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Srindviviiandndluiu_ TasshmsdadanydvidiauuniiBouassn lunisdndenuuaiizeldemns 2
fiafie nutrient agar medium (NA) Uag basal salt agar medium (BSM) daudesrhnisfauendone
pwnswiiadiende potato dextrose agar medium (PDA) Woqauidiifausnlfinnmaaeuyszansam
Tunsidaansidnfofivlussiuiesujianag amnnsinuinuin Jdunisiannsonudessiiniy
waveznsdusauenldanomsidende NA, BSM wag PDA f51wau 16, 18 wag 11 viin mudsy diu
Weqaunidiannsonusialusundadauenifainemisidaie NA, BSM, uas PDA fid1uau 11, 5, was 9
wiin guddu Tusunusdunididadenldnuindefuvddndussaniamgaunmsihdaesiviudwou 3
%iln #i BRY, PB3 uaw PB2 TasamisaanuSuiqesiniuld 99%, 96% wag 85% nuddu egndlsinny
Fegdunddiidnuenlfifszansamminlunisiinesmsndusaslusunda Taeideiidadenlideaunse
Unimeznanfuldgeaaiiu aunsnanuinaesvis duldifles 29% (e NB2) uasidedidnidentddsanunsa
Uirlusindalfgeantu annsoanuTimalusnaléifies 44% (Te PP1-5) Weqdunddiiiussaninm
gllumsdnessiviutiasnsaiilivsslenilumsthiesiviuiivudeuludwandouls
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Research Title: Preliminary study of bacterial selection for ametryn, atrazine and bromacil
bioremediation

Researcher: Pattrarat Teamkao (Department of Plant Production Technology)
Co-researcher: Suneerat Ruangsomboon (Department of Animal Production Technology and
Fishery)

Faculty: Agricultural Technology

ABSTRACT

Nowadays, food demand has increased dramatically, resulting in improving of agricultural
production processes for higher yield. The pesticides are widely used for increasing yield and better
quality of products. The use of pesticide result in soil contamination and these pesticides might
contaminated to ground water that harmful to human. In our research, microorganisms that have
potential for remediation of ametryn, atrazine and bromacil were screened form contaminated soil
for use in bioremediation process. Soil bacteria was screened with nutrient agar medium (NA) and
basal salt agar medium (BSM), and soil fungi was screened with potato dextrose agar medium (PDA).
Selected soil microorganisms were test in remediation potential in lab scale. The study found 16,
18, and 21 species in NA, BSM, and PDA medium, respectively, that resistance to ametryn and
atrazine, and found 11, 5, and 9 species in NA, BSM, and PDA medium, respectively, that resistance
to bromacil. From all of collected microorganisms, 3 species had high potential in ametryn removal
which were BR9, PB3, and PB2 that could remove ametryn from nutrient solution for 99%, 96%,
and 85%, respectively. The collected soil microorganisms had low potential in atrazine and
bromacil bioremediation. The highest atrazine removal was 29% by NB2 and highest bromacil
removal was 449% by PP1-5. Selected microorganisms that have potential in ametryn removal can
use in ametyn bioremediation process in contaminated environments.

Keywords : pesticide, ametryn, atrazine, bromacil, bioremediation
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1.1 arudunuasanudrAgyvastym

’lui]ﬁ]qﬁ’uﬁlﬁaamﬂmmﬁaﬁmimmsﬁmn%u linsguIunananIsInea Iy
naudnlvUTnanandaiige asedidadasiadegnihunldesnaumsvats Wisldasdanisiu
nszvaumskanvhliedazninuassaniidmiulsamalnedu asidnfuiinduniesdient
Uszansamlunistieafunandn 1inUTinm wesaun muemands saufan1ssndnuasniouen
Yaguananale (HSRI, 2005) lmmawqnﬁﬁuﬁlﬁﬁmiﬂaaﬁ’uﬁﬁgﬁﬂn UsganaunsIRananyUssunn 50
% @eomelosnndngity (Qerke and Dehne, 2004) dwiuuszwalnedumsldansmintiteiui
nmmmmutmvmmmmﬂmmu‘uuwaaﬂ muﬂmumﬁﬁﬂamﬁmwmsqm’mmmﬂfuaﬁmﬁ]mmwﬂu
3% 10 meumuumuawu 4 i LLﬁ“‘EJﬂ']‘iU']L’U"Ia’ﬁElE]ﬂimﬁ (active ingredients) duszinalve
1NN 1 Lauiu mimmﬁmﬂuﬂmgmmmimLfmmﬂwqﬂ Aa @13iAniuiNg (herbicides) 589891
Aa a15i19aLuas (pesticides) @1351149A31 (fungicides) a15AUANNITLATYVRINY (plant growth
regulators) LLazaﬂsﬁwimﬁmgﬁmﬁuﬂ AINA1AU (OAE, 2010; OAR, 2011)

#Tv3U (ametryn) uaoxns @y (atrazine) [Wuarsidafuiivlunagu triazine Fsflenld
fuathaunsuareluiiuiinuns Tnslilunsauauivivdsdusauuaslunin angggidea (annual
weeds) Ingiinsldlunuasugndnilng 41vhs dudesa uavdey dnilusindaduduansidaiaiie
Tungu uracil WhdnTwivdugnuasiuiu (deuauiviisidussesdowsenuazudssen) Fasinsld
wntuulasugndulzsn “Lumﬂ%’amﬂﬁﬁﬂﬁ'ﬂﬁ’ﬂgﬁ‘uﬁgu msLﬁﬁﬁqu“lmuiﬁ"l%'aﬂﬁuazn‘wmaaaﬂgj
vinnlaoseu dwaliiiansuuitleuvesnaiafindrifgdanadendedunesodddindlaily
Wvune wasilosanansi 3 vilailiamaamudenisdesaans dwaliinnsavalufuuazunds
e luusiadnesevituivinisinens msdnwiFadleiagliiinmadinmlunistaesiiviu
a3y warlusinda fivudevludwande

1.2 TanUITAeAYRINIIIY
1.2.1 oA EaNRUATNLSsNTAMUAINITOIUANSUIUA 02HNTU DENTITU waslusu-
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1.4 FFanilun1sidy :
14.1 Andenuuaiisendanuaiunsalumstidamdadngie
v A a o & dda v o W w A P = a
Andengauvidaniunininisldansidadngiiy (eiivisu esnsdu waslusunda)
Tnaifiudegefuiissdiumudn 0-30 cm wdnhfmegwiuudludniuds udnhnduiesufuing

o = ] ot =

it ansdmidenqdunddlasnish serial dilution Tuasazans 0.9 % NaCl wdadssuuemsides
‘o 3 wiln Ao basal salt agar medium (BSA) 4ae nutrient agar medium (NA) dwiulddnueniie
LuATiSs waremnsiasade potato dextrose agar medium (PDA) dmSumsAanenidasn e1ms
Beadeiinsiduansidnisindelfianzidofinuieaunsodesaasansidasaiaiugwiniui
WilR vhmswnedsadeiigumgiivies luanmilsendinudunan 15 Yu udwanilalaiifndy
wuams ¥ms sub-culture Weniasauuemmsudeiiianunslalaiiunnmetuuuemnslmiauld
Weiiuiand evimsiinwanuaninsolunstinansidaiuiusely
1.4.2 megeuAdansaesaunsglunmsuUaansianduie
iideqdunisiaientilunnaeuussanianlunsiniaamsidaiviialag

i a o6 &5 b a R T = a a o a
L‘Uﬂﬂﬂu%ﬁﬂ‘ﬂ%ﬂﬂmF_l\'lr[,u?J']'Vi']'iWia'ﬁﬂllﬂ"l'iLﬂﬁJﬁ']'iﬂ'l%ﬂ']sﬂW‘Uuu"] LW@“']U'SSﬂV]ﬁﬂWWIUﬂTSU’]Uﬂ‘daQ

U
a a6 ] a . & a e v &5 ° - =
JAunIdurazyiia laenas inoculate Lo unidaududu 10° celVml vinnsiniziae i
gaumaiivieslu rotary shaker fimanansasau 150 rpm Junian 15 Fu vimsiadSinnensidauiiy
P < - Y 1 ,
nnavieagluaiazalenieinIas high performance liquid chromatography (HPLC)
o A&J = = 4’!’ 2
1.4.3 mnduunieauvidideiu
& P P~ | 3 o & & da a o w a &
WakumisavimuaiannRsylautemsidsadeninmsfuansidniane oz
gndaduuntuiunudnunesUTNTeNYad Laznsinddeuuwnsy
1.4.4 ANSIATIEANNIEDRA
v [ - o A = a a}lu
JaganuanuanInlunsanUiinnesilniy evnsdu uatlusinda laainms

naaesazgniaTzilaglilusinga MINITAB version 17 fisesu p < 0.05
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WA NOEE wazsUITeNNETes

2.1 uuiAn waznguiineades
2.1.1 agiin3u (@metryn)
235U (N-ethyl-N’-(1-methylethyl)-6-(methylthio)-1,3,5-triazine-2,4-diamine)

Wuansidatuiielungu triazine Sgnsiadl fis CH, NS warliiwinluana 227.35 g/mol auilviu

ﬁqmanﬁ’ﬁlumiazmﬂfﬂﬁl.éﬂﬁaa (azanglsl 185 mg/100 mL) urazaiulanlusivinazalasunse
(azaneld 56.9 ¢/100 mL lu acetone, 61.4 g/100 mL Tu methylene chloride, 51.6 /100 mL 1u
methanol, 46.0 ¢/100 mL Tu toluene, 24.2 ¢/100 mL Tu n-octanol wag 1.4 ¢/100mL lu n-
hexane) axiiviuiif vapor pressure #1 (2.74x10° mmHg ﬁqmmﬁﬁaa) Jeszwmglaenn

avivugniunldegauninaelumsausiziivlum/anian nalnmssengnd
yetavilviay Ae Sudimsduassidiowas tasnszuaumsierasoulsilusaslswata Tnedina
36 Photosystemn Il (PSI) Tagazludnuinanssuirunisaienendidnnseu sxiinsulluaisiida
JuRaAsigniduwg gedulaslutazsiniiy mnﬁgmﬂﬁauéﬁmfﬁ’ﬁq xylem uagazaulu apical
meristerns (US EPA, 2010) fiufiseuuasioansidniufiatiaziinainsiumies (chlorosis) uaznis
aeaaiields (tissue necrosis) (Prade et al., 1998) a8ﬁw?u€uﬂuﬁwiaﬁ‘d1uLgﬂd@:mnﬂ'ﬁ’lﬁ‘u‘m
\Asaien (US EPA, 2010) asﬁm‘%'ugﬂﬁmﬂf&'ﬂ%’:miﬂluﬂ 1964 dmiuiidanedn uazdaiglunitelu
wasgndes seun 1l 1969 fimsBanhulilumseusuiviithuutadining uasiinsvengluld
fufvatingue wu nd1e du dudssn uaziunlis Taeldlunsauauiaity wazvaiisneg Taelddaviu
Feumilefuvestuity wariawuitituiy dwiumdntufiandseen uenanil sxiiviudagnldiduans
datvinluiuiilildininnees uasiuflgramnssy sufddfdaiuinidhe ullagtuasi-
niulinmsidnlduariunnansyiia LLﬁiﬁwé'ﬂﬁé'mﬁ%'asﬁw%'uag: Ao 9lna dulzsn Lazeey 91N
57897UUB49 US EPA (US EPA, 2010) Useu1mini539 380,000 5m5maaaaﬂqw'§gﬂws€aﬁ 1oy 60%
dlldfudnTng, 20% Wluldfudulsse was 20% diluldfudes anesdusvesfiafifinnsld
2¥3IM3U U1 100% maaﬁuﬂsmﬁﬂfgn, 30% maaé’aeﬁﬂqn WaNaENI1 1% ‘uaﬁwﬂwmﬁﬂgﬂﬁmi
ldfosilviSu (US EPA, 2010)

ssivuiimnuamuludannden Arkdinvesnisdesaaelnouasuduiianu
wazi fe 85-123 fu way 368 u mudrdu nn1sAnuluea fURnsnuIesiinuliign
hydrolyze Tu sterile buffer solutions ﬁqmwﬂuﬁ 25°C 7l pH 5,7 uaz 9 ﬁﬂﬁﬁa’hazﬁﬁulﬁgﬂ
hydrolyze Tuan1gs55u%1# (US EPA, 2010) Tun1s@nwinisvzazaislu packed soil columns
wudn eziinIuiuadeudeldludu sandy loams soil Lag loam soil wrnaeudne ety clay

soil NBUM3EIRnae NfnwInsveavatelagly radioactive wudn Usganm 40% vasesiiniuazny



finnudnuinnin 3 drvesneduy dwmsudu sand, loam, wag sandy loam soil wazUTEUN 90%
gasasiinIuaznuiinnudntesndt 1 Srvesneduyd dmsu clay soil Tasaruaiuisalunis
indsudevasesiviulifanuduiusiuysunudunising, Usuna clay was cation exchange
capacity (CEC) vadfiu (US EPA, 2010) TunisAinnszeuviasufjiimanuinesivau 3 Tu 4 dlufu
anunsandsudeldtiunn (Kd = 1.07-1.21 Tu loam, sandy loam wag sand soil, wag 26.2 Tu clay
soil) azivisuiiudeuluwashunainnisldansiluulasnuns (US EPA, 2005)
pziiviuluundaigndosaanedonadlddunn @dnTedind 368 Ju) nsdos
aanevesesiiviuiididgyludannden fo msdesaarsnisldannsisionnia lunmmaasasedu
waaUFtinis nud dlaiianisdesdanyasiiviuasiireiedini 84 $u Tufiu sandy loam Tigumgd
25 'C madnwnsdesaaneuuulfeendaulasqdunidau wuaseyiusildannstesaans Ae 2-
ethylamino-4-amino-6-methylthio-s-triazine Fanuussann 12.2 % ndenmsnedeuidunan 14
$u Feansildannisdevaaneiiininuamu wavaunsandeudeldluiunaiseiln Sudswienis
Vuileugunasnitlidu Tunmsfnwnisgesaanslu sandy loam soil column wuanseyusaInms
gosdalgnan Ae 2-ethylamino-d-isopropylamino-6-hydroxy-s-triazine, 2-amino-4-isopropy-
lamino-6-methylthio-s-triazine, 2-ethylamino-4-amino-6-methylthio-s-triazine, 2,4-diamino-6-
methylthio-s-triazine, 2-ethylamino-4-isopropylamino-s-triazine & & $ 2-amino-4-isopropyl-
amino-s-triazine dananseyiusAlfannstasaaeiwuluysunaies e 2,4-Diamino-6-hydroxy-
s-triazine Way 2-Amino-A-isopropylamino-6-hydroxy-s-triazine uananig mumsusulaoenled
Usinaudosunn (Uszunn 2%) lufufinadeunistosaaisvesesiiviundanin 84 Juvesnisvaass

Feeziiniu uararseyiusinlaannnistesaanetusuvelaein (US EPA, 2005)

2.1.2 929313 (atrazine)
2¥N3%U (6-chloro-N2-ethyl-Nd-isopropyl-1,3,5-triazine-2,4-diamine) 1Wuans
Mdndanngy triazine llunsmuguivivlunitwasveunssiia figasiail An CH, CIN, uasil

v
o at

dminlaanawihiu 215.7 ¢/mol sxnsiBugnamsideuiieldfuansidnivfielul 1958 Wuans
fadnduity 1 Tu 2 eliafiinsldtunniigaluanigansn Tnesinsldanseangqvdussann 64-76 &
Yaud Tuusazluszana 75% vasudasigninilng, 58.5% veawlasugninifiig uas 76% vasuuas
Ugnder finsldesnsndu eznsdudiuunagldlunismuguizivneusenlunuasugninlum uag
419914 (US EPA, 2006) Uszanun13inesnsndu 34.8 auflansu gnlilunmsinunsvesaniewsn
5813790 1999 s 2009 Tuussineduiinisldosns@uussun 5,000-10,000 Alandu Tuniswdniia
Tt 2008-2009 tissanimsldiuannlunssuiunmswdndio @y 91, 4188, $1lwe wazdrivng
Tagnslddanulugintmunslnense vienslilasdonlnonisdnnuiifudeunasudeiuiivsen
nalnnseengrisitumstiudimsviauves PSIldudienduesiiviu (Aloright Il et al., 2013)
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Lildnngldainnsnssaevarianiy vensvedaniivdmnadlefiaduan esnsdudian
ANUADNISEDEAAEAIBLAS WaLN1s hydrolysis laadianuamusanisgesdalslufuluszauliuy
nans Glenededin 30 o) sgnsuiivuiiouluundaiesiliaidinfiumuniivuidfouluiu
(US EPA, 2006) mMsdnsinisgesaangluunasiiluannyldanianuiesnsiduiidniedini 608
$u pznsduliszmevmgdanu tesandaAn Henty’s Law constant a1 (2.6x10° atm@m?/mol)
uasdien octanolwater coefficient #1 (Log K., = 2.7) yaufsiimnuanunsalunisgaduldsn vili
Lﬁ"awiamigﬂ%é’wmnﬁ%Lﬁmmaﬁlﬁ%'umsamwu

nalnaudnlunisdesaansuesesmsidu Ae nsgesaanslagqdunidluaninsiil
9101F NIsANwINIsEssdatsuwuuldeandiau wu desethylhydoxyatrazine (DEHA) wa e
desisopropylhydroxyatrazine (DIHA) luanseyiusiléfannisdesaans daunisdesdarsuvuls
21017k wwainy desethylatrazine (DEA), desisopropylatrazine (DIA), hydroxyatrazine Wag
diaminochloroatrazine (DACT) iluarseyiusiildannisdosaais Sslumsdnuiludesjidns
WuasWiEiiasndn 10% vesFinaesnsdudld Faliaunsadudiladnansvaniiiuansudndild
91nn1staaane Iann1saneIniseasaatslufuluamanatiiou wuiiuIumues
DEA>DIA>DACT=hydroxyatrazine (US EPA, 2006)

2.1.3 Tusuda (bromacil)

Tusunda (5-bromo-3-sec-butyl-6-methyluracil) tHuaisidniaialungu uracil
iignsiadl Ao CoHisBrNO; LLazﬁﬁwﬁ’n‘IuLaqawhﬁu 261.1 g/mol fiauaiusalunisazany 815
ppm Tuth 71 25°C awansnsatunisasansludiitaratedunidi 20 °C Ao 0.023 ¢/100 g Tu n-
hexane, 3.0 ¢/100 ¢ lu toluene, 4.65 ¢/100 g lu acetonitrile, 11.4 ¢/100 ¢ 1 acetone wag 12.0
g/100 g Tu methylene chloride (US EPA, 1996) Tusundaduansidairivgusniie dnlddwmiu
unu vy iatuiuiilildihnmanues wasdumshinisfivisushdmivnsldida
Jeilunuasugndutesn uagdu (Chaudhry and Cortez, 1988)

lun1sfnwsgduulasgnwuinlusindamasudeldduan aannisinwinis
\AAauSuDe 14C-bromacil innudadu 5.49 mg ai/column (Ussanat 27 kg ai/ha) wuiilusunda
wdsudheldrunluneduiues sand, sandy loam, clay loam, Lag silt loam soils (US EPA, 1996)
Tusin@aiimnuamuludanden Tnsfide3adind 124-155 Yu nmsAnwludesyfoRms wuin lus
sndaliannsadasaangldlnenis hydrolysis vie uda @ pH 5 wae 7 Tuth, ldewnsndosaanese
waslufu waglianunsadesaanslaegdunidluannziionnials uilusindagndesaarslameuasld
881950597 pH 9 TnediAra3edind 4-7 Ju Tusundassgndesaansdegdunidnnsliannely
gmelaeiinna3eding 1 iou (US EPA, 1996)

2.1.3.1 nmsgeraansuuuiiannidludiu

m'ieiaaﬁmwaﬂu'im%aiﬂaqaw%'éﬁu’tuamqsﬁmmmfmﬁﬁu%’w

nsAnnstesaarsluanmzilonnia lneld “C-bromacil innudiudiu 9 ppm wudn Tudy silty

o A A & o = o
clay loam Avnluauln? 2541 °C wag 75% UDIANUTUNAUYEAUN Wuan 12 ey asiian



AR3TInd 275 Su Tusundaanusunaiasann 98.5% 1y 53.1% wonawuly 184 T4, aauSuuas
e 48.6% wiarandiuly 240 Su wazanuSuimawnde 38.6% wenatiull 12 wWeu Tne
msuaulasanledifunandandnainnisdesaans lnenuarsveulneenlemduuSuna 40.3% 210
nMsAnwnsgesaansvedlusindailiuian 12 Weou nandavdniinuainnisgesaaisvaslusunda

=

3]
® 5-bromo-6-methyluracil (Metabolite G) Inawugegn 3.4% vesusualusunda
Al 7 304 JuvaINIAnw

® 5-bromo-3-(alpha-hydroxymethylpropyl)-6-methyluracil (Metabolite C) 1a &
wugaan 1.5% vesUSinalusndanly 1 154 uay 184 Tuveanisanm

® 5-bromo-3-sec-butyl-6-hydroxymethyluracil (Metabolite A) Iﬂ&lwuqa’c’j‘ﬂ 0.6%
gasUSunalusandadld 71 184 Yuvasnisinw

® 5-bromo-3-(2-hydroxy-1-methylpropyl)-6-methyluracil (Metabolite D) Ineiwu
g9gn 0.8% gastSualusindaiild 7 304 Juveanisfinu

® 3-sec-butyl-6-methyluracil (Metabolite F) Inswugsgn 0.7% vesuIunnlusan

Fald 7 304 SuvosnsAne (US EPA, 1996)

2.1.3.2 mseapagansuuulionnia

nsfnenistesaaevedlusuadalang Pseudomonas sp. Bauanldan
Ay Taeldlusundaduunasuesmsuouuagna sy wuil Pseudomonas sp. @nsagaslusindald
wazaan1stuidenludvlussiuesufianisld Taswu 5-bromouracil iuansayiusvasnisden
d@a1e (Chaudhry and Cortez, 1988) msfinwinsgasaaevadusindalugnnizlionnielaeqdunid
ngu denitrifying, sulfatereducing Iaz methanogenic #u11 98UNIENGL methanogenic winjudi
annsndesaaralusandalél waz wu 3-sec-butyl-5-hydroxy-6-methyluracil {uaseyiusyaINs

gowdaany (Adrian and Suflita, 1990)

2.1.4 MsUIUAEISHARYIABAONINTININ

natdnasuaiivlaedBnis@inan (bioremediation) Wunisirqdunidunldly
mstinfuiivieusnaiiinisuuilouvesarsuaiie lunszurunis bioremediation i wiafu 2
UssLamvdn fe msthdnansuafiwluuiinadiiinsuudouiug (n situ technology) uas nsiiasii
Qnﬂmﬁauaaﬂmﬁ'\ﬂ‘ﬂﬁﬁnmﬁu (ex situ technology) TunszUIUNIIWUL in situ bioremediation
fuasuafivasgnihlldviadosaansshoannsnusssuvd feesduisitaliseles Lifems
MIPUAsITITEULINN saumdafulinsfuiannden uanduisndmuddulumstaiuiintins
Yuilou d9u ex situ bioremediation awfiaufu in situ bioremediation tuasiiAldd1agania
iesnndeundeuiredsiignuuideudielutaiiuiinasu in situ bioremediation @nnsauysls

Wu 3 Uszian Ae bicattenuation ¥491F8NI2UIUNITNINESTUUIRIUNISHBBAANBESUAN Y



biostimulation Fadumsnsgsuauansatunsiitnasuafivisqdunidlasnsiinasonmns
=5 Y 1 1 v v a o . b P a a o a

wialadeduq Wy U1 uasfa1fuBiénnseu wag bicaugmentation FeilunisiAiugdun3dnd

o w A Adw = a A i g 3
anuausatumsitUaasluTununnneanis Fweumuzauvaavaila bioremediation WHaZLUY
nl: :‘!’ 1 ar ot 1 i 78 = é 5 a = & L] :n' o
uwuagiuvaelady Wy anmiindenvesuinaivuley Ussrinsveqiuniduszdntu vilauay
UTunauesasuaiuivuilou (Megharaj et al., 2011)

2.1.4.1 Bioattenuation

\Junszuaunmamessund lunsvuiuniszifaniswieuasivli
ﬁmuLﬂuﬁwamaﬁaagﬁugﬂﬁlﬂmﬁiaué’w Fenszuaumsmaniiaviinannsyuaums metabolisms
¥999@uUN3d (Smets and Pritchard, 2003) WagNTEUIUMSIUTTINIADUY WTonsduiuTnganeg
Ty nssvIuMsTaLWINEaLfUas v En WY @155 wIndands (e.q., BTEX) (Atteia and
Guillot, 2007) L’Jm‘?ﬂ‘ﬂuﬂﬁﬂ'}ﬁﬂ%mﬂ@hqﬁu%uagjﬁuanwwmmé’amaaﬁuﬁﬂguq

2.1.4.2 Biostimulation

TunrsiiyaunidasAsumauaivliiu Tnevialy Lgﬁqﬁuaéﬁuﬂ‘%mm
A1UBU Ase T L Tulasiauuazvleanasa gamgll Usunaieendiau pH veddiu redox potential
way vilawasUSumuesasuaiiy (Carberry and Wik, 2001) Tunsnserumsgesaanslagqaunsd |
fnazfinisifvarsemisluguvesds Quguitagzatssdi 18y KNOs NaNOs, NHsNOs, KoHPOL,
MgNH4POy, “Lugﬂﬁﬂﬂﬂﬂéﬂﬂ‘fj”] VU customblen, 1BDU, max-bac, LLaa‘flug‘lJ oleophilic 11U Inipol
EAP22, F1, MM80, S200) (Nikolopoulou and Kalogerakis, 2008)

2.4.3 Bioaugmentation

Tneduinnluiuiilifivssiinsuteuinieu Bunidasiidian

Tumsuius (lag phase) ununanedlansifanansifiey “soil activation” WunseuauAalay Otte

P g

wazAMY NUN umum%mmsm’maawaumamnﬂumL'ammmi‘duLUau udhnaululddu
inoculum #193uUNT8UIUNIS bioaugmentation TuituiliAudmiunistosaats PCP uaz PAHs
(Otte et al., 1994) Tnggauvdsldtannsmirlvldfuiuafinmsudeududuiuiifalmivesans
gilaeaiuld uwasdussansnmilatude edan lag phase U8998UNSEeIY (Lamberts et al,
2008) pre-exposure Wag 15 re-exposure eaiissanfiunsifinauaninsaluniswaueddy
29998uvn3d (Reddy and Sethunathan, 1983) 1J'5'1ngmmi*?iml"ﬁammmmialunmumua%s‘u’u
#§991AN15 pre-exposure WuauIuznueda “soil memory” lun1sifinuszdnininues
NS8UIUNTT bioaugmentation axfin1sldqaunidvarenguaiiiamannsalunisdosarsuafivi

vianwang (Diaz, 2004)

o o v

2.2 9 UI8NNBITD9

Usgiiv (2529) AnwwannArsvesansiidndivivesnaduluiudgninalne gauinges

(Oxic paleustults) UStiuaudidednlnadiiuiennd o, Uinged 9. uasTIvEN WUT1 Mdean

WuasidnleiNyeensTusnsn 600 n3uaseengns/ls aduluudasugnirilng sznunannan

Y99I TuluAuIZAUAn 0-5 9., 5-10 9. way 10-15 9. NRIAY 91U 2.154 ppm), 1.403
o w 1 = a ' a = ;

ppm kag 0.923 ppm MUAIRU HannATeIasnIEuluAulzanasedesiaiilaed half-life
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233083 (2546) msAnwinseuiieuasnidaiuivesiiviu lnalvan lagsou
uazwsaen Tumsidntrfifluulasgndeslussasvdsdossanuds wudranstdauivi 4
yila fuszaniamlumdnieiluuay Tunin uazurmylaliuandeiu nsldarsnidadviiely
g iuvdiegosalinainifuivergunn winsfdaivivluunsidesiongtiasasiiliden
lasufiwanansidaioiy lnaawizlnalian uagwisaren diwsdedesuin nmsldarsidaiaiia
flunlasdagengiiasndy 60 Jussinavinlinnnugwesdesanas nsldlnalwianinavitlinisuanne
anas msldpsiviunazmnmenaslifudosifionguinnit 30 3u uaglnalvianaslifudesii
9181NNT1 120 U

39UN1 (2548) AnIN13aa18a13AIUEITUYIA, N1T1Ta15L5IN1TaR8UAZAITIAY

&
= =

i A el o A - ' a @ ' w
Weagdunsdiiadataans d-raslsaziaunvulouluiu wuinlufusiunisagiianisdesaanglauin

9
]

#iga lwismsiaunguyduniduaznisliafunidinginuinannsadangans d-aaslsexilduld 87%
WaE 84% MIUAIRU YULNIBAANYAITAUSITNYIRA N TIAR 1A IALNES 67% dmTufiusiuly
nsglaifianuuansafulunisaaieans d-paalsesiauluna 3 38015 Sanrsaansdrngegai 58%
4 A o [} &) 1 a 1 vl I '
melusspznanaeaoy wWislinsusuanuluniadslufusaudunseliianudunata wuiinas

dangvesans d-aaalserilduintuiniaaluidnisdunguaiunid dwmateaslane 95% aely

e !

szgglianaeafay mildasssnsaasuarnmsldqaunidineamuiiannsnaaiganslaiiies 29%

Ala (2551) AnwanuiaUafivewiud e ndsimiifiaanarsmaniviy wul agiindus
T ugvdafnomslumies lneFumdasnveuluiduidunatdly dlesuansuunamnn
yilwlulng Edenauns) funeld Sudendsassounsseasoziiniuluszesizuunnly auds
ogussnmaesieiiou Sudwsndwiulaildsuazassmslunamnnagyililulug Tusiede
#u wiannsausnlulmilinieluszoznamiadou Auiiflavessarsesiviuunaquegluusuia
wn Werlunnaunansesduasiu sinfivesgaduarsiuin dwaliiudnisndaineinslulniiae
Bunnluanstuuiluoy

TuUNUN (2552) AnYIN15RaUaNRIReaIsAlinIInIgNYYeIBl U 6 WuT laun

Wug 95-2-213, 98-2-097, BC04-713, BCO4-768, wauunu 3 waswugia 88-92 saansmdnivy
alusyoznoutuivsen (evnT1dy, oxilviy, wuiwmdy, Wnenaluy, Suieia waglngsow)
wagldluszogndaiyfivean (wistmaen, lnalwian, sziiniu, wn3ydy, 2,4-D uas ngludiun
wonlaniley) wudn nisldlussezneuduiivsen ezliviuluansauisfivauisamuauianylan we
Huiwdndestudesusuauunu 3, 98-2-097 uag 95-2-213 dauansiaiiiruauivieldlais Ae
Sunniia wazlusunandn msldesiniulinandndesugnuiniian nrsléluszezudeiyiveen
wuin ansiedifiannsamuauivivldd Ae 2,4-0 Wedavuudrannsomuauiuivldvue asiadi
muanisielalid Ao azliniu Anuduivessdesndmivaisialinuindesnniuguananuiy
fusgAuTULTHaNITHUMENITIATaN dunisuselnalwian, sviviy, wWniydy, 2,4-D uans

amadufiwindes wasniswwiengindiuswenludleuiinadudoeiug 98-2-097 Tuszdua



1
= 1

Duiwmanidos TudunandanisTduvdyiuiundedesuasfuinsenlinandndosaeign daunisld

9

winmevlinandndesiesiign

a¥weyn warame (2555) n13AnwdsnisdanisteReluasulndudiiy iednu
Useansnnansidndoiiy Ussiamneuivsiasen wazussinymdsiaivsen TuanmiSeunaass wuin
msﬁ%‘fﬂi’ﬁﬁmmﬁﬂiuﬂ'siu‘i%’m'smamLi‘;!uﬁmﬁnﬁaﬂﬁiamémfﬂﬁu wagnsidaivivezainass,
ardlenans, wlnatrass, wulawnidu ﬁwanssmﬁia'tuméuﬁ'tﬁuﬁLﬁ]%ﬁg‘?]'uu'ﬂmiﬁmiLﬂ%mtauim
Aaund lunsldmvaniyialusseendsianeson wuin lnalwian, nglwdium, wisiaten wazasin
3u ansamuAn Iy aud, aude, vginae, vighduun, vahdunia wasnnnie e

L3

= & o =2 s s a = € a o
9395l (2558) vinnsAinnamautAvasAnenmuesgdunidansssuend waldlunis

14 = =

Uripdeuanden wugauvsdlusssuiAuinndt 40 aneugnidnenmgsduniseesaarsiniuyia

saia

A laluyIuuiivuiauge anzidoaunsadnideniaunigdsIsuyifingt 50 angwugadl

3

P vanunsogelunstesaansaisidadviiy wu wisiaten, lnalwian, 2,4-D, avnsndy, lagse,
P - VYo o w A a 6 a v oo
wnuiisn venanllaugdidededniienydunidoTsuriini 30 meRugnianuauisaglunis
tapdaneasuaNy Iﬂafgﬁuw%éﬁisu‘mﬁmdﬂﬁlﬂumaﬁuﬁ:ﬁﬁﬂmauﬂ'ﬁLﬂutﬁmﬁwﬁuw%‘éamﬂdu
TN NUTRAUNIEFTIUIAWAN g1nTomsstineglauazanunsadeaaienidiunineg a1sidn
Juig nSeansuativuazatsatuuasldiuseded Miliusuaaarsduileou aisandeanlSunmas
pg198vudEAY
- = a P~ L2 £=3 dly = a

Zhu uag Li(2002) Anwalusurdauasionsslaluuinnaisludu Tuiiuiivgndulesa
U 6 wlad Inedivseianisidienae lsluuludnsd 0.6 Alansusaienianes waslusunga 1.8 ©5e
3.4 Alanjurelenmes iNuMoEAUTITzAUAIER 0-1,860 Laufiwns wulusun@aluyniietnediu
AszRuanudntiesnin 60 wuAluns (105-1,338 urlunsudensuvefiu) wu 74% va9Auianunf
STAUAMUANAINTT 400 LURNAS (26-473 wnlunsusansuvesiv) waznuluuSunades (90-113
ylunusianduvediu) Tudegefuiiszauainudn 1,540 wuduas wanuienvsleluuluflagie
AuaTn 3 wlad LaznunsyeuANan 0-60 wuRASWINLY (86-107 ulunsusansuuaany) R
A o = -:l' 1 -ﬂ' = o o !J-:i' 1 = d' d'
mulusin@aludiinangandt Wesnnlusugaiansmslangindt uazlinnumumunagsiafoun
TuRulanInanaslaluu

Alavi uagay (2008) Anwinisuuleuradlusuinfaanuiaslandulssngunaninnu
wuInsldlusinga (8nsn 1.8 Alanfusiawenes) dwaliiinnisavauvadlusundalufiuglu uay

.E = - L7 174 = < o ;73 = <4

wunsUuauredusindaluiuuy uadan1saEsaiiuiu 9 ey wasannIsidansiail 18 Wheau wu
myvutewratlusin@alufunssavanasiu 30 was nsldlusindaluvsinuigadudmaliifianig
azauuaznsiedounivasansiaslulufuganniu

]
=

Navaratna kagande (2012) Anwnansenuvasansminisiveziiniusegdunidie

3
U
luszuuinindndey arseriniuluvesljuinmsssuuivaindedarududu 1 dadndudedng #
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srezIaIn1snnude 7.8-15.6 Falusanunsogaiidale 20-40% Aududuanaunie 0.8

fladnSusodns drulsznavvedlusiusasasiulawmsafinunlunasiinisndatuiaanasiied
o o a = = PR 4 o a i = P

asezdiniulunissufnseidinmilanududuiiudu wuaililenaiunsanudeasesiiniulata 5

fladnfusiedng Ao LuafliZounsuavuazunsuuiniifyuiaduwiaierioudu uazuuaiiSaunsy

o o ]
auniguImsInay
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UNA 3
ASatuUN15I8

3.1 nsAndangauvsdangu
3.1.1 Adengauviditimuanunsalumsthinesiviunazesnsdu

fmdanqaunisoniiuiinanisldesiviulazesnindu lneifumesiunnulas
Ugndes Tudsiarvy? Alidnunsiuuanseiy S 2 was Fduwangndesiiinisliviosin
Funazesvsulumshidntvivlundasugniuiu ufedduiissfuaudn 0-15 uag 15-30
wufuas Tuuvasiuduas (wasil 1 SaeUgn) uazmeesduiiszduaudn 0-15 luulasiudd
(wlaedl 2 Saene) vnisdadenuuaiiselaenisvin serial dilution Tuansazane 0.9 % NaCl udn
Aosuuemsiasaie 3 vila Ao basal salt agar medium (BSA) waz nutrient agar medium (NA)
Fwilddnuendouuaiiss uazenmsiasaiia potato dextrose agar medium (PDA) dwiun13fn
WNWeT ensiaBadeiinisiuesiiviu wazesns Ty Arrududu 25 me/L was 25 me/L, dmsu
MHusnidordunidovaaneeriiviu wazesnmdu awdiiu laevimsAnwansidniviivuazie
weniu ynszidendeiigumgives Tuanmdesndiauiiunan 15 Ju duswaulaladiiiagy
wues YN sub-culture WeTlasguuemnsudsiiignenslalaiiuansasfuuuemslusiauls
Wefluiavs Wevhmsfnmanuamansalumstiidhesiviunasesvmdusely

oA a aedda o =
3.1.2 Andengaunidninnuaunsalumsuidalusinga
Andenuuafiiieanuuangndulssaniivse Tinsldasminivielusinda lng

\useensiiu 9nuUasgndnlysn S1uau 3 wad iiushegeiiseiupudn 0-30 wudwes hims
FndanuuaiiEelnensi seral dilution Tuansazans 0.9 % NaCl uasidssutannsideadie BSA 7
Wailusunda fenuidudy 25 me/L inasmnzdesluanmiioandiau Wunan 15 Fu Jusuau
TalafifiAntuuueimis simns sub-culture Wesauuemsudiiidnuarlalaifiunnsrefuuy

gwsludauldideiivians ierhnnsfnmaniuasalunisiidalusundasield

3.2 NMIMAgUANMNEINNTnvesauNITlunstUaasindaduiy
3.2.1 nMsfinwiAuannsaveqdunidlumsunUnesivuazesnigu
g a acadw o 9 - : o
\WegdunidnAndenlavzgnideduaimsivan basal salt broth medium (BSB) #

Imsiineziiniunanududy 50 me/L iwemussdndamluntsininvesuaiiteusazeiln Taans
inoculate WaluAiTBAUTNTY 10 cel/mL vinisinizidesigumgivieslu rotary shaker 9

o , ) o v A o a o 4 v o
AAL5250U 150 rpm Wunan 15 Ju vinsiausuiauesiindunazesnsifumavdeluaimsiuiudg
15 ¥84A1TNAABIAMELATE high performance liquid chromatography (HPLC) Taald C-18 Aaduil

wazld mobile phase Wuwfiaueaneseduazi Tusnsiaiu 70:30 fae flow rate 1.2 Taddnses
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Uit wagld UV detector iInnuenadu 254 uluiuns tuksazasiazaniiogne 20 Jaddns lagiea
YDIETOLANITUILULAAITIIAT 4.5 U WAZOSNIITUILLEAINIAT 3.3 U7

3.2.2 m3fineANNEnsaveduvsglumsidalusinda

& aa dw oA % & oo a a o

Weauuafisendadenldvzgnidesluamsivan BSB nilnsiinlusindaiaiiu
\Wudu 50 me/L iennssdnsnmlumsiiianvesuuaiiseunazyin lnenis inoculate Wanuaiiisey

v W _ a o5 a v ) ° s = a
Aududu 10 cel/mL yhmsmeidesigamgiviesduiian 15 fu vhnisTaudunalusundans
r-'l o v v a o ¢ v v o

wigeluawnsluiun 15 vasmsveass lnemiaianisiiiaduraslsn wasiauSuumieeias HPLC
Tngld Cc-18 Aaduy wasld mobile phase Wuasdlnlulnsduasin Tudnsdau 40:60 fe flow rate

o
[ s 1

1.0 fadansreurdt uazld UV detector innnusnmau 280 urluwnas Tuusazasiasdaseta 20
afans
3.3 MasuuniFegiuvisdilldeinnisdaiien
FeuvafiBeramefiausamsalduuemnsdeatefiiinsiivansidaiafie agndn

° & v ) ad a = & 1 '3 v ¢ a
"1]']LLUﬂ“U'L!VﬂUCﬂ'll]aﬂ@mﬂiﬂiauﬂLﬂ'ﬁfUuUuE]qW']‘ﬁLaUQL‘UE] Eﬂ‘ﬂﬁ"ﬂﬂ\‘lLﬁﬁﬁﬂqﬂiﬁﬂﬁBQﬂﬁVliiﬂu LEZNIIAR

Adauunsy

3.4 NMFIUATIZIIN9EDA
Airswvidoyameatiiuuy one-way ANOVA Tngldlusunsu MINITAB 17 fiszsiu p <
0.05
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uni 4
NaN15I9Y

4.1 93VITU UATANTITY
e, s 1] = in o 1 5 a =3
4.1.1 aulRvewegduinlfiuuvaaveadegdunid
msinsziauiinaadvesduildiduumadunisuentogdunidniianuanuige

o o = =i = o 1 1 L7 ] = 5 1 nl 1
Tunistnineziiniulazezni@udnuiu 2 wuad wuinAl pH 189A70E19RUNY 2 wUaadiAnnuangng
s =Y AS' QLI’ = as - = 1 l‘-'lI Gl !ﬂ! 1} 1 -
AU Aundad 1 Felidnwuzsidufudung fan pH @@y pH 5.73 mmgﬂuman‘sﬂﬂmnma LazdaIuAY
wlas 2 Felidnwazilufudd fidn pH Wi 7.44 Feeglugasinegau Amstlni (EC) voddu

o a 1 al = - o = - 1 ]
NuUasn 1 Uaagagn 0.0543 mS/cm wazhlasw 2 dAaneagi 0.0436 mS/cm ¥9A1 EC 9999
[ d‘ ) = = =i s L) ] - d‘ 1 A A
aasuvaseglutienliify USunadunieinguesiedrsfuainulasd 1 dAaden 4.53 Wedidud

= = = W LY ] a o &t a4 & & ¢ <t = = W a
WasUIUUBUNTYINGUDINIBYWAUNNLUAIN 2 UARAEN 5.86 LUBIEUA BINDUNTEINQUDIAY
M 2 wlaseglussauiigainn (M1 4.1)

M15199 4.1 A1 pH Ansti g (EC) wagtSunabunseinguassinognsiuiltiluuvasves
\Wegauvsdtasaaigasiiniu

Soil sample pH (1:1) EC (mS/cm) oM (%)
Red soil B3 201 0.054 + 0.002 4.53 + 0.35
Black sail 7.44 +0.25 0.044 + 0.022 5.86 +0.15

4.1.2 Uhnautieqaunis

msfnmUSinadeydurdsiileruansalunsidnesiviuluwagniesia
2 wlasdl 2 sedupudndie fseiuannudn 0-15 cm uasissduanudn 15-30 cm dwiuAuduns
wazfiszRuAILEn 0-15 cm dwsuaudsn lngldenmisiasaie 3 lin Ao nutrient agar medium
(NA) uae basal salt agar medium (BSM) danfunisimigiaendenuaiise was omsiaeaie
potato dextrose agar medium (PDA) dmfumsiwzidsndes annsAnvinuirlufuduad
Sunudegdunidiaiefisedunuin 0-15 cam $1uau 1.5 x 10° CFU/g soil uag 1.6 x 10° CFU/g
soil AMFUNSAALENEIB8MNT NA UaE BSM mudndu @auidasiwuliunm 7.2 x 10° CFU/g sail
(5197 4.2) dhuiisedunmEn 15-30 cm wulsnueiiGeRds 4.7 x 10° CFU/g soil uaz 1.8 x 10°
CFU/g soil &15un13AnLena1ea1ins NA wag BSM g FuET T INUUSINa) 2.6 x 10° CFU/g
soil (151971 4.2)

seiumudnvesmsiiuseviulnasouunagdunididauenls Wisuiiey
Uiinaugaunidwuinluudazutas Asefuanudn 0-15 cm Qauv3diinisnszane wdeliuunm

g
1 = = 2/

1 [y s 0w aas & a o e & & = @ 1
WANAINNUBYITNULEIAYNIENR NIFAUNTINLALINIYDIVNTLAUILTYD NA Waz BSM %QLUUﬂQﬂJ
& a

o o ) P PR & v g & e =1 =
LL‘UF’W]LiEJ‘VW]‘LWIElﬁ’ﬁa%ill‘lﬂiuua%a?d‘mwulﬂ LAyl e gInga1nistagstda PDA ﬂaﬂa‘NLsdai']V]
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nusaeiniulazesns Buld denuuandsegrsiiteddynieata sdlsinueiinveseamisides
WBTLANA19A UL enrich medium waz minimal medium lufinasauSuadawuaiiienan
[V = ) P & a & a aea w [y 2w !
wenld daufissAumnudn 15-30 cm Uy USinaniiegdunidndnuenlausazganuaisgialunla
Wi ldfianuuansaiuns 3 gieemnsildvimsdauenie
< = ¥ a e w v a Py ) =
mswisuilsutinantegdunssidauendiganssiafeddiun 2 ssauanudn
9 o ! & & ) | a
9 sEaUANEN 0-15 cm wag 15-30 cm wuan Tuemsideade NA linuaruwnnasweslsunn

%)

Wwandawenld luenmis BSM Usuandefl 2 szauarnudniiannuuansneealiiedifgn1aaian

s d‘ u') -y n:i s = = = U 1 = &
seAuALLTDIY 95% lasRunsgsuainuan 0-15 cm azwulSuauaiiSeunndn daudsunade

3 1 =Y d’l’ a‘ s =% 3 1 1 =l o o ot Q' -y =y,
FITUNUTITUIEB5I 2 SeduamnuanTuilimsuanAed1ltud Ay Bansada Taewuusuia
oI lUSEAUAIINEN 0-15 cm UINNTIASEAUAINUEN 15-30 cm LUy

X - N R y , .
msuenauuaSelasldeinis 2 siialunisueni@ada enrich medium (NA) wag

“ & & 1 1= 1 s = = d Qs v =Y Cl' s
minimal medium (BSM) wuinlifiauusnsaiursslSinawuaisenfanenlaanfunssauning
8n 0-15 cm wAtimuuanaetsiiteddBneatAnszauaudn 15-30 cm laglusmnsides

&y . o X e y & ///X
We NA aunsafndsnaslauSunauinninaimisiaeada BSM

<

A19197 4.2 USinaudeqduvsennulupuduae Asesumiuan 0-15 cm wag 15-30 cm

Soil depth Collection Bacteria (CFU/g soil)
Fungi (CFU/g soil)
points NA medium BSM medium
0-15 cm 1 23%x10°b 4.7 x 10° bA 1.1 x 10" bA
5 1.1x10°a 1.4 x 10°aA 4.8 x 10%aA
3 1.6x 10°¢ 1.6 x 10° cA 6.6 x10% cA
4 2.2 x 10°bc 1.4 x 10° bcA 5.3 x 102 bcA
5 L5402 1.6x 10°cA 8.0 x 10°cA
Average iy i 52x10° 7.2 x 10°
15-30 cm 1 8.5x 10%a 23 x10°aB 3.1 x 10°aB
. 39x10°a 1.1x 10° aB 8.9 x 10%aB
3 27x10°a 1.6 x 10° aB 1.3 x 10°aB
4 43x10°a 2.2x10°aB 2.3 x 10°aB
5 58x10°a 1.5 x 10° aB 5.2 x 10°aB
Average 4.7 x 10° 1.8x10° 2.6 x 10°

Small letters showed comparison within same soil depth in the same medium
Capital letters showed comparison in the same medium with different soil depth
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MnuamAeneiUinugduidlufunniudd fissfuaudn 0-15 cm uang
Tusnsafl 4.3 UunasuaiiGedinuluanms NA fla 1.0 x 108 CFU/g soil wagluamins BSM fa 6.3 x
10° CFU/g soil @autasmuu3una 1.7 x 10° CFU/g soil Wisuilsuusunagdunsdluusazgativ
Fedrmuivsinauuaiideluemaidsndens NA uas BSM firnuuandsednaiiteddnydang
aaRTiszRuAIdeiy 99% wivSunandesfiuenams PDA lifleruuansneiunieada nnsld
9sAsadrwlindy (enrich medium wag minimal medium) wuiniluSinandouunail3eiide
wenldUSunaunnssiueeeiifeddymeada (ans1ei 4.3)

A19199 4.3 Y3unaudeqduvsdluiuden Niseduanudn 0-15 cm
Bacteria (CFU/g soil)

Collection points Fungi (CFU/g soil)
NA medium BSM medium
1 2.0 x 10°aA 7.7 x10° aB 1.5%x10%a
2 1.4 x 10° abA 7.9x 10°aB 2.0x10°a
3 9.3 x 10° bcA 1.2 x 10°aB 18x 10%a
4 1.1 x 10°bA 9.3 x 10°aB 2.8x10°a
5 29 x10°cA 2.0 x 10°bB 6.9 x 10%a
6 8.1 x 10° becA 9.2 x10°aB 14x10°a
7 4.2 x 10° cA 2.1 x 10°bB 25x10%a
8 8.4 x 10° bcA 1.9 x 10°bB 6.8 x 10%a
Average 1.0x 108 6.3 x 10° 1.7 x 10°

Small letters showed comparison within same scil depth in same medium
Capital letters showed comparison in the different medium

= = ] < i = G&J = = ‘d L 2/ 1 = ‘&) -
nsnavesvlaveifiusaUTaudagaunidndauantd wudn Usunaueqdunid

=

1Nde81e Auduns wazFnegiudnn nanusasyiviaiaedn 0-15 cm LBNAIENMIIESS
&I = 1 7] 1 = o o ar nnd’ s di u’/ g}'
\Wa NA wag PDA fimnuunnsisiusdrsdiiedrdgnisadanszaiuaudeny 99% lasluamisides
W NA wultuSunandenuaiiseitenlfanfudsidusuramnnninfudune waluaimis PDA wuin
USunaudesiuenlaainfuduasdiuSuinunaninauden egralsinny lnuanulanateveauSunu
Wwanuenlauue g BSM naunsaaauiln

4.1.3 Fnuawnadugnineweadauuaiide
msanwdnuaelalail uarnsinddouunsiveadegduvisidauenls (mamuan
a3l 1) viavesgdunisiidnuenliuenmudnuuzlalabiing wuiaunsaundouuaiiede
8113 NA 161 11 98 wenseaimnis BSM 16 12 wiln wazuendigamis PDA 16 8 wila 3nsaeg
FUBuAY dIusasRLAR LA ToLendald 5, 6, uag 3 vila 91NDNSIABUTD NA, BSM, waz
PDA snugnu
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a519fi 4.4 Vinaudieduviddluuiiuns wasdude fissfumnudn 0-15 cm
Collection NA medium BSM medium PDA medium
points Red soil Black soil Red soil Black soil Red soil Black soil
1 23x10° | 20x10° | 47x10° | 77x10° | 1.1x10° | 15x10°
2 1.1x10° | 1.4x10° | 14x10° | 79x10° | 48x10° | 20x10°
3 16x10° | 93x10° | 1.6x10° | 12x10° | 66x10° | 18x10°
a 22x10° | 1.1x10° | 14x10° | 93x10° | 53x10° | 28x10°
5 15%x10° | 29x10° 16x10° | 20x10° | 80x10° | 6.9x 102
6 - 8.1 x 10° - 9.2 x 10° - 1.4 x 10°
7 - 4.2 x10° g 2.1x10° - 2.5x10°
8 - 8.4 x 10° \ 1.9 x10° - 6.8 x 10
p-value 0.005 0.426 0.000
4.1.4 YseAvsnmwnaislunmsdndnesiiviu
UsgAvsamasadislumsdinesiiviurnsdnwilussduiosufiRnisTasns

==

=X & - o o [ ) o

WWeadeluesmaindiniafinesiviufanududy 50 ppm kazesNT@UNANUINTY 50 ppm
' s  J e o ' = o = 4 = & v v o =
wdunuIegduniddulngmunsnanUSimeziiviuluswnsbesveadldldntsy (nwi 4.1) 3
Aundiiies 6 vliawiniufiannsaanyuaeziiviuaslauinnitaimils Ae NR6, NRS, NB2, BR9,

] N P o & e

PB2 wax PB3 (0¥ 4.2) IneeaniiuszdnSamaengana BRO Uag PB3 uananifianuinuiuiues
finsuluasarargavisideadalivsuiauinninimiudnly Aeludaag1e NR4, NR5, waz NB5 819
Wennnnskanansdunsduiinlneydunidugniaatdeteanineglualsazaieemmns uddiing
sUNUNITInUSuNaeeivIulaeAses HPLC MsinUSunuansdunidmetnias HPLC taudunsin

mIlmdpuTivasEnsHuiang1e (stationery phase) Tuan1izfifiarusugalaeiiveananluimians

=

lumsiadeui asduvsdniivunaluanalndifediu uastinnuausanisazarsludviazarenlala
wiriueneanunsawrdauiiinusnanslaludns sty Sedamasuniurensinaisidesnsié

Uszdvimwasadolunisininesnsduinnisfinelussruresl fudnsinenudn

[]

::‘il a o ea s vl s  a o w = s o a =
WegdunidivinisAauenlafivszansanlunisirdnesns@um (i 4.3) Ylinuesnsguly

g sidsaliedenumadsegluuSinugennndt 35 ppm aunidnfAauenlaiuiivssdninmluns

UrinegnsiBulagefigafe NB2 ZsaunsnanuSunaerninduluaisazaigemsideaiela 29%

' o ]
= o fada

& a a a 6 o = a = %
(nnil 4.4) wazidegdunidniuszandamanfigafio PRG Feanunsaanusunuesniduld 15%

1 @ ] =y = -:?I) r_?i) o a a' é’ [ nl' a
atnalsAnny Linvvsunaesnsduluansazaisansideadaiusunafinduunnninidivastulu

=

awnsulunstlvesesiiniu
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4.2 Tusunda
4.2.1 auﬁ’ﬁmaaﬁ’aaéﬂqauﬁlfé’hﬂumeiwamﬁ?agﬁuw'%‘é

eghapuildlumsdaenideriiainuannsalunsirielusindaldunainuas
Ugnduuzan S1uau 3 uwlas iiusegnauasas 20 ganszaneviautas 4 Yaufiufegaiunsamy
1 fheene \udmnu 5 feghwieutas wansdnwwuindhegsfuanuUasi 1 uas 2 e pH agljﬁ'
3.88 way 4.43 dudunsaundn diuuvasii 3 fie pH 71 5.10 %‘aaq’luﬁhuﬁuﬂim%’ﬂ amsthivives
4 3 wlastlendnngn 2,000 pS/cm %‘qagiuwﬁuﬁlﬁﬁmﬂmﬁu U?mmé‘iuw?a%’mq’luuﬂmﬁ 1uaz 2
fifngandn 3% efiedneglusziugs dauuasii 3 TUmaBuniding 2.07% Feaglussduiiunans
(Pn597 4.5)

M1397 4.5 @1 pH ANt (EQ) wasUSinadunsuingresiteensiuinliiluunasues

\Wegduniddesaanalusinga

Area of collection pH (1:1) EC (uS/cm) OM (%)
Field 1 3.88 £ 0.01 109.57 = 2.56 3.07 = 0.00
Field 2 4.43 + 0.02 95.4 + 2.88 3.61 +0.00
Field 3 5.10 £ 0.03 } 93.87 + 358 2.07 = 0.09

1.2.2 VneuiieqAum3s

nsnyUanderaunisainsesuiuiiinsudoulusindanuin S
aunidiidauenlianAuutasigndulssaii 3 was uanduniswd 4.6 YinadeuuaiiSeiiuen
freemns NA werUSinaadeniluendsoms POA flanuunnstediivoddanieadn Tnely
uwlasd 3 fivSiauuafiSeiiuanlageams NA nndudasit 1 was 2 duluwdadi 2 fivsunside
sfinenlédiea1vas PDA mnndlasd 1 uag 3 wilinuanuuendrswesUSunanideiuenldaae
91913 BSM Wi uifleuuunandenvaiiiefidausnldsneainisia enrich medium (NA) uaz
minimal medium (BSM) laifianuunnatenu

{ = i = o e o 1 a s i o ' d?l’ a 6=l
A19eR 4.6 Uiinandiegdunidgimulumednfuanulasgniuvzsanldiduuvamsateydunidi

govaanalusunga

Bacteria (CFU/g soil)

Sample Fungi (CFU/g soil)
NA BSM
PRP1 6.9x10%b 25x%10° a 13x10°b
PRP2 18x10°b 1.8x 10° a 25%x10°a

PRP3 3.2x10° a 13x10%a 85x 10" b
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4.2.3 Snvnzmedogmiingweseuuniide

nsfnudnvazlalail uaznisieddenunsuveadeqdunidiidauenls (namuan
157971 2) vlinveardunidiidauenliusnamdnuuslaladiing wuiuawgndulzsauasi 1
(PRP1) anansausnitenuaiiiesneans NAIH 3 wida usndesang BSM 18 1 via wasuande
awns PDA I 5 9iln uasgndudzsautasit 2 (PRP2) ansnsausniBeuuailiFedee s NA 'K 4
¥fin ugndges BSM 1# 2 viln wazuendieenmns PDA 18 2 wiin wawgnduuzsauai 3
(PRP3) aunsanenieuuaiiiiadisamns NA ¥ 4 wiia usndasawng BSM 18 2 vila uazuende
o5 PDA ¢ 2 wifln \ufidannd Wesfiuenldarnudadit 1 fianumanavaneannnitudasiug
aghan endisananidasiifinislayalifeudwininfusegassaina 1 Wou o1aiinaliide
silUfinaiunnduiesniyaldduemns viefidesunanyalailddlufiauuag

Usinaudeqduvddiuenldnnuangndulssanuindianumainvanetesinniile
Wisufunsuenideqaunidiidaesiiviunasesnduninuianigndos Aduduiiesradeanin
mmtﬂuﬁwaﬂmm%aﬁ?uqandwasﬁw‘%umaawﬁ?ﬁ

4.2.4 Usravsamuantelunisiilusnda

Usgansnmaendaiidanenidlunmasdiielusndaluamsasmeomaidsadeid
mswdulusundannududu 50 ppm uanslunini 4.5 mnmsﬁﬂmwuiﬂL%@ﬁ;ﬁuw%mﬂmjﬁﬁﬂ
wenliszansamlunistiialunndalddunn Taederdunitimuniuszavsnwlunmiidalus
wBaldng 509% (il 4.6) Weiilivsvansnmgsiianlunisthiia fie PP1-5 Ssaunsnanlusun
Faluasazatgasld 409% usnanilgeunavila (BP2-2, BP3-1, BP3-2 uay PP1-2) Sedswaliiin
Uhinalusndaluasazanslégety dninsfawmuuieiulunsdusesivi



bromacil concentration (ppm) bromacil concentration (ppm)

bromacil concentration (ppm)

1%
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bromacil removal (%)

bromacil removal (%)

bromacil removal (%)

PR NN W W s
o W o W o wm o u

o= T ¥4
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A
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BSM

BP3-1

PDA

s
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97nA oral LD50 wasewiiniuilan 945 me/ks, aenindudan 850-1,750 me/ke, wazlusunda
Tumyfien 3,040 my/ke Falusindaiinnuiufiumiign ogdlsfmulusndaduaseglufulduunds
TnefianA3edislufuannndn 100 Su (Extension Toxicology Network, 1992¢) wavasaglufiuluaiu
Wudusqldunin 7 weu luwnsitesiiviutuiidadsdisluduil 70-250 Yu wavannsaazaneii
1 Indnzgndesaatsladelaeqdiunid (Extension Toxicology Network, 1992a) daupznsAutiy
fiAnA%eTindl 60-u1nnT1 100 Fu uazavaneléuunans (Extension Toxicology Network, 1992b)

o £

AuanansatunsgndesaateiulaegdunidiitadunnauandAsunsazas (bicavailability) uas
mufiufwrasans (toxicity) Joilvesnidugnundnlaieenitesiiviiuuaslusinda
= dg 1 4 = = 1 1 =
wananviinvesdrsvulounds sinvesduiiasiinadoUnauazanuvainnatgves

-y =

qdunisdeng Julinvesiuduiusiuanuduna-ate dedu gumguiu Uiinuanutuluiiu sauds
Falladuvariifinasanisnss®in uagn1sdiuiansuvesgfunidnsiu (Vieira and Nahas, 2005)
smownsluiu sudsdunaldanfuiniaiubivinuuazyiavesaunidndauonldunndieiu

gl
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unil 5
dyunan1sIdeuazUaiuauue

o gl

5.1 auvidndauannsalunisirtneziiviusazesnsndu
nafmdengaun3satimnuaansalumsvinesiiviuwazesnifuseemaidsaie
dmfunuaiiFe 2 wilafe NA (enrich medium) uag BSM (minimal medium) uagommsiasadias
1 4ila Ao PDA 9 nf0E1edY 2 uila Ao Aufuns uaziiudd degrafiudunmugdunidiaiyuu
21915 NA, BSM, uaz PDA ladnwau 11, 12, uaz 8 ¥dla audisu ﬁaaéwﬁuﬁﬁwwuqéum‘%éﬁm‘%m
YU NA, BSM, uaz PDA Tas1uau 5, 6, waz 3 16ia auaisu qﬁuw%éﬁﬁﬂizﬁmémwgﬂumi
Urlmesiivisuny 3 vila Ao BRI (Udnla 99%), PB3 (rlala 96%) uay PB2 (UrUala 85%) us
\WeyBuvdidauanlatiussavsamitilunsitnesnndulasdeiii tnosnaivlfgeiande NG 2
FaanUnuesnfuluswnadsadeadldifies 29%
5.2 auvFdafianaanansalunsirdalusnda
dndonuuafiFenniuiinimsldlusngs Tasdufegsiuanuuangniulzsn
$1uau 3 wlas feanadnie 3 wia Aa NA, BSM, Wag PDA wuldagauvissuau 3, 1, uaz 5
g ndaeteiuwasi 1, wm%aqﬁuw%éﬁmu 4, 2, was 2 ¥iaaniedisRunlasii 2, wu
Wegdun3dsiuau 4, 2, uaz 2 wiaendiediAuudasil 3 Weqaunidfmuaiidauenlsd
UszAninwlunnsidalusindalddinga 50% L“gﬂ‘ﬁﬁﬂuﬂﬂlﬁ‘l?llflﬂ'iSﬁﬂ%ﬂﬂwq\‘]ﬁ?gﬂlumiﬂﬁﬁﬂ fg
PP1-5 Feanunsaanlusinaluasavansasld 449
5.3 YaiEunuuL

v v
a =l o

5.3.1 Tuns@nwiassiivinnsnaasdluanizaisazanedaranuaniizassluiu a1adina

o 8 w = o 1 e a & i a a P ) Y] 1 a = o
quﬁﬂqiﬂqﬁluaﬂquLﬂuWHﬁaﬂ‘ﬂumﬁﬂﬁJqﬂﬂ'J'ﬂuaﬂ']Wﬂu%i‘ﬂ ﬁﬁﬂqilﬂNU'}\ia?uiﬂUﬂq‘lﬂ@u‘ﬂ']ﬂ@]u'ﬂﬁﬂq

a A

iuszansnmlunisudrdagy egadlsfnmdifigdunidunaiafamnsatidaarsvudeuldogiedl
Ussdnsnm

o w ar A

o o & ) " a a da wa v
5.3.2 lunsfinwasediiiusegfuanulasugniianfivsziinisldansidatyiioun

o
@ w4

[ 1 6 1 = 1 - ar ] = o = = o a ] 1
Wuszeznatlisinin 5 U agralstanusegraasihunldlunisnyniintrdaasidnisivudas
mﬁmagﬂuwumﬁ'&wi’mﬁmﬁ'uLLasUQﬂﬁwﬁmLﬁmﬁ’u%amaﬁﬂﬁmmwmﬂ‘wmwau%ﬁﬁaa %N

a s ] a o | Aa & ] o v o o -1?1‘ P &

's’i‘]llﬁﬂLﬂUG]’)’e]Eﬂx‘iﬂu‘lﬂiﬂﬂ‘lﬂaﬂEJ"}LLMEN%&Jﬂ’)i‘dgﬂW‘Uﬁl’iwuﬂﬂuﬂﬂﬁmﬂ‘mﬂ‘UﬂHaL“UEW]L‘UNU?SIEJ“UH
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unil 6
AUNaNEANlAAINIUIRY

6.1 UNANNITY
1 El!‘ - ﬂ’) E&l ¥ o ‘dl = o s A a
drunilsnAdeguilldhausluilssgaians lnednausluideses Screening of

ametryn resistant bacteria from sugarcane cultivation soils lusuUsgguIgn1sseAuUIUIYIA
F9 2™ International Symposium on Agricultural Technology (ISAT2015) Lila¥ufi 1-3 LAsu
nSNGIAN WA, 2558 Fadndilsausueiu Jmrinrays (Menuan) wasunauiRuilunsasinns

sgAuvRTImaeeglusEneliumsdndiuiu 1 15a9
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LONE5919D9

95y Yuann, 837 angiansel, 93581 Nlled, wag 2lan 513078, 2555, Anwidsnisianmsivialu
aruUNAuNTY. TBURANUITEUIEANY 2555, dinTewmuIn1TenInInNg. nTuITInIs

\NWYAT. NJINN 91 116-132,

o € A S

BI50 Fains wavauns dule. (2558). Qaunsdsssuviaieyssgndldlunisiidn ewindax

ar v

Tned233. [eaulal]. Whddldann httpy//www.rdiku.ac.th/kasetresearch54  [Fufidudu

Uaya 6 w1y 2559].

Useiiy nazuadug. 2529. nannAavasansmdadviiveznsndu Tufugauindes. 13a1s3vns
NEAINTUTYINITIN YRS, TTRUW 2520 97 4 avudl 2 [eeulavl ddeldean:
https://soclaimon.wordpress.com/. [ﬁuﬁﬁuﬁu%ga 21 Wwwey 2559].

19101 NesagL. 2548, rudeuaingrinuding. mIaatea1InNsIINYIA,NslTaNTISInTaaTY
warmsAudegaunidiileamesnsd-naslsesiduivudlouluiu. feaularl). hisldan:
http://www.thaithesis.org/detail php?id=1082548000053. [fufiduAutaya 20 uns1Au
2559]. :

Funun 1BaR3990A, S dudesite, Isna waind, magil dud1 waziuie ey, 2552,
nsAnmnmsnevauessneasaiidnivivessdeslaauniaulaaudasseningaudy 2552,
moulaul 1g1a9laa1n: http//www.doa.go.th/research/. [TufduaAuTs ua 20
unI1AN 2559].

A3la annusseu. 2551, Jgwinasidarsiidniuiie:aruaeiliasivesdeadutudiusnds,
feaulat]. Whdalfaan: http://nsferc-news.blogspot.com/2008/04/blog-post.html. [Fudi
dududaya 21 wwey 2559].

p730AnS YnyoIIw, 59 Fusuas wasinduna Ivagudes. 2546, navesnisldansindnfuiavas
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ABSTRACT

Ametryn is a selective systemic herbicide and widely used for the pre- and post-emergence
control of weeds in plantations of sugarcane, maize, and banana. In this work, study the
amount of ametryn resistance bacterial and its diversity in two types of sugarcane cultivation
soil with long term of ametryn application were conducted. The result showed different
bacterial number in two soil types, red- and black-soil. The occurrence of bacteria in red-soil
was 2.3x10° CFU/g soil with significantly lower than that of the black-soil (9.2x10° CFU/g
soil). The upper red-soil (0-15 cm in depth) had higher amount of bacteria than the lower red-
soil (15-30 cm in depth). The diversity of bacteria in black-soil was lower than that of the
red-soil, and all bacteria that found in both soils were gram-negative bacteria. The use of
minimal medium (basal salt agar) was appropriated for ametryn resistant bacterial screening
than enriched medium (nutrient agar).

Keywords: Ametryn, Bacteria, Soil, Sugarcane

Introduction

Ametryn ((2-ethylamino)-4-(isopropylamino)-6-(methylthio)-s-triazine) is triazine herbicide
that is widely used in agriculture. In Thailand, ametryn is used to control broadleaf weeds and
annual grasses in corn, pineapple, and sugarcane fields. Most ametryn is used in sugarcane in
more than 45 countries. Thailand has more than 1.6 million hectares of sugarcane plantations
and is a top five country using this chemical (Farland and Burnside, 2011). Ametryn is Class
III chemical with low toxic to fish and mammals but high toxic to crustaceans and mollusks.
Ametryn moves vertical and horizontal in soil. It is highly mobile in loam, sandy loams, and
sand soil, but slightly mobile in clay soil. The widely application of herbicide leads to
presence of them in fresh water (Farré et al., 2002). The contaminated ametryn in water came
from leaching by flooding and raining from agriculture area (US EPA, 2005). Ametryn is
resistance herbicide, degradation half-life in surface soil and water are 85-123 days and 368
days, respectively (US EPA, 2005). Microbial plays various roles in soil such as soil
formation, nutrient cycling, and decomposition of organic matter including organic
contaminants. Many indigenous microorganism in soil and water are capable to degrade
organic contaminants. The persisted ametryn compound could be lost from soil by microbial
degradation (Farré et al., 2002). Contaminated soil is a good source of degrading microbial
for bioremediation purpose. The aim of this study was to screen the ametryn resistance
bacteria from sugarcane field.

Materials and Methods
Soil
Soil samples were collected at a depth of 0-15 cm and 15-30 ¢m for red-soil, and 0-15 cm for
black-soil, from sugarcane fields with a long term of ametryn application in Ratchaburi
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province, Thailand. The soil was passed through a 2 mm sieve and air dried at room
temperature before chemical properties analysis of the soil. The soils for bacterial analysis
were kept in ice-box immediately after being collected, then transferred to laboratory and
kept at 4°C until analysis.

Media preparation

The culture media used in this study were carbon limited basal salt agar (BSA) medium and
nutrient agar (NA) medium. BSA medium consisting of (all in g/L): 5.57, NaHPOy; 2.44,
KH;POy4; 2.00, NH4CI; 0.20, MgCl,.6H,0; 0.0004, MnCl,.4H,0; 0.001, FeCl;.6H,0; 0.001,
CaCly; 15, bactoagraose. NA medium consisting of (all in g/L): 5.0 peptone; 3.0 beef extract;
15, bactoagraose. Ametryn solution, in water, was added into the media as a carbon source
with final concentration of 1.3 mg/L. The pH of the media was adjusted to 7 before
bactoagarose was added and sterilized.

Bacterial isolation

Bacteria were collected from soil sample by serial dilution and spread plate method using
BSA and NA media. Ten gram of soil sample was serially diluted in sterilized distill water to
get a concentration range of 10" to 10™. A volume of 0.2 mL of each dilution was transferred
aseptically to agar media. The sample was spread uniformly. The plates were incubated at
room temperature for 3 days. The bacterial isolates were further sub-cultured to obtain pure
culture.

Microscopic observation

The bacterial isolates were gram stained and observed under a high power magnifying lens in
light microscope.

Statistic analysis

Data were analyzed by Minitab program Version 16.0. The significance of treatments was set at a P-
value of less than or equal to 0.05.

Results and Discussion
Soil properties
The properties of soil samples showed in Table 1. The black-soil had higher soil fertility for
plant growth with appropriate pH, higher organic matter, and higher plant nutrients (nitrogen,
phosphorus, and potassium). However, sugarcane growing in both soils did not show unusual
sign of growth.

Table1 Chemical property of soil samples.

Soil type pH (1:1) OM (%) Total N (%) -~ Extractable P  Extractable K
(mg/kg) (mg/kg)
Black soil 7.44 5.86 0.30 98.34 260
Red soil 5.73 4.53 0.25 9.83 66

Bacterial number

Regard to the study of bacteria in black- and red-soil with a long term of ametryn application,
it was found that red-soil tended to have lower amount of bacteria than the black-soil by both
NA medium and BSA medium. The higher numbers of soil bacteria were related to the
fertility of black-soil that over the red-soil in organic matter, nitrogen, and phosphorus, that is
essential for microbial growth. The depth of soil affected the number of bacteria. The surface
soil (0-15 cm) had higher bacterial count than the deeper soil (15-30 cm). Higher bacterial
number in surface soil related to soil fertility that usually had higher nutrient in upper than
lower or deeper soil. Approximately 65% of microbial biomass found in top 2 meter of soil
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was found in a depth of 0-25 cm (Fierer et al., 2003). Bacterial number cultured in NA
medium was higher than BSA medium because of nutrients in the medium. NA with enriched
of bacterial nutrient could culture all of bacteria that resistant to ametryn while BSA, which is
minimal medium, could culture only bacteria that could use ametryn as a carbon source.

Table 2 Bacterial number in soil samples screening by BSA and NA medium.

. Bacteria (CFU/g soil)

Soil type BSA NA
Black soil (0-15 cm) 9.2x10°a 2.0x10°a
Red soil (0-15 cm) 2.3x10°b 1.1x10°%a
Red soil (15-20 cm) 1.8x10° b 5.9x10° b

Bacterial colony isolated by BSA (B-) and NA (N-) from black-soil at a depth of 0-
15 cm (BU), red-soil at a depth of 0-15 cm (RU), and red-soil at a depth of 15-30
cm (RL).

Figure 1

Table3 Bacterial isolate in soil samples.

Bacterial strain

Soil type BSA NA
Black soil (0-15 cm); BU 4 3
Red soil (0-15 cm); RU 5 4
Red soil (15-20 cm); RL 3 4

Bacterial diversity

Bacterial strains were isolated on the bases of colony morphology in each soil sample (Figure
1). The number of bacterial isolates found in black- and red-soil cultured in each medium
shown in Table 3. Generally, the diversity of soil bacteria isolated by BSA medium was
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higher than NA medium except in 15-30 cm deep red-soil. The ametryn resistance bacteria in
the depth of 0-15 cm of red-soil were higher than in black-soil both in BSA and NA medium,
although red-soil had lower amount of bacteria (Table 2). The deeper soil tended to have
lower bacterial diversity (Table 3). PLFA analysis pointed that microbial diversity declined
about 33% from soil surface down to 2 meter (Fierer et al., 2003). Soil depth affected the
community composition of soil-bacteria, typically bacterial diversity was highest in the top
10 cm of soil profile (Eilers, 2012). All of bacterial isolates were gram-negative bacteria.
Gram-negative bacteria dominated in organic compound contaminated environments, and
amount of the bacteria declined with soil depth (MacNaughton et al., 1999; Minnisto ef al.,
2001). This bacterial isolate may possibly be used in remediated contaminated soil and water
however further study on potential remediation and stablity in environment is required.

Conclusion

Base on the screening of bacteria in two soil types, black- and red-soil, from sugarcane field
in Ratchaburi province, it found that bacteria in red-soil was 2.3x10° CFU/g soil with lower
than that of the black-soil that was 9.2x10°> CFU/g soil. The red-soil at the depth of 0-15 cm
had higher amount of bacteria than red-soil the depth of 15-30 cm. The diversity of bacteria
in black-soil was lower than that of the red-soil, although bacterial amount was higher. All of
bacteria isolated in both soils were gram-negative bacteria. These bacteria might have
potential in ametryn bioremediation.

References

Eilers, K.G., S. Debenport, S. Anderson, and N. Fierer. 2012. Digging deeper to find unique
microbial communities: The strong effect of depth on the structure of bacterial and
archaeal communities in soil. Soil Biol. Biochem. 50: 58-65.

Farré, M., J. Fernandez, M. Paez, L. Granada, L. Barba, H.M. Gutierrez, C. Pulgarin, and D.
Barcel6. 2002. Analysis and toxicity of methomyl and ametryn after biodegradation.
Anal. Bioanal. Chem. 373: 704-709.

Fierera, N., J.P. Schimela, and P.A. Holden. 2003. Variations in microbial community
composition through two soil depth profiles. Soil Biol. Biochem. 35: 167-176.

LeBaron, H.M., J.M. Farland, and O. Burnside, 2011, The Triazine Herbicides. Elsevier. New
York. 600 p.

MacNaughton, S.J., J.R. Stephen, A.D. Venosa, G.A. Davis, Y.J. Chang, and D.C. White.
1999. Microbial population changes during bioremediation of an experimental oil pill.
Appl. Environ. Microbiol. 65(8): 3566-3574.

Minnisto, M.K., M.S. Salkinoja-Salonen, and J.A. Puhakka. 2001. In situ polychlorophenol
bioremediation potential of the indigenous bacterial community of boreal groundwater.
Water Res. 35(10): 2496-2504.

United State Environmental Protection Agency (US EPA). 2005. Reregistration eligibility
document and risk assessment for the use of ametryn on corn, pineapple and sugarcane.
Washington, DC.

Page 288 el July 1-3, 2015

a8



gy = ¥ o o (% A =2 O 1 Y o v 8% v
nasihluenansnanulidmsunisldanuienisfnyingu lisygislihluldusslevdaunisen

ludnsdllag visdu Bnnanuilvsauaiien wagdesonddisivesonasynasaniinisuiluly



Juiinsrn1s3u-91eiu Tasannside dyryiavil 2558-01-04-019 Aeuduil 1 nanau 2558 Aeduil 30 Auwney 2559

wvdenu: Juaeld angwmalulagnanuas

=

p X - " o
Holasenis : MIAnwlassunsAndonuuafiFeifinuauisalunsintnosiiniy  9:n@u wazlusunda

o w ar @ & o '
FaRINLATINNG: UNE1ANI1IY WA

vanl 78075 waufiend §78N155U - 97 185U s18918 528
U Ao |monidedu| suyeans Ay wamu | Tedne
fArnetansn|dmeuuny| anldeos prdan | AEsnaagUlon | Aragsioue
sutlssanaiild¥unsoud® (Muue) :
Srnuduiilddu (ed 1 = 100%) 100000.00
Frunisuilasu (ed 2 = 0%)
Fruuduiildsu (oed 3)
W arldene (ﬂ‘%}a?’; 1) 44,322.61 16,000.00 - 10,000.00 | 18,322.61 - - 144,322.61
arldsne (adafl 2) 12,000.00 12,000,00 ] : . ; : 12,000.00
fnldsne (adad 3) 43,677.39 12,000.00 - - 31,677.39 - - 43,677.39
anldidne (aadi a) - X P - - - - -
UUTEINUAILKED 100000.00
Teandvaflding
A3ad 1
12 1.4. 58 Jan wudnanamzy 11,580.61 11,580.61
Fan Faudnananizn 6,742.00 6,702.00
6 NN, 58 Aldidot fudnanane 10,000.00 10,000.00

0s



uwdenu: Wuswld anzmaluladninnens

L ar 1 = L=
vufinsrenisiu-aneidy lasensi

ar

o & = = °
Falasanis : nsAnendesdunsimdanuwuaiiseffinnuaiuisalunisintneziiviy  azne@u warlusunda

ar 2

YawantihlaTenis: weaAnsIIail Wigann

ar s s = o at
3 fyeynavil 2556-01-04-019 Aaudiufl 1 ganau 2558 Aeduil 30 Aueney 2559

wanl 98715 lauiignais

305.6.58  |Aidadansm fudnanAnys

300659  |Adhethesm R dnaInAE

28 . 59 |Adnatansm Fudnanaas

31fie 59 |Ardnethesnm FadnanaaEn
suATaR 1

B g

Ase 2

30we 17 |Adedhesm Fudnanaaz

3 wA 59 |Aanedanen radneInAnE

308.8.59  |Addanm fadnannAnz
SUATA 2

st 3

31065  |Fdrethen Fudnanansza

314,59  |Adedansm sudnananz

100,590  |Avian @seduargunsaiiay) | sadnainags

378N135U - 15U 58T JU

U 8 Ao |sonidudu| suysans sy wawu | 5w
4,000.00 4,000.00
4,000.00 4,000.00
4,000.00 4,000.00
4,000.00 4,000.00
16,0007.00 - 10,000.00 | 18,322.61 - 44,322.61
4,000.00 4,000.00
4,000.00 4,000.00
4,000.00 4,000.00
1 A - - 2=

2,000.00

635

12,000.00

4,000.00 4,000.00
4,000.00 4,000.00
31,677.39 31,677.39

W

ES



Juiingen1siu-aneidu lasinside dygyiavi

uvasu: Wuseld anzmalulagnsinens

= a da

& 3 ar o o o o a a
Yalasans : mAnwnlasdunsandionuuafieniinnuaiuisalunsitdnesiviy  aensdiu wazlusanda

Fawmthlasants: UeEAMs 15 Wieann

2558-01-04-019 ausiduil 1 ganAu 2558 AeTuil 30 fubeu 2559

Ay e ar ' o '
e/ 809 LAUND1904 378173V - 18 31837U 578978 334
U AIVAD |AenibBu| suymaIns auAniiuam STGET] 5838

300059  |Adadiesn fadnainAne 4,000.00 4,000.00

s9uAad 3 12,000.00 - | 31,677.39 - . 43,677.39
AT 4

15¥y -

s9uASeH 4 B - = - .

A o
AWOWINLATINT v

s



55

UsedRdausa

1. Fo-ana : wanining e

suvtalagtu : 9msdussiinainmalulagnmndniie ausmalulagnmsinees aaduwmalulad
nzaunaIInUIIIAIAnsEUl

Uszdan1sAne
FogoUSan #171 aonduflay Vitay
WU wialuladgdinmnng RTINS EINYRATAERS 2550
nsINEAS
Ph.D. Biotechnology ITIngdemalulagnszasunan 2555
SUUS
nunsEnwILazyuIdTeTieglisy 7
U w.e. YUNTANYILAEUITY a0 il
2550-2555 | 1A5In1sUT ey ennIgyauIflen fnaunewuatUEYuUNTIE
@na.)
2557-2559 | Tassms3dedusneld melssuuindded | rusmalulafnnsinuns d@ea.
GEN

NAUAL/TUATEITA

HauIde/uaessTAnaRuieeuns (seRurfnasununeid)

fa3mid Weunn. 2556, Aaluiiveeslnallianuasnisdesaanslaggdunis nsansinens
WIZIDUNAT 32(3) ¥ 7179,

Teamkao, P. and Thiravetyan, P. 2010. Phytoremediation of ethylene glycol and its
derivatives by the burhead plant (Echinodorus cordifolius L.). Chemosphere 81, 1069-
1074.

Thongtha, S., Teamkao, P., Boonapatcharoen, N., Tripetchkul, S., Techkarnjararuk, S., and
Thiravetyan, P. 2014. Phosphorus removal from domestic wastewater by Nelumbo
nucifera Gaertn. and Cyperus alternifolius L. Journal of Environmental Management
137, 54-60.

Teamkao, P. and Thiravetyan, P. 2015. Phytoremediation of mono-, di-, and triethylene glycol
by Echinodorus cordifolius L. Griseb. International Journal of Phytoremediation 17, 93-
100.

Maneesuwannarat, S., Teamkao, P., Vangnai, A.S., Yamashita, M., Thiravetyan, P. 2016.
Possible mechanism of gallium bioleaching fromgallium nitride (GAN) by Arthrobacter
creatinolyticus: Role of aminoacids/peptides/proteins bindings with gallium. Process

Safety and Environmental Protection 103: 36-45.




54

Teamkao, P. and Thiravetyan, P. 2017. Comparison of bioremediation and phytoremediation
in treatment of diethylene glycol from stationery industry. Desalination and Water
Treatment 60: 114-121.

NSLEUBNAIUIYINTG

Teamkao, P. and Thiravetyan, P.,“Bioremediation of MEG, DEG, and TEG: Potential of
burhead plant and soil microorganisms”, ICEBESE 2012: International Conference on
Environmental, Biological and Ecological Science, and Engineering, October 15M-16™,
2012, Ibis Styles Luzern City, Switzerland.

Tearmkao, P. and Thiravetyan, P., “Bioremediation of triethylene glycol by Echinodorus
cordifolius L. and soil microorganisms”; 3rd ICGRC: International Conference on Global
Resource Conservation, July 7™ 2012,University of Brawijaya, Indonesia (with best
presenter award).

Teamkao, P. and Thiravetyan, P., “Phytodegradation of Ethylene Glycol by Burhead Plant
(Echinodorus cordifolius L, Griseb).”, The RGJ Ph.D. Congress 13th, April 6™-8™,

2012, Jomtien Balm Beach Resort, Thailand.

Teamkao, P., Roenganan, N., and Pongpoun, S. Screening of Ametryn Resistant Bacteria from
Sugarcane Cultivation Soils. 2™ International Symposium on Agricultural Technology.
July 1% -3, 2015, Pattaya, Thailand.

Teamkao, P. and Ruangsomboon, S. Screening of glyphosate resistance bacteria from
agricultural soils with  different plantations. The 27" Annual Meeting of the Thai
Society for Biotechnology and International Conference. November 17" -20™ 2015,
Bangkok, Thailand



55

2. Yo-ana : weaIgilsn Sesauysal
fusialagdu : 9191sdusznndrwalulagnisniniy auzwalulanisinunas aardumelulad
WIZDUNANIIAUNATAIANTEU

UszdaAnsfne
Yosousyan 171 aontufiay Uitaw
WLV Uszald URINEIRBINEATANERT 2538
WL, IPMEnINTUSELY | W Inedeinynsaans 2541
Ph.D. Environmental wInedewmalulagnwszaounan 2549
Technology ﬁmﬁ

ot

d191298 NiAuduiAY (WanA1eaIngRINTTANE)
BUNTHITIUMNANRaULAEE MY MsUUnundelneldaavsne nsudnaimsdaiuilaely

9

[l =4 1
g useldualunay

o ¥ a aw o P o e = )
39BAUTUINIT/UTTE/Ua3196598 (Audals waesu9) flasu

U e Fo5197a annvunAly

2554 Twianmaiiauenau sEAUR @Y Uszin | Wning1denensmans
TunsUssguninansnsed 48

2556 NeialiayeAunde AnzwAlulatinnsinens @9a.

NAIUIVE/UET9ETIA

IS/ nuadeasAaRWIHEUNS (sERumIRLazuININR)

gl Sesauysal 2544. msldlalasiauaieenlermunuuina unasineudie
Oscillatoria. 2M3EINTEIBUATIAIANTZVL. 9(3): 19-23.

qilsml Sesauysal. 25645, MsravaunssRulnvewastneuily Oscillatoria Tneldwesingu
WAZARBTU. 21TATNBASWIZIBUNAT. 18(3): 30-37.

gii¥mi Bosanysal. 2545, msvamindeiiiinefursuendleuuudodlaglduudagn (Lemna
perpusilla Torr.). 11585NYATHIZR0UNET. 20(3): 1-11.

giism] Bosaysel, #nade yluR, Ul vitens uae nduaeus assadml. 2546, mstadmi
Feleelvamaelseluwuaiise : Oscillatoria sp., Microcystis sp. M1SENSINEATHILIDY
\N&N. 21: 48-60.

giisml Fosauysal, Anade yled, Uian wifans uas anns Uadin. 2506, nareseuduuasie
mswasuuasunmiuagnaaislaiinvesisuse. MsansinueTnszaeuingY. 21: 61-68

afisnel 3esauysal. 2547. msidanemuasuanioalagldamerundn Phormidium
angustissimum Wag Chlorella vulgaris. M5a15398Ineeans (Section T) 9unansal
W@y, 3(1): 287-296.

aflsm! Bosanysel. 2507, mageduneiuazuaadonindelagld Scenedesmus dimorphus

Lﬂuﬁfacg]@%’u. M5AITNIEIBUNAIAIANSEU. 12(1); 42-47.




56

afimd Fesauysal uasdnady ylad. 2507 mandaliinvedlsumneliannsmamuausziuiies
waziaulue. 93EINYATNIZIBUNG. 22(2): 65-T5.

qiimd Sesauysal was 91gr @1AUTALN. 2548, HavesmainanamIesenIsenveiY
VIRADU. 'J'ﬁa'iﬁwmmam%mﬁym‘s 36: 978-981.

qilsnd Sesauysal, yuun i, Fniade yld uag Ui mifan1s. 2548. aaurnelaguins
maﬂ%ﬂmmﬂmiﬂ Nostoc commune Vaucher ‘V]LW’N‘ﬁLaEJ&[Lu%GﬁE]’lWIi‘WLLWﬂﬁINﬂ‘u.
TANTNYATNIEIDUNAT. 23(2): 38-47.

gilsmi 3osauysel. 2549. msadslainvaslsunsiissiugumaniduazshsriinvasldindsndase
wWosundu uagliwniAunulifsresnaunnenetu. Msasinumsnszaemng . 24(2): 54-
62.

gi¥md Fosauysal. 2509, msthimindslagldluth Wolffia arrhiza (L) Winmer. 115ansinyns
WIBIBUNET. 24(3): 1-14.

gismu Liaaau‘um uaz $130 WAUTRILN. 2549, HaTBIUAATAAMALTERBA AN INTDIET

q U
[
at

9BNVENNTININTBY Phormidium angustissimum tunsdudintssenvesdafivnaaou.
TEANTINYIERILNERT. 37(6): 925-928.

quimi Sesauysal. 2549. naveaumniivenssiyiuls Uiinaldsfivwaswedudnalsnvaslaen
Tuwuaiitie Nostoc commune Vaucher, 1sanswszvosnatainnssda. 14(2): 40-49.

gii¥o Bosauysed. 2550 msvatdelneldleeluwuaiise Calothrix marchica Lemm.
’JﬂﬁaﬂiLﬂﬂ:}WiWi“ﬁlamﬂﬁﬂ 25: 13-26.

gfismy (Sesauysel uay dnade glud 2550. mathdansimnindsduaseiliaeldlveluuuaitse
Oscillatoria jasorvensis Wag Microcystis aeruginosa. MIASNIZADUNAI@IANTLUL. 14:
46-54.

afien azwiunans waz gismi Sesauysal 2553. Magedumsmlaglseluiuaiise Sticonema sp.
MFANNYNTNTZIDUNAT 28: 20-30.

thau e wae aiismi Bosawysal 2553, auamirluladeslamniiinswiaiulnegs
MUY INAIRRBUTY, MIUTHIIMISITINe e duineRsaans adei 48
wﬁwmé’mﬂwmmaﬁ% 3-5 NUATUS 2553, M1 305-312,

gfi3md Fosauysal, #ndde ylud was Yian wifans. 2565 nslfewnswadleaTuuuaiie
Nostoc commune aﬂLLawLmﬂumﬂamﬂamuaa Kenyi Cichlid, Pseudotropheus
lombardoi. aﬂﬁmﬁwmmam% wﬁwmﬁwauudu 40: 208-217.

ali3end Bosauysal, Anave yluf uway gan 8081178, 2556, HATBITTELLIA LAY LA gumngiily
ﬂ”ﬁmmnmaﬁanmmlsnmiuLLUﬂmﬁa, Phormidium angustissimum mammmmiﬂ’lu
mié"u5&rmqaﬂmaqtué‘ﬂﬁﬂmmfﬁmmwﬁa (Brassica chinensis var. parachinensis Tsen &
Lee). 21385IMEIAIEAT UWINEIaEUBULNAY. 41: 973-984.

Ruangsomboon, 5. and Wongrat, L. Bioaccurnulation of cadmium in an experimental aquatic
food chain involving phytoplankton (C. regularis), zcoplankton (M. macrocopa), and

the predatory catfish. Aquatic Toxicology. 78:15-20.



57

Ruangsomboon, S., Chidthaisong, A., Bunnag, B., Inthorn, D. and Harvey, NW. Production,
composition and Pb2+ adsorption characteristics of capsular polysaccharides
extracted from a cyanobacterium Gloeocapsa gelatinosa. Water Research. 40:3759-
3766.

Ruangsomboon, S., Chidthaisong, A., Bunnag, B., Inthorn, D. and Harvey, N.W. 2008. Removal
of lead (Pb2+) by cyanobacteria Gloeocapsa sp. Bioresource Technology. 99:5650-
5658.

Ruangsobmoon S. 2012. Effect of Light, Nutrient, Cultivation Time and Salinity on Lipid
Production of Newly Isolated Strain of the Green Microalga, Botryococcus
braunii KMITL 2. Bioresource Technology. 109:261-265.

Ruangsomboon S., Ganmanee M, and Choochote S. 2013, Effects of different nitrogen,
phosphorus, and iron concentrations and salinity on lipid production in newly
isolated strain of the tropical ereen microalga, Scenedesmus dimorphus Journal of
Applied Phycology. 25:867-874.

Ruangsomboon S., Wongrat L., Choochote S., Ganmanee M. and Saparnklang A. 2013. Effects
of low pH and Pb2+ stress on living cyanobacterium, Phormidium
angustissimum West & G.S. West : A test of its feasibility as a living biosorbent. Journal
of Applied Phycology. 25:905-911.

Ruangsomboon 5. 2013. The effect of light, nutrient, cultivation time and salinity on lipid
production of the tropical cyanobacterium, Oscillatoria limnetica Academic Journal
of Science. 2:311-321.

Ruangsomboon S. 2014. Effect of media and salinity on lipid content of
cyanobacteriumHapalosiphonChiane Mai J Sci. 41:307-315.

Ruangsomboon S., Yongmanitchai W., Taveekijakarn P., Ganmanee M. 2014. Cyanobacterial
Composition and Microcystin Accumulation in Catfish Pond. Chiang Mai J. Sci. 41:27-
38.

Ruangsomboon S. Biosorption-of lead (Pb2+) by living cyanobacterium, Oscillatoria
limneticaLemmermann. Academic Journai of Science. 03(02):459-469.

Ruangsomboon S. 2015. Enhanced Production of Polysaccharides and Protein Content in
Cyanobacterium, Oscillatoria limnetica as a Defense Mechanism Against Low pH and
Pb2+. Chiang Mai J. Sci. 42(1):34-43,

Ruangsomboon S. 2015. Effects of different media and nitrogen sources and levels on growth
and lipid of green microalga Botryococcus braunii KMITL and its biodiesel properties
based on fatty acid compasition. Bioresource Technology. 191:377-384.

Ruangsomboon S. and Pumnuan J. 2016. Acaricidal activities of algal extracts against the
house dust mite, Dermatophagoides pteroriyssinus (Trouessart). Journal of The

Acarological Society of Japan. 25:169-178.



58

ANSLEUDNAIIUIYINT

Ruangsomboon, S., Chidthaisong, A, Bunnag, B., Inthorn, D. and Harvey, NW. Bioremoval of
Lead by cyanobacteria : Gloeocapsa sp. and Calothrix marchica. Proceeding of the
1st KMITL International Conference on Integration of Science and technology. 2:188-
191,

Ruangsomboon, S., Chidthaisong, A, Bunnag, B., Inthorn, D. and Harvey, NW. Lead (Pb2+)
Adsorption potentials of Gloeocapsa sp. and role of its capsular
polysaccharides. Proceeding of The International Conference on Sustainable Energy
and Environment. 3(011):210-213.

Ruangsomboon, 5. and Wongrat, L. 2007. Bioaccumulation of Cadmium in an Experimental
Aquatic Ecosystem Involving Phytoptankton, Zooplankton, Catfish and Sediment.
Kasetsart Journal (Natural Science) 41:180-185.

Ruangsomboon, S. Removal of lead (Pb2+) by the cyancbacterium Phormidium
angustissimum. Proceedings of The Intemational Conference on Integration of
Science and Technology for Sustainable Development (ICIST) “Biolosical Diversity,
Food and Agricuttural Technology”, Bangkok, Thailand. 26-27 April 2007, 340-344.

Ruangsomboon, S,, Chidthaisong, A, Bunnag, B., Inthorn, D. and Harvey, NW. Lead (Pb2+)
adsorption characteristics and sugar composition of capsular polysaccharides of
cyanobacterium Calothrix marchica. Songklanakarin Journal of Science and
Technology! 29:529-541.

Ruangsomboon, , A. Chidthaisong, B. Bunnag, D. Inthorn and N.W. Harvey. 2004b. Lead (Pb2+)
Adsorption potentials of Gloeocgpsa sp. and role of its capsular polysaccharides.
Proceeding of The International Conference on Sustainable Energy and Environment.
3(011):210-213.

Ruangsomboon, S.  Removal of lead (Pb2+) by the cyanobacterium Pharmidium
angustissimum. Proceedings of The International Conference on Integration of
Science and Technology for Sustainable Development (ICIST) “Biological Diversity,
Food and Agricultural Technotogy™. 26-27 April 2007, p. 340-344.

Ruangsomboon, 2007. Nitrate, ammonia and orthophosphate removal from wastewater by
duckweedlLemna perpusilla Torr. Proceedings of International Conference on
Engineering, Applied Sciences, and Technology. 21-23 November 2007.  p. 922-925.

Ruangsomboon, 2007. Study of the parameters affecting the binding of cadmium (Cd2+) in
solution byPhormidium ansustissimum West & G.S. West, Proceedings of International
Conference on Engineering, Applied Sciences, and Technology. 21-23 November
2007. p.918-921.

Ruangsomboon, and Choochote, S. 2007, Effect of feeding diets containing Nostoc

commune on growth, survival, protein and carotenoid content of red



59

tilapia Oreochromis niloticus. Proceedings of International Conference on Engineering,
Applied Sciences, and Technology. 21-23 November 2007. p. 772-775.

Ruangsomboon, S.  Lead (Pb2+) removal from printing wastewater by living
cyanobacteria Gloeocapsa gelatinosa and Calothrix marchica. Environmental
Science and Technology 1:172-178. Proceedings from the Third International
Conference on Environmental Science and Technology, August 6-9, 2007 in Houston,
Texas, USA.

Ruangsomboon, Choochote, S. and Taveekijakarn P. 2010. Growth performance and
nutritional composition of red tilapia (Oreochromis niloticus X O. mossambicus) fed
Diets containing raw Spirulina platensis. The international conference on Sustainable
community development 2010, 21-23 January, 2010. Khon Kaen University, Nong
Khai campus, Thailand and Vientiane, Lao PDR. P. 27-31.

Ruangsomboon, Choochote, S. and Taveekijakarn P. 2010. Biosorption of Cadmium (Cd2+)
from Wastewater by Crab Shell. Proceedings of 16th Asian Agricultural Symposium
and 1st International Symposium on Agricultural Technology “Sufficiency
Agriculture™. 25-27 August 2010, Bangkok, Thailand. p. 464-467.

Ruangsomboon, Choochote, S. and Worasing, S. 2010. Study of Total Lipid Content of Fifteen
Genera of Algae. Proceedings of 16th Asian Agricultural Symposium and
st International Symposium on Agricultural Technology “Sufficiency Agriculture”. 25-
27 August 2010, Bangkok, Thailand. p. 468-471.

Saparnklang, A. and Ruangsomboon, 2010. Effects of Nitrogen and Phosphorus Limitation on
Polysaccharides Content and Lead (Pb2+) Biosorption Capacity of
Cyanobacterium Phormidium sp. Proceedings of 16th Asian Agricultural Symposium
and 1st Intemnational Sympasium on Agricultural Technology “Sufficiency
Agriculture”. 25-27 August 2010, Bangkok, Thailand. p. 476-479.

Samosorn, A., Pumnuan, J., insung, A. and Ruangsomboon, S, « Effectiveness of
Cyanobacteria Extracts on-the House Dust Mite, Dermatophagoides
Pteronyssinus (Trouessart) by Contact Method. Proceedings of 16th Asian Agricultural
Symposium and 1st International Symposium on Agricultural Technology “Sufficiency
Agriculture”. 25-27 August 2010, Bangkok, Thailand. p. 700-703.

Pumnuan, J., Ruangsomboon, S., Kangkunt, S.  Insecticide Residues in Neptunia Plantation
Water and Related Canals:A Case Study in Amphur Bangplee, Samutprakarn
Province. .Proceedings of 16thAsian Agricultural Symposium and 1st International
Symposium on Agricultural Technology “Sufficiency Agriculture”. 25-27 August 2010,
Bangkok, Thailand. p. 460-463.

Samosorn, A., Pumnuan, J., Insung, A. and Ruangsomboon, S.  Effects Of Nitrogen And
Phosphorus In Culture Medium On Bioactive Compounds Of Oscillatoria sp. Exiracts

On The House Dust Mite,Dermatophagoides pteronyssinus (Trouessart). The



60

8th International Symposium on Biocontrol and Biotechnology. 4-6 October, 2010,
Pattaya, Thailand. 215-219.

Pansamrit, K. and Ruangsomboon, S. Effect of pH on biosorption of basic-dye malachite
green by algae. The 8th International Symposium on Biocontrol and
Biotechnology. 4-6 October, 2010, Pattaya, Thailand. 220-224.

Saparnklang, A. and Ruangsomboon S.  Effects of nitrogen and phosphorus limitation on
polysaccharides content and lead (Pb2+) biosorption capacity of
cyanobacterium Hapalosiphon sp. The 8th International Symposium on Biocontrol
and Biotechnology. 4-6 October, 2010, Pattaya, Thailand. 225-230.

Ruangsomboon , Choochote S., Taveekijakarn P. and Worasing S. 2010. Antibacterial activity
of lipophilic and hydrophilic extracts of algae. The 8th International Symposium on
Biocontrol and Biotechnology.  4-6 October, 2010, Pattaya, Thailand. 231-237.

Suneerat Ruangsomboon and Ladda Wongrat. 2012, Toxic Effects of Low pH and Pb2+ on
Chlorophyll Fluorescence and Growth of Cyanobacterium, Hapalosiphon 2012
International Conference on Sustainable Environmental Technologies (ICSET). Century
Park Hotel, Bangkok, Thailand; 26-27 Aprit, 2012. p. 1-7

Suneerat Ruangsomboon and Sakchai Choochote.  Effects of Different media on growth and
lipid production in the green microalga, Botryecoccus braunii KMITL2. Proceeding of
2nd Asia-Oceania algae innovation summit: algae for sustainable development,
September 3-5, 2012.

Suneerat Ruangsomboon, Sakchal Choochote, Paveena Thaweekijakarn, Dusit Aue-
umneoy. Nitrogen and Phosphorus removal from wastewater by green microalga,
Scenedesmus dimorphus. Proceeding of 2nd Asia-Oceania algae innovation summit:
algae for sustainable development, September 3-5, 2012.

Suneerat Ruangsomboon, Sakchai Choochote, Paveena Thaweekijakarn, Monthon Ganmanee
and Chamroon Lagsinwattana. Acute toxicity of cyanothacterial extracts, Oscillatoria
tenuis and Phormidium angustissimum on freshwater invertebrate, Water flea (Moina
Macrocopa). Proceeding of 2nd International-symposium of Biopesticides and
Ecotoxicological Network (ISBioPEN): Contribution ot Organic Agriculture in the
21st Centrury”. September 24-26, 2012, Bangkok Thailand, p.329-338.

Ruangsomboon S., Choochote S, Taveekijakran P., and Ganmanee M. Effect of different
nitrogen sources and concentrations on growth and microcystin production of toxic
cyanobacterium, Microcystis aeruginosa. Proceeding of 2nd International symposium
of Biopesticides and Ecotoxicological Network (ISBioPEN): Contribution ot Organic
Agriculture in the 21st Century”. September 24-26, 2012, Bangkok Thailand, p 339-
346.

Ruangsomboon S., Choochote S, Taveekijakran P., and Ganmanee M. Toxic effect

of Oscillatoria tenuisand Arthrospira platensis extracts on freshwater invertebrate,



61

Lanchester’s freshwater prawn (Macrobrachium lanchesteri). Proceeding of

2nd International symposium of Biopesticides and Ecotoxicological Network
(ISBioPEN): Contribution to Organic Agriculture in the 21st Centrury”. September 24-
26, 2012, Bangkok Thailand, p 347-354. '

Ruangsomboon S., Aue-Umneoy D., and Saparnklang A, Biosorption of basic dye, malachite
green by brown alga Padina sp. Proceeding of 2nd International conference on
Integration of Science and Technology for Sustainable Development (ICIST 2013):
Biological diversity, food and agricultural technology. November 28-29, 2013, Bangkok
Thailand, p.490-501

Saparnklang A. and Ruangsomboon S.  Growth, polysaccharide contents and biosorption of
lead (Pb2+) by the cyanobacterium Hapalosiphon sp. cultured under different
medium concentrations. Proceeding of 2nd International conference on Integration of
Science and Technology for Sustainable Development (ICIST 2013): Biological
diversity, food and agricutturat technology. November 28-29, 2013, Bangkok Thailand,
p.193-202.

Ruangsomboon S. 2015, Preliminary study on used microalga (Mostoc commune) as a protein
supplement in dry-wet mixtures feed for juveniles snakehead (Channa striata).
Proceeding of 2ndinternational Symposium on Agricultural Technology:Global
Agriculture Trends for Sustainability (ISAT). July 1-3, 2015, Pattaya, Thailand, p. 321-
324,

Pattrarat Teamkao and Suneerat Ruangsomboon. 2015. Screening of elyphosate resistance
bacteria from agricultural soils with different plantations. The 27th Annual meeting of
the Thai Society for bictechnology and International Conference. November 17-20,
2015. Mandarin Hotel Bangkok by Centre Point, Bangkok, Thailand. P. 345-349.



1
.
3

',fﬁ.n

o

R e ncats rare e s ik p )

dy I dl Y o U 14 ﬁl = 1 gj 1 Y o ¥ € Y ¥
wnanstluenasianulidmiunisldnuienisfinwivingu ldeygnlviluldusslevisunisen

lidnsdllag visdu BnnanuilvsauUadiien wagdesonddisinvesonasynasaniinisuiluly




sy





