnneluadivgedunlude Sansawouledniibusosluuiiddnyly
MsmeuauBIonLIATEnveiiY Jsaglifivdndaneinduazannisiatquivln sefuves
mmaul%%ﬂﬁLﬁwﬁudamaﬁiami@m%m M5TUES LasMNUBATIYeIBB0Y UonaNTinsALeUl
Fndeiniliiianisaanemivesnaslsilaqsne (Vaiova et al., 2009) WuiRgdtulgesusuniy
fiszsumnududy 0.1, 1 uaz 5 fadnSudednssinmiliusunaefidunluwadueaddum
ity defidldsungesusuiuluanimasnide Inslefidudumsmuauninanyiiaisduie
AOUANBIRNDAINULASEAVBINTUAY (Vatova et al, 2011) mﬂﬁﬁ%ﬁmﬁiﬂuamwﬁﬁﬂﬁ
Um"ﬁausuaamﬁmaﬁwiéﬁ’umsm‘uammaﬁ@,mﬂmauaﬂfmawLﬁumuﬁaﬂﬁﬁma%ﬂwwauaamaa
sEAUaNIAUANMIsSNelugadity wavyihlinvdraasylamuung
fissuAnfunsldasmuaunineiydvlnvesiiuietisananudufiveesans
vafiwseiald vaitoanmnuduivvedavs wazossnilurasIusofia 1wy nslinsndulnatn
vdn 1 fednfusiodng treifiuanuengenuazAu1ITINYBIRNNIAG fatnlufuiudeu
dueu 40 Tadnsusenlansulasesas 14 wag 26 muadu (Chouychai, 2012) ¥38N13NTEAY
wiiaiugininesglnfegseularlaufutisanauduiivesinga (N©) wazdsnzd (zn*)
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sansiasgluszevaunatvestnalnala (Lukatkin et al., 2007) uonaniiu nsldusaaluain
oseuAtevanidssenufivvesiiuuuviulayiniusiodunduzidemanugnluszuul3auls
anuaseanniivdilasuanslunguwedlenanerlsininlelnsmsveuaznsedulissdunsauouls
Snmelueadiivgituisaginlvifnnsaaesuosnaelsilad msldfuunadluamososinily
50 wiluluand uagnesin 5 wiluluanfaztenfinfanssunmsduangimnelasmeidoma
wagagifivAnssuvesouleiivisanauiuivarneondioui dufivluus domald i
guaicol peroxidase, catalase, ascorbate peroxidase Wag glutathione reductase Dudu
(Ahammed et al, 2012) uenanildaiinslénsndulnaesdnnlunisanfivresmyiuasdanyise
sz Tuiiugnluszuulfauuiu Tnensndulnaerdinanandudu 107 Tuans aenszduns
WigreswanuazsnmunsTuls Tnsannadeveddansaotmnuiweseen 10 ANENITIN
US1NA59999 waritufinaveasnld (Fassler et al,, 2010)

wilunisdnunieuladaunudamalidwadusunmedeninasylussezfundvosiiy
sgdaau nsliasmugumnasganasueniininluiieasuniunmsaiyauunivesiiy
1% winmsldansmununaiaiguesiitlunsdnunilidisatvayumaaiyvesdninamiu &
WLLALEAINIIBENTRAY Ineunannlnsudnsnannnsateaniwunnauesdinuaslniugsou
wniign Insdsuasofiaininuazauenisn nfeyseuiliimdnanasiminuis wae
AUYIITINVBIAININAAR AIUNTAUDANMUNNIAUBETRNAIHALTAIINE1ITINLAININAAAS
uiy widwualureldimdnuisndety  nsfwesnanduuliuhnifivedaduens
iesanunsninfnazavansuaivle Tnedssanuifislulsdunsaunsoazanansuafiviidl
aannsalunisazateiiilivatsviin wu F57 785 leapaes nsléuasaiuaunis
Winnmeveniaziouladaunudamandeutueatniniidnnnasugrsviliarudufivee
ussnoLty uenatntu mansefudeansmuaunnaigivlnanmeueniindueanfuuay
lalalafuannsaiunrmaninsolunisaranasuaivyosiivld 1wy nsldanslalnAugaduans
mugumnasyRulangulalalafiunansilaensdariutosmasiutiefinnsagaudnialy
Alyssum murale Tnglgsnafiutulasifiusnsinisaeti (Cassina et al,, 2011) n15lY IAA
PreifiumsazaunyMuardanedlumungiu (Fassler et al, 2010) damdlwauazdmpilasy
dvEnaannIaLeatuunnAuedRnuaznfeyTousnaiu Tnansakeanuunmauesdsn i
Taruensnan wilifinasotmiin daulmfegseusiilfaruenisn dmdnan uazdain
wisilunlianasie luvagiinsauoaruunnauerdanlifinasenuensnvesiina us
nszulviiminvesdandvtuldluneiivudeueuladaurudama 10 uaz 100 Sadnsuse
Alansu dndlmAsgsoulsifinatonruemvessndamy wivhlsiiwingnanas

uananii lunsAnuindunuiansruaunisaiyvesiivinsnuoaruunmauey
FAnuarlnfsysoundudsmaidoraninadgvesiivld filenaidesnainarududuililsl
wangan seduanuduiuilimnganvesasmuaunaaiyidwaidufiviofivdseemilui
dumlasnslaunsaduaisadnainmeusninifuludedissduanudadu 100 lalasluansd
seewinilifsdaefidusaroondiauidedldenmaiftengdu suviininudeundas
szuuiimthiidesusendauiiiuivig wivinldfeandududies 10 lilesluaifaztagan
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anuduiivainlasdeudedidunils (Ganewar et al, 2011) wion 514 1AA ﬂﬁzﬁuﬁa%ﬂﬂﬁw
mmlfﬁ’uﬁuﬁquﬁumﬁv‘fﬂﬁmil,ﬁayuaaﬁ"aaﬂaa (Malik and Sindhu, 2011) agnalsAnny seeu
mmLsi'fmsi'fwuaamimu@mmuﬁ@ﬁiﬂuﬂﬁﬁﬂmﬁmaﬁiﬂw}mf'lmmamiaLa%umm%igmméfu
nalupuiivudeuld wu nsldnsndulnadnlndn 10 fadnfusednstroifiuimtnanaessin
vosinnmedsfiaigluiuiuteuiununazuean-euladauniu 40 fadniudeilansulisosas
80 ag 40 mua1eu (Chouychai, 2012) wananiiu nsawoanuurimaueydin 100 lulas
Twan$ e 18.6 fadndusednstieriiunsazauvemeialu Sesbania drummondii Fadufiy
mzqaﬁ"ﬂmﬂlﬁﬁNasiamm%iglﬁuim (Israr and Sahi, 2008) nslansALBANILUNNIAUDLTRN
wazlnifeyseulunsnanidssnnundufivieseuladaurudaminsodund il damjy
wazumenandudefilisndu ecnfiviiamasyldnuunilunmeivudoueulndauniy
Faun mﬂ%’mim‘u@umiw%@ﬁuﬁmﬁ%mmﬁmﬂé’ua'awaiﬁﬁuaﬁwmaaﬁ%ﬁmmﬁzﬁﬁmJﬂa
fefunmmaaeduneud 4 Jadendrilneviu dmuuazunsnnliulilumsitunanimuandeud
Vuideweuladaunudamlslaghifeddasmuaumaaiyiulnvesinifindudn Tasviaves
ﬁﬁa‘ﬁ'Lﬁaﬂisﬂumswmamﬁﬁuﬁﬁnﬁa&ﬂmaﬁﬁmﬁu 19LA Pocaceae,  Leguminosae WAy
Cucurbitaceae Iﬂaﬁgﬁ’rﬂwmLLazfﬁﬁ/\jm%ﬂLﬂuﬁ‘ﬂuNﬁ Pocaceae Wag Leguminosae %ﬂﬁ“ﬂu
’Nﬁﬁu’qaaﬂé’ﬁﬂﬂiﬁﬂmwiﬂuﬂﬂiﬁuw“aﬂwwﬁuﬁﬂmﬁaué’wmimﬂw@w%é U wodlunanezls
wAnlelasasuou wednassiunluidaniedunuaial (Chouychai et al., 2012; Jidere et
al, 2012; Lee et al, 2008; Li et al, 2002; Xu et al, 2010) druumannFeagludad
Cucurbitaceae Afisneauinfivssansanlunmsazauasuafivdunidlunguessunulunassuls
naeuile 19U AR Lazteunipaes (Campbell et al, 2009; Whitfield-Aslund et al., 2010)
Tnewanisfnw léun nsasyresinlnamu dajy uazuasnaluduiivudeuoulndauy
Fawle Uszavsnwlunisanusinaeuladaurludamaivudeuluiu wasauaansalunis
araueuladauniudamsludiuvosnuazdidu Jusei

noudl 4 wavasn1sugndnalnananu davju uazumsnafissdiisuaznisUgniauiuiiaiiuy
anmduiivudeueuladaunudann
4.1 maiyvastialwanu dmjunazuasnluduuidousuladauriudama
dralwamanu unannuazdmuaiglddluiuilbivudoueuladaunudamniaiiugn
Wissdnisuazdgnsiuduuszezinat 60 Ju maaiauesdnlnamiu fmuuazunsnilufud
Vudlouazunnisfudatusgfuriavesiisuar uuuunisugnignifissdfeidognimiuds
¥iadu mavgndnlnavuniedmadiissdistevgnimfufiveindug luiuiuudeusn
lndaunudainaiiavnmd wazliuanionisinsenlag naenseestinl 60 TUVINITNAGDL Wi
nsugndmlnavusutuussmviedmdlufuiivudeundudmalinruemeanvasting
vusnniaNeenavesinavuilieugnitssdielasianzluiuil 60 vesnmnans
drunnusmsenvesdpluiuilivudouliunnisanaugnseavesimuiiaiylufud
Vuilousghaiifddmsaifnanszevina 60 Turesnsmnaes luruefiunsniiiivgniiies
a"wﬂ’masﬂqﬂﬁmﬁ’uﬂwﬁmgm memﬂﬁéauuaLﬁaLﬁ]’%ﬁujluﬁuﬁﬂuLﬁauLau‘[Wf{aLLWu%’aLWW
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wazmasluszineiui 50-55 voanisgneaunan tasluvesunsnmlieasylufuniudouazd
91N1IMABdLazIiYT drugenvaILnINIaTLATTINSULazduliiazUgnuaanluRunvuUeu
Wgsaiaseugnswiuivelingu  WeiansuiguameguaInvesiivnuintilnaniuuae
Ql’ 1 al U o ydy a dl dn, U U U
aviuianuminzausen s ldiulanmautvulsweuladauudamaInAIm NI

4.2 navauaulagaunudalnfanI5IYYDILBALALIIN
ANggen Umidnaniaziininuisresseatalnamnuiugniiesdiielufui
Yudaweuladaunudamaliuaniieaindrilnanuigniiessiemrsedgnsiuiudinumie
unsnluAunldvudeuluiun 60 voinsiedundtegiidedAgynaia (P<0.05) 11ilng
a a ‘ﬂl 1 U A q:) 1 a A:l' ‘&I o o v ‘:ll
nuRsanUnAilieUgnsuiuuninivisennuluduivuleueuladaunudan Asnind
18

Al 18 dnwaurvesruilnavunvanluaunvuleueuladaunudame 73.1 dadniusie
Alansy Tnedgnaauiuunand (de) wazdgnimiudny (i) Wuan 45 Ju

devgnimilnavmusuduwssn nuduiivueweuladaurudamnazdmalinisiaiy
vosweatnlnavuAatuldiiian Tnsanueneen dninaauazdminuiseseatiilna
wUWnAY 65.7 wal. 12 n3u waz 2.58 ndu TuTuil 60 vesn1sthedundr muddu aenndosriy
Arwemeen tminanuaziminuiessondiinammudlegniwsudmalufuiivuiiouds
fiAwindu 49.0 a9 nfu waz 1.36 n3u Tutuil 60 vesnséhesundn muadu (msed 1)
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Tuvaizfinssgressndnlnamuuansseinnissyressentnefinsasaildd luiui 60
yoamstefundmuinnisugnininevuluduiivudeueulsdaunudamaaginlinnuen
i’mLLazﬁ’mﬁ'ﬂﬁfﬂﬁJ@ﬁ’lﬂ%’]’JIW@WJ’]uﬁIQﬁUQﬂLﬁaﬂﬁﬂﬁﬂ veUgnIIuAuLAINIIFINIIALEN
snuaziminanvessndnlnauitugnlufuiilivuidoussniifodrdamsedn (nns1eii 2)
ogalsAmueuladauriudaminndunszdunisaiguosndnlnamiuieugndnlnaniiy
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nafdunaldogsdmauifeauensanvesunsniignlufuiivuiioussduninnuemeen
yosunsnnitvgnlufuiildvudeu fsnmit 19 Wudnuugnaeiyuesiunninaendsin
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45 goanstesundmuitlureaussnuanseinmswdendevgnluduiivudeuweuladauiy
Faun fuunenaianualiiasugnifissdiimiedgnutuiivsinduluduiivuiouasane
meluszezinan 50-55 fundinnisiredund Tusasfunannitvgnlufuilivudiou A
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sanuazintinanvowuminfivgnlufuilivudeulustesvinandlidauunndstusgad
Teddnmneadn luiuil 60 vesnsirediund (m5197 1) Tnenmil 20 uansdnuauzvosdy
wsniivgnluduitlivudeueuladaurudaminduna 60 $u uenaniwuineulndauny
Fawnddsnadooraninsfinnveunsnnds Weugnumamiluauitlivudeunuirsnves
wnenfinsiesaduund LLazLﬁ@ﬂqﬂLmeﬁwﬁuﬁ’wﬁmwuiﬂmmEmﬁﬂLLazﬁ;ﬁwﬁﬂmmmﬂ
uINIEEINIINSUgNIAINIITIBsEIRS (91971 2) epadaniungnsaitldduiinsivu
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WA 20 SneaizvasiulainIvgniufunlivuieweuladaurudamn Tngugnsauduimy
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M 21 dnwazvesnunviuiugnludunuuileueuladaurudamn 73.1 dadnsusieflansy
Tnggnsauiudnalnavinu (de) Ugnifiesdnia (na19) wazUgniamfiuunsna (¥31) uan 60
el



a2

11460@14%’7&@14191%’@LLWu%’aLWmﬂé’UhjdﬂwaLﬁdm=”] Giaﬂmaf%ﬁwaﬂﬁ"’muﬁgﬁiﬂaﬂLﬂmﬁﬁﬁq
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157199 4 Ysunaeuladauiudamnilvdeluauusnulsleailes (rhizospheric  soil) Lazfu
souwen (bulk  soil) vestalwamau §uu wazumenianUgniiesaieuazgnsauiudu
a1 60 Tu Tupuiivudoueuladannudame

Plant Yovavvenouladaunutamiaiivie
Day 25 Day 45 Day 60

112lnan1u

Rhizospheric soil 14.5+2.0e* 11.7+1.1e* 11.3+0.9d*

Bulk soil 31.0+14.9d* 27.9+6.6de* 27.2+6.6cd*
BENNIT

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

Bulk soil 78.9+8.8b* 80.0+10.3b* NA

Rhizospheric soil 50.6+£11.1c* 38.8+17.2d* 31.4+5.3c*

Bulk soil 72.6+4.5pb* 63.1+6.3c* 46.8+7.0c*
22IWANIIY + BAINIT

Rhizospheric soil 909913lnanu 90.1+6.2ab 70.6+0.5bc* 62.9+7.3b*

Rhizospheric soil U83LLa9n37 86.6+15.0ab 54.1+4.5¢cd* NA

Bulk soil 83.1+1.6ab* 69.4+13.0bc* 63.2+6.9b*
Fralwavanu + fviu

Rhizospheric soil vast1alnanIu 91.4+24.6ab 47.4+4 9cd* 41.7+£11.2c*

Rhizospheric soil ‘uaﬂfﬁvju 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*
WAINT + Sanl

Rhizospheric soil U3La9n37 73.9+12.5b* 55.7+£8.3¢c* NA

Rhizospheric soil maﬁaﬂu 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*
Auganunu (liugnity) 98.2+5.0a 98.3+5.6a 85.4+9.4a

vanen anudidusidureseuladauiudamiady 71.3 Sadndudelaniu
Frnusnudanguiiniidnidnstuuanininuunneisegiived Ay nisadfseninannime
melutuieaiu (P<0.05)
*uansUSunaveseulatawrludauafiuanastuegresifeddyneadflundasnInuudide

Wiguiiguiuiun 0 veanseenu (P<0.05)
Ade NA maneds lifiveyaiiiosaniivang
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Malgniiiesaiauar Ugnuiudugluduivuilewsuladaurudamadunan 25 Ju

Ansazanlung
Waidoiiy (lalasnSu/sanianun e lulasn3u/sntmun)

#aAt12INARIY

F1lnNAnIU BD

FIINANIU + LAIAT 4.4 + 0.0a

Frilwavau + BD
Y8ALAINI

LAINI 14.3 + 8.1a

UR9NT + F1lnanIu 10.5 + 4.0a

WA + SN BD
gandan

fia 18.1 + 1.1a

i + d1alwanau BD

20 + UAann 203+ 2.2a
s1n9121WanUY

IMINArIU BD

YIWANITU+UAINI 0.2 + 0.0c

Frilnavu+ i 16.3 + 5.5bc
S1NLAIN2T

BN 17.0 = 5.9abc

WASNIT + T1NANITUY 34.4 + 11.0a

WAIN + D% BD
510899

i 226 + 3.1ab

dama + dnalwenu 17.1 + 5.5abc

W + UAan 8.1 + 3.7bc

v o

UG FI9NYINTWSINqURNILENTIA T uRaRIRURANAseEelitd Aynead Asendng
wyviiapigatunglungieatu (P<0.05)
g BD nueia fAnenindndninvesasesiledn (0.2 lulasniu/du)
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Abstract The extent of endosulfan sulfate removal
from soils by different planting pattern with sweet cormn
(Zea mays), cowpea (Fgna sinensis), and cucumber
(Cucumis sativus) either cultivated alone or together
was investigated in pot experiments. Endosulfan sulfate
was removed to the greatest extent in the treatment in
which sweet corn was grown alone; only 11.3 and
27.2 % of the initial endosulfan sulfate remained in
rhizospheric and bulk soil, respectively, of sweet comn
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 rhizospherie soil after 45 days. However, cucumber
did not tolerate the toxicity of endosulfan sulfate well
and died around 50-55 days when it was cultivated
either alone or together with another plant. Cultivation
of sweet corn and cowpea together was less effective in
removing endosulfan sulfate from soil; about 41.7 and
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52.3 % of endosulfan sulfate remained in their respec-
tive rhizospheric soils atter 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, bioaccumulation 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 organochlorine insecticide which is
widely distributed in soil and sediments as a result of
its widespread use i agriculture for protection of vari-
ous types of vegetables, fruits, cereal grains, cotton, tea,
coffee, and ornamental plants (Castillo et al. 2011,
Joseph et 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 Organic
Pollutants (POPs) to be eliminated worldwide
(Kataoka et al. 2011; http://chm.pops.int/Convention/
Media/Pressreleases/Widelyusedpesticide
endosulfanphaseout/tabid/2216/language/en-US/
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Default.aspx). Residues of endosulfan have been
reported in agricultural areas of previous usage and
sometimes in adjacent areas. For example, in the
agricultural soil adjacent to the Mae Klong River in
central Thailand, the concentrations of all isomers of
endosulfan were reported to range from 0.5 to 16.
1 mg kg ! dry soil (Poolpak et al. 2008). In another
study, the highest concentration of o-endosulfan in sed-
iments along the eastern part of the Gulf of Thailand
anged from 10 to 104 pg kg ' dry soil during drying
season (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 isomer
forms of endosulfan. 3-Endosulfan usually persisted
longer in the environment than the o-isomer (Awasthi
et al. 2000; Kathpal et al.1997; Rao and Murty 1980;
Stewart and Caims 1974).

Endosulfan sulfate is one of the main metabolites 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 detected in surface sediments during dry season
of rice cultivation area near the tributaries of the Mae
Klong River in central Thailand ranged from 0.15 to
0.58 mg kg ' dry weight (Poolpak et al. 2008).
Endosulfan sulfate concentrations 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, dieldrin, lindane,
polychlorinated biphenyls, and polycyelic aromatic hy-
drocarbons (Chouychai et al. 2012; Mackova et al.
2007; Matsumoto et al. 2009; Mitton et al. 2012; Pan
et al. 2008; Suresh 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
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constant of 0.2465 day ' (Kwon et al. 2005). The
white-rot fungus, Trametes hirsute, was reported to de-
grade about 70 % of endosulfan sulfate (initial concen-
tration 10 pM) in 10 days (Kamei et al. 2011). Plants
have been shown to enhance the ability of competent
microorganisms to degrade persistent organic com-
pounds in soil (Chouychai et al. 2012). Plants may
facilitate the degradation 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 phytoremediation stud-
ies have used single plants. However, in the natural
environment, the presence of mixed plants is the norm.
Combined plant cultivation was found to be effective in
remediating PAH-contaminated soils. For example,
planting with maize and ryegrass 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 ' 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 basilicum 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 O. basilicum and
(. 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
comn (Zea mays) from Poaceae, cowpea (Vigna sinensis)
from Leguminosae, and cucumber (Cucumis sativis)
from Cucurbitaceae. Members of the Poaceae and
Leguminosae families 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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(Chouychai et al. 2012; Jidere et al. 2012; Lee et al.
2008; Li et al. 2002; Xu et al. 2010). Also, plants from
the Cucurbitaceae family have been reported to
bioaccumulate organochlorine insecticides such as hep-
tachlor and DDT from soil (Campbell et al. 2009,
Whitfield-Aslund et al. 2010).

2 Materials and Methods
2.1 Soil Preparation

Soil with no previous history of endosulfan sulfate
contamination was obtained from the Kookaew
Temple area, Kantharawichai District, Mahasarakham
Province, Thailand. The soil was air-dried at room
temperature (29+1°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 &1 and an electrical conductivity of 109.5 ps cm™'
(0.11ds m ). It contained 2.4 % (dry) organic matter
content, 0.29 % total nitrogen, and 5838 mg 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. Ehrenstorfer GmbH, 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 (29+1 °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 corn (Z. mays L.var sacharata Bailey)
(commercial seeds of Chokkasikorn Seed Ltd.,
Nonthaburi province, Thailand), cucumber (C. sativus)
(commercial seeds of East West Seed Ltd., Nonthaburi

province, Thailand), and cowpea (F sinensis)

(commercial seeds of Chuayongseng Ltd., Bangkok,
Thailand) were rinsed with sterile distilled water and
immersed in distilled water for 3 h. The seeds were then
germinated on moist endosulfan sulfate-spiked soil in
experimental pots which were kept at 29+1 °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-
iment pots. The seedling transplantation date was con-
sidered the starting date (day 0) of the experiment.

2.3 Experimental Design

Pot experiments were performed in a nursery from
March to May 2012. In single plant cultivation, each
cylindrical pot containing 1 kg dried soil spiked with
endosulfan sulfate was planted individually with a ten-
day-old seedling of sweet comn, cowpea, or cucumber.
For mixed plant cultivation, combinations of sweet corn
and cowpea, sweet corn and cucumber, or cucumber and
cowpea were cultivated in one pot containing 2 kg
endosulfan sulfate-spiked soil. Soil without any endo-
sulfan sulfate was set up in the same way and planted
either individually with sweet comn, 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 sterile
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
concentration by GC-MS. Soils from unplanted control
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
length, root length, fresh weight, and dried weight of
shoot and root, as well as chlorophyll a, chlorophyll 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. Chlorophyll
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concentrations (mg ml ") were calculated using the
following equations:

(Chla] = [12.7 x A663] — [2.69 x A645]
(Chlb] = [22.9 x A645] — 4.68 x A663]
Total Chl] = [8.02 x A663] + [20.2 x A645]

2.5 Endosulfan Sulfate Extraction from Soil
and Analysis

Soil samples were subjected to Soxhlet extraction. One
gram dry weight of soil was mixed with anhydrous
sodium sulfate in 1:1 ratio. Gamma-
hexachlorocyclohexane («—HCH, Dr. Ehrenstorfer
GmbH Lot no. 71210, Germany, purity 98.6 %) (70 ul
of a 400 mg 1" «—HCH stock solution prepared in
hexane) was then added as an internal 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
in a 60°C water bath using a rotary evaporator (Buchi,
Germany). An additional 10 ml n-hexane was added to
the concentrated extracts and evaporated to a small
volume (about 1.5 ml) (Wang et al. 2007). Endosulfan
sulfate in shoot and root of each 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 AOC-5000) equipped with a
mass spectroscopic detector (Shimadzu MS-QP2010).
The standard curve was linear over the endosulfan sul-
fate concentration range of 0.2 to 100 mg 1. Separation
was achieved using a Rtx®-5MS capillary column
(30 m*25 mm, 1.D.=25 um). The helium carrier flow
rate was 0.6 ml 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 ' to
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 to 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 P<0.05.

3 Results

3.1 General Plant Growth in Endosulfan
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 corn, cucumber, and cowpea grown in endo-
sulfan 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
corn 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 endosulfan sulfate-spiked
soils during the 60-day experiment. In contrast to sweet
corn 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 comn 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
corn grown alone or together with cucumber or cowpea
in the absence of endosulfan sulfate after 60 days of
transplantation (Table 1). Sweet corn 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 length, shoot
fresh weight, and shoot dried weight of sweet com were
65.7+4.2 cm, 12.043.5 g, and 2.58+0.5 g, respectively
on day 60; the corresponding shoot values were 49.0+
1.0 cm, 9.0=0.3 g, and 1.36+0.0 g, respectively, when
sweet corn was cultivated with cowpea in endosulfan
sulfate-spiked 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 endosulfan-sulfate in soil signifi-
cantly decreased the root length and root fresh weight of
sweet corn 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 irrespective 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 45, 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 cucumber ranged from 26 to 29.6 cm on day 45, 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 cucumber root. The root of cucum-
ber grown in endosulfan sulfate-spiked soil was long
and very thin, and we were unable to measure its weight
accurately in some of the treatments. 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
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affect the shoot or root of cowpea cultivated either alone
or in combination with other plants. There was no
statistically significant difference in any of the shoot or
root characteristics of cowpea measured between any of
the treatments and controls (Tables 1 and 2).

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

When grown in control soils, the chlorophyll a, chloro-
phyll b, and total chlorophyll contents of sweet corn
leaves were about 13.4-16.1, 14.2—15.2, and 29.4—
31.2 mg ml ', 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 corn
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 19.8+1.4, 14.9+09,
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 were 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 contrast 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 endosulfan sulfate remaining in soil grown with sweet comn, cucumber, and cowpea individually or in pairs in

endosulfan sulfate-spiked soil

Plant % of endosulfan sulfate remaining
Day 25 Day 45 Day 60

Sweet corn

Rhizospheric soil 14.5+£2.0e* 11.7+1.1e* 11.3£0.94d*

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 78.9+8.8b* 80.0+10.3b* NA
Cowpea

Rhizospheric soil 50.6«+11.1¢c* 38.8+17.2d* 31.4+5.3c*

Bulk soil 72.6+4.5b* 63.1£6.3c* 46.8+7.0c*
Sweet corn+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 soil 83.1+1.6ab* 69.4+13.0bc* 63.2£6.9b*
Sweet comn + cowpea

Rhizospheric soil of SC 91.4+24.6ab 47.4+4.9 cd* 41.7+11.2c*

Rhizospheric soil of CP 89.5+20.8ab 52.3+£7.6 cd® 52.3£9.8bc*

Bulk soil 984+11.5a 100.6+9.6a 56.1+13.3bc*
Cucumber + cowpea

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

Rhizospheric soil of CP 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*
Control (no plant) 98.2+5.0a 98.3+5.6a 85.4+9.4a

The initial 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

rhizospheric 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 corn
(88.7 % on day 60), followed by cowpea (68.6 % on day
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, cowpea, 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 Sulfate from Soil by Mixed

Plant Cultivation

Endosulfan sulfate was removed to a lesser extent from
soil 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 corn and cowpea. On day 60, the
percentages of endosulfan sulfate remaining in the
rhizospheric soil of sweet corn, cowpea, and their bulk
soil were 41.7+11.2, 52.3+£98. and 56.1+13.3 %, re-
spectively (Table 4). Good endosulfan sulfate removal
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(about 50.6 %) was also seen on day 60 in the rhizo-
sphere of cowpea when this plant was grown together
with cucumber. As with single plant cultivation, greater
amount of endosulfan 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 soil was seen in pots containing sweet corn and
cowpea (44 % removal), followed by sweet corn and
cucumber (36.8 % removal), and then cucumber and
cowpea (20 %) (Table 4).

3.6 Concentration of Endosulfan Sulfate in Plant
Tissues

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

4 Discussion

To our knowledge, this is the first report which investi-
gated the effect of different planting schemes on the
removal of endosulfan sulfate from soil. Planting of
sweet cormn, 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
corn 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 com cultivated alone. Second,
growth of sweet corn in the presence of another plant
was normal. The shoot and root of sweet cormn grew
relatively well when the plant was grown with cucumber
and cowpea. Cowpea also tolerated endosulfan sulfate
well based on shoot and root characteristics, but it was
less 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
control. Cultivation of sweet corn alone in spiked soil
was the most effective treatment in removing

@ Springer

Table 5 Concentrations of endosulfan sulfate in shoot and root of
sweet comn, cucumber, and cowpea grown in endosulfan sulfate-
contaminated soil for 25 days

Amount accumulation
(ug/plant shoot or pg/plant root)

Plant tissues

Sweet corn shoot

SC BD

SC+CU 4.4=0.0a

SC + CP BD
Cucumber shoot

CuU 14.3£8.1a

CU + SC 10.5+4.0a

CU+CP BD
Cowpea shoot

cp 18.1<£1.1a

CP +SC BD

CP+CU 20.3£2.2a
Sweet corn root

SC BD

SC+CU 0.2£0.0c

SC + CP 16.3+5.5bc
Cucumber root

Cu 17.0+5.9abe

CU+ SC 34.4=11.0a

CU+CP BD
Cowpea root

cp 22.6=3.1ab

CP +SC 17.1+5.5abe

CP+CU 8.1=3.7be

Difterent lower case letters denote significant difference (£<0.05)
between the same plant on the same day

SC sweet com, CU cucumber, CP cowpea, NA not available
because the plant died, BD below detection limit at 0.2 ug/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 Poaceae family has been reported. For
example, Avena sativa L. could accumulate HCH in
both root and leaf tissues 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 15, respectively, after 7 days of
exposure under hydroponic conditions (Migueal et al.
2013). Plants belonging to the Cucurbitaceae family
have also been reported to accumulate various organic
pollutants such as PAHs, PCBs, DDT, DDE, and hepta-
chlor epoxide (Campbell et al. 2009; Inui et al. 2008,
Kobayashi et al. 2008; Otani and Seike 2007; Parrish
et al. 2006; Whitfield-Auslund et al. 2007; 2010).
However, given the small amounts reported, the signif-
icance of bioaccumulation as a mechanism of organic
compound removal by plants is very limited.

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 to
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 microorganisms
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 (Jétiver
zizanioides) was reported to enhance the removal of
(ot p) 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 half-life of
endosulfan was higher in unplanted 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-
taminate 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 dibenzo furan-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 414498 pg kg ' was observed in the
rhizosphere of alfalfa 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 serraia as compared to treatment with single
plant and unplanted control soil. Naphthalene concen-
tration was undetected in the mixed cropping pot com-
pared to 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 pyrene in soils compared to single 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 ofrape 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 to 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 Thidiazuron on Seedling 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 comn (Zea mays), cowpea (Vigna sinensis) and cucumber
(Cucurmis sativus) seedling planted in 1-100 mg kg™ of endosulfan sulfate spiked sand was
investigated. 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 atfected the
response of seedling to induction by NAA or TDZ. Induction of crop seeds by NAA or TDZ did not
promote growth of sweet corn, 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 chlorophvll 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 corn 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, Corn, 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 years to control insect in cotton, rice, sorghum,
vegetables and fruits (Becker ef al., 2011; Gangwar ef al., 201 1; Kataoka et al., 201 1; Kumar ef al.,
2008). Endosulfan is toxic to insects, fish and aquatic invertebrates (Paul and Balasubramanian,

1997, Sharma ef al., 2011: Wirth ef al., 2001). It has been shown to exert gonadal toxicity,
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genotoxicity, and neurotoxicity and disrupt endocrine function in mammals (Coimbra et al., 2005;
Silva and Beauvais, 2010). The main metabolite produced by microbial transformation of
endosulfan is endosulfan sulfate which is as toxic as the parent compound, but less biodegradable
and hence more persistent than the parent compound (Weber et al.. 2010). This metabolite has been
detected together with endosulfan adjacent to agricultural areas and remote locations from the
application source in Thailand (Poolpak et al., 2008; Sergiev ef al., 2006;).

The presence of toxic persistent compounds in soils and sediments is of considerable
environmental concern because of increasing opportunity for exposure to these pollutants by living
organisms (Su ef al., 2009;: Weber et al., 2010). The toxicity of organochlorine compounds to plants
has been widely reported. For example, the rate of monocotylydon germination was retarded n the
presence of lindane. Biomass of brassicaceae plant increased when grown in lindane contaminated
soil (Calveno Pereira er 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, 1.4-dichlorobenzene and 1.2.4-
trichlorobenzene exerted a synergistic toxic effect on Phragmites australis and this led a 70%
reduction in chlorophyll concentration (Faure et al., 2012).

Various plant growth regulators have been reported to alleviate toxicity of heavy metals,
polycyelic aromatic hydrocarbons and glyphosate to plants (Sergiev ef al., 2006; Ahammed ef al.
2012: Du et al., 2011: Piotrowska-Niczyporuk er al., 2012; Vanova 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 et al_, 2011). Tt is

not known if these plant growth regulators can improve the growth of plants in endosulfan sulfate
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contaminated sites. Thus, the objective of this study was to investigate the effect of NAA and TDZ
to alleviate toxicity and promote growth of sweet corn (Zea mays var sacharata Bailey), cucumber
(Cucurmis sativiis) and cowpea (Vigna sinensis) seedlings in endosulfan sulfate spiked sands. The
results from this study should provide valuable information on the use of plant growth regulators in
endosulfan sulfate 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-mm 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™ dry 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.

Phytotoxicity Assay: Phytotoxicity assay was performed according to Kirk et al. (2002). Seeds of
sweet corn (commercial seeds of Chokkasikorn Seed Ltd., Nonthaburi province, Thailand),
cucumber (commercial seeds of East West Seed Ltd., Nonthaburi province, Thailand) and cowpea
(commercial seeds of Chuayongseng Itd., Bangkok, Thailand) were immersed for 3 h in the
solution of one of the plant growth regulators [10 mg 1" of NAA (Fluka, United States, purity 99%)
or TDZ (Fluka, United States, purity 99%)]. Seeds immersed m 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 10 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, chlorophyll a, chlorophyll b
and total chlorophyll contents in leaves. Fresh shoot and root of each seedling were cross-sectioned,
stained with safranin O, and then viewed under the light microscope to examine their tissues.
Chlorophyll contents in 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 treatments 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 corn growing 1n spiked and un-spiked sand were similar
(P=0.05). Induction of sweet com 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 comn grown
in sand spiked with 10 mg kg™' of endosulfan sulfate (P<0.05) (Fig. 1: a. b and c).

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 ).
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In cucumber, NAA was found to affect the shoot length instead of shoot fresh weight. Shoot
length of cucumber induced with NAA were 7.98+1.48 and 8.55#1.86 cm in 1 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 contaminated sand increased shoot dried weight of cucumber induced with NAA
to a higher extent compared to control (P<0.05) (Fig. I: 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 corn with TDZ
induction was 10.30+3.51 and 12.15¢3.98 cm in | and 100 mg kg™ endosulfan sulfate contaminated
sand, respectively (P<0.05). Shoot fresh weight of sweet corn seedling induced by TDZ was
0.28+0.009 and 0.3240.10 g in 1 and 100 mg kg' endosulfan sulfate contaminated sand.
respectively (P<<0.05) On the other hand, Shoot dried weight of sweet corn induced by TDZ did not
significantly different from control without TDZ and NAA induction (P<0.05) (Fig. 1: 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'l endosulfan
sulfate contaminated sand, respectively (P<:0.05). Meanwhile, shoot length values of cowpea
without induction with TDZ were 9.294£3.22, 10.69£2.73, 9.6244.45 and 9.71£2.25 ecm in 0, 1, 10
and 100 mg keg! endosulfan sulfate contaminated sand. respectively. Shoot fresh weight of cowpea
also significantly decreased from 0.36+0.17, 0.44+0.14, 0.52+0.22 and 0.56+0.18 (without TDZ
induction) to 0.20+0.06, 0.2910.04, 0.18+0.05 and 0.314+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 (without TDZ induction) to
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0.069+0.017, 0.066+0.024, 0.077+£0.07 and 0.05740.011 g (with TDZ mduction), respectively
(P<0.05) (Fig. 1: d, e and f).

TDZ significantly reduced shoot length of cucumber seedlings from 5.86+1.49, 6.08+1.28,
6.89+1.29 and 7.28+1.03 cm (without TDZ induction) to 3.19+0.62, 2.96+0.72, 3.62+0.52 and
3.12+0.70 em (with TDZ induction) at 0, 1, 10 and 100 mg kg™ of endosulfan sulfate contaminated
sand (P<0.05). 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 1induction) to only 0.014+0.003, 0.00920.002, 0.013+0.003 and 0.01320.004 g (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 tissue 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 nduction significantly increased m 1-100
mg kg endosulfan sulfate contaminated sand compared to sweet corn grown in non-contaminated
sand. In contrast, chlorophyll b and total chlorophyll contents in leaves of sweet corn sigmficantly
decreased at the same level of endosulfan sulfate concentrations when compared with growth of
sweet corn in non-contaminated sand (P<0.05) (Fig. 3: a, b, and c). Induction of sweet corn with
TDZ tended to decrease chlorophyll a, chlorophyll b and total 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 corn with TDZ induction significantly higher than control at
the same level of endosulfan sulfate (P<0.05) (Fig. 3: b and ¢). The effect of NAA on chlorophyll
content in leaves of sweet corn 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 in 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. 3: a, b and ¢).

In the presence of 10 and 100 mg kg of endosulfan sulfate in sand, chlorophyll a.
chlorophyll b and total chlorophyll contents in leaves of cowpea induced by NAA were
significantly higher than those in seedlings without NAA induction (P<0.05). 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 induced by TDZ was significantly lower than that of
the control (P<<0.05) (Fig. 3: d, e and f).

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

significantly decreased the chlorophyll a. chlorophyll b and total chlorophyll contents in leaves
compared to cucumber without induction by any plant growth regulators (P<0.05). TDZ also tended
to decrease the levels of all types of chlorophyll in leaves of cucumber. 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: g, hand 1).
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 milligram 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 corn, 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 3.16%1.17, 3.94+2 26 and 4.422.38 c¢m in the presence of 4, 10 and 100 mg kg™ of
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endosulfan sulfate, respectively, compared to the controls (P<0.05). NAA also did not affect root
tresh weight and root dried weight of sweet corn (Fig. 4: a, b and c¢).

NAA did not atfect root length but increased root fresh weight of cowpea to 0.22+0.04 and
0.30£0.01, and root dried weight of cowpea to 0.020£0.003 and 0.027+0.004 g in the presence of 10
and 100 mg ke of endosulfan sulfate in sand. respectively (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 2.9041.71, 4.1241.32, 6.00£2.11 and 5.41+1.70 cm when grown in 1, 10 and 100 mg kg’
! of endosulfan sulfate, respectively. Cucumber root fresh weight was affected by NAA to a lesser
extent than root dried weight. Root dried weights of cucumber whose seeds receiving NAA were
significantly higher than that those of cucumber seeds without NAA induction at all levels of
endosulfan sulfate in sand (P<0.05) (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 5).

TDZ exerted adverse effect on root growth of all the plants tested. The root lengths of sweet
corn 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, ¢, g, h and 1). 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
tresh 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
induction were 0.006£0.003, 0.009+0.007, 0.00520.002 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 n this study. Seedlings of these plants grew well in
endosulfan sulfate spiked sand. Thus, using plant growth regulator had no effect on the alleviation
and promotion of seedling growth. Sweet comn has been reported to tolerate some organochlorine
pesticides. For example, Chouychai 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™ dry 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 1n contaminated soil (Bemumeli 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 germination 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. Chlorophyll b content
increased to 1.11 and 1.13 mg kg’ 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 in Serghum 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 pollutant
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 1s a metabolite of
endosulfan biodegradation and 1t 1s as toxic as its parent compound (Weber et al., 2010).
Endosulfan causes oxidative stress, disruption of photosynthetic activity and respiration in plant
(Menone et al., 2008). Modification of endogenous plant hormone 1s one of the plant responses to

environmental stress and abnormal mternal hormone levels which cause unusual growth of plant
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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 milligram per litre of IBA
increased shoot and root lengths of Brassica chinensis growing in 40 mg kg™ of lindane by 14%
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 trom polycyclic aromatic hydrocarbons induced the production of ABA
in plant cells, and this in turn might promote chlorophyll degradation (Ahammed ef al., 2012;
Vanova ef al., 2009). Surprisingly, brassinosteroid alleviated toxic effect of phenanthrene and
pyrene to stressed tomato seedling grown in hydroponics by enhancing the content of
photosynthetic pigments. Foliar and root application of 50 nM and 5 nM of brassmosteroid
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 ef 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 ef al., 2010).

Different effect of NAA and TDZ on sweet corn and cowpea was observed m 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 com. NAA stimulated
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. Ditferent effect of NAA and TDZ on growth
of plant seedlings varied according to plant species because this effect may depend on endogenous
level of each 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 (Nayak et al., 1997), but this concentration of TDZ induced direct
embryogenesis in leaves of Phalaenopsis ‘Little steve” (Kuo ef 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. sativum. Application of gibberrellic acid at 100 uM increased ethylene and
reactive oxygen species production in P. safivum. The anti-antiooxidant system m plant was also
changed at this concentration of gibberrellic acid. However, toxicity of Cr to P. sativum was shown
n the presence of only 10 uM of gibberrellic acid (Gangwar et 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 1" resulted in increased Pb accumulation in Seshania drummondii and did not
affect plant growth (Tass1 ef al., 2009).

In summary, the ameliorative effect of NAA and TDZ agamst 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 seemed to result in abnormal growth. It 1s possible to use these plants in the purpose of
endosulfan sulfate remediation in the future without using any external hormones.
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Figure Legends

Fig. | 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 in endosulfan sulfate contaminated sand at
(O)omgke" . (O ) 1 mgke'. (M )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. * Significant difference from control without induction by plant

growth regulator at the same concentration of endosulfan sulfate (P<(.05).

Fig. 2 Cross section of shoot tissues of sweet corn 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 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 1" TDZ (f). Abbreviation: vas. = vascular bundle: leaf = leaf

sheath

Fig. 3 Contents of chlorophyll a, chlorophyll b and total chlorophyll of sweet corn (a, b, ¢). cowpea
(d, e, f) and cucumber (g, h, 1) seedlings grown in endosulfan sulfate contaminated sand at

(CHomgke™. (O ) 1 mgke”, (M) 10 mg 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, f) and cucumber (g, h, 1) seedlings grown in endosulfan sulfate contaminated sand at
()0 mg kg™, (O) 1 mg kg™, (M ) 10 mg kg* and (B ) 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 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 corn 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 ke endosulfan sulfate and without any plant
growth regulator (b): Non-contaminated sand and 10 mg I'" NAA (c): 100 mg kg endosulfan

sulfate and 10 mg 1" NAA (d). Abbreviation: X= xylem: epi = epidermis: endo = endodermis
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Influence of Indolebutyric Acid on Brassica chinensis Seedling Growth Growing
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Abstract

This study was undertaken to evaluate the phytotoxicity of endosulfan-sulfate and effect of a plant
growth regulator, indolebutyric acid (IBA), on seedling growth of Brassica chinensis. Growth of B. chinensis
was stimulated by low concentration of endosulfan-sulfate. Shoot length, root length and total chlorophyll
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 mg/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-sulfate in sand. Immersed seed of B. 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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Chinese mustard green seedling growing in endosulfan-sulfate contaminated sand,

(A) shoot length, (B) shoot fresh weight and (C) shoot dried weight

Symbol: B sceq ot treated with IBA and [ 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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Figure 3

Content of total chlorophyll of chinese mustard green seedling growing in endosulfan-sulfated

contaminated soil. Symbol; Bl Sced not treated with IBA and [T 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 soil
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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 endosulfan-sulfate at
concentrations of 0, 4, 10, and 100 mg/kg. The results showed that both regulators did not significantly stimulate
the growth of B. chinensis seedlings. NAA increased the shoot lengths of the seedlings to 3.61£0.73, 5.10+0.46,
5.35+0.51, 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 treatment
with TDZ. The dried weight of B. chinensis did not significantly differ when compared to the control 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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chlorophyll and chlorophyll a increased in B. chinensis seedlings after treatments with NAA and TDZ in the

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

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

Endosulfan-sulfate
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