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Abstract

Project Code : 1UG5080006

Project Title : Prevention of Herbicide Residues in Green Soybean Production for
Export

Investigator : Associate Prof. Dr. Tosapon Pornprom

Department of Agronomy, Faculty of Agriculture,
Kasetsart University, Kamphaeng Saen Campus,
Nakhon Pathom 73140

E-mail Address : agrtpp@ku.ac.th

Project Period : 2 years (September 28, 2007 — September 27, 2009)

Studies on efficiency and determination the residue of herbicides in green soybean
(Glycine max L. Merr. variety no. 75) production were carried out at the field experiment, Mae
On and the laboratory of Lanna Agro Industry CO., LTD., Saraphi, Chiang Mai, in early rainy
season during May, 2006 - July, 2009. Acetochlor, alachlor, clomazone, isoxaflutole,
metribuzin, oxadiazon, pendimethalin, clomazone + pendimethalin and metribuzin +
pendimethalin were applied to evaluate the efficacy use of pre-emergence herbicides for
weed control. Control of weeds in green soybean with all pre-emergence herbicides can
be variable. Metribuzin, pendimethalin, and metribuzin + pendimethalin showed the best
efficacy use for weed control but caused no vyield reduction. No visible crop injury was
observed after alachlor, clomazone, metribuzin, pendimethalin, clomazone + pendimethalin
and metribuzin + pendimethalin application, while acetochlor, isoxaflutole and oxadiazon
caused visible crop injury to green soybean. The herbicide residues in crop yield were
determined using Gas Chromatography-Mass Spectrometry (GC-MS). No herbicide residues
was detected in crop yield (or MRLs < 0.01 ppm) for all herbicides used in this study. From
these results, it can be concluded that metribuzin at 84 g a.i./ rai was sufficient to provide
satisfactory full-season control of several weed species. In addition, pendimethalin at 165 g a.i./
rai, and metribuzin at 56 g a.i./ rai + pendimethalin at 148.5 g a.i./ rai can be provided a similar
level of weed control for an alternative to reduce herbicide dosage use, and further

increased for the food safety in green soybean production.

Keywords: Gas Chromatography-Mass Spectrometry (GC-MS), green soybean,

herbicide residues
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Studies on Efficiency and Residue of Some Herbicides in Vegetable Soybean

a a

U gAausaunsd d19Ann g2iasydn imil uay nANa Wanauw'

Chanatip Sukonjan' Watcharasak Sukcharoenvipharat' and Tosapon Pornprom'

Abstract

Studies on efficiency and residue of some herbicides in vegetable soybean (Glycine max L. Merr.
variety KPS 292) was carried out in the Asian Vegetable Research and Development Center, Kasetsart
University, Kamphaeng Saen Campus, Nakhon Pathom during July, 2006 - February, 2008 and the
National Corn and Sorghum Research Center, Nakhon Ratchasima during August, 2006 - March, 2008. The
experiments were arranged in RCBD with four replications. The efficacy of several pre-emergence
herbicides for weed control in vegetable soybean was evaluated. From these results, tank-mixed of
metribuzin + pendimethalin at a rate of 56 g a.i./ rai + 148.5 g a.i./ rai ranked first in terms of having the
highest efficiency for weed control, followed by metribuzin at a rate of 84 g a.i./ rai, pendimethalin at a rate of
165 g a.i./ rai and tank-mixed of clomazone + pendimethalin at a rate of 153.6 g a.i. /rai + 148.5 g a.i./ rai,
respectively, and no crop injury was observed throughout 65 days until the crop harvest. There was an
increase in vegetable soybean yield with the application of herbicides compared to the untreated control.
After crops were harvested, herbicide residues in the soil were observed using a bioassay test with
several tested plants including pak choi, baby corn, cucumber and vegetable soybean. There was no
effect of herbicide use of all tested plants. In addition, herbicide residues in the product of vegetable
soybean were determined using Gas Chromatography-Mass Spectrometry (GC-MS), 7 days before being
harvested. It was found that herbicide residue levels in vegetable soybean were lower than the maximum

residue limits (MRLs < 0.01 ppm).

Keywords : bioassay test, clomazone, Gas Chromatography-Mass Spectrometry (GC-MS), herbicide

residues, metribuzin, pendimethalin, vegetable soybean
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Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University, Kamphaeng

Saen Campus, Nakhon Pathom, 73140
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tladalunisndnuaiaadng Ty lunsudadawaasdnanianisdsnanaaslszimalnatiu nandni el
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NI nssiuANFeINIITeslsTmAR AN TeeenIsiamARIdna AN NARYN 391U NAUEN kA
ADIAININBINI9EY WaNAINUEIRTTYMIN A UARgANTNIN SN EATTEAGG °) 1 Taade wnasdngiT uaz
o A ¥ = o v A o Y o o A a o & A aa %
Jain 1fusi Asandusiasiniswmumieinuszuunisdanisdngialunisudndowmasiinanignas nnels

aa 4 Ao a o o P

\NEASANMNNZAN BNANEN nLazL ENIUNNINERTALEnan AN INANAINNIATTIUTBIUTTNA
o o o A ey o . I S
AR AaanauiRszuuNIRamie IR A uandnnlaendaainansisnnAne Taneadesiuninzqaninees
Y = C Yoy . - L X 4 . v e e a4 o
fuslnalanss AniudnglsrasdvesnisAneluadsll iennaeutlsz@nsnineesnisldasindndanasiin
5119 7 lunspauAndsitd uiunsuandamaesdingn sanianisnaaniasiidandananaaazinisnnAng
TAulRLAE bioassay test iUNINAGaLTRAFN | uazNIIRTIAMAINARTTNTANANT W IR RTaWARENgR
Inen151d Gas Chromatography-Mass Spectrometry (GC-MS) et ld 1 lunsfiansnifeniuanulasnsde

NFTUBIUNTLATRILIAREN (food and environmental safety) Fialy



L4 a
aUnsaluardsnng

nmsAnwszAngnnaasmsldfasiiandrNguuunausanlunisarupn it

NnN13An T luaN 1N Wl aaNmAaaa ﬁ@uﬂ?@“ﬂﬁmﬁﬂmm%@u (AVRDC) NM1INYNRENEATANARNT INEN
LUAN WA LA SRICE Y (lﬁ@umﬂgﬁmm 2549 - NNANWUE 2551) Lmzﬁl@uﬁ%%wiwmm:imﬂwLm'mﬁ
(Suwan Farm) 8.11n984 2. UATITANT (RAURIMIAN 2549 - HUNAN 2551) 2MUNUNNTNARBSWLIL randomized
complete block design (RCBD) { 4 %’1 PUALLAMARBIEIRE 5 X 5 ANTINAT (BNTBauLlaLign 1 x 5 ANT19NRS)

o

1/92NAUALNIINIBNIIANIITTNT 6 NTINAT (137991 1) Fiaid

a Aalal
A519N 1 N3350 M N1 maaes

A3 AT Enansid #7937 (m*ums@@ﬂqw%rﬁi@ié)

1. Control - -
2. Hand weeding (at 30 DAP*) - -
3. metribuzin 70% WP 120 nfusals 84 ﬂ%’umaaaﬂqw%}iaié
4. pendimethalin 33% EC 500 dsials 165 niuansaangyasiels
5. metribuzin 70% WP 80 niwsials 56 NFuaNTRaNNEsials

+ pendimethalin 33% EC + 450 Fisiels + 148.5 nfuaseengvsse ls
6. clomazone 48% EC 320 Tsials 153.6 nfuansaanquisials

+ pendimethalin 33% EC + 450 Fsinls +148.5 ﬂ%ﬂ@ﬁ@@@nqméﬁﬂié

* DAP = Days after planting

Mﬁqmﬂﬁwm?ﬂqﬂﬁqmﬁmé’lnzﬁm RUFAUNUAY 292 (KPS 292) innnsaariuatsnndndaiaatingng
TR AN dNE T 71 7, 14, 21 uay 30 Sundeannldiugnstndndanie vnisTufinuanis
naaasinafansnnaInglaLas U ITNG LanIIAILIANITNG (nefi 1 = Safaaenun uaz 9 = PILAN
Foivarlallfian) pruiduiivresansindnfoiasefiogn (Taefl 1 = hiflnasefiolgn uaz 9 = Aolgnane
GEANGGTE)) mil,ﬂﬁfyLﬁu‘ﬂml,@xmﬂﬁmmamﬂﬁqm%mﬁﬂm ﬁunumﬁmmﬁmﬁmmLwi@:nmﬁ% NIN19
AT iNaNNaDALAERE Duncan's New Multiple Range Test (DMRT) Iaeldldsunsudnidaginieads

Statistical Package for the Social Science (SPSS)

NSANHNAANAG L UAUUBIRITANAAITNT LAeiAT bioassay test
nasaniALfEaNanantamansdndnanulaamaaesaasivuing 2 wisludneiu vianiafufaesng
Auluusaz@dmaans i lineaeulneld bicassay test luan1niFeunaaeIrean AT INT 31 AMIZINEAT
NINIAUNEAIANART INNTANUNLAN A.uATUTH Ineisnetaaululrazd199RmaaesninaNidn
v o - . & C . v
poeiu ldadlunszuzinnzannn 34 x 48 maTuRNmg wisiun unszuzinnzeanidu 4 dauwin < il anidu
dgnianaaeuaiingng < 16un dnneeds Salnednden uninen waztawaesilnan tTuindesyalesidus

pssanTuganwls uazpnuiluimaessnsindndanasananaasy (Ined 1 = liinasaialgn uay 9 = Nailgn
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AeaLNaNYInd) 71 7 Sundsainlgnivanaaey vinnnsanszinanisanslaeds DMRT Taaldlusunsudiag

N9EDA SPSS

N15ASIAMNAITANRAVTNTIN AN A1 LU naR Tagld GC-MS
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o A A

TunisegnamansindndanananAeduiunisuandamaesdnan Tnatidamaesdnaniieny s 58
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A A a o

Fu (vivah 7 Juneuiinisiviien) Nangaviaisidndananataazinisandnglunandn luieslisnag

POILFENAUWINEATYAFINNTIH A1117 .6197 a1 T8 v Treanisld GC (model 6890N, USA) — MS (model

5973, USA) Tilsgnsiainisnisaeq Kawasaki  (2006) finnnsgusiaatinanawmaesingn dsnannsae

acetonitrile LeN@NsazaneNai Al separatory funnel 1FuL84 petroleum ether (813avana@iden) lusuimesiag
| v . U % % . o

rotary evaporator 1J1698 nitrogen gas AU ANATATAIUAYE 20% methanol in acetone Usuisunmsidu

10 Naaans U lsvimeauuisanafa a19a13azanefag acetone (PR) waa5uiFunnsdly 2 Raaans naaanniiy

i linsaadpsziunansnndandanannenesaly taanisld GC-MS tTunnualudneuzaaansn luenans

o ] )

F-QC-MA-020/1 Taiiluienan331e411n13M998 @R NS AAR AT Uns i laFeuiauduanuinn1dlu

a
'

reference library azin WinsudeatinuazlFunninedanssing - Anisdiseii el Tnediviaeiu ppm

NAWALIANTOL

o 1

nsAnHUssANENINERINIT AT IR RTULLNDUIAN LUNITAILANITWE
nslAne luanmulamaaesi gudidanadninian NuaneNAUINERASANART N AN ILNIUAY

Aupstlgn nsdssiiuszAuAnannsn unsauANdTNT uanstaunelalunmaneesineulszans

'
o A aKX o o A

X X A - ¥ o A ] aday A o °
Q"]]W‘HV]“IJHSL‘HWNVI LL@XﬂrJqN'&NUﬂTmmﬂ\‘]muﬂqWmﬂ\?ﬁﬂ@m WL ﬂ??NQﬁV]iNNﬂqfﬂm@qTﬂqu TN (control) LAY

hand weeding azlanuautlszansdanenaulunuiuinnanetnelAnuuanANINea i ANUNITNA TN NN I

o o o A A =2 o o AN o A py A o o o o A a
AM7N1AAVTNT (FNF19N 2) GINLﬂuﬁ‘zﬁu'ﬂig\l@qﬂqﬁ‘ﬂﬂquﬂuqﬂjW?jiﬂ mem’]ﬂmmiﬂ’w AVTNTINNTUARTINITD

q

a '

o A ] ¥ Al g H a ¢ v ' I3 2 = 1
AYUANTTNT (1w e AsuN Gnene uaziiunse@ dus) eglunueithunanaiai nanade nasldatsuan
289 metribuzin 8731 56 NiNa1sReNgYEsals + pendimethalin 8731 148.5 ninaseengnasials axiitlsz@ninm
Tunspaupndzia inaduntmelasinign aunsoasuaudaigluaninulamasedld dszunni 80 - 90

weafidus wazrlifnannudluiusefudamaesdings (919197 3) 2898981 Tawa n13lEa@s metribuzin M7

s
=

84 nfuanseangasiels 419 pendimethalin §791 165 ninanseangMEsials warAITHANTEY clomazone A9

153.6 nfnaseengyasials + pendimethalin §m31 1485 ninanseengasiels MNATRL WeRiAsnNLaNAAT

amdngld (mN9199 5) aziiulian nandanaes control WAz hand weeding Az liNANAAAINGN (796 — 821

Aalala

Alansusald) aselANLANANNNNATARUNTINATN RNl F a1 adaNT (945 — 1,239 Alansusald) ws
' & A a o B @ Vv R aday A a o o o \
a9 lsfimu WeRansnnansunuanldans aziiuladn Anldanalunsssddnlaidinsdanuansnndndaing us
p~ o YA o = ] o Ny Aw 1w o o o A o L
Hnsvingu 1 AF Wedowaesiinanilent 30 Ju azilfuuiniduaidneussuluninndndans (msA13ne 170

a

umsiadu) gandilunssadsninisldarsindndanatsyano 248 - 560 umsials Fasuyuazuansneiuly Ml

v
v o o

Aupg fUdnAR NI UAAz ANTasansNd ST T Azt
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aalal v 1% o o o A P o A \ A ' aa o PR %
nasudan WAl dansnindndana azfitszanaiafguinndeenel Anuuanstmad Aiunssud aniinag 14
a9enNandINT (A19199 2) dauseAuANAINNTD IUN1TAUANITNTIRIATNANTEY  metribuzin  +

. . D] o A Yy , > | e E1 D = ° o
pendimethalin insmoupnianalinngn (v weinlaes dnianum uazuiony) Geasnuswautlszansdaing
taaiga savasun ldun n1sldans metribuzin 413 pendimethalin UazANINANUD4 clomazone + pendimethalin

o o . o o o acy 1o e 4 4 A -
FNNATAL UazNIWUANINNARdaNTYNNIINAS T kANt ssedudamaeinan (19190 4) Waanson

ANNANAAURIDIUABEINZA AxiulAin NaLARIRITARIUAN (control) AL dnaNAR e INALALNTUNIINAD

q q

aaa

hand weeding (805 — 903 Ailaniusials) daunssnsninisldansindndangas Winanangindn (964 — 1,118

a o M \ o= \ aa e axal A > o o o A A Vo &
ﬂI@ﬂﬁ‘Nm@\lﬁ‘) AUINHAIMNLLANANNNINAN G Uﬂ?ﬁ‘ﬂqﬁmiﬂﬂﬂ’]?%ﬁ@qﬁ‘ﬂq@m’lsﬁ‘V‘Wj (M1919% 5) LLW@H'WQVL?TWHN

A a y u o o o o A Aalaa 9 o o o A °o v e
LN@W@']?mqiumqumunuiuﬂ’]?SLT@'WT—W'Qﬂqmwmiuﬂiﬁ‘ll’]ﬁmllﬂ']ﬁ\sh]’ﬁqiﬂr]@@]TT]'V\PT] ’szqﬂr)qmunuWLﬂuﬂq@qﬂ

'
o o A o ! v '

w349 IUNNIANARSTNT (§RF1A1E79 170 U nFedu) Usyanns 248 — 560 U nsals %munu@mmnmqﬁﬂﬂ

Wetliuag AuansA1d1eusauiuaLazAeansniidndaie luusazailn I9aanndasiun1sAns11es
Hartzler (2002) N1#318911497 @13 metribuzin 1ANa11190 N5 TNRNURAAWISNINNG1217 alachlor Tasi

#13 metribuzin A¥AIANURTEAUAMNAN 9 - 12 Tia TuanurNans alachlor A¥MIRNLNTLFLANNANNEN 3 - 6 149

&
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uaNaINUAS metribuzin HAduiszAnsiisTanannsnlunsgaduresAuseaslugus e mauiuans

< k4 '
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pendimethalin NdA14NszANDLTIANANNID IUNIAAd IR IAUABANINgINI" i THTR981s metribuzin

= =2 A a vy oA > o a , X =
Hnsturnuiafulitienennazgnazdw gngadulageyniaiu uaznstesaanalaeuas wananid nsidumn
azadaadInysEAnEN N luNsTNNUEIAWIR9ANT metribuzin INeAYUANTTNTIARENTW uazANNINTRY
209nsEUIUNIMAATUILANTIARdTNT NedasiuanTRveshuwazanif1e9an9Leq TeantiRvesmn 1Aun
a a = a = o a a ‘3‘1 a k% a o o
1HAuA INMUIRUMTHEY UBNEwrEedng pH A g uazrNTuAu sy douantifivedsansinds
o A % 1 % = dl ¥ U o k7% | L%
Jawa Iun gralassainamnaafizesans gulvesansild aniwnandneesans uazdmanisld dusiu (mana,

2545; Mirsal, 2004)

NMSANHINAANAG L UAUURIR1SNNAAITNT LAeiAT bioassay test

o o o A o v a = aa A o
N19RATAMIAINIAATTNTNDNRazANAN IUALTUaNINITaUNAaaY Tnels bioassay test WaLlunig

= a

dsziiupnuaendemesnudsnnden azwiulddn 71 7 Jundsanndgnivameasuatinsing <) Walgnaiunsasen

Wwsundluanwlsliidulng wefidusaainsanaemn 4 nessdtlailanuunnsenieadis uasianageay

v o A

LadlaFunansznuponuiduiwainnisldansindndanaatineg o AU INULAMAAITRINUAT 2 UUid
(1977 6 Uaz 7) wandWiwiug 1 65 Sundsannninisldarstindndanauuunewsenatinsi o dananludnasi
arlidenanssnusianissenluannwls uaznisasyiAvinresianasevatinsing o Nlgnanusnluggniadaly

awsafunsesiinislgnivanages asaindedn1sAneinannAngaedansnidndanagnaiaas

'
o Aaa a ]

anAnvagluin Tnanisgedudaiunszusunisdrdnyiansnasenisnaeuinauaznistuteusesanslunu
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a8l (Sparks, 2003) WAy Anus (2548) T8neauldan ansnndndneiaasdund auluaulsunntdesieals
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waaudne 1A luluAmINTuIoIALLAZ IOUEY WatlgnNTUWALNTA N30 AT UANTINARdTINTANANS
A vy A pyy A a o a P a Y e v v '
anmugsiuigls Weiansansziuanuiuiwaesivanaaauaiiagiig <) Wi dnnaness dalnadnden unanen
o A X A2 \ G N A a o X \
uwarfowaeddnan AnuLlawmeaeIasiNLnva 2 uie aziinlidn Rameaevsiiasiie o danannil azliuanseinig
IHFufranansidpdananenaazinsnndeetluin nellenaasniulilfan anstindndananinanlduuunen
sanluusiazain aziinisaansfalinaanscazinainislgnaniaiuifeadowaesilnan (65 5u) inliEunn
o [ o A dl v 1l a a 1 dl (=] o 1 A v dl ¥
wa3a13n1dndanananAnseg luAulannguussldunnenasfludunsaseannaeuls Inailunisldans
o o o A ‘ =< o o o o A oy a ~ a oA o A Yy
fdpdaiauuunewsen fefluansniidndanaildnieiu aziannensuiuaesaauiiuimineasua s L
luszazinauilarintu Jepanuamutesasitdndanenuunnll azlinansenuseialgnatingu - ilgn
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mun Tnaannzluszuunisdgnitany ey

NMSAFIAMANTANRAITNTNAN A1 I UNuARsEinan Tneld GC-MS
AINNNIAFIAVNLEUIANANINNT ATTNTN aNaaz AN A luNaRARTasdaaastings Taannsld GC-MS

A a o Y @ Vv o o o A Y o P ~ o

walunirlsviiupannlaaadan1asuang azwiulddn arsnndpdanannAnaludamasinasnscey 7 du

. o @ a X 43 \ a A ° o o A A
ARUNNINNTALINEY AMNULAINARBIIEINUNRT 2 Und (R13797 8) UALBuuaesdsnidadsRannsanylu
S 4 e ey dnvet o Y 4 v e
dawaeainaaindissiunldifunnnsgunldfinistianuald (MRLs < 0.01 ppm) T9aenadesiumeules
Albero et al. (2004) 1#37847191 N19ATIAUNENIANARTINTNBNAazAN A IuEnLasNA LW andlufaainng
meradevinenisld GC-MS Taunsansaasuatsidndenavany < 1iald luasames wudi arsiidndeing
a ' n:l' o 2 = oI 1 U d‘ v o 1 a o o
THAFNN 7] NAIN9AIIRUA1TANA HLFRUAINdAmnsgunlFinsivualiluwsiazatinvesansindn
ot aziiuladn lunsasannansindandaiaanAelunanann1anisinemsiaanisld GC-MS Hu @nu19n
il lunsiansauifeatuandaeafan1edinuanms (food safety) 18 Seazillunisdaaanaanuid@asan
ANNLAEMNaNaARATUALN1TdeeaNTRINaNAAN19N1TNERT wananiidauiunisiinaiuainnsalunis
[ o 1% [ % a‘dld 9 | n; a a v = dl vy
wiviuluszAunnsgusnauazaranmaneaia liuidssnannanguindeeanannamilalfidoe
annisAne lupieilazidiulddn nsldansuanaes metribuzin §m90 56 ninanseengnasiels +
pendimethalin §7191 148.5 nfnanseengyasiels Hulsz@nsnnlunisrauandanglinngn seann 1Hun nis
dans metribuzin 87191 84 nfuanseangyasiels 419 pendimethalin §731 165 nfuansaangssels uazanIuAN
194 clomazone 831 153.6 ni"umi@@ﬂqw%ﬁifaié + pendimethalin §A31 148.5 m‘?”ummfanqw%ﬁifaié

ANNANFU HANINN9IATIAUIATnNA TN AN A9 luAY TiwudTnansenuaesasndadaidsaniseanl

A a

anlduaznisasyiivinuesianageunlgnausnluggniadaly uanainil ilefansaunansindndangy
% o 2 ' Lo o o o A v a o 2 =
anAnsludamaasiingn azldnudndfiuiuaesannidndaiaandtslunanandawmansilinan aannisdnen
lunfell LAinsimuinisldaisnndndangwuuneusannanaaiiandlss@nsnwlunisaounudana il
o Ao oo o oA o Py & o ° o o A A P o oA
szaunindiAeein e uuztih Winemsnsldfinaudenlunisldansindndanaa a1 - uyudauaduse
nauwnuniulllunisdpnisdanadmiunisuantomansinas Tazdaailasiuldlfinadymdangfiuniuans
o o o A d‘ a é’ 2 dy o 1 o v o o o A
Andpdangianaaziinauniuin b uanainil dadunwanialunistoaandmnsnisldansindndafamane 7|
aiinaallé (reduce total herbicide usage) @46anilHNNTHAANIINTNEATHAMNLARAAENAIURIUNT

uwardauandan (food and environmental safety) AnudanivunluszAuninsgiuaina egslsfinin nsdnmn
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AN5199 2 Autlszansdanenlsainnisgu Ineld quadrate 71 7 SundsannlaFuansindndaing Tundamaassngugidsngdniuniew (AVRDC)

NUINEIRENHATAART INTNIANIUNILAU 2. uATU TN wazTiguiidadratnauazdrorneuisns (Suwan Farm) 8.0 nges a.uAss198NN

a3nan TN AVRDC Suwan Farm
wdvah' lunde? an® 994 wAva”  lundne? nn’ 990
RIUAUFWYANTNUNAT AMUIUFUYANTNLNAT

1. Control 11.95a"  18.75a 38.08  68.78 5.65 a 265a 455a 12.85a
2. Hand weeding (at 30 DAP5/) 9.35a 17.37 a 31.27 57.99 550a 2.50a 4.00 a 12.00 a
3. metribuzin 84 g a.i. /rai 1.17b 1.23b 4417 46.57 0.75b 1.00 b 3.75a 550b
4. pendimethalin 165 g a.i. /rai 1.25Db 9.10 ab 46.21 56.56 1.25Db 1.00b 4.25a 6.50 b
5. metribuzin 56 g a.i. /rai + pendimethalin 148.5 g a.i. /rai 1.06 b 1.02b 36.00 38.08 1.00 b 0.75b 2.50 ab 425b
6. clomazone 153.6 g a.i. /rai + pendimethalin 148.5 g a.i. /rai 254 Db 11.62 ab 43.25 57.41 150 b 1.00 b 450 a 7.00b
F-test * * ns ns * * * *
C.V. (%) 90.25 77.56 19.13 20.25 69.18 66.43 31.22 53.87

o

ns THRANNLANFANNNAD R NIzFUANNTa 95 Wafidus

K 'Nﬁwajﬂ: ”luﬁu‘ﬂmmﬂuﬁ% AVRDC S1aiwy Usenaudas Paragrass, Wiregrass, Southem crabgrass, Jungle rice, Chinese sprangletop, Crowfoot grass Way

% ' '
A

Bermuda grass dauluinuiaesAusias Suwan Farm danainy 1synausiag Spreading dayflower uaz Itchgrass

Zlundne: Tuﬁuﬁmm@u‘fﬁ% AVRDC JaNtAny Lsenausiag Wild spider, Horse purslane, Eclipta, Garden spurge, Coat buttons, Swamp morning glory LLag Wild poinsettia

Anulununuesrudidy Suwan Farm daafiny tsznausag Wild poinsettia ua Tropic ageratum

¥ nn: Tuinunaesguiids AVRDC uaziAueids Suwan Farm Jnafinu laun Nut sedge

Y fagnesniuleniuresreas lupadnilfeaii udnedn i ANNWANFAN9TUNN9EDR WenagauAae Duncan’s new multiple range test NANNLERT 95 1o fidus

" DAP = Days after planting

3
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AN9199 3 NsLlsnidiuszAlAINaINIn lunNsALANdTNT wazszauAMTuNIesasdndrRtsedamaeingn Tuilamaaasiguaidanaginniou

NWINENALUNHATANARNT INENYANUNIUAL @.umﬂgu

ansnnandTiNg seauaNamnsalunismLANdTRTasans” sziupuuimasassedamiesiinan’
7 DAA” 14 DAA 21 DAA 30 DAA 7 DAA 14 DAA 21 DAA 30 DAA
1. Control 9 9 9 9 1 1 1 1
2. Hand weeding (at 30 DAPY) 9 9 9 1 1 1 1 1
3. metribuzin 84 g a.i. /rai 1 1 2 2 1 1 1 1
4. pendimethalin 165 g a.i. /rai 1 2 2 2 1 1 1 1
5. metribuzin 56 g a.i. /rai 1 1 1 2 1 1 1 1
+ pendimethalin 148.5 g a.i. /rai
6. clomazone 153.6 g a.i. /rai 2 2 2 2 1 1 1 1

+ pendimethalin 148.5 g a.i. /rai
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1 o o A a & o A M v
sm‘ummmma‘ﬂumimmmmwm 1089 1 = FINTANLUNA LA 9= ﬂ’]U@NQ“ﬁWﬂ]VLNVLﬂL@?;I
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seiuannilunsrasasindndantsantgn Tnad 1 = lilnasefialgn uaz 9 = Nilgnansatinaanysnd

“'DAA = Days after application

“DAP = Days after planting
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ansnnandTiNg seauaNamnsalunIsALAN IR TIasans” sziupuuimasassedamiesiinan’
7 DAAY 14 DAA 21 DAA 30 DAA 7 DAA 14 DAA 21 DAA 30 DAA
1. Control 9 9 9 9 1 1 1 1
2. Hand weeding (at 30 DAPY) 9 9 9 1 1 1 1 1
3. metribuzin 84 g a.i. /rai 1 1 2 2 1 1 1 1
4. pendimethalin 165 g a.i. /rai 1 2 2 2 1 1 1 1
5. metribuzin 56 g a.i. /rai 1 1 1 2 1 1 1 1

+ pendimethalin 148.5 g a.i. /rai
6. clomazone 153.6 g a.i. /rai 2 2 2 2 1 1 1 1

+ pendimethalin 148.5 g a.i. /rai
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“DAP = Days after planting
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\IRFa1 (AVRDC) HMNANENAEINEAIAIARS INeUTAN1UNILAL A.uAstlga wariaudidadiaing

WA WNLUITNR (Suwan Farm) 8.1 n184 2. 4R TANN

A3 AT LanARdamaedinan Rlaniusels)"” B
AVRDC Suwan Farm (usials)
1. Control 821 d” 805 d -
2. Hand weeding (at 30 DAP®) 926 ¢ 903 cd 680
3. metribuzin 84 g a.i. /rai 1,114 ab 1,070 ab 120
4. pendimethalin 165 g a.i. /rai 1,074 bc 1,033 bc 135
5. metribuzin 56 g a.i. /rai 1,239 a 1,118 a 202

+ pendimethalin 148.5 g a.i. /rai
6. clomazone 153.6 g a.i. /rai 1,007 cd 964 ¢ 433

+ pendimethalin 148.5 g a.i. /rai

F-test * *

C.V. (%) 15.79 11.35

" gmanlEA I UHANRS AD (HANARTBNTANAAGY X 1,600) / WuAiLgn
? fagnuswneuiuretaeds lupedniliaeaii wanedn lduanAneiun19adm Wenageufag Duncan’s new

multiple range test fiAMNNTR3T 95 tlaFiFus

“DAP = Days after planting
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AMTNNARNITNT Nﬂﬂ"«l’]\WN LLAINNAN ﬂWQIWﬂE]ﬂﬂ@u famanstnan

ANNINEN (%) ANduRE  ANeen (%) Asduie AnNean (%) AnNuluAe ANNNAN (%) ANNLLIWNE

1. Control 95 1 90 1 75 1 75 1
2. Hand weeding (at 30 DAP?) 95 1 90 1 80 1 80 1
3. metribuzin 84 g a.i. /rai 90 1 80 1 80 1 80 1
4. pendimethalin 165 g a.i. /rai 95 1 95 1 85 1 90 1
5. metribuzin 56 g a.i. /rai 95 1 75 1 80 1 85 1

+ pendimethalin 148.5 g a.i. /rai
6. clomazone 153.6 g a.i. /rai 90 1 85 1 75 1 80 1

+ pendimethalin 148.5 g a.i. /rai

F-test ns ns ns ns

C.V. (%) 2.76 8.57 4.75 6.32

o i

ns THAANNUANFANNNAD R NILFUANNTATU 95 1o Fifus
1/ o @ A © o o A, A a V= Vo = ' -
seauaNiluisresasindndantseftmasay lnef 1 = Tllnasedailyn uas 9 = Walgnanaatinauysnd

“ DAP = Days after planting
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o o o A o ) o : o A
ANTNIARITNT Nﬂﬂ"«l’]\WN LLAINNAN ﬁquI‘Wﬁﬁﬂ@@u fdawiansdnan

ANMGEN (%) AMTEAE  Anseen (%) Anulluie  Aonmeen (%) AMduRe  AdnNeen (%) Asdluie

1. Control 90 1 85 1 85 1 90 1
2. Hand weeding (at 30 DAP?) 90 1 85 1 90 1 85 1
3. metribuzin 84 g a.i. /rai 75 1 85 1 90 1 85 1
4. pendimethalin 165 g a.i. /rai 80 1 95 1 90 1 85 1
5. metribuzin 56 g a.i. /rai 75 1 95 1 85 1 80 1

+ pendimethalin 148.5 g a.i. /rai
6. clomazone 153.6 g a.i. /rai 80 1 90 1 85 1 85 1

+ pendimethalin 148.5 g a.i. /rai

F-test ns ns ns ns

C.V. (%) 8.36 5.51 3.13 3.72

ns TRANNUANFANNNAD R NIzFUANNETaTY 95 Wafidus
1/ o @ a ° o o A, A a = P = | -
seuaNtluiEresasindadantseftmasa lnef 1 = Tdinadedtilgn uaz 9 = Nrlgnanaetinanysnl

* DAP = Days after planting
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A5 8 NegduasanEinuasidpdanananAs unanantowaeiinas taald GC-MS Tuwlamaass

ARERAENTANIIATEU (AVRDC) NMNANENARINHATANART INENTAN TUNIUAW 2. UATLTN Uazh

=),

AutRAa g1 auazd19919uwieTnF (Suwan Farm) 8.4 nge9 A UATIVTANN

#ngnnandai 1BuugsI9 AT INTANANS (ppm)

AVRDC Suwan Farm
1. Control N.D." N.D.
2. Hand weeding (at 30 DAP?) N.D. N.D.
3. metribuzin 84 g a.i. /rai N.D. N.D.
4. pendimethalin 165 g a.i. /rai N.D. N.D.
5. metribuzin 56 g a.i. /rai N.D. N.D.

+ pendimethalin 148.5 g a.i. /rai
6. clomazone 153.6 g a.i. /rai N.D. N.D.

+ pendimethalin 148.5 g a.i. /rai

"N.D. = Not detected (linuansnndandaiamnAng) way Detection limited = 0.01

“ DAP = Days after planting



152ANBNINHASNITATIAMIFITANRAAVTNTAN AN P UNITHARDWNABIENAR

Efficiency and Determination the Residue of Herbicides in Green Soybean Production

Fa9Ane guiasnydnnFend’ AT LAUATHUS NANG WINTUN
Watcharasak Sukcharoenvipharat” Daruphun Sansiriphun” Tosapon Pornprom”
ABSTRACT

Studies on efficiency and determination the residue of herbicides in green soybean (Glycine max L.
Merr. variety no. 75) production were carried out at the field experiment, Mae On and the laboratory of Lanna
Agro Industry CO., LTD., Saraphi, Chiang Mai, in early rainy season during May, 2006 - July, 2008. Acetochlor,
alachlor, clomazone, isoxaflutole, metribuzin, oxadiazon, pendimethalin, clomazone + pendimethalin
and metribuzin + pendimethalin were applied to evaluate the efficacy use of pre-emergence herbicides for
weed control. Control of weeds in green soybean with all pre-emergence herbicides can be variable.
Metribuzin, pendimethalin, and metribuzin + pendimethalin showed the best efficacy use for weed
control but caused no yield reduction. No visible crop injury was observed after alachlor, clomazone,
metribuzin, pendimethalin, clomazone + pendimethalin and metribuzin + pendimethalin application, while
acetochlor, isoxaflutole and oxadiazon caused visible crop injury to green soybean. The herbicide residues in
crop vyield were determined using Gas Chromatography-Mass Spectrometry (GC-MS). No herbicide residues
was detected in crop yield (or MRLs < 0.01 ppm) for all herbicides used in this study. From these results, it can
be concluded that metribuzin at 84 g a.i./ rai was sufficient to provide satisfactory full-season control of several
weed species. In addition, pendimethalin at 165 g a.i./ rai, and metribuzin at 56 g a.i./ rai + pendimethalin at
148.5 g a.i./ rai can be provided a similar level of weed control for an alternative to reduce herbicide dosage

use, and further increased for the food safety in green soybean production.

Key words: Gas Chromatography-Mass Spectrometry (GC-MS), green soybean, herbicide residues

Y ARTAT LU ARUZINEAT NMINENRUNEAIAERT INSUYARUNILAL mdnuATlgu 73140
v Department of Agronomy, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140
7 UBmauuninERsgRaIUnsIN A1fn 8neansi Sandadiaslua 50140

L anna Agro Industry CO., LTD., Saraphi, Chiang Mai 50140
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Anin awneasd Aadadeslud lugdesfungiu AsusieungenIan 2549 D19 NINGIAN 2551 N9ANEI
ﬂsxaw%mwmmmﬂ%maﬁﬁm“mﬁml,um@mfaﬂmﬁmmjié’LLﬁ acetochlor, alachlor, clomazone, isoxaflutole,
metribuzin, oxadiazon, pendimethalin, clomazone + pendimethalin &L metribuzin + pendimethalin Iuma‘muau
o A < 2 £ o o | 1 o U d’l = a a o A v dl J [
Jaing aziiulidn nasldansindndantuuunensandenannil Jusyansnmlunisacuaudailinanunnsneiu
Tneiminnsldans metribuzin, pendimethalin waz metribuzin + pendimethalin A1lsz@nsninlunisaaunx
o A Py £ a o = ' o o o o A a A A o
i lanngn uarliuananvesiamaesdnaauinndinisldansindndananingu o) Wedinasldans alachlor,
clomazone, metribuzin, pendimethalin, clomazone + pendimethalin Lag metribuzin + pendimethalin £
wianatlinanazlududnsainslaFuis luanzinngldans acetochlor, isoxaflutole waz oxadiazon damasilinanay
wWaAIRINTLATUAE sanlAnIn1saTIannasniaad N anAelunanandamaesiings laanisld  Gas
Chromatography-Mass Spectrometry (GC-MS) wudn laifinsanAnsaesansindndaiaynaianiinnldlung

naaaull lunananesdamaesiingn (WselA1 MRLs < 0.01 ppm) arnuansasesaingaagilsddn nasldans
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metribuzin 84 n¥Naseengasiels HuszAninmlunsauanianelémangn uenanil nsldans pendimethalin 165
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nfuanseanayissials uaz metribuzin 56 nfNanseennYasels + pendimethalin 148.5 nfuanseangnasels amisn
i ldnaunuaduiuld eidunisasdmsnisldarsnndndang tnanidlscaninnlunisasuaudang il
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ANANY (Maximum Residue Limit; MRLs) #aslaiiin 0.01 ppm ludawassiinaaiazsindnludszimna (Srisombun

and Shanmungasundaram, 2001)
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Tneinsld Gas  Chromatography-Mass ~ Spectrometry  (GC-MS) Wud1 Ansandnsnasansnindndainglungs
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ﬁwmiﬂgﬂﬁqmﬁmﬁﬂm Tugnmudasgnianaaesne U3 ENaUULNHATAAIUNTIN AR NN
aneuneen Samdndealud Tugawsiugguu (WgenAN 2549 - nangiAN 2551) %qﬁfqmmﬁmémfﬁ 219-34.1
BIAEAT EIA meﬁﬂ?mmﬁ']ﬂlum?q'ﬂfa%i‘lmmm:mm 6.0-87 HAAWATINUNUNITNAALIULL randomized
complete block design (RCBD) #1 3 1 uilaemaagsaunm 2 x 4 Ansaiums ﬁ@uﬂ@msmﬁué’mﬂm@m 12-24-
12 81 25-50 Alanusiels wanilagms 0-0-60 §ae 10 Alanusiels MHuAndmdesiinaniugiduwes 75 14
srvllgn FEU9NL00 50 LIURLNAT FEUIINHU 20 LHUALNAT Yan 2-3 WWARFADUGN AnTuEAnuasings
JoNTuLLNeuIan (pre-emergence) 1HAFIY 7] (Table 1) ﬁuﬁm’”@mnﬁnmaﬂ@nﬁqmﬁmi‘lﬂmmm% Tneld

15810410 80 Aangsald mNngsuRasalilil

Table 1. Weed control treatments used during the experiment.

Treatment Chemical family Rate (g a.i./ rai)
1. Control - -
2. Hand weeding (at 15, 30, 45 DAS*) - -
3. acetochlor 50% EC Chloroacetamides 300
4. alachlor 10% EC Chloroacetamides 75
5. clomazone 48% EC Isoxazolidinones 172.8
6. isoxaflutole 75% WG Isoxazoles 12
7. metribuzin 70% WP Triazines 84
8. oxadiazon 25% EC Oxadiazoles 160
9. pendimethalin 33% EC Dinitroanilines 165
10. clomazone 48% EC Isoxazolidinones
153.6 + 148.5
+ pendimethalin 33% EC + Dinitroanilines
11. metribuzin 70% WP Triazines
56 + 148.5
+ pendimethalin 33% EC + Dinitroanilines

* DAS = Days after sowing
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Tuiinuan1amaaes 71 7, 14, 21 uay 30 Jundaannuans Inevinnisdssifiuszsulunisnsuandaivaaes
avsndndane (Iaed 1 = TEdaRsnAgu WseasnsnacuandanglfUsyiins 90 wefifusfuesiui uay 9 =
o A

53 dljl dl A o A 14 o @ o\ a 0 o o 4A oA
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saueansoun A a1 ldasindndaie luusiavatin T9aHNTNAWIUAINIAN AW UL ITINA TN
el Ineifis1AN8n9 acechior 380 LWFia 1,000 HaRARS, alachior 130 LNsia 500 HAARAT, clomazone 490 LYl

a aa

500 HadaART, isoxaflutole 175 Uwsa 20 nFu, metrbuzin 250 UWsa 250 N3N, oxadiazon 485 L wsa 1,000
{adan3 uaz pendimethalin 270 L wista 1,000 Hadans WesuinsuriugaauANy W ldaanuans uazAILIWn
& wiunisrauandrng lunislgndamassiinan Tunnsvinan 1 41 vze 8 daluesinnis ludmns 150 umsieaw 7
Jadades v antiutinanimesedi innrianisdnssinanisata lneiinisdinsziponuudstsmunisata
Aﬂl oA 1 o aa k73 = 1 Aﬂl aa y
AINUWHUNIINARBILLL  RCBD ianudiiasuuansnaiunisans Mnisifeuinaudiadslngds Duncan's

New Multiple Range Test (DMRT) Ine/ldli/sunsngdni3aginieadis Statistical Analysis System (SAS)
MIRsramdTinansIRganAslunananauaaiinanlnansld GC-MS

d o LA o o L A A, H o o o o = P
nawsiraNdaaineiN: dfetaianguiuainulamaaay tnmmin 300 N udatluneazidan udo
nldgenezanld faatingay 20 niu 14 flask 2u1m 500 AadAAS LHNANT sodium chloride 7 N¥i 1M phosphate

buffer 13N1m3 10 Ra8ART WA acetronitrile U3N1MT 60 Radams LaNH W a1ntiuindaetnali flask fuliaziden

v
o v

= . A @ ' I~ = ¥ i = !
ANATIAIEILATES homogenizer NAAHLTY 10,000 TALIABUIN (a5 wn LAINTDINIUTANTDY buchner VA2

3

WAL filtering flask 2116 500 RAAART WAT vacuum pump FENIAZANE celite 15 NFN U acetronitrile Y3n1me

0 Hafdns uAINTBEUTANTEY buchner Aanmansazaansaslaaslu separatory funnel 1WA 2,000

(o)

10dan7 udatlann separatory funnel WdLATas shaker Useanmd 10 w1 udsantiuaneielddszann 15-20

] v
o

unil iitel¥ansazanauandu uazidanndadudrsierduinuaz sodium  chioride ﬁﬂgﬁmdwﬂﬂﬂwﬁq%u
emulsion [x813 dichloromethane 13473 40 fiadans latineenudatinfaesnald fiat bottom round flask i
0.1 dietheleneglycol 44 acetone Mﬁ\‘i@ﬁﬂﬁuﬁﬁ flat bottom round flask lszinefag rotary evaporator AuNaLAY
Wt nitrogen gas 1w 1¥usie 19 20% methanol in acetone 5W\‘1mmzmm7il,l,ﬁqﬁmﬁﬂuiu flat bottom round
flask e yideenluwses ultrasonic  WiLetuazLFUTS A IHLE 10 fadans mﬂﬁuqmmmmmm 2
NARANT UWAQLAN 0.1  dietheleneglycol U3ums 1 Radans tinldseimviasae rotary  evaporator  Jeiusia @14
ansazant MuiaAadulu flat bottom round flask anASadae acetone udagamatndldnaemuuneinilddmin
\Fi38e GC-MS

NIUAPZINANTANAATTNIANANS: Tind7azana lunaaafaa8191UALRNANNNIETENAEN W19
nMsmsaaRAsziInatsindadaiaandeludamaeinas Tnannsld  Go-Ms %mmﬁ%’mnmﬁmmzﬁ%gﬂ
Thufinaaeiesnesiames wazinWaanuueNansseIuN1IRaansinanAngnT Tudnsuzasinaniaziin
neTlE L Beueuiusnitaudin1dlu reference library 9azinlimsuieriin uaz Bunnaesansindndaiis

' dl o a 2 = 1 3|
Fin9 ] Minsaeanziils Taadaandu ppm
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a o 2 \ a Ao o o o A a o A , v o
uandawnesiinan wudn wdmesesnaanuansindpdananiasiig - aunsoaosuandane (v weiraunn dnlas
waznnnge s i lunaeannn (szu 1-2) nanpe dsvduanuainnsnlunisacuandaieldilszunns 80-
90 wafidusueaiui Tesllaanuanssandmaassganruand i ldannuans (Table 2) usatelsfinu e
a o a o o o A dld 1 U QI/ A 1 £
NasanszauANuAHIa9a1snIdndansilsedudauasatnan wuan nnslda1s  acetochlor,
isoxaflutole ua¥ oxadiazon AlgnazuansainsldiuiuasinasanananuesNTlgn (svAu 2-9) Taumnsineiu
Tavagfuttiavesansnidndang d1uunisldans alachlor, clomazone, metribuzin, pendimethalin, clomazone
+ pendimethalin W8z metribuzin + pendimethalin Wailgnlsiuansenslazuie (szdu 1) nanaAe nsldans
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Table 2. Effect of pre-emergence application of herbicides on weed infestation in early rainy season during

May, 2006 - July, 2008.

Weed cover score”(Days after application)

Treatment

7 14 21 30
1. Control 9 9 9 9
2. Hand weeding (at 15, 30, 45 DAS?) 9 9 3 7
3. acetochlor 300 g a.i./ rai 2 2 2 2
4. alachlor 75 g a.i./ rai 1 1 2 2
5. clomazone 172.8 g a.i./ rai 1 1 1 2
6. isoxaflutole 12 g a.i./ rai 1 1 1 1
7. metribuzin 84 g a.i./ rai 1 1 1 1
8. oxadiazon 160 g a.i./ rai 1 1 2 2
9. pendimethalin 165 g a.i./ rai 1 1 1 1

10. clomazone 153.6 g a.i./ rai

+ pendimethalin 148.5 g a.i./ rai
11. metribuzin 56 g a.i./ rai

+ pendimethalin 148.5 g a.i./ rai

"Weed cover score using a scale of 1-9 where 1 represents no weed cover and 9 = completely weedy plot.

’DAS = Days after sowing.

Remarks:

Grasses: Brachiaria mutica (Frossk.) Stapf., Brachiaria reptans L. Gard & C.E. Hubb., Cynodon dactylon L.
Pers., Dactyloctenium aegyptium L. P. Beauv., Digitaria ciliaris Retz. Koel., Echinochloa colona L. Link.,
Echinochloa crus — galli L. Beauv., Eleusine indica L. Gaerth., Leptochloa chinensis L. Nees.,
Panicum repans L. and Rhynchelytrum repens (wild) C.E. Hubb.

Broadleaf weeds: Ageratum conizoides L., Amaranthus gracilis L., Alternanthera sessilis L. DC., Boerhavia
diffusa L., Borreria laevis (Lamk) Griseb., Chomolaena odorata L. R.M.King & H.Robins., Eclipta
prustrata L. L., Euphorbia heterophylla L., Euphorbia hirta L., Heliotropium indicum L., Mimosa
invisa Mart. Ex Colla, Phyllanthus niruri L. auct. Non L., Trianthema purtulacastrum L., Tridax
procumbens L. and Vernonia cinerea L. Less.

Sedges: Cyperus iria L. and Cyperus rotundus L.



Table 3. Effect of pre-emergence application of herbicides on crop injury in early rainy season during

May, 2006 - July, 2008.

Crop injury score” (Days after application)

Treatment
7 14 21 30
1. Control 1 1 1 1
2. Hand weeding (at 15, 30, 45 DAS?) 1 1 1 1
3. acetochlor 300 g a.i./ rai 2 6 2 2
4. alachlor 75 g a.i./ rai 1 1 1 1
5. clomazone 172.8 g a.i./ rai 1 1 1 1
6. isoxaflutole 12 g a.i./ rai 1 9 9 9
7. metribuzin 84 g a.i./ rai 1 1 1 1
8. oxadiazon 160 g a.i./ rai 6 7 3 2
9. pendimethalin 165 g a.i./ rai 1 1 1 1
10. clomazone 153.6 g a.i./ rai
+ pendimethalin 148.5 g a.i./ rai 1 1 1 1
11. metribuzin 56 g a.i./ rai
1 1 1 1

+ pendimethalin 148.5 g a.i./ rai

1/Crop injury score using a scale of 1-9 where 1 represents least injured plants and 9 = most injured plants.

’DAS = Days after sowing.
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Table 4. Effect of pre-emergence application of herbicides on plant height, crop yield of green soybean

and cost for weed control in early rainy season during May, 2006 - July, 2008.

Treatment Plant height (% of Control)” Yield (kg/ rai)  Cost (Baht/ rai)
1. Control 100 a” 570.56 d -
2. Hand weeding (at 15, 30, 45 DAS") 101.01a 1,088.96 ¢ 750
3. acetochlor 300 g a.i./ rai 73.07 e 1,229.12 ¢ 228
4. alachlor 75 g a.i./ rai 95.19b 1,612.48 b 194.9
5. clomazone 172.8 g a.i./ rai 91.78 ¢ 1,516.16 b 352.8
6. isoxaflutole 12 g a.i./ rai 35.78 f 1,108.16 c 140
7. metribuzin 84 g a.i./ rai 99.75 a 1,889.76 a 120
8. oxadiazon 160 g a.i./ rai 80.78 d 1,222.24 ¢ 310.4
9. pendimethalin 165 g a.i./ rai 99.30 a 1,687.20 ab 135
10. clomazone 153.6 g a.i./ rai
96.05b 1,468.64 b 750
+ pendimethalin 148.5 g a.i./ rai
11. metribuzin 56 g a.i./ rai
99.15a 1,658.08 ab 228
+ pendimethalin 148.5 g a.i./ rai
F-test * *
C.V. (%) 1.02 6.97

"Plant height = (Sample of plant height x 100)/ Control of plant height.
“Means in the same column followed by the same letter are not significantly different at the 1% level by DMRT.

“DAS = Days after sowing.



Table 5. Determination of herbicide residues in green soybean using GC-MS in early rainy season during

May, 2006 - July, 2008.

Treatment Herbicide residues”
1. Control N.D.
2. Hand weeding (at 15, 30, 45 DAS?) N.D.
3. acetochlor 300 g a.i./ rai N.D.
4. alachlor 75 g a.i./ rai N.D.
5. clomazone 172.8 g a.i./ rai N.D.
6. isoxaflutole 12 g a.i./ rai N.D.
7. metribuzin 84 g a.i./ rai N.D.
8. oxadiazon 160 g a.i./ rai N.D.
9. pendimethalin 165 g a.i./ rai N.D.
10. clomazone 153.6 g a.i./ rai + pendimethalin 148.5 g a.i./ rai N.D.
11. metribuzin 56 g a.i./ rai + pendimethalin 148.5 g a.i./ rai N.D.

"N.D. = not detected (Detection limited = 0.01).

“DAS = Days after sowing.
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Figure 1. Determination of metribuzin residues in green soybean using GC-MS.

(A) = chromatogram of metribuzin standard, (B) = Mass pattern of metribuzin standard, and

(C) = mass pattern of metribuzin sample.
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Figure 2. Determination of pendimethalin residues in green soybean using GC-MS.

(A) = chromatogram of pendimethalin standard, (B) = mass pattern of pendimethalin standard,

and (C) = mass pattern of pendimethalin sample.
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Development of Weed Management Integrated with Pest Management

in Vegetable Soybean Production

mnAne gausauns’ NANA WINTUN qnah Uszinened”
Chanatip Sukonjan” Tosapon Pornprom” Sutruedee Prathuangwong2/
ABSTRACT

Development of weed management integrated with pest management in vegetable soybean (Glycine
max L. Merr. cultivar KPS 292) production were carried out in the National Corn and Sorghum Research Center,
Nakhon Ratchasima during May, 2006 - April, 2008. Investigation of some weed species that can be alternate-hosts
of pathogens showed that Euphorbia heterophylla L., Mimosa invisa var inemis Adelb. and Cyperus rotundus L. were
infected by Oidiopsis sp., Cercospora sp. and Puccinia philippinensis., respectively. However, weed species and
weed pathogens were different in each location and cropping season. The efficacy of several pre-emergence
herbicides for weed control in vegetable soybean were evaluated. The results showed that tank-mixed metribuzin
56 g a.i. /rai + pendimethalin 148.5 g a.i. /rai was the most effective for weed control and gave the highest yield,
followed by metribuzin 84 g a.i. /rai and pendimethalin 165 g a.i. /rai, respectively. Herbicide used had no effect
on vegetable soybean growth throughout the 65 days until the crop harvest. Herbicide residues in the vegetable
soybean product were determined using Gas Chromatography-Mass Spectrometry (GC-MS) 7 days before
harvested and were found to be lower than the maximum residue limits (MRLs < 0.01 ppm). In addition, the pest
management conducted to integrate the systems of disease, insect and weed control by seed treatment with
KPS46 + Imidacloprid (70% WS) plus herbicide use by tank-mixed metribuzin 56 g a.i. /rai + pendimethalin 148.5
g a.i. /rai or metribuzin 84 g a.i. /rai and foliage spray by KPS46, [algae extract + CaB] + insecticides (cypermethrin,
acetamiprid and methomyl) and neem extract at 50 days after sowing had the highest efficiency for pest control

in vegetable soybean production and obtained the highest marketable yield with 1,455 - 1,484 kg /rai.

Key words: clomazone, Gas Chromatography-Mass Spectrometry (GC-MS), herbicide residues, metribuzin,
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Table 1. Weed control treatments used during the experiment.

Treatment Trade name

Rate (g a.i./ rai)

1. Control -

2. Hand weeding” (at 30 DAP?) -

3. clomazone MAGISTER 48% EC

4. metribuzin SENCOR 70% WP

5. pendimethalin STOMP 33% EC

6. metribuzin + pendimethalin SENCOR 70% WP + STOMP 33% EC
7. clomazone + pendimethalin MAGISTER 48% EC + STOMP 33% EC

172.8
84

165

56 + 148.5
153.6 + 148.5

"Labour cost per-man-days worked was 170 Baht per day.

? DAP = Days after planting.
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Table 2. Disease symptoms and pathogens spread in vegetable soybean fields at the National Corn and

Sorghum Research Center, Nakhon Ratchasima.

Plant/ weed

Disease symptom

Pathogen

Green soybean (Glycine max L. Merr.)

Broadleaf weeds:
Acuate (Lagascea mollis Cav.)
Slender amaranth (Amaranthus viridis Linn.)

Smooth mimosa (Mimosa invisa var Mart.)

Grass weeds:

ltchgrass (Rottboellia cochinchinensis

(Lour.) W Clayton.)
Sedge:

Nut sedge (Cyperus rotundus. Linn.)

Root and basal stem rot
Brown stem rot

Rust

Anthracnose

Downy mildew
Bacterial pustule
Soybean mosaic virus

Soybean crinkle leaf

Brown spot
Insect pests

Cercospora leaf spot

Brown spot

Rust

Fusarium sp.

Sclerotium rolfsii

Phakopsora pachyrhizi

Colletotrichum truncatum

Peronospora manshurica
Xanthomanas axonopodis pv. Glycines
soybean mosaic virus (SMV)

soybean crinkle leaf virus (SCLV)

1/

N.D.
N.D.

Cercospora sp.

N.D.

Puccinia philippinensis

"N.D. = Not detected.



Table 3. Effect of pre-emergence application of herbicides on weed and crop injury in the National Corn and Sorghum Research Center, Nakhon Ratchasima.

Weed cover score”(Days after application) Crop injury score” (Days after application)
Treatment
7 14 21 30 7 14 21 30
1. Control 9 9 9 9 1 1 1 1
2. Hand weeding (at 30 DAP?) 9 9 9 1 1 1 1 1
3. clomazone 172.8 g a.i. /rai 2 2 3 2 1 1 1 1
4. metribuzin 84 g a.i. /rai 1 1 2 2 1 1 1 1
5. pendimethalin 165 g a.i. /rai 1 2 2 2 1 1 1 1
6. metribuzin 56 g a.i. /rai
+ pendimethalin 148.5 g a.i. /rai 1 1 1 2 1 1 1 1
7. clomazone 153.6 cc a.i. /rai
+ pendimethalin 148.5 g a.i. /rai 2 2 2 2 1 1 1 1

"Weed cover score using a scale of 1-9 where 1 represents no weed cover and 9 = completely weedy plot.
2/Crop injury score using a scale of 1-9 where 1 represents least injured plants and 9 = most injured plants.
* DAP = Days after planting.

Remarks:

Grasses: Commelin diffusa Burm.f. and Rottboellia cochinchinensis (Lour.) W Clayton.

Broadleaf weeds: Amaranthus viridis Linn., Lagascea mollis Cav. and Mimosa invisa var Mart.

Sedges: Cyperus rotundus. Linn.

el
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Table 4. Effect of pre-emergence application of herbicides on crop yield of vegetable soybean and cost for

weed control in the National Corn and Sorghum Research Center, Nakhon Ratchasima.

Yield (kg/ rai)

Cost of weeding”

Treatment
Marketable  Non-marketable Total (Baht/ rai)

1. Control 805 d” 1,213 2,018 -
2. Hand weeding (at 30 DAP”) 903 ¢ 1,188 2,091 680
3. clomazone 172.8 g a.i. /rai 951 bc 1,147 2,098 353
4. metribuzin 84 g a.i. /rai 1,070 ab 1,173 2,243 120
5. pendimethalin 165 g a.i. /rai 1,033 b 1,152 2,185 135
6. metribuzin 56 g a.i. /rai

+ pendimethalin 148.5 g a.i. /rai 1,118 a 1,200 2,318 202
7. clomazone 153.6 g a.i. /rai

+ pendimethalin 148.5 g a.i. /rai 964 bc 1,120 2,084 433
F-test * ns ns
C.V. (%) 10.05 4.12 4.99

" Calculations are based on cost of weeding in each treatment. Labour cost per-man-days worked was 170 Baht

per day.

? Means in the same column followed by the same letter are not significantly different at the 5% level by DMRT.

* DAP = Days after planting

ns = not significantly different at the 5% level by DMRT.



Table 5. Determination of herbicide residues in vegetable soybean using GC-MS in the National Corn and

Sorghum Research Center, Nakhon Ratchasima.

Treatment Herbicide residues”
1. Control N.D.
2. Hand weeding (at 30 DAP?) N.D.
3. clomazone 172.8 g a.i. /rai N.D.
4. metribuzin 84 g a.i. /rai N.D.
5. pendimethalin 165 g a.i. /rai N.D.
6. metribuzin 56 g a.i. /rai + pendimethalin 148.5 g a.i. /rai N.D.
7. clomazone 153.6 g a.i. /rai + pendimethalin 148.5 g a.i. /rai N.D.

"N.D. = not detected (Detection limited = 0.01).

“ DAP = Days after planting.
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Figure 1. Determination of metribuzin residues in green soybean using GC-MS.

(A) = chromatogram of metribuzin standard, (B) = Mass pattern of metribuzin standard, and

(C) = mass pattern of metribuzin sample.
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Figure 2. Determination of pendimethalin residues in green soybean using GC-MS.
(A) = chromatogram of pendimethalin standard, (B) = mass pattern of pendimethalin standard,

and (C) = mass pattern of pendimethalin sample.
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Table 6. Effect of weed management integrated with pest management on weed and crop injury in the National Corn and Sorghum Research Center, Nakhon Ratchasima.

Weed cover score” Crop injury score”
Treatment (Days after application) (Days after application)
7 14 21 30 7 14 21 30

1. Control 9 9 9 9 1 1 1 1
2. [rhizobium + metalaxyl] + KPS46” + [algae extract + CaB]" + Fungicides” 1 2 3 3 1 1 1 1
3. [rhizobium + mancozeb] + Fungicides” 1 4 5 6 1 1 1 1
4. [KPS46 + rhizobium + mancozeb] + KPS46™ + [algae extract + CaB]” + Fungicides” 1 2 3 3 1 1 1 1
5. [KPS46] + KPS46” + [algae extract + CaB]” 1 2 3 3 1 1 1 1
6. [KPS46 + Imidacloprid (70% WS)] + metribuzin® + KPS46° + [algae extract

+ CaB]4/ + Insecticides” + Neem extract” 1 1 2 2 1 1 1 1
7. [KPS46 + Imidacloprid (70% WS)] + [metribuzin + pendimethalin]® + KPS46"

+ [algae extract + CaB]‘V + Insecticides” + Neem extract” 1 1 1 2 1 1 1 1

"Weed cover score using a scale of 1-9 where 1 represents no weed cover and 9 = completely weedy plot.
2/Cr0|o injury score using a scale of 1-9 where 1 represents least injured plants and 9 = most injured plants.
¥ Applied at 15, 30 and 45 days after planting.

¢ Applied at 30 and 45 days after planting

¥ Applied at 7, 14, 21, 28, 35 and 42 days after planting.

¢ Applied at 0 days after planting.

" Applied at 50 days after planting.

81



Table 7. Effect of weed management integrated with pest management on plant height, number of node, number of branch, crop yield of green soybean and cost for weed

control in the National Corn and Sorghum Research Center, Nakhon Ratchasima.

Plantheight  No.ofnode/  No. of branch Yield Cost of weeding“

Treatment
(cm) plant / plant (kg/ rai) (Baht/ rai)

1. Control 41.0 6 2 875a” -
2. [rhizobium + metalaxyl] + KPS46” + [algae extract + CaB]" + Fungicides” 32.2 6 3 1,098 b 1,768
3. [rhizobium + mancozeb] + Fungicides” 37.1 6 3 1,210 be 1,310
4. [KPS46 + rhizobium + mancozeb] + KPS46° + [algae extract + CaB]” + Fungicides” 34.7 6 3 1,210 bc 2,120
5. [KPS46] + KPS46” + [algae extract + CaB]” 34.7 6 3 1,206 bc 810
6. [KPS46 + Imidacloprid (70% WS)] + metribuzin” + KPS46” + [algae extract + CaB]"

+ Insecticides” + Neem extract” 35.1 7 3 1,455 ¢ 1,015
7. [KPS46 + Imidacloprid (70% WS)] + [metribuzin + pendimethalin]® + KPS46"

+ [algae extract + CaB]‘V + Insecticides” + Neem extract” 35.6 7 3 1,484 ¢ 1,097

" Calculations are based on cost of weeding in each treatment.

Means in the same column followed by the same letter are not significantly different at the 1% level by DMRT.
Y Applied at 15, 30 and 45 days after planting.

M Applied at 30 and 45 days after planting.

* Applied at 7, 14, 21, 28, 35 and 42 days after planting.

o Applied at 0 days after planting.

" Applied at 50 days after planting.
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Weed control with metribuzin and pendimethalin in vegetable soybean

(Glycine max L. Merrill)

T. Pornprom®”, W. Sukcharoenvipharat® and D. Sansiriphun®

®Department of Agronomy, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen Campus,
Nakhon Pathom 73140, Thailand

®Lanna Agro Industry CO., LTD., Saraphi, Chiang Mai 50140, Thailand

Abstract

Field and laboratory experiments were conducted in the early and late rainy seasons of
2008 in Mae On and Lanna Agro Industry CO., LTD., Saraphi,Chiang Mai, Thailand,
respectively, to evaluate the effect of pre-emergence application of herbicides and determine the
herbicide residues on vegetable soybean (Glycine max L. Merrill variety No. 75) production.
Control of weeds in vegetable soybean with pre-emergence application of herbicides can
be variable. No visible crop injury was observed after alachlor 469 g a.i./ha, clomazone
1,080 g a.i./ha, metribuzin 525 g a.i./ha, pendimethalin 1,031.25 g a.i./ha, tank-mixed
clomazone 960 g a.i./ha + pendimethalin 928 g a.i./ha, and tank-mixed metribuzin 350 ¢
a.i./ha + pendimethalin 928 g a.i./ha application. However, acetochlor 1,875 g a.i./ha,
isoxaflutole 75 g a.i./ha, and oxadiazon 1,000 g a.i./ha caused visible crop injury to vegetable

soybean. Plant bioassay of herbicide residues in the soil after harvest showed no phytotoxic effect on

“Corresponding author.
E-mail address: agrtpp@ku.ac.th (T. Pornprom).
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baby corn (Zea mays Linn. cv. Suwan 3), cucumber (Cucumis sativus L. cv. Pijit 1), pak choi
(Brassica chinensis Jusl. cv. Chinensis), and soybean (Glycine max L. Merrill cv. CM 60). Gas
Chromatography-Mass Spectrometry (GC-MS) analysis showed no significant herbicide
residues on crop yield (or MRLs < 0.01 ppm) for all herbicides used in this study. The
application of metribuzin at 525 g a.i./ha was sufficient to provide satisfactory full-season control
of several weed species and gave the highest crop yield. In addition, pendimethalin at 1,031.25
g a.i./ha, and tank-mixed metribuzin at 350 g a.i./ha + pendimethalin at 928 g a.i./ha can provide
a similar level of weed control as an alternative to reduce herbicide dosage thereby increasing
food and environmental safety in vegetable soybean production.

Keywords: Food safety; Gas Chromatography-Mass Spectrometry (GC-MS); Herbicide

residues; Metribuzin; Pendimethalin; Plant bioassay; Vegetable soybean

1. Introduction

Vegetable soybean (Glycine max L. Merrill) is a nutrient food crop, which is gaining
popularity throughout Asia and the United States. It is an important crop for growers in the
northern part of Thailand. The crop is grown in three main seasons. Firstly, the dry season crop is
grown from mid December to mid January, after rice. The second crop is grown in the early
rainy season from May to July, and the remaining vegetable soybean crop is grown in the late
rainy season, in August (Srisombun and Shanmungasundaram, 2001). Effective weed control is
an essential component for a profitable vegetable soybean production management program.
Hand weeding, which is the commonest method of weed control, is now costly and sometimes
not feasible due to unavailability of labor at the time of need. To avert these problems, farmers
started adopting vegetable soybean production using herbicides as an alternative to the manual

hand weeding method of controlling weeds. However, considerable variations occur in crop
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and weed response to herbicide application. At present, there is no available information on the
efficacy of herbicides for early weed control while preventing crop injury and possible residual
accumulation in the consumable produce of vegetable soybean.

At present, the export volume of Thailand for vegetable soybean to Japanese market
ranks third after China and Taiwan (Lin, 2001). The quality and the price of Thai frozen
vegetable soybean are in between those of Taiwan and China. Frozen vegetable soybean
exports is expected to grow moderately in Thailand if better quality raw material and
acceptable herbicide residue levels for the export market are maintained. However, lack of
experience in the production of high quality vegetable soybean for export is a major obstacle in
the early stages of development of the vegetable soybean industry. Therefore, the objective of
this study was to evaluate the effect of pre-emergence application of herbicides, applied alone
and in combination on vegetable soybean production, observe the effect of herbicide residues in
the soil on some tested plants by plant bioassay, and determine the herbicide residues on
vegetable soybean product by gas chromatography-mass spectrometry (GC-MS) to assure food

and environmental safety.

2. Materials and methods

2.1. Efficacy of pre-emergence herbicides for weed control

Field trials were conducted in the early and late rainy seasons of 2008 in Mae On, Chiang
Mai, Thailand. A randomized complete block design (RCBD) with four replications was used
in the experiment. The vegetable soybean seeds, variety No. 75, were sown by hand at an inter-
and intra-row spacings of 50 and 20 cm, respectively. The individual plot size was 5 x 5 m?. All
the pre-emergence herbicides were applied within 1 day of seeding using a Knapsack sprayer

having a 8004 flat fan T-jet nozzle at a pressure of 2.1 kg/cm? and spray volume of 500 L/ha.
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The treatment consisted of nine doses of the pre-emergence herbicides, a weedy control and a
hand weeding control (using hand hoe at 15, 30, 45 days after planting, DAP), making a total of 11
treatments as shown in Table 1. A fungicide/insecticide mixture was applied three times at 15-
day intervals to control both fungal diseases and insect pests. Vegetable soybean was grown to
maturity and harvested according to standard agricultural practices.

The data recorded were weed cover score, crop injury and yield of vegetable soybean. Weed
control and crop injury were rated visually 7, 14, 21 and 30 days after application (DAA) on a
scale of 1 (no weed cover or least injured plants) to 9 (completely weedy plot or most injured
plants). Yields were measured at crop maturity by harvesting with a plot combine. All data were
subjected to analysis of variance (ANOVA) and were combined over seasons and analyzed
using the Proc Mixed procedure of SAS. Treatment means were separated using Fisher’s
Protected LSD test at P = 0.01.
2.2. Plant bioassay for detecting herbicide residues in soil

The same field where experiment 1.1 was conducted was also used in this experiment. A
2 factor experiment was laid-out in a randomized complete block design (RCBD) with four
replications. Sub-plots were planted with the four crop species, whereas main-plots consisted
of the herbicides (as describe below). In the season following each herbicide application, the
trial area was disc plowed to 10 cm depth, followed by two passes with a rotavator. Herbicide
residues in the soil were bioassayed using test plants such as baby corn (Zea mays Linn. cv. Suwan
3), cucumber (Cucumis sativus L. cv. Pijit 1), pak choi (Brassica chinensis Jusl. cv. Chinensis),
and soybean (Glycine max L. Merrill cv. CM 60). The test plants were direct-seeded into soil
previously treated with herbicides (Table 1) and the hand weeding and weedy control treatments.
Each replicate of the experiment contained 25 seeds of the crop, which were sown in each row. The

field trials were maintained weed free by hand weeding. The data recorded were field emergence and
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crop injury of tested plants. Crop injury was rated visually 7 and 14 days after emergence (DAE)
on a scale of 1 (least injured plants) to 9 (most injured plants). All data were subjected to
analysis of variance (ANOVA) and were combined over seasons and analyzed using the Proc
Mixed procedure of SAS. Treatment means were separated using Fisher’s Protected LSD test at
P=0.01.

2.3 GC-MS analysis

Herbicide residue in the vegetable soybean product was determined using GC-MS, 7 days
before harvest. The GC-MS analysis was carried out in the laboratory of Lanna Agro Industry
CO., LTD., Saraphi, Chiang Mai, and performed according to the “Multiresidue Method for
Agricultural Chemicals by GC-MS (Agricultural Products)” (MHLW, 2005).

Twenty g samples of vegetable soybean were homogenized with 50 mL acetonitrile and
suction-filtered with a glass filter. The residue on the filter was re-homogenized with 20 mL
acetonitrile and filtered. Both filtrates were mixed and made up to 100 mL with acetonitrile. A
20 mL portion was mixed with 10 g sodium chloride and 20 mL of 0.5 M phosphate buffer (pH
7.0) and shaken. After the solution was clearly separated into 2 layers, the aqueous layer was
discarded and the acetonitrile layer was dehydrated with sodium sulfate (anhydrous) and
filtered. The filtrate was concentrated with a rotary evaporator at -40°C. The residue was
dissolved in 2 mL of acetonitrile/toluene (3:1), applied to the mini column, and eluted with 20
mL acetonitrile/toluene (3:1). The entire eluate volume was collected and concentrated to less
than 1 mL at -40°C. Acetone (10 mL) was added to the solution and concentrated to less than 1
mL at -40°C. A 5 mL aliquot of acetone was added to this solution and concentrated again. The
residue was dissolved and made up to 1 mL with acetone/n-hexane (1:1). The solution was

assayed by GC-MS. The conditions of GC-MS are shown in Table 2.
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3. Results and discussion

3.1. Efficacy of pre-emergence herbicides for weed control

The effect of several pre-emergence application of herbicides on weed infestation in
vegetable soybean is presented in Table 3. The results showed that control of weeds in
vegetable soybean with all pre-emergence application of herbicides can be variable.
Metribuzin 525 ¢ a.i/ha was the most effective for weed control, followed by
pendimethalin 1,031.25 g a.i./ha, and tank-mixed metribuzin 350 g a.i./ha + pendimethalin
928 g a.i./ha, respectively. The visual injury seen in vegetable soybean soon after metribuzin
application was minimal and transient and had no effect on final yield.

No visible crop injury was observed after alachlor 469 g a.i./ha, clomazone 1,080 ¢
a.i./ha, metribuzin 525 g a.i./ha, pendimethalin 1,031.25 g a.i./ha, tank-mixed clomazone 960
g a.i./ha + pendimethalin 928 g a.i./ha, and tank-mixed metribuzin 350 g a.i./ha +
pendimethalin 928 g a.i./ha application. However, acetochlor 1,875 g a.i./ha, isoxaflutole 75 g
a.i./ha, and oxadiazon 1,000 g a.i./ha caused visible crop injury to vegetable soybean (Table 3).
In particular, isoxaflutole and oxadiazon resulted to unacceptable crop injury after the
application.

The vegetable soybean yields of the untreated control were less than the yields of
herbicide treated plots (Table 3). Herbicide application resulted in significantly higher crop yield
(6,925-11,813 kg/ha) than the weedy control (3,563 kg/ha). Application of metribuzin at 525 g
a.i./ha, pendimethalin at 1,031.25 g a.i./ha, and tank-mixed metribuzin at 350 g a.i./ha +
pendimethalin at 928 g a.i./ha gave significantly the highest crop yield of vegetable soybean
compared with all other herbicides evaluated in the trial. Hand weeding gave good crop growth,
however the hand weeding had higher cost for weed control (data not shown). The superior weed

control and the lack of vegetable soybean injury with herbicide probably contributed to the
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increased vegetable soybean yields. Further research is required for acetochlor, isoxaflutole and
oxadiazon to evaluate lower doses than that used in this study.

Pre-emergence applications may be more beneficial than a post-emergence
application of herbicide and can be used instead of hand weeding. The excellent weed control
afforded by pre-emergence herbicides resulted in very few weeds being present at the time
post-emergence herbicides are applied. In situations where a pre-emergence herbicide is very
effective, a post-applied herbicide may not be necessary. Previous research has shown that
soybean treated with pre-emergence pendimethalin followed by post-emergence
imazethapyr, imazamox, or imazaquin produced yields equivalent to soybean treated with
post-emergence glyphosate alone (Hofer et al., 1998; Parker et al., 1998). Franzenburg et al.
(1998) reported that the improved weed control from the inclusion of a pre-emergence
treatment, such as flumetsulam plus metolachlor, increased soybean yields compared with a
single post-emergence application of glyphosate alone. In addition, use of pre-emergence
herbicide eliminates the problems encountered with interactions between total post-
emergence tank mixtures, including antagonism on some weed species, and increased
vegetable soybean injury. Although using a pre-emergence herbicide could result in an extra
application, this may be the most effective method of increasing efficacy with certain post-
emergence applied herbicides. Applying a pre-emergence herbicide also allows the grower to
treat weeds before they become too large to be consistently controlled and treated when
weather and field conditions allow.

3.2. Plant bioassay for detecting herbicide residues in soil

Plant bioassay for detecting herbicide residues in soil is useful in diagnosing

performance problems in the field. Herbicide residues can persist in soil at phytotoxic

concentrations and affect sensitive succeeding crops more than one season after treatment.
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Therefore, it is necessary to assess whether or not these residues will have a phytotoxic effect
on succeeding crops.

Herbicide residues in the soil were observed after the vegetable soybean crop was harvested
using plant bioassay with some tested plants including baby corn (cv. Suwan 3), cucumber (cv.
Pijit 1), pak choi (cv. Chinensis), and soybean (cv. CM 60). No significant effect on field
emergence and seedling vigor were observed (Table 4). The results showed that herbicide use,
applied alone and in combination, had no phytotoxic effect or growth reduction in all tested plants.
There were no visible injury symptoms at 7 DAE and no adverse effects on growth in any of
the vegetable crops 1 season after herbicide was applied. In addition, a similar response was
also observed at 14 DAE (data not shown).

Vegetable crops differ in their response to residues from herbicides applied in previous
years. These crops are frequently grown in rotation with vegetable soybean in growing areas
in the northern part of Thailand. In this case, the evaluated varieties of baby corn, cucumber,
pak choi, and soybean can be safely grown when pre-emergence application of herbicides
have been made to vegetable soybean in the previous season. A similar report showed
that sulfosulfuron residues did not affect barley and common vetch, but inhibited sunflower
(Alonso-Prados et al., 2002). Other studies have reported no visible injury and no yield
reduction in tomato from sulfonylurea herbicides in the year following application
(Greenland, 2003). Similarly the residues from chlorimuron-ethyl applied at single and double
dose caused no visible injury or growth reduction in cabbage, potato, tomato and sweet corn
planted 1 year after application (Soltani et al., 2005). It is suggested that the lack of visible
injury and growth response may be a result of rapid herbicide degradation and possible influences
of herbicides on soil microorganisms. Generally, herbicidal effects in vegetable soybean are

more severe in solution than that in treated soil. In the latter, leaching and bio-
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degradation processes may modify herbicide effect. Crop response to herbicide residue
depends on various factors, including species and variety, soil type, and environmental
conditions after planting. The effect of long-term field application of metribuzin and
pendimethalin and the factors that enhance degradation in soil and photo-degradation for
assessing the environmental fate in these herbicides remains to be investigated.
3.3. GC-MS analysis

The positive list system was adopted to improve the regulation of residual agricultural
chemicals in foods, especially imported products, that contain above Maximum Residue Limits
(MRLs) or the uniform level of 0.01 ppm if MRLs have not been established. Results of the
determination of the herbicide residues in crop yield of vegetable soybean using GC-MS are
presented in Table 5. No herbicide residue was detected in crop yield (or MRLs < 0.01 ppm)
for all herbicides used in this study. This result indicates that the residual levels of these
herbicides were lower than their MRLs. Separation of all herbicides used in this study was
achieved under fixed gas-chromatographic conditions and, although other peaks were also
detected, they showed different retention times and lower intensity than the parent compounds.
Peak areas for determination of metribuzin and pendimethalin residues in green soybean using
GC-MS is shown in Figures 1 and 2, respectively. Similar observations were apparently the
same for all herbicides used in this study (data not shown). In the present study, no samples
containing herbicide residues at detectable concentrations were found. These results agree
with the earlier observations with other herbicides such as phenylurea from plants
(Fernando et al., 2002) and phenoxy acid in water samples by GC-MS (Pereior et al., 2004).
However, herbicide residues can be detected in agricultural products by GC-MS (lwasaki

et al., 2007). This suggests that the GC-MS method can be usefully applied to water, soil



212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

10

samples and agricultural products that often contain residues of herbicides which is beneficial
for ensuring food and environmental safety.

From the findings of these experiment, it can be concluded that metribuzin at 525 g
a.i./ha was sufficient to provide satisfactory full-season control of several weed species. In
addition, pendimethalin at 1,031.25 g a.i./ha, and tank-mixed metribuzin at 350 g a.i./ha +
pendimethalin at 928 g a.i./ha can provide a similar level of weed control as an alternative to
reduce herbicide dosage. This suggests that pre-emergence herbicide options for weed control
may be more beneficial before a post-emergence application of herbicide and can be used
instead of hand weeding in vegetable soybean production. These herbicides provide efficient
broad-spectrum control of broad-leaved weeds and some grasses with excellent user safety.
In the herbicide mixture, however, pendimethalin application gives excellent weed control in
vegetable soybean which leads to either tolerable negative or neutral crop reaction without
affecting crop yield and quality. The use of low pendimethalin doses in weed control will
ensure effective control of seedling weeds, prevent crop injury and residue accumulation in
edible plant produce. This can be used by vegetable soybean growers to reduce herbicide rates,
optimize profit and minimize the environmental impact of herbicide application.

Many agricultural producers in the northern part of Thailand grow vegetable crops in
rotation with agronomic crops such as vegetable soybean, as they offer growers a higher value
crop than traditional agronomic crops, and can break up pest cycles where continuous vegetable
soybean is grown. Results clearly indicate that the residues from pre-emergence herbicides,
applied alone and in combination, in the previous season caused no visible injury or growth
reduction in baby corn, cucumber, pak choi, and soybean. Reducing herbicide dose to prevent
crop injury and possible residual accumulation in the consumable produce while ensuring

effective control of seedling weeds is recommended. It is suggested that rotating herbicides
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with different modes of action can be an effective way to prevent or delay the selection for
resistance. In addition to the economic incentive of increased yields, improved weed control
resulting from the inclusion of a pre-emergence applied herbicide provides other possible
benefits, including a decrease in the soil weed seed bank and management of weed resistance

to herbicides in vegetable soybean production.

4. Conclusions

Considerable variations occur in crop and weed response to pre-emergence herbicide
application for early weed control in vegetable soybean. It can be concluded that metribuzin
525 g a.i./ha, pendimethalin 1,031.25 g a.i./ha, and tank-mixed metribuzin at 350 g a.i./ha +
pendimethalin at 928 g a.i./ha showed the best efficacy for early weed control in vegetable
soybean compared with all other herbicides evaluated in the trial. No phytotoxic effect or
growth reduction was detected on subsequent test plants grown on the same plots. Herbicide
use, applied alone and in combination, had no phytotoxic effect or growth reduction in all tested
plants. Clearly, no herbicide residues was detected using GC-MS in crop yield (or MRLs <
0.01 ppm). From these results, metribuzin was sufficient to provide satisfactory full-season
control of several weed species. In addition, pendimethalin and a mixture of metribuzin and
pendimethalin can provide a similar level of weed control for an alternative to reduce
herbicide dosage, and ensure the minimum herbicide residue levels acceptable for the export

vegetable soybean market.
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ABSTRACT

Development of weed management in green soybean production was carried out in two seasons.
In early rainy season (May-July), acetochlor at 1,875 g a.i. /ha, alachlor at 468.75 g a.i. /ha, clomazone at
1,080 g a.i. /ha, isoxaflutole at 75 g a.i. /ha, metribuzin at 525 g a.i. /ha, oxadiazon at 1,000 g a.i. /ha and
pendimethalin at 412.50 g a.i. /ha were applied to evaluate the efficacy use of pre-emergence for weed
control. At 7 and 14 days after application, all pre-emergence herbicides were effective in controlling
several species of grass, broadleaf weeds and sedge. Control of these species in green soybean with soil-
applied herbicides can be variable. No visible crop injury was observed after some pre-emergence
herbicides application, while acetochlor, isoxaflutole and oxadiazon caused visual crop injury to green
soybean. After crops harvested, herbicide residues in soil using bioassay test was observed with several
tested plants including pak choy, maize, cucumber and green soybean. All tested plants were normally
germinated and no injury. Furthermore, field trails were repeated to confirm in late rainy season (August-
October). The results showed the similar trends as in early rainy season. All pre-emergence herbicides
reduced the weed density resulted in no yield reduction in green soybean and no crop injury to tested
plants. From these results, it can be concluded that metribuzin at 525 g a.i. /ha was sufficient to provide
satisfactory full-season control of several weed species. In addition, metribuzin at 350 g a.i. /ha +
pendimethalin at 330 g a.i. /ha can be provided a similar level of weed control for an alternative to reduce

herbicide dosage use. Further study is required to evaluate for the food and environmental safety.
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FUATYNY (fﬁmauéfu/ ATNUUNT)

ashva s — ;

WARTN lunie’ nn’ 3
1. control 27.67b' 751.56 ¢ 7.00 786.23 ¢
2. acetochlor 1,875 g ai/ ha 722 a 341.11b 3.11 35143 b
3. alachlor 468.75 g ai / ha 633 a 272.78 b 6.11 284.10 b
4. clomazone 1,080 g ai / ha 3.67a 64.22 a 3.34 7122 a
5. isoxaflutole 75 g ai / ha 211 a 5033 a 2.78 5422 a
6. metribuzin 525 g ai/ ha 1.77 a 63.22a 1.44 66.43 a
7. oxadiazon 1,000 g ai/ ha 1.56 a 17.56 a 2.33 2144 a
8. pendimethalin 412.50 g ai / ha 7.23 a 617.56 c 4.89 647.67 ¢
F-test * ok *ox ns * ok
C.V. (%) 63.37 39.52 93.40 38.28

13&?714'@}1: Crabgrass, Groosegrass, Chinese sprangletop, Jungle rice, Buffalograss, Barnyardgrass,
Topedo grass, Crowfoot grass, Natal grass, Running grass (i8¢ Bermuda grass

*JunAe: Goat weed, Sensitive plant, Horse purslane, Wild dairy, Garden spurge, Gomphrena, Globe
amaranth, False dairy, Smooth button weed, Sessile joyweed, Little ironweed, Niruri, Indian heliotrope,
Painted spurge 1ei& Parsley

*nN: Umbrella sedge 111¥ Nut sedge
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a 1 =R 1 9 A
FUAAN 9 ﬂiﬂlﬁﬂ‘ﬂﬂu%ﬂﬁﬁuﬂ@ﬁju (IADUNYENIAY — ﬂiﬂQTﬂiJ)

[ < a ) A LY 1
szauANUYUNBYeIn AndesHndga

GRELRE BRI -
7 DAA 14 DAA 21 DAA 30 DAA
1. control 1 1 1 1
2. acetochlor 1,875 g ai/ha 2 6 2 2
3. alachlor 468.75 g ai / ha 1 1 1 1
4. clomazone 1,080 g ai / ha 1 1 1 1
5. isoxaflutole 75 g ai / ha 1 9 9 9
6. metribuzin 525 g ai/ ha 1 1 1 1
7. oxadiazon 1,000 g ai/ ha 6 7 3 2
8. pendimethalin 412.50 g ai / ha 1 1 1 1

1 P-4 & a A A = A A
wosisudnnuiunivvesiy Taeh 1 = hillnadeirlgn uaz 9 = fimlgnae

DAA = Days after application
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waann lasuans acetochlor, alachlor, clomazone, isoxaflutole, metribuzin, oxadiazon Li01

. . = 19 A
pendimethalin ﬂﬁﬂ!ﬁﬂ‘]&lﬂl&‘]ﬂ\i@]ﬂﬂﬂﬂu (IADUNHBNIAY — ﬂiﬂ;]W]iJ)

AR (B0 nanan/ 1
e wmin dwouw $wou . - n1900
GRPLR L REATEY v . ) 2 JGIGE Taud
AU (NTY) U N 80%
daweon  dmegly ,
(nn.s'15)
1. control 129.61 9.27 2.47 42.67 82.13a'  2280.96 bc’
2. acetochlor 1,875 g ai/ ha 115.41 8.91 2.22 36.51 63.53 a 1819.39 be
3. alachlor 468.75 g ai/ ha 134.45 9.40 2.60 41.47 80.00 b 2830.85 ab
4. clomazone 1,080 g ai/ ha 111.12 9.20 2.00 43.53 82.00 a 2390.02 abc
5. isoxaflutole 75 g ai / ha 116.27 9.20 2.47 33.67 61.67b 1274.88 ¢
6. metribuzin 525 g ai / ha 144.92 9.73 2.67 44.60 83.33 ab 3604.99 a
7. oxadiazon 1,000 g ai / ha 95.24 9.00 2.00 37.07 69.80 a 1476.09 c
8. pendimethalin 412.50 g ai / ha 115.61 9.33 2.40 42.33 80.40 a 2792.45 ab
F-test ns ns ns ns ok *
C.V. (%) 24.56 4.27 19.63 11.09 9.53 28.80
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a J 3 4 I a A [ @ A a 1 A = 1
M51N 4 1Wesruanueen LazANUYUNY N1 7 'Juﬁa\i’i]"lﬂ‘llgﬂwslfﬂﬂﬁ@‘]ﬁlfuﬂﬂ'm 9 Glullﬂaﬂ‘ﬂilﬂ’]iﬂﬂWﬂﬁ’]ﬁ acetochlor, alachlor, clomazone,

isoxaflutole, metribuzin, oxadiazon 1182 pendimethalin NFAMANEIFIAUYAHY (1ADUNYHAIAY — NTNYIAY)

A
NINATOU

o v o A o A o Y o 9
A19N1AIYNY ﬂﬁlwa@\?ﬁﬂﬁﬂ 6U’lfl}l/\lﬂ WNNTANTITIA LN

I a I a I a I a
% ANNIDN  ANWMTUNY % ANueen  ANUIUNY % Aueen AUy % anueen  anuiuny

1. control 51.50 Un@ 79.00 n@ 45.00 Una 63.25 Un@
2. acetochlor 1,875 g ai / ha 48.00 na 80.75 na 61.50 Una 51.25 na
3. alachlor 468.75 g ai / ha 56.75 nd 79.50 n@ 41.00 Und 55.00 nd
4. clomazone 1,080 g ai / ha 52.75 na 85.00 1na 49.00 Una 68.25 na
5. isoxaflutole 75 g ai / ha 32.75 nd 83.75 n@ 39.50 Und 64.25 nd
6. metribuzin 525 g ai / ha 56.00 na 80.25 na 36.50 Und 65.00 na
7. oxadiazon 1,000 g ai / ha 60.50 Und 73.75 Und 41.25 Un@ 57.75 Und
8. pendimethalin 412.50 g ai / ha 5225 na 79.00 na 45.00 Und 58.50 na
F-test ns ns ns ns

C.V. (%) 7.56 15.59 38.81 9.14

ns Mifianuuananuedeiidednynisana
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quadrat 1 7 Y 1"i'ﬁ\1ﬁﬂﬂllﬂ'iﬂfffﬁﬂmﬂ')‘]f‘lf‘ﬂf‘]fuﬂ@ﬂﬂ il ﬂiﬂ!ﬁﬂ]&lﬂu%ﬂﬁﬂﬁWﬂQﬂNu

(ROUAIIAN — AAIAY)

FUATINY («ﬁwmuéfu/ AT NLUNT)

CRENRREIERTLY - o -
NANN lunde nn 37U

1. control 53.67d" 661.11 ¢’ 20.44 73520 ¢
2. alachlor 468.75 g ai/ ha 40.78 bed 368.67 b 1.78 411.20b
3. metribuzin 525 g ai/ ha 21.11 ab 112.00 a 3.22 132.60 a
4. clomazone 1,080 g ai / ha 28.44 bed 226.33 ab 12.44 267.20 ab

+ pendimethalin 412.50 g ai / ha
5. metribuzin 350 g ai / ha 14.44 a 173.44 ab 4.56 192.40 ab

+ pendimethalin 412.50 g ai / ha
F-test * ok ns ok
C.V. (%) 32.18 31.93 87.92 29.93

4

1Nﬂﬂﬂj’l: Crabgrass, Groosegrass, Chinese sprangletop, Jungle rice, Buffalograss, Barnyardgrass,
Topedo grass, Crowfoot grass, Natal grass, Running grass {81¥ Bermuda grass

*JunAe: Goat weed, Sensitive plant, Horse purslane, Wild dairy, Garden spurge, Gomphrena, Globe
amaranth, False dairy, Smooth button weed, Sessile joyweed, Little ironweed, Niruri, Indian heliotrope,
Painted spurge 1ii& Parsley

*nN: Umbrella sedge 111¥ Nut sedge

4 0 A A 9 ¥ @ v [ [ I 1 o A [ 4' M Yas
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Duncan’s New Multiple Range Test NIAVANMFOIU 95 %
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[ < a ) A Y 1
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GRERTRR TR TEY -
7 DAA 14 DAA 21 DAA 30 DAA
1. control 1 1 1 1
2. alachlor 468.75 g ai / ha 1 1 1 1
3. metribuzin 525 g ai/ ha 1 1 1 1
4. clomazone 1,080 g ai / ha 1 1 1 1
+ pendimethalin 412.50 g ai / ha
5. metribuzin 350 g ai/ ha 1 1 1 1

+ pendimethalin 412.50 g ai / ha

1 s o & a A A = oA A
wesiudanuiunivvesiy Taeh 1 = hillnadeirlgn uaz 9 = iwlgnae

DAA = Days after application
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ndan ldsvans alachlor, imazethapyr, metribuzin, metribuzin + clomazone & metribuzin

+ pendimethalin n3giAny1 luFa18n9HY (RUAIIAN — gaiAY)

s ANUFIAU (BU.) nanan/ 1
Wi 4
e ) N - - nneen
A1TN1VAIBNY AU 9 VTUIUM Iﬂ‘uﬂﬂ Iﬂuﬂﬂ
v 19 80%
(n3N) daween  Uaely ,
(nn.s'15)
1. control 134.37 8.53 3.07 37.47 57.80 1,593
2. alachlor 468.75 g ai / ha 197.43 9.73 3.53 40.20 66.67 2,100
3. metribuzin 525 g ai / ha 148.84 9.40 3.13 36.80 62.13 2,268
4. clomazone 1,080 g ai / ha
+ pendimethalin 412.50 gai /ha  149.84 9.53 3.07 37.20 60.07 2,137
5. metribuzin 350 g ai / ha
+ pendimethalin 412.50 gai /ha  195.72 9.07 3.60 36.20 60.13 2,187
F-test ns ns ns ns ns ns
C.V. (%) 19.79 6.19 16.41 11.26 10.40 19.99
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a J 3 4 I a A [ @ A a 1 A = 1
M519N 8 1esruanNeen LazANUYUNY N1 7 QUﬁa\iﬁ]WﬂﬂQﬂWGﬁﬂﬂﬁﬂ‘UsﬁuﬂﬂT\i 9 Glullﬂaﬂ‘ﬂilﬂ’]iﬂﬂWUﬁ’]ﬁ acetochlor, alachlor, clomazone,

isoxaflutole, metribuzin, oxadiazon 118 pendimethalin n3aiAnE1 Tug A wAHY (ABUTIIAY — gaA)

A
N¥NAdoU

o v o A o A o Y o 9
A19N1AIYNY ﬂ?LWﬁ@\WJﬂﬁﬂ "’U’l'JIWﬂ WNNTANTITIA LN

I a I a I a I a
% AN ANUIUNY % anueen  aNuTuNY % anueen anuduny % anuden  anudluny

1. control 47.00 Un@ 29.50 Un@ 56.00 n@ 4.50 n@
2. alachlor 468.75 g ai / ha 38.00 na 55.00 na 83.00 na 10.50 na
3. metribuzin 525 g ai / ha 32.50 nd 55.00 nd 54.50 n@ 9.00 n@
4. clomazone 1,080 g ai / ha 45.50 na 51.00 na 77.50 na 9.50 na

+ pendimethalin 412.50 g ai / ha
5. metribuzin 350 g ai / ha 47.00 na 46.00 na 56.00 na 4.50 na

+ pendimethalin 412.50 g ai / ha

F-test ns ns ns ns

C.V. (%) 18.26 15.19 26.55 108.14
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Prevention of Herbicide Residues in Green Soybean Production for Export

FHTANG FUASYINGAU ATWU WRUATNUS WAZ NANA WINTUN'

Watcharasak Sukcharoenvipharat1 Daruphun Sansiriphun2 and Tosapon Pornprom1

"MATRE IS UN ANEINEAT NWINENRENHATAIRAT INLUVATUNIUAY 3. AT
1Dept. of Agronomy, Fac. of Agriculture, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom’
“UTENATUNNBASAAFIUNTIN A1NA B. K157 A, 1Taglua
’Lanna Agro Industry CO., LTD., Saraphi, Chiang Mai

ABSTRACT

Studies on efficiency and determination the residue of herbicides in green soybean (Glycine max L.
Merr. variety no. 75) production were carried out at the field experiment, Mae On and the laboratory of Lanna
Agro Industry CO., LTD., Saraphi, Chiang Mai, in early rainy season during May, 2007 - July, 2008. Acetochlor,
alachlor, clomazone, isoxaflutole, metribuzin, oxadiazon, pendimethalin, clomazone + pendimethalin
and metribuzin + pendimethalin were applied to evaluate the efficacy use of pre-emergence herbicides for
weed control. Control of weeds in green soybean with all pre-emergence herbicides can be variable.
Metribuzin, pendimethalin, and metribuzin + pendimethalin showed the best efficacy use for weed
control but caused no yield reduction. No visible crop injury was observed after alachlor, clomazone,
metribuzin, pendimethalin, clomazone + pendimethalin and metribuzin + pendimethalin application, while
acetochlor, isoxaflutole and oxadiazon caused visible crop injury to green soybean. The herbicide residues in
crop vyield were determined using Gas Chromatography-Mass Spectrometry (GC-MS). No herbicide residues
was detected in crop yield (or MRLs < 0.01 ppm) for all herbicides used in this study. From these results, it can
be concluded that metribuzin at 84 g a.i./ rai was sufficient to provide satisfactory full-season control of several
weed species. In addition, pendimethalin at 165 g a.i./ rai, and metribuzin at 56 g a.i./ rai + pendimethalin at
148.5 g a.i./ rai can be provided a similar level of weed control for an alternative to reduce herbicide dosage

use, and further increased for the food safety in green soybean production.

Keywords: Gas Chromatography-Mass Spectrometry (GC-MS), green soybean, herbicide residues
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metribuzin 250 U NEa 250 NFN, oxadiazon 485 UEA 1,000 HAGART WAL pendimethalin 270 LAEa 1,000
a aa = o Q; m yva I ' dl ¥ o [ o A QI/ A
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Table 1. Weed control treatments used during the experiment.

Treatment Chemical family Rate (g a.i./ rai)
1. Control - -
2. Hand weeding (at 15, 30, 45 DAS*) - -
3. acetochlor 50% EC Chloroacetamides 300
4. alachlor 10% EC Chloroacetamides 75
5. clomazone 48% EC Isoxazolidinones 172.8
6. isoxaflutole 75% WG Isoxazoles 12
7. metribuzin 70% WP Triazines 84
8. oxadiazon 25% EC Oxadiazoles 160
9. pendimethalin 33% EC Dinitroanilines 165
10. clomazone 48% EC Isoxazolidinones
153.6 + 148.5
+ pendimethalin 33% EC + Dinitroanilines
11. metribuzin 70% WP Triazines
56 + 148.5
+ pendimethalin 33% EC + Dinitroanilines

* DAS = Days after sowing green soybean.
NSAFIAMIANTANAAITNTANAN LURANARDL ARG NEALALINIS LT GC-MS

tisathsinguiiuainuiamegan twiin 300 nfu Tuneazidan udasnldgeiisaenls fetnas
20 n3u 14 flask Au1A 500 HAAAAT LANATT sodium chloride 7 NN 1M phosphate buffer 138159 10 Jaaans
LAY acetronitrile 13313 60 HAAART HaNFY Wit flask ThilfiaziBananasadaeiaiad homogenizer 7
AYNHIEY 10,000 FALEDWNT WAL 5 W7 NIBENUTANIEY buchner fiadinu filtering flask 1WA 500 faAARS
WAY vacuum pump HAENIATANt celite 15 NFW AU acetronitrile U3N1M3 50 NadANT NTRIEUTANTEY
buchner AexNaNsazaefinsasldasly separatory funnel 2u1A 2,000 Raaans Laatlacln separatory funnel
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Table 2. Effect of pre-emergence application of herbicides on weed infestation in early rainy season during

May, 2007 - July, 2008.

Weed cover score”(Days after application)

Treatment

7 14 21 30
1. Control 9 9 9 9
2. Hand weeding (at 15, 30, 45 DAS?) 9 9 3 7
3. acetochlor 300 g a.i./ rai 2 2 2 2
4. alachlor 75 g a.i./ rai 1 1 2 2
5. clomazone 172.8 g a.i./ rai 1 1 1 2
6. isoxaflutole 12 g a.i./ rai 1 1 1 1
7. metribuzin 84 g a.i./ rai 1 1 1 1
8. oxadiazon 160 g a.i./ rai 1 1 2 2
9. pendimethalin 165 g a.i./ rai 1 1 1 1

10. clomazone 153.6 g a.i./ rai

+ pendimethalin 148.5 g a.i./ rai
11. metribuzin 56 g a.i./ rai

+ pendimethalin 148.5 g a.i./ rai

"Weed cover score using a scale of 1-9 where 1 represents no weed cover and 9 = completely weedy plot.

“DAS = Days after sowing green soybean.

Remarks:

Grasses: Brachiaria mutica (Frossk.) Stapf., Brachiaria reptans L. Gard & C.E. Hubb., Cynodon dactylon L.
Pers., Dactyloctenium aegyptium L. P. Beauv., Digitaria ciliaris Retz. Koel., Echinochloa colona L. Link.,
Echinochloa crus — galli L. Beauv., Eleusine indica L. Gaerth., Leptochloa chinensis L. Nees.,
Panicum repans L. and Rhynchelytrum repens (wild) C.E. Hubb.

Broadleaf weeds: Ageratum conizoides L., Amaranthus gracilis L., Alternanthera sessilis L. DC., Boerhavia
diffusa L., Borreria laevis (Lamk) Griseb., Chomolaena odorata L. R.M.King & H.Robins., Eclipta
prustrata L. L., Euphorbia heterophylla L., Euphorbia hirta L., Heliotropium indicum L., Mimosa
invisa Mart. Ex Colla, Phyllanthus niruri L. auct. Non L., Trianthema purtulacastrum L., Tridax
procumbens L. and Vernonia cinerea L. Less.

Sedges: Cyperus iria L. and Cyperus rotundus L.



Table 3. Effect of pre-emergence application of herbicides on crop injury in early rainy season during

May, 2007 - July, 2008.

Crop injury score” (Days after application)

Treatment
7 14 21 30
1. Control 1 1 1 1
2. Hand weeding (at 15, 30, 45 DAS?) 1 1 1 1
3. acetochlor 300 g a.i./ rai 2 6 2 2
4. alachlor 75 g a.i./ rai 1 1 1 1
5. clomazone 172.8 g a.i./ rai 1 1 1 1
6. isoxaflutole 12 g a.i./ rai 1 9 9 9
7. metribuzin 84 g a.i./ rai 1 1 1 1
8. oxadiazon 160 g a.i./ rai 6 7 3 2
9. pendimethalin 165 g a.i./ rai 1 1 1 1
10. clomazone 153.6 g a.i./ rai
+ pendimethalin 148.5 g a.i./ rai 1 1 1 1
11. metribuzin 56 g a.i./ rai
1 1 1 1

+ pendimethalin 148.5 g a.i./ rai

1/Crop injury score using a scale of 1-9 where 1 represents least injured plants and 9 = most injured plants.

“DAS = Days after sowing green soybean.
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Table 4. Effect of pre-emergence application of herbicides on plant height, crop yield of green soybean

and cost for weed control in early rainy season during May, 2007 - July, 2008.

Treatment Plant height (% of Control)” Yield (kg/ rai)  Cost (Baht/ rai)
1. Control 100 a” 570.56 d -
2. Hand weeding (at 15, 30, 45 DAS") 101.01a 1,088.96 ¢ 750
3. acetochlor 300 g a.i./ rai 73.07 e 1,229.12 ¢ 228
4. alachlor 75 g a.i./ rai 95.19b 1,612.48 b 194.9
5. clomazone 172.8 g a.i./ rai 91.78 ¢ 1,516.16 b 352.8
6. isoxaflutole 12 g a.i./ rai 35.78 f 1,108.16 c 140
7. metribuzin 84 g a.i./ rai 99.75 a 1,889.76 a 120
8. oxadiazon 160 g a.i./ rai 80.78 d 1,222.24 ¢ 310.4
9. pendimethalin 165 g a.i./ rai 99.30 a 1,687.20 ab 135
10. clomazone 153.6 g a.i./ rai
96.05b 1,468.64 b 750
+ pendimethalin 148.5 g a.i./ rai
11. metribuzin 56 g a.i./ rai
99.15a 1,658.08 ab 228
+ pendimethalin 148.5 g a.i./ rai
F-test * *
C.V. (%) 1.02 6.97

"Plant height = (Sample of plant height x 100)/ Control of plant height.

“Means in the same column followed by the same letter are not significantly different at the 1% level by DMRT.

“DAS = Days after sowing green soybean.



Table 5. Determination of herbicide residues in green soybean using GC-MS in early rainy season during

May, 2007 - July, 2008.

Treatment Herbicide residues”
1. Control N.D.
2. Hand weeding (at 15, 30, 45 DAS?) N.D.
3. acetochlor 300 g a.i./ rai N.D.
4. alachlor 75 g a.i./ rai N.D.
5. clomazone 172.8 g a.i./ rai N.D.
6. isoxaflutole 12 g a.i./ rai N.D.
7. metribuzin 84 g a.i./ rai N.D.
8. oxadiazon 160 g a.i./ rai N.D.
9. pendimethalin 165 g a.i./ rai N.D.
10. clomazone 153.6 g a.i./ rai + pendimethalin 148.5 g a.i./ rai N.D.
11. metribuzin 56 g a.i./ rai + pendimethalin 148.5 g a.i./ rai N.D.

"N.D. = not detected (Detection limited = 0.01).

“DAS = Days after sowing green soybean.
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Figure 1. Determination of metribuzin residues in green soybean using GC-MS.

(A) = chromatogram of metribuzin standard, (B) = Mass pattern of metribuzin standard, and

(C) = mass pattern of metribuzin sample.
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Figure 2. Determination of pendimethalin residues in green soybean using GC-MS.

(A) = chromatogram of pendimethalin standard, (B) = mass pattern of pendimethalin standard,

and (C) = mass pattern of pendimethalin sample.
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