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Research Title: Possible of using arbuscular mycorrhizal fungi for bromacil bioremediation from

pineapple-cultivation soil

Researcher: Ms, Pattrarat Teamkao
Faculty: Agricultural Technology Department: Plant Production Technology

ABSTRACT

Bromacil is a widely use herbicide in pineapple and citrus planting areas. The highly use
result in high accumulation in soil that post risk to surrounding environment; including soil,
fresh water and ground water. Arbuscular mycorrhizal fungi (AMF) is symbiotic soil
microorganism that benefits plant in various ways, eg. increase nutrients uptake and drought
stress tolerance. This study focus on the possible used of pineapple with AMF symbiosis in
remediation of bromacil in contaminated soil. The study in inoculation method of AMF in
pineapple found that the inoculation in planting hole had higher root colonization than
inoculation around plant base. The study in possible use of AMF in bromacil bioremediation
was pot experiment. Plantlets of pineapple were grown in soil contaminated with bromacil
with or without AMF inoculation for 6 month under greenhouse condition. After the
experiment, plant inoculated with AMF had higher fresh and dry shoot biomass than un-
inoculated treatment (statistically difference) but root biomass was not different. Nutrients in
soil under un-inoculation and inoculation treatments were not different, however, under

inoculation treatment trended to increased soil pH to neutral and reduced soil salinity.

The highest AMF spore quantity and colonization were found under inoculation treatment with
2 times and 10 times higher than un-inoculated treatment for spore quantity and root
colonization, respectively. Bromacil in soil was reduced from 11.54 me/kg to 2.08 and 2.68
meg/kg under un-inoculation and inoculation treatments, respectively. The bromacil in plant
inoculated with AMF (4.78 me/kg) was lower than the plant in un-inoculation treatment (5.23
me/kg). AMF reduced bromacil accumulation in shoot of plant but had no affect on bromacil
concentration in soil. The inoculation of AMF had no affect on microbial activity and
dehydrogenase enzyme but might increase acid phosphatase activity in soil. Reduction of
bromacil concentration in soil and plant reduce the risk of contamination to surrounding
environments and food chains.

Keywords : arbuscular mycorrhizal fungi, pineapple, bromacil, bioremediation
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Cayenne ldud Wugilnnie Wugunaua uaziuganeiitis Tneamgiuginadoduiugiugniu



wn msrzdudulzsaiugitriitondadilsanuudsgy wiinisduesiimsugniel isuussnu
v v 1 s 1 a’ g ﬂlf, @w = d s = 1 =i A
anldvouiy duiuguialazasdiiainlouugniiiesuusenuaaieee1dne) 1wesen
) @ A )
sunstliivangiunazdslsanuudsgy

2.1.3 duguinen
SaurasdulsailnueIUsEInM 30-35 wURLAS JdnuNEAR unTEUeY lasiidiu

fmunfiganiiaszana 6.5-7.5 \udng Frefazifoiiduinn uidunanswesddutissreniu
Foariinitanaiiulaundundnsld (axillary bud) siniuszuusinies (adventitious root) fivis
sntuRiuwagsinana (axillary root) Tumeduseaduiniiwenluld fily (wax) wdsuiiialu
wasivuiiunnlu (trichome) ¥ilasmsaetiléa msuanlulmionassiita 5-6 Tu/dou Tuunazll
wansaaly FliduUzsaiuidnesesiilufidaimihiiedia 70-80 Tuld finsdnFesiavesly
(phyllotaxy) tfu 5/13 msfansasaiulavesluinaeinfui D-leaves ﬁatﬁu’lvﬁag‘lmaﬁ 4 1u
9INFINVOIAY Tuusiszazmsisyivineziluiesaduladiui (O leaves) laliiu 3 Tu Tuwenil
sinasdunguluiioniige (80-100 wuiiams) wanluluiidadluilnigadiidezundiui aenidu
nonasysaina (hermaphrodite) fimsdniFasdivesaenuuiutensn (peduncle) Wu 5/21 4y
noniidaus 100-200 man/de msuuveIenteBIzENRILigIUTBmenlatIznzeesu N Ty
naszanm 3-6 d&Uav rendindudlausiazaenaziilulsyneu (bract) agduuen usazneniisu
Wnasear (stamen) 8¢ 6 OU wazuuassldoanidu 3 a4 (carpellate) Salaillunuy inferior ovary Ao
fidauusznausnaqueanenagmiiefily duuzsafuiiviiiinalnlunistestunisuaudaies (self-
incompatability) ¥inl¥ldnaidiu parthenocapic wazlifiwdn naduvzsaiadunalsznay
(multiple fruit) fiognsiauremalszanm 4 Weunasanaenuiu #ie 7-8 isunisaineanaan
mswavasmadiuwuy Simple sigmoid curve dnwuzvasRu Yonen wasnadulzsauandlilunin

- @ i a
7 2.1 waznswauIN1sTestananwandliluning 2.2

i @ ! ! )
HNN 2.1 anwmwsawmaaﬁu PanonuazHadulysn



AW 2.2 MsTaveanendulzse  Yeneniaasuaing (A) tesanwauiutu (B)
fudensniaeosn (C) LaTABNITATHUILIING WA (D)

2.1.4 aNWNEMIAISEING (NSUIVINTINBAT, 2554)
FulzsadufgnilszuunisduasIeawuy crassulacean acid metabolism (CAM)

eanlusndaisuandsuielunanarsiuilfaanismeilunainaisiu devsznoufiy
dnumgnedugineweduniiluedou fuiuanlusariisedtutaslunissausanh venaind
vnedidiiisnamavesdulzsafiannsadaasmisastdnaviinaelafiad viliduuzsaduiiving
uadléd nrsesnmenuaznisanuivesdulssnamnsamunuldlasnisldieddu visesvieu (Ju
f?hn‘izﬁuuﬁiﬁawé’amnﬁuaugsdw%ﬁmsazaummiLﬁuﬁué’) nsgnuAvesdulzsaiinaunulag
\03au Tnsasdanuuszana 2 danideuiuie) Feazmuguuaziddsuwladldianzdiawden
withilsiannsemuauinmuamusmwald inszmswasudvendienandvnaveussauazlitina

sensasunlasaanmaslunaiiissndussaiiunaliusznn non-climacteric fruit

2.1.5 Wugduzsn (Naudvimsinuns, 2554)
s g 1 T i = a o w ' a4 da
WwugsaUszna  ualiuundndnndrdgyludieszinaranigandie Uszina
anigouin TasiliudiitenUgnifeddlssuuusgulduniug Smooth Cayenne Gauvanzdmiuds

£

P = ' - ' v s 4 a = W
Tssnuilosaniigunsenszuenuazvualilugauiuly duiugivgniveiulssniuanivaieiug

L

FetuagiuuIsnwiiviiniswdn 1 Wug ‘Hawaii Gold’ ¥83 Maui Land fiugnilene vilerug
‘Del Monte Gold Extra Sweet’ ‘MD-2’ uaz ‘Del Monte Gold’ ¥83U3®W Del Monte ‘fﬂJUQﬂlu
ARART3 i uanniidaiiwug ‘Premium select” ¥93U3HM Dole g118dan agnalsfmiugiugn
iWesuusemuaniinanduiuiionidestusginlasfunuiiiuives tlssnusidniinissauie
Waunatewuddulzsalavanriuideduizsn (Pineapple Research Institute, PRI) 39uAY
USthienuuii 3 wisAe Del Monte Dole uaz Maui Land usisieunlud a.a. 1987 (w.a. 2530) g1



msAndulssatieeieludssmalueds (e uasiautiud) Wesnmuseiignadt uaxdingg
guantuidedudesaluany wlviitlymisemsidudesaeiugane danandnuey

dwiuiugluuszina deuvgniue 6 aeugiuiu

wugilandy (Smooth Cayenne) (uduuzsaeglundu Cayenne SnAualuuI
Juursarisn dudzsausiays dulssananam IedulzInauiosyen Lﬂuwuﬁwﬂannummwa
ddlsanudulzsanseies nsefulng Tuddeady Aluduuuduiveeuluiey nanduliniiduns
suthena Uansluiimunandniies fisunusendesyszanm 150 aen wmfjugﬂmqﬂssuammsﬁ'uum
Faidnvielngjauiuly vurema 1-2.5 Alansy lngiiulfnazillaulngjuareiser Wienwaiid
Fourvusuasiudsuiuimisseuduioundn s slunafudvdesseuniamdeudulugg
You nuseAuLTILA Az mnleR uilideenunsiisaazlinuselsasini fui warlsauile
unu LireumeuaussseansiafidsneninAuRUEuY waziilediniiddauaziiunsadalugevun dey
Ugniuanniiuszanudsdus ways syl uazdin uenaniigiisgnifiesulsemuande

&

Wugdunstia u3e BunsBauas (Singapore Spanish) aglunau Spanish {Wuiug
Mudenmuivasing nsefulngladeduiugtande uiluiidderdeudnuuziuluiiiuiuiivy
uvanny Tuudosnlsifiuses soului 2 funseshima waidnndrtinnide sagesyuman ey
SvEpames nussanauwieszushlifulinudeanmnisrni savnuseunasiidulennn
Sniteeiissuuna 2-7 wie linudelsasutaazldninuiennamiisamusenisouds ﬁﬂqumnﬁ
HUNDUNAAT JINTARUTANT

wuﬁmq (Selangor Green, Green Spanish) Elfﬂunaa.l Spanish wsawmamma 'l‘u
wAULATAUNIBUNTTR wau‘lumnlﬂmwumﬁ‘[maamaﬁma’lu fAdeumaswiadealuld e
dndpawesamusau ﬂzumwmalumuﬂ watiniivareyn Whladnareiugunaindunsiin Teudgn
saiuBunsTaiisaminasdans

Wuggiinwuiasd (Mauritius Pine, Ceylon, Malecca Queen) aglungu Queen M54
wudnnitannie luwauwazenininiugunuasdunsdn 'l'uawmaauu,au:uLmuamwaunmﬂu
youludiulusenunuduns wallvwadnnimniiug wagesyu aan \edindns wunseuiindu
ey Wsulsenunaan Ygniuunnludmingiinuasdaninyuws Iﬂﬂﬂ@ﬂ'ﬁu'ﬁ’ﬂdLLE]’J‘EIBQEJ'N‘W']TW]
faiiongiioy

wuggua oglungy Queen WuinIAUWIGYTn Tdnuuevssiunaslupdeiuggio

«

N uikasimuadnndnn leilvuiasauszua 100-500 n3u IWednduiugiinaneuarniug
giin Tnsfimstamignlumamielnsianzidmindesse iledudmdondunsouuasiisana
sinvgvuldfaununans Ugniusnniidamindesy

WuguIaua w3e i iuiugiieglundy Cayenne Wuidisafuiugiinn1de i
Snumznsmu Tu aenuazandeiudamdeusnaiivuadnniuaraeudratunsanan Suiuka

Ejaaﬂ'aan’iwmmayun'ﬁﬁ]mmﬁa Wasnuie vudewasiduletesnintinaie elidndendy



LLﬁﬂzﬂqﬂluqcﬂwu'nLLasmauaumﬁiaamiamanﬁndwﬂﬁmﬁﬂ Ugnﬁumnﬁ TUaNILE BLNBLlea
JainLTeesy
2.1.6 NM3veINUG (A1UG, 2526)

Fulzsaiuiieiiidauvereiusmatodiu 1wy 9n wiohu vieawniies agrliiauus
avauifldlumsveneiuesiinalasassiomsisiaiulavasiuiild dausneg Mdveefugldun

wuafAu (suckers) Lﬁmmnmwmﬁwﬁuﬁaﬂv‘%nm’lﬁﬁu Fa9zBuunatunniuRaRy
wraniiGuninenuds misszilvuneluginirdauesewugdimdug dnaianmieaulidmiuiiy
wawdnlugusaly 138n91 ratoon crop guildanmisiuasinaiyiulaiarinandnga fe
Useunad 14-17 iiauvaalgn Luaqmn"lumaaLaﬂwaﬂ,umﬁﬂanLLauwmmﬁﬂIun anueaAudiuIn
Ay msuenissenluuasiisliifiosiuas 12 wiawiiu me-'luamauu'suﬂuﬂanmﬁﬂﬂumum
diluvenldasanuaskandniildtivuiadn

wiad1 (shoots) iinvnmainieguuduluvinalauly mistheesiisu
nndvieiuuaiiuafidnniuasivuediuandiafuann Tasilvuin 0.5-1 Alaniy ieswnnig
ﬁ'wuu'maawﬂalniw%’auﬁ’uﬁﬂﬁlﬁﬁuﬁﬁmm‘%mLﬁuimlﬂw%'auﬁu diethldugnezinandnroudiai
Aauloilony 14-18 1oy ndawnugn wiilessnunvesmisfiauugnuanseiu vivlinisldansiadl
Wasenseenaeniiym T,ma‘lwm'm,t.maanmanlumamuLummﬂmsLaamujmu‘[mmnmwnmjaamu
il Femsravunnvemislitivuadeatunounsilugn

azfies (slips) Wumisiinanauuiuwa egluvinalauns ezifsdinuaannds
miodslasiioun 0.3-0.5 Alandu a1veriivarsnsiivy/matusgiuiug Tnandniesiyugn
Uszane 15-20 1hsu é‘l’uﬂwiﬂﬁﬂanﬁﬂunﬁﬁwﬁnlﬂﬁia&quiwﬁmmﬁaqmnﬁn

9n (crown) zﬂumwaqauﬂvsmwumsmmmuimaguuwaauﬁuiwaqmn@an‘lsalﬂ
TGk anmvmmmLaﬂamlumuﬁ‘lwmawuﬁ fvunm 0.075-0.2 Alanu uminazdvuindaiiauanin
MDUATAZIAEY maamnafmmmﬂwuﬁmmmLanwq‘lﬁlmmumm'imsumuimwmnmmv’lmamam
dleengUszann 2224 isundalgn mamaamﬂmnﬂanﬂaLuaqal'mwuuwmmammuanum‘tﬁ‘lﬂmuw
uma’tnammnuuaiminaLﬂaqnu m'lmcﬂauauaamamﬂmmsmz‘]‘lunmsam‘saanﬂanlmﬂ

wuavsanziies Tnagnsiiunisudnainau 'luszamaamnmummuawaﬁlﬂu.m
Uszana 6 dUa v ma‘lmumumaq Toduiuaziimnuauysaigean dlafuuudastihniwuen
Iﬂmwmﬂwaamaaawuﬂu WilauusaldiuunaUseann 1-2 dUa tielsesunawiawaziiunisah
@oluselus naummmﬂan%qmwmmsmu’lﬂuumamaenﬂuL*U'e)'mﬂauLwaﬂaanuIsﬂLmLm
mmasvmﬂaﬂan msmuﬁlﬁlmm Ialrlanuny 8951 8-10 n3uA 1 Ans wie o1dien 8ns1 400
ni:u/m 20 8n3 ANWUZYDIMUBUITLLANAIN LLE‘iﬂﬂ"ﬂuﬂ']WVl 23



7 e
IJ a " o a L3
Al 2.3 Snvausmiotszavenauasdulzsaldlunisveneiug

wiedu (A) wuatns (B) 90 (C) wagyefuuazmiadns (D)

2.1.7 anmwnasuilwnzay (130G, 2526)
o - = o - v Vel § ¥ oA od d
dulrsnildnuusidulinziansieinuuaslad (xerophytic) lnslannzilussiilieod

v
o

azayin (water storage parenchyma) Wildlusswinauds veuauwdunsnaou laeil pH Ussanm 5-6

=b.

o w U S o ' a o o A o]
dAgaevszuieullan Usunandeunsganenua 600 - 3,500 Haawuns/U IneduTununmunya
anogEving 1,000-1,500 fadwns/A gumgiiuiadoiddgdmiunisugndudzsaivenisin

-8 =

umgiiimnzanegsywing 25-30 ssrniealda duzaalinugamgiifien Lﬂu‘luq@uuﬂﬁqquﬁ
nansAuanasiy 7-10 sswaidea WuszsznanwnuasdUavienauanseinislulwila dulssaay
wyavzinnsigiviadgumgliansiis 20 ssniwaidd iesnsnliaunsogaaisusznauwan
Tumsnld daaumgligaiululudisnisieigiiule wu v 32 ssrisaidsa nsldansisiesnnenay
Lildnauazdunndnuazgaumgiilugsiia 50 ssrnwadea wwiliiAnenmslwivuluuazuald dwail
mawanluteiigauvgiiniezyildiinsazaunangs augamiiesziutmeialinasiiu 600 wns
Usinauasunnsiefufiisalasiawizlutaiinamdniann funuuaueatesasitlifinavuiaan
awasibiivGnunsnguiUinamesdsiiazanotlie
nMsUgndudrsafisugniduunigiiszeyszninegu 25-30 LouRung ST8¥5ENIIMm
50 AR umaAusErinung Uszana 100 lwuiitims Ssesdgnldusvana 7,000-8,000 fu/
13 widgniftedslssnutnaldszesintuiotsiulilinaduuzselugiiuly Tasarldszoysewing
fu 22 WuRms S3EEsENIIaNna 45 uRns uasliunaiu 75 wuRues Jasugnldsunu
10,000 su/ls dgnifluwaieldszer 30 x 50 wuins wldnandngean MawisuAuIznTow
Wuwdaslug) shdusesgniluwaagiliudulng Hamdedn 15-20 wuiwms wihdunsugneauli

1Bua 45 asrietlasiuhdsisendasibivenn dnvarmaniouiuivgniduwdasivg
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d g =l e
Al 2.4 nMsugndutzsaluanie mswssuulasign (A) uaglonisugn (B)

2.2 Tusunda (bromacil)

Tusu@a (5-bromo-3-sec-butyl-6-methyluracil) {uasrindniuialungy uracil Sgnsindl
AB CoHyaBIN,O, LLazﬁﬁwﬂ'ﬂImaqawhﬁ’u 261.1 ¢/mol fiauawsalunisazaie 815 ppm Tuth
i 25°C armannsalunisazarslusivinazaeBun3en 20 °C fa 0.023 ¢/100 ¢ u n-hexane, 3.0
¢/100 ¢ lu toluene, 4.65 ¢/100 g Tu acetonitrile, 11.4 ¢/100 ¢ lu acetone uaz 12.0 ¢/100 g lu
methylene chloride (US EPA, 1996) Tusundaléunistunsifeuduansidaivitvadausnly
ansgoussni Tudl a.a. 1961 Tusindaduansiiaieiivgvsne dhlddmiumunuivivvaresiinlu
Auitililgvinnsinens wasduansidaiieiuugirdmiumsldfdaivivluuasignduvzse
wazdy (Chaudhry and Cortez, 1988)

drifnamntlesdauindeuvessemaanizensniladnlusundaliluaisfiy Class il ng

Awvadlusindaseuyud wasdnivandlunisnai 2.2 uagananeii 2.3 Ay
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4 o “3 - 1 L2
A9199 2.2 LaMINITIIRUNWEY a4lu AR UYYY

High toxicity | Moderate toxicity Low toxicity Very low toxicity
(Danger) (Warning) (Caution) (Caution)
Oral LDsg < 50 mg/kg | 50-500 mg/kg 500-5,000 me/kg | > 5,000 mg/kg
Dermal LDsg < 200 meg/kg | 200-2,000 mg/kg 2,000-5,000 > 5,000 mg/kg
mg/ke
Inhalation LCso | < 0.05 mg/l | 0.05-0.5 mg/l 0.5-2.0 mg/l > 2.0 mg/l
Eye effects Corrosive Irritation persisting Irritation Minimal effects
for 7 days reversible in 7 gone in 24 hrs
days
Skin effects Corrosive Severe lrritation at | Moderate Mild or slight
72 hrs lrritation at 72 irritation
hours

i : Washington State Department of Transportation (2006)

= o o a 1w o«
A1TNN 2.3 u.ammsmuunwwmaﬂmmmamaam

Mammals Birds Fish/Aquatic insects
Risk category Acute oral/dermal Acute oral LDsg Acute LCso (Mmg/kg)
LDsg (me/ke) (me/ke)
Practically nontoxic > 2,000 > 2,000 > 100
Slightly toxic 501-2,000 501-2,000 > 10-100
Moderately toxic 51-500 51-500 > 1-10
Highly toxic 10-50 10-50 0.1-1
Very highly toxic <10 <10 <01

i - Washington State Department of Transportation (2006)

’[umsﬁnms:;éﬁ'uuﬂaqﬂanudﬂmm%al,ﬂﬁ'aué'w“lﬁﬁ MnmsAnwMsiAdeudneras *C-
bromacil #iesdudu 5.49 mg ai/column (Uszuneu 27 ke ai/ha) wuilusindaindaudnelamun
Tumaduuass sand, sandy loam, clay loam, wa silt loam soils (US EPA, 1996) Tusu@aiinau
amuludawndon Tneiirnasedinil 124-155 Yu msAnuilufesufiinig wud Tusndaliawnse
gosaaneldlaonis hydrolysis w38 wad 7 pH 5 way 7 Tunh, Lilawnsagesaaneseuadluiu wazli
annsagevaanslasyaunigiuanniziienals LLmTU':;m%aQﬂ&iaaaa’aUlﬁé"wl.tmlﬁaejwnm%qﬁ pH
9 nsilmesedini 4-7 Su Tu‘sm%aﬂ::Qﬂsjaaamur}haag%uw‘%émﬂ‘lﬁamaﬂ%'mmﬂimaﬁﬁhﬂ?‘ﬁﬁmﬁ
1 1oy (US EPA, 1996)

2.2.1 migasaarsuuviionnealuau
mstiesaaevedlunndalasgdunsdauluanziiomaduiiniudy nsfinwnsgey

- [ oy v W ) a " a0
aasluanmzilenna Ingld 1“C-bromacil inududu 9 ppm wuin Tudu silty clay loam #iusilu
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Aradindl 2541 °C way 75% vesnrmduiiaaugau Wunan 12 ey wxfidiadedind 275 Tu
TusinSaanuSutiasan 98.5% (W 53.1% wilerarnily 184 Ju, aaudnaaunda 48.6% e
nawinily 240 U wazanUSuaunas 38.6% wiaawuly 12 e Tnsasusulaeenlemiiy
nanaananannisdesaans Tnenuasuaulasanlanluyiuim 40.3% a1nn1sfinyinsdevdans
gadlusindaiunan 12 Wou mandandniinuainnistesamevesluninia Ae

1) 5-bromo-6-methyluracil (Metabolite G) lnawugsgn 3.4% yosUSialusundad
14 71 304 Yuvesnsinw

2) 5-bromo-3-(alpha-hydroxymethylpropyl)-6-methyluracil (Metabolite C) lagnu
gean 1.5% gosGinalusindanld 7 154 uaz 184 Yuvesnsinw

3) 5-bromo-3-sec-butyl-6-hydroxymethyluracil (Metabolite A) I@l&lwugaqrﬂ 0.6%
yoaSunalusindaiild # 184 Yuvesnsdnm

4) 5-bromo-3-(2-hydroxy-1-methylpropyl)-6-methyluracil (Metabolite D) lagnwy
quam 0.8% wosUSinailusindaiild #l 304 Tuvasnisdnun

5) 3-sec-butyl-6-methyluracil (Metabolite F) Ingwugagn 0.7% vesunalusinda
4 7 308 FuvaansAnm (US EPA, 1996)

2.2.2 mstiepaarswuulianmelufiu
nsAnwINTEesaatsreslusundalag Pseudomonas sp. Famenlgainiu lnsldlus

1B uUNEIaIAISUBLKAE WA WUIN Pseudomonas sp. aunsageslusundals wazannis
YuieuludulusziuvesujUinsld Taenu 5-bromouracil iuanseyiusvenisdosaans
(Chaudhry and Cortez, 1988) msanwnistesaaneveslusindaluanngliomalasydunidngs
denitrifying, sulfatereducing U@z methanogenic Wu31 AUVIENEN methanogenic Winuiiannse
dovaaielusunFals uag wu 3-sec-butyl-5-hydroxy-6-methyluracil \uanseynusvenstovaans
(Adrian and Suflita, 1990)

2.3 lumaslsan (mycorrhizal fungi)
(1 . [ s 3 ] -&' R s 5
luaeaslsen (Mycorrhizas) tiuaMuduWUsI¥NI10T051 (fung)) AUTTUUIINVBINY

Tnslawwagdsivtugs Westudedilideiiiuaumgueslsaiiy dousnfivieadusniiieny
oy 9 uazé’qﬁwﬁwﬁwﬁh‘lﬁnﬁ@,ﬂﬁﬂLLazﬁmmmimaf} Tifun %‘aL’fJunwsagz:s'auﬁuuuuﬁammﬁ’a
v3odesulsUsslomideiunaziu (Symbiotic associations) fuliflansusznauasluleawmmuas
a1sUsEnaUBu INTUILM S UeATLREUs M warndieiusne s i lulasiou
Woanesa uazowau q Witusulyl vensniideluneslsndisuntesniivanmadnhaeves
\Welsa sawsiinsfunuaaduiusuuuiiiuiuun WWinnsdnwduaiiuegiainug uazidui
Uszdndimnvesimieunnuiinilluneslsmedvey uazluneslseniiesidiudielviduiivannsod

o v ovod a i a da ' ' = = s
%Qm‘iaﬂag"lﬂ UJ-JWELQSQQQUUQuﬂuaﬂqw‘lNLWN']%H!JW@ﬂTﬁLQ?QJ]LﬂUIW (QVIEJ’J'iiiu, 2534)
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Fosluneslseniuduvilduszuuiivavesits uasiduddnludemsmsdinvesiiy
Tsameluthusnassmasigiviavesdulsl Fomastenadummuiduliuindilsl uazezeasli
ﬂé’ﬂﬁﬁ%ﬁmasjsamlﬂ”lwﬁdﬁnqmmnmmuﬁmﬁa Fuglinianieniideneagaluneslsmnends
agvaneviln uantosetanailuneslsuiianig envasegimiuiuglilivareuiia msiidiney
3’mnu3.,m'1mas1muaﬂaW"L:uﬂaﬂsmnmvummmmmuln ummﬁwmyaamanivmumimq
a35men warmssywiulavasnulil Tﬂaq~vn‘£mwuunﬁmluummauusmawu (Marx and
Barnett, 1974; Mikola, 1973)

2.3.1 Usglowivessluaailsen (Insmay uazans, 2555)
' & & da < v v &
1. Provimiiuiing uazUSinawesssnaulilunisgasinemslaunniiu
| P a a o 5 ) < v o v =
2. sl szavsnmlunisgadudt uazdislisiuieniesuliiiiorsluanmsivng
1
3. gaelisuliflasusinemsene wu vieaveda (P) lulasiau (N) Inunadon (K)
= e =4 a ! s
uwpaLdon (Ca) wazsmaus dondanaluseilsmazgaduuavazaulilusin
' a a a i a a o @
4. pinUszansamlunisdevaaty wazgesneImInINiulsluiuhaaleiien
@ a o s | o o @Yo 0 Q W M YV YW v
sumaandundeingane q Pdaaredlivue lviieviesuliiluldle
o = o’ v o L Ve ' = 1=t
5. swniiiilupeslsoiimwaunsatasiunsidvharesinveslsafiglannitsinilii
afaganluneslsy vliduiirdienusunusielsniissuusingsiu
) vy W v o ' & d v w - sl
6. trelidulifinuuduss vumudsan miuiuiauas nistdymivesiuihu fu
Y M e o @ I ' ' 1 4
W3 iehudisvauamnuiunsa-snslivngale
7. Msasuaiszvuidnahlilviianugauaysainniu

2.3.2 nasduunussnnvasluneilsm
lueeslsmannsauisssinvesniiungulvngqld 2 Ussian Ao

2.3.1.1 dalaluneilsw (Ectomycorrhiza)

=3 - < =1 - ar e [

Walnluaeslsnn (Ectomycorrhiza) Ae wnsilumeilswnendueguinniead
- = = L L4 .3 (] L2 = = - L} ar L L
Arvessinmesuenvesitavesulsl esdmnnidalaluseserinmaeigivlnegimiunnvesiull
o w = @ 4w ) v Vet o a P o e ' w
Busuwuuianefedatuuasiu duleliiiansd@iden (Chlorophyll) ndieuie Jaldanuisoasna

-] ID’ - - =f L s =5 LY L t 4 J
amsmanaslulawsn dintanaginniiu Jeieserdegeduieransinvesiulid duleveades
Wigvievusnvesuliliseildumeinuarnudulidulilugguas wazdulindldsaweanesalu
Au Fuderaunsagesaatssinemisesninanauliiusinemsluguiduliildussleomiliviug
0§ VYV W va o a - - v & o = v -
Vil liisniudouss wigduled memnslduniu uazdisegluanmdwindeuimnyauiae
s - Vﬂld 4 1 = o é’l

sy senillusenuinalausuliiisnfionszawey Seniasidmaniiin walalureslse
winunereulunswizids e msnduasgiaudstuseniliuneniiadliivssaunadiie
Ienaisannzlmdudule dadulymlminiuinsyhaussly dulvgidesidalaluaaslsenius
'ffuqa ﬁ'ﬂﬁmunag‘iu Phylum Basidiomycota, Ascomycota wae Zygomycota E'i'm'lmg'l,'ﬂui’]ﬁa%ﬂa
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ponaunlugnileianuldsuliiiuodusgdieglunan Basidiomycota wag Ascomycota d7u
Zygomycota Axdluunadninn wewhenudiliviu desdasgiiendesqanssem winsieglunga
Basidiomycota aga31ananiiin (Mushrooms) vuialng fiviariaulé (Edible) afiannulaile (Non-
edible) ¥iiaiiiiiin (Poisonous) waziinaunilng (Medicinal) Wesnonlalunaslswiiinnnia 5,000
wiin RovFesilifidniusfusnguiliiladesndn 2,000 viia wieusvana 10 - 20% osivtug Tu
Usewalnemeiimsdnadesidalaluaeslserlutiliids Unugansi wazUrdoutiu nuiden
'Via"lU‘ﬁﬁﬂﬁtflu@‘mimluﬂaﬂsm \%u Amanita spp., Boletus spp., Lactarius spp., Russula spp.,
pisolithus spp. s Wesnelaluasslselusssumdannsmiumedeunsiiadalnlunesle
Tukeaijiinns Tnsmsugnideuiansveswsiarviiafidrsaaldiundriunaasy ydrntiudadisn
ﬁmwehﬂv’um@,é’nvmsnmﬁm Hartig net MAnanduleveadeiasapdlulu cortex veasIn
2.3.1.2 wulalunaslse (Endomycorrhiza)
yafits s eniasluaeslssinguilin Vesicular-Arbuscular Mycorrhiza
(VAM) Ao Fesluneilsoiiondvegnneluwadinvessinfiunsenulal \Woswilailliaansoueaiiy
Frenvausaiunsansiaasuldlagldndesganssed asiudnvugalaijunsanay udule 2
dnwny Ao 1dulegunszues (Vesicles) wazidulevuwadnuszauiudunsyan (Arbusculars) o
lureslsemwnisirnuddgdeiusnunsuasfiatnlel usvanm 80 wWesidusvateudnsie (Plant
kingdom) daulngd1uunagludidu (Order) Glomales Hogaiaiu 5dna (Genera) liun
Acaulospora, Intorphospora, Gigaspora, Glomus (Sclerocysis) wag Scutellospora Fesneulaly
aoslsedrlngiiiusih dnerdeegluiuinluiioguszanm 150 vila awsaasradulouazaled
ponanuansnegluniAudnuszann 10-20 su. alesiivuadnuesdienidailivi unsnszany
wuglusuh nsiedeutelunuiulaedniuazuiaadunmuy fiduiusfusnguiliussana
300,000 %iin drvlvaiiufivinunsuaziivinldl Wlinailsisanuin Weseagailuneslsuni
fnanmlunmsdaasunisisaiulauasdy Tﬂamsﬂqmﬁ'{a Glomus intraradices FL208 a@nsnsaiis
8m51n15193gLAule (relative growth rate) vpsdaulanauvin (Menge, 1983; Eissenstat et al,,
1993) il Wesrendaganluneslseiduadunisniyiviavesfivlasdasiiuysyaninmly
ATEUIUNTHUATIZWLAT UaTEUASNNIIANRIGINBIMITIINGAY (Johnson, 1984) laBianizs1s)
weanesa @1 Son and Smith (1988) TBauidnsinageiueamalufisiiiindgaisenivagansly
aoslsmegsaniulfiinifieilill Snsnisindeuiivesieamnlusinfiviiiientagailunsls
siielaeuszanas 17 x 10" la/gu./Auit dannnitluiivdndiiisnsnisindeuiivemsais
malusinieyszana 3.6 x 10" Tua/au./Auni
Wemoanaluneslsmiiussloviseiviliviosulilaense Aetdrelidiuliiiisnsinis
8Ej580 wazmsesyduladiaty lnedeswnansesluuuegeeninnszdulisnuuuandng
sonlutieiuiuifalunisgesinemsuazitvesn wazdulofiudlulnaqil asnsogasinemis
wazthluusnasnivhidsdanldiusndas venvniideneasailuneslsnduhebnerguessn
iivmihiigaiuazsgens Tnedenitegseugsnludnvaritiuuiunia warlos1iin (Hartig
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[ [ a v & o & =4 1 15 o g L | o
net) Fagvievusn iiidesiduamalsafivliaansodilivhaneiwaduessinla viesnivue

v

1 “p o oy 5 W ﬁ:d c&’ s U
seusnemarUdssanswanueudlulefia (antibiotic) senufuATBTINTiEiYeT 1@ ARA lUABSLSY
M e & w ! ' v o= w g W Y v o & a
warsnitlifiwesenvanailuneslsvuseglndifesfiulivasadsnnnsidniasveadelsa (Ins

WY UagAME, 2555)

msfnvAfuluaeslseiuazuiulumsdumsiiusinemstiunfis msdaaiuns
Wigrasinluannzuandeuitlimanzay Wy nizuds wazunumlunistlesiulsaignieg us
nsAneluduanuansavesetagailuneslsvidenistesaaivarsiail wisunumlunis
Wasuwaesmsueulusyminanssuiunmseesaaiedadinsdinuliyin

2.1 yuAdeiiiendes

avun uazame (2549) lamsimunisasiviiasgiarsidaduiie alachlor, bromacil,
fenoxaprop-P-ethyl, oxyfluorfen, picloram uag pretilachlor Tudu laeldiades Gas
chromatograph (GO) anansaianiuissuiinnanieuiluasuies 1Huisiie azmn a5
wazannsalindodienilldegudluiasufi@ing sniiu picloram fliannsansialagldiaies GC
1% ABas9iieseansidaisitasia 5 iafimde fe alachlor, bromacil, fenoxaprop-P-ethyl,
oxyfluorfen, ua pretilachlor Tufunsiwannsansaléivareis 8iangaRenisliiaios Shaker
anmmie hexane : acetone (1:1) U1y 3 iTus w3el4iA3ea Ultrasonic @fiadine hexane : acetone
(11 5 - 10 wiit Inglaiseswiunsidadauiien (clean-up) lunsiifighessiidsuudousnn
wavsudugesldnag clean-up adasldinias Ultrasonic anmdng acetone U110 Wil wae clean-
up #e florisil-SPE %38 florisil i deactivate e 10% Bn3fanunsoldiedes Homogenizer afin
#78 acetone w1 Uit ud clean-up Fe florisil-SPE dwiuisitlinarlufusiude nisldinies
Ultrasonic afia@ae ethyl acetate wau 25 wnil wioldin3es Shaker afasne hexane : acetone
(1:1) w1 3 $alua Tagligositunis clean-up duAumileaisilinadfign Aonisldiades
Ultrasonic anasne hexane : acetone (1:1) U 5 -10 w1 laslisaakuns clean-up

guium uazany (2549) Anw1isMInsaviiaseiatsiidnlsafiy Cymoxanil 1ng35 High
Performance Liquid Chromatography (HPLC) 'lﬁam’wﬁmm:auﬁaﬁﬂaﬁuﬁ : C18 UM 250 x 4.6
mm 2119 5 lulasiuns, Mobile phase : Acetonitrile/Water = 70/30, 8n31n151naves Mobile
phase : 1.0 ml/min,Injection volume : 10 microliter, Detector wavelength : 254 nanometer,
Column temperature : 40 83 LYaIoad Laudl Range agludae 0.02 - 0.5 mg/ml Correlation
coefficient 1.0000 uaz HORRAT = 0.172 &1 < 2wy 383iA519% cymoxanil Tagds HPLC Winanns
naaaieensuls

gium wazamz (2549) Ynsnsiaeuauldldivesianadeu esvilvaae (acetochlor)
Tnum393a8u Range w3 o9297duidunss waglutieninaudndu 0.25-4.00 mg/ml n519d0Y
Linearity 1#@1 correlation coefficient (r) = 0.99995 tneugieausu r > 0.995 M5I9@BU Precision o
# 1 (day 1) %1 3svsuvesrmnandudu e = 0.874 §17 2 (day 2) azsesuvasamdudu 1 =
0.827 N15UsELIUMAN Precision ATNLANANNYB35LALTY Column DB-17 naaeunu HP-5 Ha DB-
17 e 3 szduvasnududy 16-A1 Precision Winfu 0.6416 n15UsHdiU Precision 1agds F- test
970 Table , at p = 0.05, df1 = 9, df2 = 9 A1 F = 4.03 lAAF=1.43 ¥83817 1(day 1Ma3seiuves
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Ay way f F = 2.40 ve9nii 2 (day 2) Ma3seiurasnrudindy :rnnsnsnasuamildle
vaislunsuszidiuan Precision laeld3s HORRAT inausieausuvas AOAC BauiuA1 HORRAT < 2,
Way EU , Codex saudusn HORRAT < 2 nataen15Useiiiuan Precision A1 Precision léannnis
neasieunin 2 uarmsnsivaeulaeds  F- test 990 Table ,at p= 0.05,dfl =9, df2 =9 @1 F
~ 4.03 1#d1 F 9anmsnaasstiasniaan F lun1sne F-test wauean1snnass F-test laAn Variance
204917 1 waz 17 2 biwanseiu wanimeassseuiuls uazanunsmilldnssinseiansesn
f]‘n‘ﬁf acetochlor 1¢i Iﬂﬂiﬁ%‘ﬁmﬁﬁmém Gas-Liquid Chromatography (GLC) %iia FID, Conditions
: Capillary Column HP-5 5% Phenyl Methyl, Siloxane 30 m. x 0.32 mm. (id), 0.25 pm film
thickness, Split injectionsplitration 50:1,Helium (Carrier gas) flow rate 2 mU/min, Oven
Temperature 220 83A1L98 L@ e a, Injector Temperature 250 D9AILYAaLTEd WwayDetector
Temperature 250 asfwaldod 3ouasazaIeuInIgIuLazaTazareimellilivinuaseen
quslndiAssiulssana 1 un./ua. azva1eme acetone Thdnduiledeatuesd udrdnarsin
\w3ea 1 lulasans

wilan wazAmz (2550) AnwUSunaansivandnawes svundngu lunin Taemsliingiiiy
agegndBsuarUaaniis viulawnans 2 afaie adait 3 luitudl e.iles 2.unsUgy sewiraliou
WIWIEU- NEUAAL 2550 AT 422 F191AS wavadeit 4 luiluil e.siugn 2.mgauyd sewine
ey ﬁqu’wu-ﬂ‘iﬂgﬁﬂn 2550 “ﬁu'ﬁ' 302 M1919UAT MNUKUNITNAABILUY supervise trial, RCB
(Randomized Complete Block) i 3 41 (Replication) 8 38M13 (Treatment) auiulfudieg1ansn
winmsnuingiifuaisgavineds 0,1, 3,5, 7, 9, 12 uaz 15 Ju Ineudalu 2 mavnasstes o
wUasmuay  (Lidawuansiadl ) way ulas recommended doze @aviu azunidingiu Shsuuz Ao
¥¥ngiify wila 1.8% EC USina 30 wa /i 20 Ans davulaglinh 80 ans/ls lumsvihuvameasa
adail 3 arseenqivesiagiifuildvindu 2.85. nu/ls daundad 4 aseenqivesingiiiuild
Wi 2.80 n¥w/ls davulasldindeswuugulonasmendmiuingiiie wn 7 Yu 93 3 A%t uazifiv
FE NI NINSIIIATIT A SREANATS Tiszeziian 0, 1, 3, 5, 7, 9, 12 uag 15 Fundamsnunds
v detananaliessiasivandserudiniuseiriss HPLC wams el ns
mmamﬂ%u’aﬁi 3 wuasiemnAIg 0.057, 0.037 0.013, 0.005, 0.004, 0.002, 0.001 waz 0.001 me/kg
ﬁssazmmm’wq FUAIRU N1SNAABIRTIN 4 WuaTREANANY 0.024, 0.012, 0.002, 0.001, 0.002,
0.002, 0.001uaz 0.001 me/ke 31 Codex MRL wad azudindu Tu peppers,sweet ity 0.02
me/kg MU mananmuitaanuushAslhAudemanannendnisliiagiiuadigavine 7
$u wuilansiuannatiosndtan MRL fifvun

auuvn uazAuz (2550) WAUIITNTITLATIENANTAIIAINY fomesafen, fluroxypyr,
quinclorac, quizalofop-ethyl, quizalofop-P-tefuryl wag triclopyr Tudu lasldiades Gas
chromatograph (GO) ansavmuniuissuinsamiouiuluasiden Juisiie azaan san57
u.azmm'ﬁﬂ'i,%'m%iaaﬁaﬁﬁ‘lﬁaqué’a’luﬁaauﬁﬁ’ﬁms sy quizalofop-P-tefuryl filianunsansaalay
At GC 18 Fensninszansiidniuiivn 5 vilaiinde fie quizalofop-ethyl, quinclorac,
triclopyr, fluroxypyr wag fomesafen Tianunsonsalandeunuluasriden saald 2 - 3 35m3
dmduiunsieamnsonstald Tnoldindes Shaker afade acetone uu 1 Falus nieltiaioa
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Homogenizer @fngie acetone W 1 Ui Tnglsidesrmnisidnasiuidou (clean-up) a1ansn
f52931A518Y  arsnidndviivle 4 vile As quizalofop-ethyl, quinclorac, fluroxypyr way
fomesafen @ triclopyr fiatldia3es Ultrasonic afiade- hexane utu 10 wiit Tashidosiiunis
clean-up dwsuiaildmailufusiuuaziumiendio nsldia3es Homogenizer afadizacetone
wu 1w leglideswnunis clean-up aunsensaieszviansianiengles 3 viia Ao quizalofop-
ethyl, quinclorac uav fomesafen lufiusau wagmsrviasenarsiidaiviivle 2 vila Ao
quinclorac wag fluroxypyr luduiniisalagliidiasninunis clean-up d2u triclopyr Fosldinios
Ultrasonic afage hexane w1y 10 uit Tnglifesriums clean-up Wiluusiuuasiumilen

AN wagAmy (2550) ﬁm:nuﬁs‘uLﬁﬂmlszﬁwﬁmwmsﬁﬁmi’mﬁﬂumqunnszL%auLﬁim
I1ILHUNNSNAABILUY RCB I 3 91 13 n35u3F Uszneudie n1sldans pendimethalin,
dimethanamid, alachlor, alachlor+glyphosate, fluazifop-butyl, fenoxaprop-p-ethyl, fluazifop-
butyl+fenoxaprop-p-ethyl, fluazifop-butyl+glyphosate, fenoxaprop-p-ethyl+glyphosate, N3
aeuiwiinseile 2 Ada, manquindaevisdn 1 afs | manquiuieredn 2 afuarishidda
oy Audaanuasng . vimen 2.ARuY3 sewihadieunuaiius-nsngiau 2550 wuit n1sld
arsmanduing pendimethalin, fluazifop-butyl wag fenoxaprop-p-ethyl Lifluiwsenszouiden
dauans alachlor uay dimethanamid fiiwrensuidsuideniisadntos asidniuivnnviini
Usednsnmnisnaunuianylag nssAgnsldansidnTuiuasmanquiuseviedaidminua
Fuiwliunndnaiu msldansmiateiivsaavlindesissoniiuulilimmgaeansiouien
qainhimsneuiaindedie 2 afinszdsudolinandnunniign Ao 2937.0 nn./ls asfdaiuiy
pendimethalin T¥nandn 2,376.3 an./ls lduansrsfunisldansiidniaiiy fluazifop-butyl,
fenoxaprop-p-ethyl, fluazifop-butyl+fenoxaprop-p-ethyl ,fluazifop-butyl+glyphosate,
fenoxaprop-p-ethyl+glyphosate, miﬂquﬁuﬁ’wﬂ’lﬁﬂ 1 ﬁ%ﬁ wag 2 ﬂ%& Winandn 2,477.7,
2,488.7, 2,508.7, 2,351.0, 2,451.7, 2,501.0 uag 2,726.7 nn./l5 amadrdu druisluidnisny
nsuissudenilnandn 1,466.7 nn./l3 auddiu uagnisliansussaneuiviiavdesinivilvudany
sensliansussinnsirfeiiwlinanamiminvesnsziisuderbiuandatunsldasssuomauivie
WiaUssLAvENL LAY

ALY wazAmy (2552 ) AnwuszansnmarsUesiumdniviisyssiannunauniseenaad
Syiluihivdosiingn nausunsaasuy RCB il 3 91 14 n35uds Ao msldans pendimethalin,
dimethenamid, flumioxazin, propisochlor, metolachlor, s-metolachlor, metribuzin, clomazone,
oxadiazon, oxyfluorfen, acetochlor wa alachlor 8m31 330, 108, 20, 108, 336, 144, 105, 141.6,
150, 40, 250 uaz 336 NIu msaaﬂqw‘ﬁfsﬁa‘li puasiu Wisumeunun1sAIntsReRlLilanasisla
fdnduiiy vhnsveaed Audidouasimunmsinunsnmgauys 9. Megauys sswiudeunua1ius
- figuisy 2552 wudn wnnssudsildansidateiinduivisudndesdeduvdediinan uasil
Uszanamlunisaruauiaiialdd Suiviinuldun wahundvay (Echinochloa colona (L.) Link)

v =

wenAuun (Digitaria ciliaris (Retz.) Koel.) nej@usia (Brachiaria reptans L.) Gard & Hubb.) mﬁﬁfg’a

(Cenchrus echinatus L) wej1-A1ugnd (Lagascea mollis Cav.) fintlinfiu (Trianthema
portulacastrum Linn.) @2 8n (jpomoea gracillis RBr.) #nlayu (Amaranthus gracilis Desf)
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"Uﬂumuwuﬂ(ipomoea pestigridis Linn.) ey 1819(Euphorbia heterophylla Linn.) U TUNY
(Corchorus aestuans Linn.) ﬂSimﬁm‘iwmaaa’[,wm’mawmmmaaal.mﬂmanu @19 clomazone,
pendimethalin, propisochlor Taanugeitsses 30 Sundagnunnitgn nsuismavaaeslidoy
it mdeaiinandels Swnuilnwaztvtiniinansesuuanaiafu Fanasldars pendimethalin,
clomazone way oxadiazon fisuauilnuagihmiinilnandamassiesuiinninssuisninisldans
oxadiazon, clomazone ag pendimethalin Inandnvesnvdssilinan 1,669.4, 1,630.0 wag
1,552.4 Alaniusisls unnituazuansrafufunssuismsidnisiesaeiie n1sldans metolachlor,
flumioxazin, alachlor, s-metolachlor, dimethenamid, acetochlor, methribuzin ua35liA13n
Jywiinanan 1,239.7, 1,115.4, 1,096.9, 1,078.0, 1,062.7, 997.6, 995.0, 978.8 uag 502.4 ilaniu
fols muanau

A5dna (2552) d157338n15mIansiaivresneasnsludming Ui ieAnYINaTaY
n3fsrasansisatielunasmandulzsanoutasndinsiiuiisinasuansgnuredwinden
fu 1h mﬁLﬂiﬁ~ﬁw131ﬂaaw’luﬁaaﬂﬂa fu 1 uasnanmadulzsn M3esevansiuslauda uay
lagasuludiedie fu 1 LLavmamNaa‘quw n193AsEsiUsIIuarstusinda Aldluwlas
NERTNS Tuensn 300 - 400 ﬂswﬂam 60 - 80 @n3 LwammmmwﬂumamsLi]scumuiﬂ WAUINTT
vaanadulzsn lagldinaiia Highperformance liquid chromatograph, UV-VIS NU Tuqﬂ“LLaa AU
firaasuesasiusinga 118 - 563 wilunudaniuiessiu uarluggrudaiien 480 - 982 wlu
nsuABNY aeﬂ,us"mwmmwm LD 50 (5200 meg/ke) Msldansidniuiie nquwisiaien luns
11ﬂm'smuau1Jusmms’[.ﬁnauﬂ'ﬁﬂanamquaa 15 — 30 Ju anudaenis lanau luaasldluvaed
nanwaaglutinadey wavimuinig 415 msldarsidaivite nqulusunda ausoltlunisidn
'mw‘u'lun'ﬁwamauﬂuiﬂlm Tuamswwvswmammum ‘1uﬂ151mnaumwaamiwumsmﬂm's

wum wagAme (2553) muﬂaamaaaﬂnmﬂimmaﬁwwmmwm carbosulfan 1u
undosn adai 1 ludhaieusuneu 2552 - nuawug 2553 wasadait 2 'lmmmaunumwuﬁ 0
ey 2553 Tufiuil o.89uws1u 2.uasUsy Tneaunun1sInasILuY Supervised Trail & 3 azn
(replication) wuadlu 2 n1sveasstes laun wameaesiild carbosulfan ludnsiuugiin Ao
carbosulfan 20% EC §m31 60 fiadans/in 20 Ans uazulameaesiiladld carbosulfan Wuulas
Wisuiiey wuens carbosulfan W 7 3u 3w 3 A% viimswuasedsgeheiuiegundesin
752971ATIZNANTNERANAY carbosulfan wag carbofuran (Has31Y83 carbofuran wag 3-OH
carbofuran %at.ﬁmmnn'lsamﬂﬁ”mm carbosulfan) ﬁswmm 0,2,57,9, 12, 14, 15 uaz 18 1u
(treatment) HansnAasIny ansiuandaiiiirgagaludivesmanaasusiasiu (@ndeya 3 41)
Saf nsneasndait 1 wu carbosulfan USuna 0.31, 0.17, 0.04 wag 0.01 Aadniu/Alansy @
sgoviaan 0, 2, 5 wag 7 Ju muaiy (@ruitszeznardulinuaisivendng carbosulfan) wu
carbofuran U3ina 0.03, 0.07, 0.07, 0.05, 0.03, 0.04, 0.01 uax 0.01 fiadniusenlaniu Aisvezina
0,2 5 7,9, 12, 14 uag 15 Ju mwadu (@udfiszevinan 18 Ju linuansiunnAns carbofuran) n1s
VAABIASIN 2 WU carbosulfan USuna 0.48, 0.08, 0.04 waz 0.01 Jaansu/flandu fiszeziaan 0, 2,
5 wag 7 Yu uay (@uiiszeznardulinuaisivanda carbosulfan) wu carbofuran Usuia
0.07, 0.01, 0.08, 0.07, 0.03, 0.01, nd, 0.01 uaz 0.01 fiadn3u/Alaniu fiszeeinan 0,2, 5,7, 9, 12,
14, 15 uay 18 Ju MU WuUSmasiennA199Inn131Y carbosulfan Tudnsuzienin
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én MRL waslne (0.5 fan3u/Alanth) deusidt 0 Fu nde-nmswundgaving uasi 15 Ju dudud PHI
fsmualinuaain wuasisendaUiinatosuin dunsasininseiaisngy carbamate lu
iotasiesnanunasieluiiuilndfssaanuiivhuuameass $1uau 41 feths wuansiie
ANAne 12 §10819 (29%) Taenu carbofuran 6 Feg1e Y 0.02-0.06 fadniu/flaniu wn
freenelaiiiuan MRL vadlne (0.5 Hadndu/Alaniu) wu methomyl 10 #79819 Yuad 0.01-0.25
fiaandu/Alansy 1iuar MRL vaslne (0.2 fadnsu/Alaniu) 1 see1s wiliiiuAl Codex MRL
(Faandu/Alandy) wagnu methiocarb 1 feagns Ysum 0.07 fiadniu/Alansy liiiud Codex
MRL (Pepers, Sweet whitu 2 fiadniu/flan3u) Fsen MRL vaaUszmalnelaifinafiovun

dud uarieun (2557) Anvmaveslaadiurednsimaeigiiulnvesdunandudysmiug
Ynede veaes m anvuitemaluladinens uninerdumalulads1vuenadiuul 1URUNIT
naavuUdNaNysal (completely randomized design; CRD) 4113w 10 #1 Amuannududures
Traddu 4 szeu e 1, 2 uae 4 fadnsuredns Wisuwisuiuauna Juvzseilailsians (control)
Suiinfeyanmavigivinvesiunddulzsadeaiiemaiians 4 uas 8 &ami wuth munduduves
Tradduliiiinadednsimsasyiuln wasiauinsmeddaululm anugmss wu sueau
n¥ranazanuenlufiszozudsldans 4 uas 8 dUa1v drunisdnuruiaesinlunudn dunan
Auvzseililaaddusyiuanududu 4 fedndusedng fuuinveanlulngunniign Tnedanluil
Aunie 21.48 lulasams waganuen 24.30 lulasuns
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uni 3
Fantiun1siae

3.1 Auuazn1InTBNABE A
fuiilddmsumanaaounniuigndulssaludminasans TngldRuiuiianudn
0-20 crn thduInRluTTY 9IMTusBURIUATINSITBUTUIA 2 1AL, IBUENLALYINTTLAENTINAINY
Anssinuautivesiunouazrdanmeass TasanautEaniasint e anudunsaiudwesiu
Tuthindu (1:1 viv) udrinlagldiades pH meter Armsthlwihvesiuluthndu (1:5 vv) wdrinlae
141A389 Conductivity meter USunadunsoingluduiinsizilaeis Walkley and Black (1947)
USunamaanesafiainls (Extractable phosphorous) 31As1vinuiSnn59es Watanabe and Olsen
(1962) &1 ¥auUsuunoanesadisiaIes Spectrophotometer Ussailnunaideuiiaiald
(Extractable potassium) weadeuiannle (Extractable calcium) wuniideuiiadale (Extractable
magnesium) wanfiadalé (Extractable ferrous) wuenflaiadalé (Extractable manganese)
nosunsitaialé (Extractable copper) danzdiadnld (Extractable zinc) warlufoniadale
(Extractable sodium) a335vae Wayne (1980) uwdarindaeiAas Atomic adsorption spectroscopy
(AAS)
3.2 mvaaaslunszang
3.2.1 msfnwanaiidinveademetiagan
msvssdiuanuiifiaveadeluneilsmluanmedennsugndutzse silaenisld
deliuduuzan 2 guuuu fie mslddeiitunquugn waznsldieiiviumseunse Tnelfasily
aodlsrmanisdueansivmsineas (Usenaude We Arbuscular mycorrhizal @newus Glomus
sp. uaz Acaulospora sp. Usnaaunisiusessiuau 25 averedetanim 1 n3) udnsiiviniu
fio 3 nfusadiu Ugnduvzsalunszanmeassdadunanainuuaduriaudnans 50 wu. Tnesosfu
nIn1eeiunTIngs 2 eu. tetleafumsivavesiu niudiuiu 20 nnsensyans Uiuanatu
voslviagit 50% WHC vudvluiiiadiuian 48 9lue deunsmaass Mnmulgnmiswugdutzse
Tudunfeuisgnidasienagarlureslssguuuudieg duseildlunsmaasaiuiuginnie
FadmmannuvdsgnduvzsaludimiaUszaauAidusiaeldmisugn S1uau 1 mis/nszae vinas
noaaulunan 2 Lﬁauiﬂmﬁuﬁ'aati'wﬁuvlﬂLﬁauLﬁa'dﬁsLﬁum‘il.‘iimg:a1ﬁ'maar’ﬁ"’a‘5'ﬂu5’:nﬁ"uﬂziﬂ
lnen1séiond Tryphan blue wavdaglassainmaadelumnanglandesanssam

3.2.2 Mevedauaruansaveatesovagatluaeslselunsindnlusinia
mMsvnaewlsEnaume 3 nsvwus 311U 4 91 Ae Au (leslifinnsugniiy; Br), dulzse

wWigluuiivuleulusunda (Pa+Br) wazduvzsassgluiuivudeulusinfauasiinadundosen
Vanaluneslsnn (Pa+BreMy) dulzsaitlilumsvaass Ae dutzsaiuginnds Fedamanuvas
'ﬂqné’uﬂsm‘luﬁmﬁim’l*ﬁ'wﬁaﬂqﬂ $au 1 wia/nsvans Welureilseild de L%asﬁaﬁﬁ'agaﬂu
Aaslsen (Arbuscular Mycorrhiza) 114n13ANRINASHITINSINEAS (Srwrualssuinnin 25 aves/
n3u) logld 3 nudonszan Ugnlunszaavunadur uaugnats 50 ¥ Faspefunszansensin
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waiuAuUIINM 20 Nn.ABNTEAN ﬁaumiﬂgnﬁmﬁwmsﬂ%’Umm%u'uaaﬁulﬁa;iﬁ 50% WHC 1y
fuluiidiodune 48 dalus Tusswiamavaasafiudiegishiunng 2 Weu ielasiziarandunse
Wuse Amsihldh Guadundeing Usinasnemis (Meavieda Inuvadey waaiiey
wunildey wan wuenida vewes denzd werleen) Jesziianssuvesgaunidluau
fanssuveseulusiearinansauaziouleidlelasiiua Weduaganimeaesiinisfiufiedieie
detmiminanuazuis vessnuazdruiniledu madegendevendeneagailuneslsuilusin
uazavasvondasiluiu
3.3 N15AATIZINY
3.3.1 Innaivanuasuni
fwiignifuiieaudrazgnéreiaeiuzin thndu uasyilivs wenduvessenuas
smeenaniu luimbminaslasnisdefeinieads 2 dumds anduiifegeivlueud
gaumnil 70 et anifueiaimindeedests 2 dumisglddminuve i
3.3.2 MR IEnIsAsaunsaIsInvasluaeslse
duiiagnasinanduau 1 n. wazdaliimuenuszann 0.5-1.0 gy, thsndildudlu
10% KOH ﬁqmuqﬁ 90 °a fiunan 10 urit ntanimdeieiindy wazdeudie 0.1% Trypan
Blue Agaumgil 90 °w 1utaan 3-5 urdt Aunuedidudnsidiaseunsessinlagds eidline
intersect method
3.3.3 MR IwRlUTLITaluny
fesndrumileAuresiiviieuniudy ualviazBundeindosualifvuislitiv 0.5
. fegiviiuauds ilvdvieseiviinalusndaluiislasuiswiesujuianisnats (Ussne
ne) 91iin
3.4 MTAATIZNAU
3.4.1 myawseieuluialalasia
UnAudan 20 n. waufu CaCOs; 371u73U 0.2n., @15a%a18 1% Y83 235
triphenyltetrazolium chloride (TTC) U3ua1s 2 ua. wazthndu Uinns 2 ua. waulidiiu wasuu
ﬁqnmqﬁ 37 *g \fuiamn 24 2l 9nifuifin methanol U3anms 10 wa. wéniluiwgudanilunses
ihansazareldidannaiie methanol uazuiuvimasndu 100 ua. nutharsazarsluiading
panduLasiaeIAdY 485 uiluwns Tanldin3es Spectrophotometer
3.4.2 myiwseieulgineaninanse
116y 100 un. wauiu 100 fiadlua phosphate buffer Usu1ns 0.5 ua., 10 ua. p-
nitrophenyl phosphate solution U31nas 100 lulasans waztinndu 400 lulasans arnsuriludy
figaumndl 37 *o 1Wuan 1 9l easuian thieghaniumissiirniiseu 10,000 seu/nil
thansazanednlaluidn 1 Tuans NaOH Usuns 2 ua. waztluinAinisganaunasiiniueniy
430 unluns Tneldia3es Spectrophotometer
3.4.3 MTUATIHAINTTUVDIRAUNTE
11679890Y 2 n. 1Ay 60 diadlua potassium phosphate buffer Usuns 15 ua. wag
FDA (100 lailas@nssie ua.) U3es 0.2 ua. :ntuiliwgriinmiasey 100 sev/unit Wunan
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20 Wit udhthanidia chloroform/methanol (2:1 vAv) U3anas 15 ua. tieveaufiisen thansazans
Flalududgsiau$aseu 2,000 seu/und Wuan 3 wil vdruansavanslailaluinainisg
@ﬂﬂﬁuuaaﬁﬂ'amsnfmﬁu 490 unluwng
3.4.4 MIIATIEALUSHITalURY
vhaludstiusiduidn anthuauazseuinunzunsivg 2 s, udnivihegneiu ds
Apswisnalusndaluiivlaeuitsniesufjiinisnans (Wsewelne) $1in laedieszsieneianis
QUEChERS method (European standard 2008)
3.4.5 MILATIEANTRAMALvIAY
ihauluisiuiduiisy mnfuuauasseuiunzuATTwa 2 . Intuindaesu
uieswinandunsaumsvasiuluiningu (1:1 vv) wdrinlaeldiades pH meter nnsdilui
gaspulutngu (1:5 vv) udrialagldiaTas Conductivity meter Usinadunieinglufniiniegy
1ne35 Walkley and Black (1947) USunmsleanasaiiafale (Extractable phosphorous) tA31e9
AiaN598e Watanabe and Olsen (1962) uda¥auSunameaneadafeinias Spectrophotometer
Uualwunaideuiiafald (Extractable potassium) uaaideudiadnlé (Extractable calcium)
wunilideudianald (Extractable magnesium) wianfianals (Extractable ferrous) waniaiann
19 (Extractable manganese) neunfiaiale (Extractable copper) Fanednadalé (Extractable
2inc)  uasleieuitanald (Extractable sodium) AMaiares Wayne (1980) udrindeiniaa AAS
3.4 NSNATIZHNIIEDA
insnzideyaiildainnisvaaeddag one-way ANOVA fissdiurmndesiu 95% laeld

TuUsunsy Minitab version 15.
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unn 4
WNAN15398

4.1 ﬂﬂﬂ@ﬂﬂ?ﬁuﬁ?ﬁﬂ‘ﬂﬂ<1L%Ellﬁ-lﬂﬂﬂ‘i‘ﬁﬂuﬁﬂ’lwLtﬁﬂﬁauﬂ’lﬁﬂgnﬁuﬂﬁﬂ
aruiiiinuasdelunaslseluaninundeunsugndulyan Ussiiuanansannsaly
nsiiasauAsessIndulssavandesluneslsen Tnonsussdiudsmnalasaiivenies
Usznoumeiduly e1svann waznadiAa (%‘aimqa%’wuaam%ﬁa@au,axLaaﬁaﬁaﬁluﬁﬂwmmams
vaadasneulaluneslsn) lusnvesdudssafisuiuiuisiniome msussdiuefiduinisid
AsaUATBITINLUINTUsEEIuTY 5 SEhU fp
fiduloveaifosnasynseunsesndesnit 1 %

=

fidulsveadesnainaseunsasniiasnit 10 %
fidulevendosuaiyasounsossn 11 - 50 %
fidlevendosuadyasounsossn 51 - 90 %
wazfidulovenderiaiyasounsossininnnii 90 %
msUszdiunrdifinveadialuneslsaluanmundounisugndulzan vilaenisldide
Tiifudutzan 2 Uuuu Ae mslddedifumauugn wasmislaideiiviinmsounsa Tasldidesly
pApslsmmsnsAmvesnstiviniaineasludniiviniude 3 ndudesu nmaneasiwuin msld
welsiuiienis 2 suuuudunuiiiidulsveadaluneslsvndhandelusnie Tnenslddeiifumngs
anﬂgu WULﬂaéuﬁuﬁmnﬁﬂmﬁ’ﬂlmwﬂﬁﬂiqamﬁmﬂeiﬁ?aﬁu%nmsawsaﬂm (5191 4.1) wazwy
madeseuaTesTInveaislureflaiintu efinugninluszeznariienuuiy msldded
vinatunqu Wegdunisilemalunsdudaiusinvesiildinnninisladeuinmseunsmiy s
dwalinadirseunsasnnvendeniignit madherdesendonluneslsulunniiviuduiug
fulemaiidesdudatusinity Sadesflemadudatusniialdfing wandussssnanu Tema
fidodordelusiniinfibegeiu nslddelituivusnmseunsmumnsdmiumsldfulive 3
wigluwasgnunifussesnamiludililiazmnlasnsladeifunquugn wihnisladed
Uihasaunswiy 1esluneslseillemaduiaiusnivldtosnd uinslddeusnuseunseu
fugsasinadrodbresdeninuesivuiy etrlsfianinimmsinsnswusniliingldaded
funquugnimdeluiunsumstrefivasangniomnannsnild iiensdhegerdereaten
I¥gaiian lumsveassdnwimiuanunsaveadeluneslsslunisininlunndadaiunsveassdy
dolu axldmslddeiitumauign
lumsweaesldfnmanuegsenueadomeniagailuasslssluanneilifinisugniiudom
felasmsnmiiualesveatenluiu nuufinnwesadestosnit 1 avedieniuvesiu uansia
L%aswluﬂaﬂsmﬂismwmﬁaaﬁﬂmaﬂsmﬁgu lianunsasainusnalaevaivendels sy
nsldawedoruiiniaduiu Shsnsegsenvasdedeinunn wihsfimmualeivendenvin
dogunlufiu usiivsuadesunn nuanisveassuansindesiluasilseaunsaeiyly
anmuindeuveInsUgndulzsaluseunaaadld wazlinnsidiegendelusinuesdulzsn Fadianu
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lh:i o L] LY 0 @ @ o o l: =s'v
Jululeiazihunldnaasuanuaiunsalunisiivaaisimanteivslusunda lavagvinnslawenny

wauuan
d 124 as d‘l’ s i " 1 ¥
A998 4.1 Mmadnseuaseandulzsnvendanitanailuaeslsgilaemsldiwegiuuy
N '
¥ M3UNATEUATEIIN (%)
suwuunsldive — —
Waun 1 WWaun 2
i -g - v
nsldwennuuguugn 2-10% 11 - 50 %
o |
nslddesounsavy - 2-10%

& o as a o e
4.2 nMsnadauANasaveRdpluaeslserlunsuialusundaluszauizaunaas
4.2.1 auUANILANTBIAUNBUNITVIAAEDY
=% s < = 1 1 - o 1 ‘J : s =
nsAnwauinaaiivesiuneumvnaswudn aullen pH 9 5.5 Fadunsadn Au

fifnsthlviegil 2 Tadfwusi/en. Ssdedilifirnandn Uhinasunidiagluiu 1.7% Feeglu
sefutunan Inunadouitanaldiien 00.16 un/nn. waaieudiadaldiial 1,320 un/an. Fwie
Inuvaldeunasuaadonludvagluszduiiunas anzaudenisnigiulavesie Usuwu
WoaeSadidiuussToniilien 60.79 un/nn. wuniiFeuiiadaldiien 787.50 un/nn. Tedesdtaialéd
A1 1,650 un/nn. dniianaldilan 205 un/nn. wnemilafianalaiien 32.26 un/nn. dangddana
1¢iiAn 4.01 un/nn. uazveasTaRaldiien 3.56 un/nn. vaWeaneda wuniiden Teden wén
wmila dned uaznowwmsaglusziugs Sufuwerenspaldlaeiia (a9 4.2)

= e . -
MN19799 4.2 UUMANINALYBDIAUNDUNITNAA D

Soil properties Soil before experiment
pH (1:1) 55
EC (1:5) (mS/cm) 2.00
OM (%) 1.70
Available P (mg/kg) 60.79
Extractable K (mg/kg) 90.16
Extractable Ca (mg/kg) 1,320
Extractable Mg (mg/kg) 787.50
Extractable Na (mg/ke) 1,650
Extractable Fe (mg/ke) 205
Extractable Mn (mg/ke) 32.26
Extractable Zn (mg/ke) 4.01
Extractable Cu (mg/kg) 3.56
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4.2.2 AIuUNIA-AaD IRy
msuszdivanuunse-asveshunlasuudasivlutanaiivinnisneaas leevinnns

s 1 - Ed < U lﬁl 1 <4 ‘J —
\iiuietheiiunn 2 Woudunan 6 Wew inmveassmuIdieraiuly 6 ey (A139h 4.3) fiu
freglutisiilunsadauiy ualivwliniiviienudunsnanas TasAnnudunsa-asvesiu
samsifusarlifmideluneflsmaduiulifiruwendisiuduiuilisnisugnity

A19197 4.3 nsasuntaswasrnuiunsa-snsesrulusseiaMvinn1saasd

Soil pH
Treatments
2 months 4 months 6 months
Br 321 +£0.12 3.62 + 0.07 3.40 + 0.11a
Pa+Br 3.40 + 0.07 3.60 + 0.09 3.44 + 0.04ab
Pa+Br+My 320 +0.12 250 400 ) 3.54 + 0.09a

4.2.3 ansilnihvesdiu
- i o a Ao o (3 s 1 = =
mawdsuudasinisiildiwesiuiviinisneass Taevitnsinudmegiunn 2 weau

Wunan 6 weu nmsnaasanuindianaivly 6 Wou (13199 4.4) Ansiliidnsed
1 d‘ 1 Gll L 1 - - r U o - L7 d =1
Tudrenlaidn Felidwmanenisisyivlnvesdulzse anmsiilwilufuiivuiltduasasiieiinis
=4 - & Ao e = & 1 [ 1=
Ugniiy (Pa+Br) uazamawinuniudlelinmsdiuiesluneslse (Pa+BreMy) sgnlsinubifin
] o oy 1 o 1 a r_?i/ ' o a ) n‘a‘d
upnaANfuRadfTErinnaiuLaslivures nMsasaswasrinaiivinluauluninuuaniingg

P i o Ve P & & o [V
Ugniiwtuileunainnisgaldsinomsnguindulszyuindalussdusznavesndsludu laua
Todien wavwunili@oy dwalimnisiilnihaesiivanadds agralsinmainsiilwivesiunldly
nsvnaadiaen dalulinanssnuranisiaiyresng

A1519% 4.4 MsiasunUassaain sl luAusgrinaivianisvinaad

Soil EC (mS/cm)
Treatments
2 months 4 months 6 months
Br 3.99 + 0.62a 1.38 + 0.39ab 2.05 + 0.80a
Pa+Br 2.91 + 0.20b 1.40 + 0.33a 1.47 + 0.81b
Pa+Br+My 2.89 +0.11b 0.95 + 0.85b 0.52 + 0.53b

4.2.4 veaneasandulsslovdlumu
msasuntaseeslsunaureanesaniusslovilufuvesiuiivinismaass Tagvia

msifiuiegsiugn 2 Wewdunan 6 Wweu nmIneasmuiidenaisnly 6 Weu (5197 4.5)
Usunameaesaiidulsyleviluiuanas Tneusunamearedaluiuluninuudidinisiuies
(Pa+Br+My) dwmaliusunasmeareianiulsslovilufivanas wazuansrsanninuusilifinns
Ugnilw (Br) agiifeddmeata wiliunnsiesnvSmuudiisinnsgnity (Pa+Br) veavleSaiu
s1memsmanisuduses wasdusimermsiduiudenisdissiinventogdunididudiu
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§ ar d’ &s & al U Qs g ar i
ilesnnvleaviedaiiussdusznovrendevumad asugnssy (Wuuvamemds Wweseandily
aaslsariiunumsenisiinamduusslevtiveseanasa agrelsieuluaniennuiusuiu
Woanedanduusslostograiivane asdudsunuimventdeitluraslseidanisdinanuiuy

L3 al = s 1 cg’ = dy q‘a =l @ =
Uselewvaaneanedaluiu wassinlinunuvunumasadssisiailuaniieinuiineanasandu
Usyloilgs (Alloush et al., 2008)

A15799 4.5 nsasunyaseanesamdulselesilufuseningiinnsnaass

Available phosphorus (mg/kg)
Treatments
2 months 4 months 6 months
Br 77.10 £ 16.97a 43 28 + 6.00a 54.15 + 13.38a
Pa+Br 69.51 + 8.95ab 36.85 + 2.10ab 44.79 + 10.28ab
Pa+Br+My 52.77 4638 29.65 + 4.09b 31.72 + 4.96b

4.2.5 Inunadeunana laluau
nswasuwlasaslSuialnunadsunadinlalufuyafunyiinisnaase lnaviinis

\iudegafunn 2 Wew uATU 6 W 3INNMINAaBINUTY (115197 4.6) Usinalwunaidelufiu
asaadlanisugnity esanlnunadendusinennvaniiivieansigluuianmun atinalsfnau
] 1 L= =N ﬁ’) 1 ar =] A E=" 8
TaiwuanuuansseanisiiiiuLasifudosvoseaurndnunadeundulsslomilupu  eniuly
- - - &, - e «d a = s o & )
Weudl 4 vaamsveany Inuvadendusaidndegludvlutimnuguasdiegluguiniudsslomnils
18 Wegdunidddlifiuvnumundnsenisdsuwlasnudulsslesivessinemsyiiniludu
snalnunadeaiusmenangdunidldlulinuies winisiifesedandluaeslssnaign
sansinuldina i dulsslosdvaslnwadenlufuludoun 6 veamsnaass

P = - & '
A1519% 4.6 Msiasunlasadnunadey (K) TuAuseninanisnaasd

Extractable potassium (mg/kg)
Treatments
2 months 4 months 6 months
Br 14233 + 4.73 15783 + 12.73a | 12750 + 23.11
Pa+Br 118.58 + 11.31 109.50 + 9.27b 70.83 + 7.16
Pa+Br+My 99.25 + 15.10 95.33 + 15.43b 110.67 + 38.60

4.2.6 eulszlovivessinevnssesayasIaluau
UFums1n o1 330dlufiusEninen1smaasnanIfinisiei 4.7 uaa@sunay
windidenlufuiviinuanasmeldvinuudiiinegnivnuegfividsnntu eglsiamunisd
Fosoritagdiluneslssnaiyeyiauitsnivliliduaiunumiuusslonivesnafouuas
wuniiidenlufiu upa@ehuwihiduasdeduarudsgneluead Readestunisudasad as
ﬂi'mmamwwamﬁaﬁumaé wunfideuduesdusznevvesnaslsiaddediunumdenisdansiziies
vouiiy uaziiertestunsiwsyiivinvesiialaense uenaniifauieadestunszuaunisainense
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= = a v P 3 i = v &y i
oziily warlusiu Bnde Lilesn 2 siilusigemsiiielduiinates Fehiviuanuunning
Youuasens 2 luduivihnsnaaes

P < - - - '
A19197 4.7 nswasuudasveuaaidon (Ca) uazuuniidoy (Mg) luAuseninamveaes

e Extractable calcium (mg/kg)

2 months 4 months 6 months
Br 1,313.33 + 29.30 | 1,062.50 + 238.97 | 1,090.83 + 88.40
Pa+Br 1,396.67 + 81.36 | 1,097.50 + 156.58 | 950.42 + 83.22
Pa+Br+My 1,215.42 + 344 34 | 1,061.25 + 129.28 | 977.50 + 151.15

Extractable magnesium (mg/kg)

2 months 4 months 6 months
Br 610.00 + 26.46 553.33 + 48.44 560.00 + 71.27
Pa+Br 468.33 + 62.35 546.67 + 88.35 465.00 + 59.01
Pa+Br+My 465.00 + 51.61 431.67 + 44.07 446.67 + 46.58

ﬂ?mmqamGfluﬁuswfmmsmaaummﬁam'mﬁ 4.8 Usmnaugasawman waeniila
doned vewuas warluisufieglufuililunismeassivinuanamelivinaudiinsugnity
(Pa+Br uae Pa+Br+My) uazUSinaesasnanatetsroiiouileieiionguiniu agrlsfiniunis
wudererivagaluneslseluiulidmasemuiulsslonivesmewnslufiuliunnsieainnis
Lidudes sndilunsilvessinndn Tuieuit 6 vesnmaaes smdndusinemsiigiunsd

¥ =y Pe| ca[ g @ oo ¥ a = ot
ABINSUTUINNN LUEN"U'lﬂLﬂEJ'J“Ua%ﬂ‘Uf]']'i‘tfuﬂ\‘iﬂl,ﬁﬂﬂ‘ii]u ATATNNEIIU ANTLITEYLSSNIINWRIUN

Qs ' & ) = ' J
YA I.Lﬁ:;’ENL{‘J‘LI'H’JUUSSﬂBUﬂENLiJuI"MMﬁ'lEJ‘U‘Uﬂ PNMSANY IUNUAINAINITOVD Wes1913

a ! ' - &, - a o a a
Uanalupslsusensiiuanuiulsrleninasmemsiuiu. onalieannnsmemisiuiuiiegl
o e @ - - - | v - & & - | '
UsinaiiisanefiaUSinauasdaiivanesonusisinisvesiivuazies \wesdabiuansunumeanis
wWasuwasSunuvessinomsmariludulndulssleviiuanniu
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A57971 4.8 NMIasuLUasweavan (Fe) wimila (Mn) &angd (Zn) naduna (Cu) wazlesinsy (Na)

TuRuseninensmeass
W Extractable ferrous (mg/kg)
2 months 4 months 6 months
Br 306.13 + 9.20a 202,93 + 25.13 205.47 + 29.68a
Pa+Br 264.93 + 35.12b 219.20 + 22.70 196.87 + 21.99a
Pa+Br+My 183.27 + 11.20b 228.93 £ 2191 151.33 + 1841b
Extractable manganese (mg/kg)
2 months 4 months 6 months
Br 3213 =+ 167 2567 £ 2.76 27.80 = 3.31a
Pa+Br 2478 £3.27 27.77T +4.32 22.55 % 2010
Pa+Br+My 2540 + 3.12 2360 + 3.11 21.05 + 0.58b
Extractable zinc (mg/kg)
2 months 4 months 6 months
Br 3.87+0.12a 2,67 +0.67 3.20 + 0.5%a
Pa+Br 290 + 0.41ab 4.00 + 1.12 250 + 0.37b
Pa+Br+My 243 + 0.51b 2.72 £0.65 2.22 + 0.34b
Extractable copper (mg/kg)
2 months 4 months 6 months
Br 4.54 + 0.40a 291 +0.13b 341 + 0.31a
Pa+Br 3.30 + 0.66ab 3.54 + 0.10a 3.08 + 0.15b
Pa+Br+My 2.90 + 0.09b 3.60 = 0.16a 3.07 +0.12b
Extractable sodium (mg/kg)
2 months 4 months 6 months
Br 1,138.00 x 636.57 | 1,015.17 + 327.83 | 1,599.00 + 20/.57
Pa+Br 1,051.42 + 494,36 | 1,480.08 + 345,72 | 1,548.33 + 297.99
Pa+Br+My 1,057.85:% 259.62 1,337.17:: 21982 +| 1,271.83 = 177642

Kumar wazAiz (2015) Anwimaveadesientaadilunedlsgvossuunisugnive

nIzIRBUE (Abelmoschus esculentus) wazdaauwmn (Pisum sativum) Tudu Alfisol wuldesn

drdiudnsnsaiyivialugas 100 Tundivan Tnsdsmalianszilouiliswagdudumniiuily

AN ez mlnuisaraugaisnnnduainnsidisges  mslddenimiunsladeveaneiad

dn51 75% vesdnswusthdmalifiviinandnwiiunslddeneaneTandng 100 % vesansusii
msiugesbiinadanisasunlasziuanudulsylesivewigemslsiulu 2 Tvesmsugniv
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Mohammad waz Malkawi (2004) Anwinsiiiesieanailuneslsmluianugniivuumdan
sadumisladeneaneialudniisingeg wmwmﬁLsmL"zjamma'lmuL‘namﬁﬂmﬂﬂw%dmwmsmemﬁa
way am‘i’lﬁﬂwaawaaawm‘nu:umaﬁﬂfn'ﬁrmaUamawamasﬂui'}n AUETIVDITIN wuwmaa‘mn
wavihmidnuiwessin Weslueslswuiiunisgalivin dansd uasnesumavesiuiloszdu
weanosalufusdfatunans Wesertagarszuansunumsensiiwaududstlomivessy
pnsildmiiofmasgluanneiifismomsviindugluyiuaudi agalsimulunisfinuagaiilsl
wuummmmLﬂ‘t’?’)ﬁiam‘i;,ﬁmué’m’nmﬁ']uﬂiJamﬁmaqsmmmﬂuﬁu \disaunandauiildlunis
aapwismem seglusziulunansiiage nsAnviindinasnesluiversdaesili
Wlaunummsadeswiiniseniswdsuwasmuiulsylemivessmenslifasty

0.2.7 thwiinvasiimdanisvaaes

mm‘%q;l,ﬁUimmmﬁ'ﬂmalﬁw‘%wmuﬁm’wﬂﬂmﬁuimanﬁ*ffﬂ‘lfwﬁ’namasﬁmﬁ’ﬂuﬁa
vasiimhdumioRuwardnlifundinisvaaes (3197 4.9) mMadmdeseagaluneslsenly
ﬁueima'lﬁﬁwusﬂﬁﬁmﬁﬂamuauﬁwwﬁnLLﬁqqqndwﬁﬁﬂﬁﬁm‘snﬁm%ai"l Worduasulidumie
mwaaﬁ’uﬂuﬁmnuwunamavLmqawuua ZUNNA9DE1IUEAIATIN A ei'aumm%:yl,ﬁv‘lmaamn
fu dosdwmalisnivhwinangsiuaeniiivddmadiudlbidmadominuiwesn Judes
L‘UE)T]E]']‘UGQﬁﬂlﬂﬂﬂﬂi‘ﬁ’m‘wﬁdm‘iuﬂ']'imﬁm‘ﬂm?\mﬂ\iﬂa‘lﬂiﬂﬂmiﬂLLE’!::TﬂEJE]E)!J Fesluaeslse
duasunsgalisinemnsvesity (Yang et al. 2016) uazdauiiumskanueuiivenduaudiouluiluii
Uiang et al. 2016) dwalifunusioanmundenitlivnzaldibetu vensniiduleveadonds
dnasulifadaiu Seevilaudinanenmussiuity uasinasemsmuiiouressinems
anqludiudneie (Borie et al. 2008)

=i H @ | o4 o s
A19199 4.9 UNVUNVDINYEIULKUDAULLAEIINARINITVING DI

Shoot Root
Treatments
Fresh weight (g¢) | Dry weight (g) | Fresh weight (g) | Dry weight (g)
Pa+Br 693.24+35.15b 97.98+3.24b 44.87+6.89b 11,7211
Pa+Br+My 847.95+111.08a 120.16 +16.47a 51.58+15.35a 15.81+4.77

4.2.8 Uiinuaveiveatorotagailuneslseluiusazmaitegendelusniiy

msnnniuliinualeiventereitagaluneslsslupudioduganisveass wui
Uinuavesventeedagailuaeilsmilunuuiinugeiigaluninaudiineudesadudy
WudeatuUsnunisidegederendeslusnietmugeiaaluninadiinsdndesiui
ldufidesetagaluneslsmerdsegmusssumiuarbifimssieiutaunmsvaasy Jmuaves
u.aum'iL?’J"\aejmﬁ’wmlmaﬂsm’luw'%'muuﬁﬁhjﬁmnﬁuﬁ?aﬁ agulsinuyTinunisidregende
veuToIIgeTU 10 Wi uasUTinaavesluiuasi 2 wih dowdsuisusswinmsifuuaslivude
7 maduderluiuiunsiavssnadenluiuliguniy ssdmadudosnlududheis
madhegerdelusniimuesdienindie arsminTuiin 1y fenhexamid, folpel uag deltamethrin
finalunsanU3auazarsmainaisreadesiotvagailuneslse (Rivera-Becerl et al. 2017)
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aﬁm{fﬂﬁ’mw‘u azadirachtin uwaaﬂmimaamﬂa’[umnwmawaﬁ Glomus etunicatum. way

o &
a13M9Ae51 carbendazim ma‘lumsa‘ummsmaqaWﬂﬂ'lu's"mwmaqLm'a"na'maﬂa'flmaﬂsm

(Ipsilantis et al. 2012)

=i o 3 & L% " = &/ i o’ J
M51e0 4.10 Swouadesventesonivagailuneslselufiu uagmatiegendoventios

Tusindudzsn
Treatments Spore number (spore/200 g soil) Colonization in root (%)
Pa+Br 33.00+1.29b 1.83+0.12b
Pa+Br+My 65.63+2.29a 22.24+2.77a

4.2.9 Ysunaulusungalupunasludrumilefuvesduissn
r - - - d ﬂ" 1 -y - -
nsinUsunalusin@alufudisdugan1snaasenuii Usunalusundalufuanasann

11.54 un./nn. (uvivamdaaua) W 2.08 un/nn. luvdnemdiiinsgnite (Pa+Br) uazanas
Wy 2.68 un./nn. 1uvf%'muuﬁﬁﬁmiﬂqnﬁfﬁ"mﬁ’umstﬁuL‘ga'i'lmﬁ'aqdﬂuﬂaﬂim (Pa+Br+My)
mMsiessivsinalusndaludiviefuveduizsanuiisiinaeiysniudeluaeslsenil
Usinalusineavauegludmmilefugininfisiibiidenluneilsvadyude msfnwiluiui
Yudeunewunsmuindenedanaluneslssninnmpaduremeundl fisinuazasnsiadeudne
YaImeuAgdLmilaRuveiiy (Ambrosini et al. 2015) WANISAN®YBY Jiang uazAue (2016) Ndu
wmﬁma‘lmaﬂwmuwuwmamiLﬂaaumamﬂmuanawmmqnu Ineides1 Rhizophagus
intraradices annsazauvaswanionludrunilefuusifiunisazauuandionlusinues Lonicera
japonica uAiesn Glomus versiforme anmsazauveAnissuTINWAYdIIMITE AU Y
(Jiang et al. 2016) m'iﬁr‘ii"’a'iﬂmﬁ’a@c—iﬂmaﬂsmaﬂﬂ’ﬁasamjaaT.‘usm%a‘luﬁhumﬁaﬁwmﬁ‘u 9w
Wumstheasmsvuileuvestusniaguandaiiiiuemsvesmywdld

o4 = a a ' a4 -
A15199 4.11 USunamedusundaluiusasludiuvilefuresdulsse

Treatments Bromacil in soil (mg/kg) Bromacil in plant (mg/kg)
Br 11.54a 2
Pa+Br 2.08b 5.23a
Pa+Br+My 2.68b 4.78a

4.2.10 fanssuvegaunidlunu
MaAnRINTINYeIgAWEEluAY (nwil 4.1) wuiiAanssuvesgaunidluieud 2 i
muuansaiueisdau luninuudiinisugndulyse (Pa+Bn) difanssuvesgdunidluiugs
niwEnmuditlsifinsUgnity B wiidutussiinsudieuvedusinga egnalsimuminumsiil
Aanssuvesydunisgeiignfovinudiiinsimdeslunedlssr snfiviinisvanudesarsuane
¥in9onM193 N (root exudate) Betudnaiunisiiyiulavesgduniduazianssuvesqdunss
vinusn dumadudslueeslsmadluiuiunsddidduiansauveqaunidnduystlonily
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fu eglsinaludioud 4 uay 6 veamavasemuITRInsTNveAuNIEluAuWH UM TN
mstiudesluneslsen (Pa+BrMy) fifanssuresduvidinimvineuailbifingfudenlunosls
¥ (Pa+Br) usagnalsinlsifinnuunneeiu
fanssmesgduvdluiuivuilivanauilasvernailumsmeassundiy sraieunainms
anasesUiinudunisTngluiudaduumasemsvesgdunsd sufsmsasSunaaveisinemis
Suﬂluﬁuﬁaahtﬂuﬁiaﬂwm%nujLtasﬁanssmaaqauw%'é'luﬁu
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N 4.1 AAnsTuvesRaunIdluRuaINMsIATIZN FDA

Aanssuveneuleiflelnsdiua (dehydrogenase) lufuliifinisidsuulasnasn
sygzaIivinIsnaasarsrniminus euleidlalastuaifsatostunstesaaives
asdunddluiu oulwivindiueuluiindntulilaegaunisvayin waniueulvifqdunds
deopninnBuenwadieynsBsaaIBaTBuNIE

Ranssuvesaulesimoarmansaludu (nmdl 4.2) lundnsndifiniadudonedag
a'”nhmaﬂsmwuﬁﬂ%mmqe'ﬁmﬁaizasnmanmwﬁu ulundnuudilifinsfudesluneslse
ndunulSinaweneulsiviniiiuuiliuanas wulniearnumadueulniivhwihifetesiuns
wiumnandulssleviveaeaneyaludu Lau‘l«zﬁﬁﬁgna‘%’qﬂﬁ?muvﬂﬁﬁa Wes1 uazsnity Fans
waneuleiviadsduiusiunudosnaeareiavesiivuazdunis fudeluneslsvniuideds
Heiufnssuveneulwiilui fviiideluneslsviasysmiinniamsogalivoariesaldnn
oy (Margalef et al., 2017)
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A 4.2 Aenssueulesiweanimansa (Acid phosphatase) Tufiu

a1smindngivdinarenanssuvoseuleilufuuandanuly Omar uay Abdel-Sater
(2001) Anwunumeesarsindadgntlusiiuea (Brominal) waza1sninLuaIdansau (Selecron)
soUsunuvegduniduaziouluiluiu wudasidadngiivaududuidisiinysuues
aunisluiu wileududugeiinaanyiuvesgdunisluiu arsidadngits 2 sdadduds
Ranssuvenouleiwagiea mslifisasuuntihmisdisfenssuveseuluiveavinansa usnsléi
ANtugdinaanianssuvaseulesl Bacmaga wavAme (2015) AnwavEnavesansiidaie
s1evdendalnsiiu (Azoxystrobin) defianssuveneuluilufiunuin evdendalastududfanssy
vouaulwiflalasiua awaa giea Wearimansa uasweawumasy Kucharski (2008) Anwn
wavesasindniviielasylsiion 250 EC wudniimaandudu 1.5-12 gnuaadus./nn. draduda
nanssuveusulmislalsiiua gilea veawwansn uazWeanLAaA1 Yao uazAmy (2006)
FBNUPAIITANLEIDLYAEINTA (acetamipiryd) liifinasrafsnssuveneulsigioauazaraiaa
wifinadudaianssuvenoulviwoaning Bacmaga uazane (2012) Anvmavesansidaisiyens
wunsleu-efia (carfentrazone-ethyl) wuiniinaanfanssuveneuluiflalasiualuiui 30 uas
anfanssuveseuluinzazviaa gTioa uazvoaruaaluiud 90 vesnisvaans lusu@aions
wuzihiinadudsianssuvensulwiilelnsiua dwfinwazndosiortagailuneslseiliinade
Aunssuveseuluidlalasiivaluiu uwdildvdnadensiiviuvensuleiveanunansa uavianssy
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POSSIBLE USE OF PINEAPPLE SYMBIOSIS WITH ARBUSCULAR
MYCORRHIZAL FUNGI IN BROMACIL REMEDIATION

P. Teamkao

Department of Plant Production Technology, Faculty of Agricultural Technology, King
Mongkut'’s Institute of Technology Ladkrabang, Bangkok, Thailand.

e-mail: pattrarat.te@kmitl.ac.th

Bromacil is a widely use herbicide in pineapple and citrus planting areas. The highly use
result in high accumulation in soil that post risk to surrounding environments. Arbuscular
mycorrhizal fungi (AMF) is symbiotic soil microorganism. The host plant and symbiotic AMF
benefits each other in various ways. This study focus on the possible used of pineapple with
AMF symbiosis in remediation of bromacil in contaminated soil. Besides, the change of some
soil chemical properties were observed. Plantlets of pineapple were grown in soil contaminated
with bromacil with or without AMF inoculation for 6 month under greenhouse condition. After
the experiment, spore of AMF was found in all treatments, however, the highest spore quantity
was found under inoculation treatment. Besides AMF colonization under inoculation treatment
was 22.24% that higher than un-inoculation treatment that was 1.83 %. Bromacil in soil was
reduced from 11.54 mg/kg (in control soil) to 2.08 and 2.68 mg/kg under un-inoculation and
inoculation treatments, respectively. The bromacil in plant inoculated with AMF (4.78 mg/kg)
was lower than the plant in un-inoculation treatment (5.23 mg/kg). Reduction of bromacil
concentration in soil and plant reduce the risk of contamination to surrounding environments
and food chains. Plant inoculated with AMF had higher shoot fresh weight (847.95+111.08 g)
and dry weight (120.16 +16.47 g) than un-inoculated treatment (693.24435.15 g and
97.98+3.24 g for fresh and dry weight, respectively). Root fresh and dry weight including length
of the root of un-inoculated and inoculated plants were not different. Plant nutrients (P, K, Ca,
Mg, Na, Fe, Cu, Zn, Mn) in soil under un-inoculation and inoculation treatments were not
different, however, under inoculation treatment trended to increased soil pH to neutral and
reduced soil salinity. According to the experimenting data, pineapple symbiosis with AMF has
ability in bromacil remediation.

Keywords: Bromacil, Bioremediation, Arbuscular Mycorrhizal Fungi, Pineapple
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Abstract

Bromacil is a widely use herbicide in pineapple and citrus planting areas. The highly
use result in high accumulation in soil that post risk to surrounding environments. Arbuscular
mycorrhizal fungi (AMF) is symbiotic soil microorganism that benefits plant in various ways.
This study focus on the possible used of pineapple with AMF symbiosis in remediation of
bromacil in contaminated soil. Plantlets of pineapple were grown in soil contaminated with
bromacil with or without AMF inoculation for 6 month under greenhouse condition. After the
experiment, plant inoculated with AMF had higher shoot biomass than un-inoculated treatment
but root biomass were not different. Nutrients in soil under un-inoculation and inoculation
treatments were not different, however, under inoculation treatment trended to increased soil
pH to neutral and reduced soil salinity. The highest AMF spore quantity and colonization were
found under inoculation treatment. Bromacil in soil was reduced from 11.54 mg/kg to 2.08 and
2.68 mg/kg under un-inoculation and inoculation treatments, respectively. The bromacil in
plant inoculated with AMF (4.78 mg/kg) was lower than the plant in un-inoculation treatment
(5.23 mg/kg). Reduction of bromacil concentration in soil and plant reduce the risk of

contamination to surrounding environments and food chains.
Keywords

Bromacil, Arbuscular mycorrhizal fungi, Pineapple
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Introduction

Pineapple is important economic crop of Thailand. Pineapple has slow growth and short
root system, result in high competition with weeds in the early stage of growth. The competition
with weeds lead to delay crop development and reduce plant yield and quality. The
recommendation is to keep the field free of weeds in the first 6 months after planting (Maia et
al. 2012). Herbicide is an alternative choice in weed control in large fields and rainy periods.
Bromacil is a commonly used herbicide for weeds control in pineapple and citrus crop (Serex
et al. 2014). Bromacil has a half-life of 124-155 days in soil (US EPA 1996) result in high
accumulation of this chemical. The use of current application rate (2.25 kg/ha) found bromacil
residual at the deep of 3 meter about 18 months after previous application, and the bromacil
residual found in topsoil over 9 months after application. The lower application rate (1.8 kg/ha)

reduced bromacil accumulation in soil (Alavi et al. 2008).

Arbuscular mycorrhizal fungi (AMF) is symbiosis fungi living in root of plants. The
widely known functions of AMF is to increase phosphate uptake in plant. Other nutrients that
also increase after AMF colonization are nitrogen, zinc, calcium, and copper (Sarkar et al.
2015). Moreover, AMF helps plant to tolerance to drought, salt stress, and diseases
(Albrechtova and Vosatka 2009; Abbott and Lumley 2014). The higher contaminant solubility
and reduce contaminant accumulation in shoot of plant after AMF inoculation has been report
(Huang et al. 2007; Yu et al. 2011). The aim of this research were investigated the possible use

of AMF in bromacil remediation and the role of AMF in available nutrients in soil.

Materials and method

Experiment design
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The experiment design was randomized complete block design (RCBD) in 3 treatments
with 4 replicates. Soil+bromacil (SB), soil+bromacil+pineapple (SBP), and soil+bromacil
+pineapple +AMF (SBPM). Pineapple plantlets, Smooth Cayenne Varity, were provided from
local market in Thailand. The bromacil use in this study was commercial with the rate of use at
0.125 g/pot with 20 kg of soil/pot. AMF in this study was commercial AMF from Department
of Land Development, Thailand, comprised of Glomus sp. and Acaulospora sp. with 25 active
spore/g, and applied rate was 3 g/pot. The experiment was run for 6 months under greenhouse
condition. The plant after treatments were measured in fresh weight, dry weight, bromacil
concentration and AMF colonization in root. The soil after experiments were measured in some

chemical properties, bromacil concentration, and AMF spore abundance.

Soil chemical properties

The soil before and after experiments were measured in cheiical properties as follow:
pH using pH meter at soil:water = 1:1; soil electrical conductivity using conductivity probe at
soil:water = 1:5; organic matter using lost on ignition method; available phosphorus using Bray
I extraction and measured by spectrophotometer with 882 nm; potassium, calcium,
magnesium, and sodium using ammonium acetate extraction and measured by atomic
absorption spectrophotometer (AAS); iron, copper, zinc, and manganese using diethylene
triamine pentaacetic acid and measured by AAS. Chemical properties of soil before experiment

showed in Table 1.

AMF colonization

The colonization of AMF in plant roots were measured according to Phillip and Hayman
(1970) and Trouvelot (1986) briefly: 30 roots of each plant were washed with distill water and

then warm in 90 °C of 10% KOH for 30 min. Then the roots were transferred to warm in 1%
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HCI for 30 min, and then, trypan blue for 30 min at 90 "C. Each root was cut to 1 cm length and

observed of colonization (hypha, vesicle and arbuscule structures) under light microscope.

AMEF spore abundance

Spores of AMF were separated from soil with wet sieve method (Gerdeman and
Nicolsan 1963) followed by sucrose centrifugation (Daniels and Skipper 1982), briefly: 1,000
mL of distill water was added to 200 g of soil and stirred for 5 min. After that, the soil solution
was passed through sieve set, 40, 60, 150, and 230 mesh, respectively. Spores on 40 mesh sieve
were counted under light microscope. Spores on 60, 150, and 230 mesh sieve size were
transferred to centrifuge tube and 40% sucrose was added. The samples were centrifuged at
4,000 rpm for 5 min and removed in supernatant after centrifugation. Spores in the bottom of
centrifugation tube were washed with distill water, then, the spores were counted under

MICroscope.

Bromacil in plant and soil

The bromacil in plant and soil were measured with LC-MS-MS with QuEChERS

method (European standard 2008).
Statistical 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

Plant biomass
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The observation of plant biomass after 6 months of the experiment found plant
inoculated with AMF had higher shoot fresh weight (847.95+111.08 g) and dry weight (120.16
+16.47 g) than un-inoculated treatment (693.24+35.15 g and 97.98+3.24 g for fresh and dry
weight, respectively) (Table 2). The AMF benefits plant in various ways, by direct and indirect
mechanisms. AMF increase plant growth under stress conditions by increasing of nutrient
uptake (Yang et al. 2016) and increasing of antioxidant enzymes (Jiang et al. 2016). Moreover,
AMEF increase soil aggregation that maintain soil physical properties that encourage nutrients

cycling (Borie et al. 2008).
Soil chemical properties

Available nutrients in soil before and after experiment showed in Table 3. The soil
before experiment had strongly acid, no salinity, appropriated level of organic matter,
extractable potassium, and extractable calcium, and high level of available phosphorus,
extractable magnesium, sodium, iron, manganese, zine, and copper for plant. After the
experiment, soil pH was slightly increased from strongly acid to neutral under AMF inoculated
treatments. Electrical conductivity (EC), available phosphorus, magnesium, iron, manganese,
zine, and copper in soil were reduced after the experiments, especially under AMF inoculated
treatment, however, organic matter, extractable potassium, calcium, and sodium were not
difference. The lower of nutrients in soil under plantation treatments caused from the uptake of
nutrients by the plant and AMF. AMF increase mineral weathering, nutrient release and nutrient
uptake by plant (Burghelea et al. 2015). Higher phosphorus, manganese and iron in plant under

mycorrhizal inoculation treatments were reported (Almaca and Coskan 2017; Yang et al. 2016).
AMF abundance and colonization

Number of AMF spore in soil and AMF colonization in root of pineapple were

investigated at the end of experiment. The highest spore abundance was found under inoculation
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treatment with 65.63 spore/200 g soil (Table 4). The colonization of AMF in root of pineapple
was in the same trend with spore abundance. The colonization under inoculation treatment was
22.24%, while under un-inoculation treatment was 1.83%. Some of pesticides had inhibition
effect on AMF. The use of fenhexamid, folpel, deltamethrin pesticide reduced AMF abundance
and effected community composition of AMF (Rivera-Becerril et al. 2017). Bio-pesticide,
azadirachtin, inhibited colonization of Glomus etunicatum. Besides, carbendazim, the
fungicide, completely hinder AMF colonization (Ipsilantis et al. 2012). However, the inhibition

of bromacil on AMF has not been reported.
Bromacil concentration in soil and plant

The pineapple cultivation reduced bromacil concentration in soil. Bromacil in soil was
reduced from 11.54 mg/kg (in control soil) to 2.08 and 2.68 mg/kg under un-inoculation and
inoculation treatments, respectively (Table 5). The bromacil concentrations in shoot of plant
growing with AMF inoculation was 4.78 mg/kg, which was lower than concentration in the
plant growing without AMF inoculation (5.23 mg/kg). The study in soil contaminated with
copper found AMF increased copper absorption to vines root, but decreased copper transport
to shoots of plant (Ambrosini et al. 2015). The same as Rhizophagus intraradices reduced Cd
concentration in shoot but increased Cd in root of Lonicera japonica plant, however, Glomus
versiforme, reduced Cd accumulation in both root and shoot of plant (Jiang et al. 2016).
Reduction of bromacil concentration in soil and shoot of plant reduce the risk of contamination

to surrounding environments and food chains.

Conclusion

AMF could grew and colonized within pineapple root under soil contaminated with

bromacil condition. The inoculation increased plant growth and might increase stress tolerance.
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AMF did not affect the reduction of bromacil concentration in soil, but helping in reduction of
bromacil translocation into shoot of plant, which reduced the risk of bromacil contamination

into food chain.
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