Y] a a d
1ﬂ§ﬂ§933ﬂﬂ1uwuﬁ
TaunadIngdy A INNSEnEAsIans

a

MIMAATUMITUNA (Lﬂ}l@if’ﬂﬁﬁg)

TR ECATR TR ECATR

A K A 1A A Y a
1994 mmaﬂuwwawwma‘uuazmsnJaﬂuuﬂmmmwmuiuﬂummms MBOA

Phytotoxicity of MBOA on Test Plants and the Changes in Its Concentration in Soil

U

W unansmsum anadand

lanarsaniureulng

o a a ¢ o
91%1§ﬂﬂﬂ§ﬂﬂ13°{lﬂ1uwuﬁﬁﬁﬂ

J
( IDIFNAATINTINANG WINITHN, Ph.D. )
¢a 2 a J 1
210158 N3nIneniinus
4 [ 4 a
( seamansmnsdudini gausziasy, Ph.D. )
¢ a a )
21158 N3nu Ineniinus
J
( A¥0Mans19136%0an5 Ny, Ph.D. )
04 £ a2
WINMDIIYY
4 a o [ 4
( 309N TAATINITAUTFY IUN3T1/5W, Ph.D. )

Y] Aa A Y] a Y] J v
YUNAINYIQY ll?i’]'JchEJTﬁﬂLﬂBGlﬁﬁWﬁ@ii‘]Jﬁﬂﬂlléj’J

( 599MNAATINTONYIUT F32NA, D.Agr )
AUVAVUNAINAY

u fou .7




a a J
INITUNUD
A
1393
I A A a Yy 9 a
ﬂ'J”I?JL‘]JHWH@]@W%VI@ﬁ@‘ULLﬁgﬂTﬁL‘]JaEJL!!,L‘]Jfl\iﬂ’ﬂllﬁlﬂﬂlﬂil!ﬂﬂ‘llﬂﬂﬁ?i MBOA

Phytotoxicity of MBOA on Test Plants and the Changes in Its Concentration in Soil

Tag

(Y @ 4
UNTANMINNTUNT ANUIANU

LEUD

YadiaIneds uHINduNEAIIaNT
4 4 1 a a o a .
moANuANY ISy Inemaasuiiuga (nyasmaas)

W.A. 2553



Y] o 4 | a 1A A Y 9
ANTUM ANUIBIY 2553: anutuneaenynageuuazmMsasuulasnnunay
a a a o a o 1
Tu@uvesas MBOA ‘]J'iﬂJUﬂJuTJﬂEJ'Iﬁ'IﬁG]iMWTUm"V]@ (thEATAANT) mﬂnﬁ%"lﬁm

a A 1 s (R a a J W 4
ﬂWﬂT]ﬂ'W“]fhlilﬂ 219150NUTNEIINNUNUTHAN: TOINTATINTINAND WINTHUY,

Ph.D. 65 %1l

msfnmauduisdefisnarernesiaasman/asusamudiduluAuvesas MBoA
(6-methoxy-2-benzoxazolinone) "lsfw'éinﬁumsmaeu“luamwﬁ’mﬂﬁﬂ'ﬁmsﬁmﬁmﬁ%"l‘s'm ADILIAYAT
Sumanau snAnnFenEaseans Inouvasumaiay 2.ua5lgy iasfivealfiidms  Lie and
Environmental Science Wrinendendave Uszmaditlu Tugessniadouunsiam 2550 - fuenen 2551
msisziulszan amueams1¥es MBOA fiszduamnududiud o Tasmsnaaeumadis ludtas
neaen 1un A wneenTig) smundeaum uasd g nv 6 i szdumdidiesas MBOA
1 daaTuans mmmﬁugqmm?m@ﬂmmﬁ%mﬂmﬂﬁ Taommzedbaudnuazvesmmend
510 msanmamiufisdefiavesas MBOA ludufszaunnudusiudng o Tasmsnageumadiis
Tud g Nipponbare Wi anmuiiluisdenalunsogsiiqa sosaanie yARY Ryugasaki LazaaRY
Tennodai AMUARL weNNG TnsaAnmsnfAeunlasmdiduvesans MBoA Tuiu it 0,1, 2102 3
Suvidanndsums Taoldmsiluniiosdne double tibes fiteusntiTluALeenmIndAY 1AM S5
amududuveaens MBoA Tuthludn iazdu Tasmsl4 High Performance Liquid Chromatography
(HPLO) Wy Amdisdvesans MBOA Turilufvesyafy Ryugasaki ganinady Tennodai 61413
Ao IS inavesms MBOA figngaduluga@u Tennodai ganiilugaAn Ryugasaki wziifulda1 A
fluiuaofivvosans MBOA lusyadu Ryugasaki 1a¥ARAY Tennodai HANuuAnA19AY msanETu
afaiinanalififiuh amudiduvesas MBoa Tufugndmininamdudivesmsdinaveniily
Auiiianin 119 1ss Tomnd Tﬂamiﬂimﬁuiwﬁu&’umnmi@,ﬂcﬁmmmﬂuﬁu Taoinzod 1984

punssIngmeluau

/ /

A A s = a a Jd @
AeNOFD010156NUTNEIINNUNUTHAD

=)
2ND
hal

A
AYUDYD



Pattaranapa Sakoonawat 2010: Phytotoxicity of MBOA on Test Plants and the
Changes in Its Concentration in Soil. Master of Science (Agriculture), Major Field:
Agronomy, Department of Agronomy. Thesis Advisor: Associate Professor

Tosapon Pornprom, Ph.D. 65 pages.

This study of phytotoxicity of MBOA (6-methoxy-2-benzoxazolinone) on some test
plants and the changes in its concentration in soil was carried out in the laboratory at the
Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom and Laboratory of Life and Environmental Science,
University of Tsukuba, Japan during January, 2007 - September, 2008. The efficacy of various
concentrations of MBOA by plant bioassay in Bidens pilosa L. var. radiata Sch. Biq., Ageratum
conyzoides Linn., and Oryza sativa Linn. var. RD 6 was evaluated. The results showed that
MBOA at 1 mM can inhibit growth of all test plants especially in root length. The phytotoxicity of
various concentrations of MBOA in the soil was determined using plant bioassay in Oryza sativa
Linn. cv. Nipponbare. The results indicated that the phytotoxicity of MBOA was the highest in sea
sand, followed by Ryugasaki and Tennodai soil, respectively. In addition, the concentration of
MBOA in the soil was investigated at 0, 1, 2 and 3 days after application. By centrifugation
method using double tubes, the soil water was separated from the applied-soil. The amount of
MBOA in the soil water and the centrifuged-soil were then measured by High Performance Liquid
Chromatography (HPLC). The results indicated that MBOA concentration in the soil water in
Ryugasaki soil was higher than Tennodai soil. However, the amount of MBOA adsorbed in
Tennodai soil was higher than that of Ryugasaki soil which was closely related with the different
phytotoxicity of MBOA between the two soils. These results suggested that MBOA concentration
in the soil was induced substantially by its concentration in plant-available soil water which was

primarily determined by its adsorption in soil, mostly in soil organic matter.
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GlumwlLﬂuau@m&lmmwwquuwm (t58n F{ﬂ‘ﬁ) NUABDNIIIBN ﬂTﬁLi]iilJuL@lUIﬁ ag

[ =}

= a d! = 1 Yo [ A v A =) d' 9 [
NWAHUINTUDINFINFUAN UL (158N WD) NAIIND 908 a5z UonUaIsUsenaunig

U

[ 1 v Y
wiinfivdunillaatldesesngdunadon wag luiinanalunsnszdu (stimulatory) #3013

9
v w

. O 1 a a A A A QaJJ a a Y = o 1 dy
g8 (inhibitory) mmimsnujmﬂmmwswuﬂau ] FINMIYAUNTIAIY BIT1TAINA1IU

a a

1 v Aa a ] [l I
[39n11 415904 1aw15n (allelopathic substances) lunsanInajpziduasnasni (secondary

U
£4

metabolites) 1AAINMINNFBUANTIATNANTIATTITUTIA HTPNINMINENTHUYNIDOTAY
a A A A o 09/' a a A QaJJ 1A =< 1
Taggaunsd e TsuniunTedndansniyay Taveiiy AUATNIONIUDITZEZAN 9
[ Qs}l [ = A A 2 [ q’./‘ J a a v A Y A
AuiuMmnauIsafa@en NN uaulia lunsdudwomsn yay Taveadsiy uaiims
@ ) ' A 1 I A = A9 = .
Famstiwnlgnaauluszuumsilgaiie wu matgailunsvyuiey NUaRee (companion
A A a ] a a o A 9 £ [ [ | [
crop) HIoNFAQUANIZTFIBAANITTYAY Tavesiriela Helunisvamsivie Taveisde
Y v a aa g Y = 9y @ 3 <] A
wanmsvesoaa lamsndullla aznerdeclunisdudimssenveunianay/ nsens

a a 9 Y o A
ﬁ]iiymﬂi@mﬂﬂ@uﬂa”ﬂsﬂwsﬁ

a1soaalamisaainisodigusuazawindon lanalon1e 15U n135211e
(volatilization) M3%¥£a14 (leaching) M3IUaALaPEN1ITIN (root exudation) tagMILBEAAIBVDS
A . n Y e Ay Ya T AA o A Aa
WHHINNY (decomposition of plant residues) Wudu Ml latiseaud Tnssiuou 90 viand
4
ANeAIMN199aa 1an15a (Putnam and Weston, 1986) 11 1u412a1a Wud1 anunsadudans
s Y [ 2] 9 , 2K o A @ :JI Aa Aa
sonvouandi1oath1d (Pérez, 1990) saudadiumananunindudimsniaayTnueeiin
9 9 . A 9 Y1 Ao A
VDIN T ULMINY (Harrison and Paterson, 1991) vz Narwal (1994) Ta518911' 1991 T5w i
o A AAy v Aa AR a . [~ J
U 129 ¥HANUANININNINOaA Jan1F Fala15U52nouWIN phenolic 1HupsAlsznou
Wan (Inderjit, 1998; Ferreira et al., 1998; Wang et al., 1998; Burhan and Shaukat, 2000; Shaukat
2
et al, 2003) 52mNeIMIAIIVIAANUTNTUYRIEIToad lanTaluAuaasanszuIUMg
4
ARG MIFA AADAIUNTIREAAINIATUATILAZYaTIING (Blum, 1999; Inderjit ef al.,

9
1999) UBNINH Geary (2002) 1851891111 T2 us 1312777 ifnenmn1edaalawsa lag



@ ng a a Y 9 Y Yy 1 . £
aunsadudimsnigay Tnvesnandun 1d aeun 1diis1v91171 @15 Momilactone B iy
Y

#1390a lamsaluduin aunsodudimsnsyay Tnueswsu1eyiald (Ino and Kato, 2003)

Tuvauzh Batlang and Shushu (2007) 15189111391 asadaninly vazsinvesmuaziu
Y 9 '

aunsadudiniseen maniyaula Mseenaen tazaamsazauiviinuRevesnaas

Y

@M Han ez al. (2008) laT18011 1331 ansadaninaulva d1du vazluvesdia annsaduda

v [ Y Y

m3een tagmsnsyauIavesnurass wazduvon1d Tasdawsodudainmsgaive iy
[ 3 a 4 A 3 a dyd 1 @

wazdudananssuveueu luil lanlaluiynaaesriia uenaint T31891491 asaian

Y

nlden uagluvesazimannsodudinissen nazminiyau Invesiynaaeuuaria'la
oo o T Y IS o A A ' Y 9

w5293 117 Anmaren uasen tazd 1WUAY AaeA U IFNFUNFIA 15U ®AIT1IUN

= 1 9 1 : Y o 2 IS a
vuden taz Taunaln 1udy Aot Daigo er al. (2008) lavimsanvianuiuiyvesans
NALYNIINENTANAINKY TVee WU a5 MBOA (6-methoxy-2-benzoxazolinone) T1/511miiga
) Il Y
AMENTFUADY ) Fedawanemsdudiminiaaulavesisnadouuesia laun 41 uaz

@ | 9 < P A o v Aa = o A
AnmManon uau fnzmu"lﬂm 13 MBOA MﬁﬂﬂﬂWWﬂN@aaIﬁWTﬁiuﬂﬁﬂ']“]JﬂiJ’J“lfW“lf
@13 MBOA (6-methoxy-2-benzoxazolinone)

@15 MBOA (6-methoxy-2-benzoxazolinone) N3 luanaC,H,NO, i nluana 165.15
S (0Nd 1) Yailuensndoni (sccondary metaboliies) 1 1 91NN 15 e1@108 204 primary benzoxazinoids
Ao s 2, 4-dihydroxy-7-methoxy-2-11-4-benzoxin-3-(4H)-one (DIMBOA) G‘]:;Qndjuﬂi alaasonain
fiswdrtuiunglaledneluuafalea nazgnilanideseenuiainnissesaarsd s
191 T B-glucosidases (Megan and Kohn, 2008) iioans MBOA amsaaioialuausinms
doud mﬂiﬂaqﬁuw?s‘f wih i ldens 2-amino-7-methoxy-3H-phenoxazin-3-one (AMPO) Laza3

HaAS N q AMY AD 2-acetylamino-7-methoxyphenoxazin-3-one (AAMPO) (Thomas et. al., 2006)



HSCxO

/A 1 Tnseadramaniiveads MBOA (6-methoxy-2-benzoxazolinone)

AN Kato-Noguchi (2008)

] % d I %
e MBOANmznUluFyWswInt1a1a 911 Twa uazdl5d iudu (Yenish, 1995) ¥4
v 9 9
1ANNEIVEINUANUAUMUABLNAIAI 9 TINNUHTY HazUUARTY (Frey et al., 1997;
<3 U [
Yue et al., 1998; Bravo and Copaja, 2002; Glen et al., 2002) aziuldn ans MBOA HAnENIN
[ = Y] A A Yo A AAa
n9oad lans lumsadrugudagisniemanbasi lasuanuanla ieseinmsinenssy
Madad lamsadeNsnAaeUia19%ia (Bares and Putnam, 1987; Niemeyer, 1998; Inderjit
v 2
and Duke, 2003; Belz and Hurle, 2004) Tagh 141518911491 815 MBOA a113506U§an15900
uazminIaay Tavesis ldvatoriia (Pérez, 1990; Hayashi ef al., 1994; Kato-Noguchi e al.,
[l Y
1998; Kato-Noguchi, 2000) #3213 MBOA h/§udananssuveseandy dawalinanmsaeves
v W y o Ay Y ' ] Y] s '
A109a U0 I18UIAT (Nakajima ef al., 2001) @13anaf lavnaudu uazs1nvesdnlsd wun
a I a Ao w { [ qg/’ a a
insaleasonsin Ao @15 MBOA 1ilumsnasgiidinyiawnsaduganmsnsyayTaues
Y
sinludnmaren uazuzWome (Rice e al., 2005) NN 19118914 @15 MBOA HiKa
Y Y
Tumsdudamssenvesdnmaneon Taglidudinanssuveanearhes luaa (o-amylase) §
0N o . s & 3 LR 0 o A
unumdngylumsidsuglars lulaesaliiduihaa suduarsdrdgineldlunseen
< :JI = o z a
VYoUNAA (Kato-Noguchi and Macias, 2005) 52unelmalumsduginissenvesnsnageuyiia
1 9 19 9 S 9 Jd o 9 (94 Yy 9 [ A
a19 9 laun 917 91aa 12158 e 41116a nandiun Anmaren uzemnd uasen
1Y I 9 . . 1 . Y
nazuu 18§ 158 11udu (Kato-Noguchi and Macias, 2008) #1941 Kato-Noguchi (2008) 14
[ Y] oij < d 1 ] ng
57897113791 915 MBOA ansadudanissenveauantniuisiadla Taanisduda gibberellin
o ya @ 09/' 1 < 9 S 1 d dy YA
1NN 3509049 a-amylase QnEUTeluaIUYDI embryo VOUNAAI1IVITIAE UBNINT 1AL
Y '
5189771 @15 MBOA  aunsadudamsnsyay Tauees1nAund1vesnuiion (Singh e al.,
] . Y o =2 I a Y Y l 1
2005) A9N1 Daigo ef al. (2008) laiimsaneanmiluiizves  arsanaarnnal lvds Wy
=\ a ~ 1 A A £ Y
tas MBoA Tuilsmaigeanasstiadu 9 daluilszmd Inglaimssneaunninyasns
& A4 9 o 1y Ya o D, ' v o A a
Tuaiui o.udviun 2.811he Nldmsihugh Tvdanldlumsauauisisluszuumsnaa

fwin (et uazAme, 2551; Sunyata and Pornprom, 2010) vzmiu'ldd1 a15 MBOA i



@ v Aa [ 19 1< a
Anen1wn1eoad lans lumsnruaudaie o1vvzaunsoiaun lidumsdunoylumswaa

o v o A

a [ 4 a 1 3 v Aa v A
FITHANNUNNIAIFNFVINTTTUHA (natural herbicide) NIUNITOIFININTTUN19OA Jan1D
A a £ o I A A £ o Y] v A o a
YOINYU T LA GV UDNMUFEANTIIIHTUMIAIVANTYNY TumMs ATz UUMIHEN
] 1 4 a‘ { ]
namsinuas lao lilinansenuaeuybduaz danadon (Kohli e al., 1998) Taghazsioan
v o A

9 o ) 9 s 9 [ @
nyonaunums lsamsmdatsies amnsowild1dlse Teminedumssanmsdsisluszuy

A A A g o A
msmaan s uLUInEasTEuae 11
msanmalasulasanudnduvesarsoaalanmsalagly Double tubes #az HPLC

v Aa a d' 1 |a' Y = 1 d' v
a1soaa lamsaegnianideseengdunadeuszinasemsn)asumlasguauiin
=\ = a r d‘ A d‘ Yo
MUAT MENIN 1azFINNYDIAY (Cheng, 1995; Schmidt and Ley, 1999) 1o son1d5ua1s
9 = 1 a a 9y :JI 9 :JI
Wl limansgnudemaniyaulalanimeaswaznaden Tagnansznuniang iy

a

I~ { [ % 1 a a

vilunaniiaoanbuza1 9 voImseTyau lauagnTzUIUNSIWLNUDATN (metabolism)

A 1 Y 3 1< AA A A a
YOINY FIUNANTTNUNNOUIU dziTumanlaems)asunlaaneauauiifvesdu anm

= a A aaa a aa}l A J [

¥9951901%13 Manlasuuilaslszannsuaznonssuvesdanasialuay Nanluduaenas
I 4 dyo/ = 1 1 A Y 1w A o
Wualse Tead wone1nt §aNanTENUABATZUIUMTAN o Uy JALA NFLUIRILaZEAd)

4 o 4 [ 4
YOUFAE N1TRIIUVDITOT TUU NITAATUFIADINITVOINT NITAUATIZHLAUAE

A A Y o 4 = Y =< ]
NFTUIUMTNNEIVR M5H1ele msduasigr 1dsau anvainselumseenlvarssuriu
4 < o =] N
[©BoRUIHAA (membrane) MIFUATIZH1ANE TnTnaliu (leghaemoglobin) ttazM3a59 I Tasiau
(Rizvi and Rizvi, 1992) Iagin13nageuUAngnInnN199aa 1ans IuanINEITNsIA Iaens
A aa . ] Yy v A

NATOUNIIFIIT (bioassay test) @1n150aI9a0D la01nn1dudumsiteduvesars
v Aa a 1 oy a . { o Ed z J av
aa lamsaluainve st luay (soil water) a3 1195 Toand Wail msdaw1Ide

= Yy 9 a a Y o
myasuudasanududuluauuesars MBOA  @1m15ania1sa lagnis 1svann1sved

a o a a

Double tubes HAZAINITDIUATIZH Iagnsldmaiia HPLC lumsasivmilSuavesas

2 P Aa & T e o -
MBOA M4 luarunimsduileuveniluau HATAIUNYNAATULUDUNAVDIAU

WaNNI5UDI Double tubes UsznoURIG viapAoglition 2 WasaFoUNY (NN 2)
o y { < 4 1 a a4 <
Tago1on1s iluloedienui1500ga teuendiuoyn1nvosaunduowda (solid
vy 1 9 g‘ a . = 1 Y 1
phase) 9zanaeg luriaoaaiuly taziiludau (soil water) F99z0g lunasaaiuuen Tudiu
g' a ) a < (a Y 1 ~
youh luauansaih lUansgdlsuaas MBoA are HPLC  go 11 Tusmzioynin

a [ A J < usj 9 [ Qa: = 1 ~ o a <Y
vosaua UM uvo vy %3@]@\1WTH"U‘HGIE)‘L!ﬂﬁl@]iﬂiJﬂfJuT]%%uflﬂ’JLﬂinﬁﬂ’Jﬁl HPLC



o a : o A {
Taolszgna 1¥a 13T u0q Kobayashi e al. (1994) Feazihduimaessninwasadiulu

° o v v o s2 @ E A~ Y,
NUIU 1T NIV VNTNANY acetronitrile (ACN) 80 lﬂ@ﬁ!“ﬁu@l INMNUU u’]ﬁ1§ﬂ!§]§ﬂmllﬂllﬂ

a o a Y =& Y [ . ~ Y
AATIZHHIUTUUET MBOA @28 HPLC %992 00AA004NY Kobayashi et al. (1999) Vlllﬂ

518971 1371 T3 193l umIe9dae double tubes lun1sdnIMslasunilasaududu

I a { 1 Aa 1
nazaNuuN YT pretilachlor Niinod121uUgAAY Utsunomiya @01 Takahashi ef al.

I~/ a { H [
2000) lanmsanvanuilunytazmanlasunlasnnududuuoais cafenstrole N6

Y
111 uaznaniaun Taons 1% Double tubes Tumsuentiludunouiirliinsz laonis 14

i . o Yy Vi A ¥ =
HPLC 40n91nH Miyauchi ef al. (2002) §418518911 1991 m3519 double tubes lumsfnyi

Ay

{ Y Y . 4
msasundasanudnduvesans pretilachlor, dymron @& fenclorim NUADUIN

Air dried soil

Application of MBOA to soil
Allowed to stand for several hours to
maximum water capacity

Fresh-soil

Centrifugation for 40 |

min at 13,000xg {Bioassay)
I - - |
Available soil water Outer tube Centrifuged-soil
Inner tube
{Bioassay) Centrifuged-soil +Acetone
o, Shaking for 30 min
+4% NacCl
+n-Hexaane eeneasly Glass fiber filter Filtrationby glass fiber filter
Shaking

v— Available soil water i_ . 1
Dehydration with separatory

filter paper (Toyo 2s)

n-Hexane layer

HPLC

Acetone layer Washing twice Residue

with acetone

e

Concentration
+4% NaCl
+n-Hexane
Shaking

Dehydration with separatory
filter paper (Toyo 2s)

n-Hexane layer

HPLC

i Y
a2 glupumsasiaiadiuavesars MBoA Tudu uaziiluau Tasns1d

Double tubes

nn: Kobayashi er al. (1994)



[ I 4 ) o
WanN15U04 High Performance Liquid Chromatography (HPLC) i uinsesiie 198 sy
d' d' ] @ L] d' U A
nenasilszneuiauleinauodludiedia (Mwi 3) nande Tunszuiumsuendislszne
v 4 v 1 [
nerule vwzinaduszndnala 2 la Ao wlaegnui (stationary phase) AUIlAIAABUN (mobile
phase) Faa13azgnuanesninlunaifiaiiy Tagmsnauiiegludiodsansagnuenesn
@ Y d? 1o Y o Y qul o . A .
viniu1d Yuediuanuamnsalumsdinuladvesa1s1iu 1 mobile phase 130 stationary
@ { @ [ 4 {1 <3
phase e1515znouddlanaunsatniulAAnY mobile phase iARBUNAIY column 1152
qs}l < 1 1 ! @ =Y [ o
mstiunzgnuenseniney dauasdiiuld 1iany mobile phase  wiornu lAdNy
. A A JyY < A o A
stationary phase 921AA0UNKHIU column 1841 NazgnuenoenuIivas Tasa1signiensonu
Sldy [ 9 A @ @ Ao = 4 A o I = 2
lativzgnasiviadyanualeniotnstnia dygraniuinldezlidnvuziluiia ¥z
=) ' 9 9/3 a a a
Fona1 Tnsunlaunsy m3ls HPLC aunsonadeu ldnadenanimuazdelsunm Taons

=) = [
Lﬂiﬂﬂlﬂﬂﬂﬂﬂﬁ']iﬂ?ﬁiiﬂ! (n33gA, 2552)

Fluorescence Detector

Column Chamber

Chromatogram

Sample Manager -

Solvent Manager

MNA 3 arulsznouvianued HPLC

131 Waters corporation, 2009
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o A = Y I = Y
JEUUMININIUUDUATEI HPLC “lfﬁllﬂllﬁﬂﬁlljﬁluﬂ'w\lﬂ 4 Uszneunie

) 1 o 1 I
1. Mobile phase/ Solvent: #3eddMazarenlylumsyenseusndindra fumle

A A Ao 1< o Y o o ' o o Y 1 .
wasun Nanvaziiluvounad mvinnlumsiiasdlrediauazaiinazaisng stationary

9
o

d'dd [ 4' Y a [ 4
phase (luntifne aeauy) e ldnanszuiumsuenmeluneaul

2. Degaser: Mg davloaeine e1melog1u mobile phase ive T ldvoseme
m“hd column ttag detector

v o

3. Pump: Hni11NA@111aza10 (mobile phase) 191g5211 HPLC

4. Tnjector/ Autosampler: M IUMIRAATAI061T152 VY HPLC
A o [~ < A [~ to A o Y Aq Y a
5. Column: NanHMLIUUDILVINTOLIE L”]J‘L!L“V‘Iﬁ@gﬂﬂ‘ﬂ 1ﬁu1ﬂ1ﬁ!ﬂﬂﬂi$U’Juﬂ15
H b4
wenvesasnauly Tagn1suIunsHenNATNILHI1e mobile phase bl stationary phase

'
(3 =

A A v W o Y A @ U
6. Detector: A9 IATBINTIVIATYYIN VnﬁuTVW]33%3@@1@@1'@1@%@\1@113%@’“1%%1@

E4 ]
INNIZUIUNITLUYN ﬁwmwuﬂﬁ'wﬁu ﬂmﬁeﬂﬁlﬁuﬁ’uﬁaaanﬁﬁu“lm*ummmmuauaq

1 detector ¥ila Tru'ldnlszansam

HPLC Column

Chromatogram

——t p— | g
_"
- -
Injector

AutoSampler
Sample Manager

j—— |

-l
Solvent , ) ) -

{Mobile Phase) Sample
Reservoir

Pump Detector
Solvent Manager
Solvent Delivery System

MNN 4 52VUMIMNUVE HPLC

31 Waters corporation, 2009
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NNTIVIANWTUT UV T IUAUAIEITANT  Double tubes Hay HPLC 1i1ld
a { a > 3 A o w o
annsolszdumslasunlasanududusesars MBoA Tuduld suiludsdrngndina
[ I a A A A A o g’ a 9 ¢ A a a
apaiuibvosiy iosnniimsgaguiluaulyl4lss TemhweomsnsyanTa
9 ' A o aa I . . o A
aaondu 1T IUNTZUINUMTAI 9 INDN1TAI5ITHIN TUNTAUVDY phenolic acids U MIvolulu
9
o Aa ] 1 I a ' o
i luduvzdeiwanennuiluiy TnonssaoWwdsy (Dalton er al, 1989; Blum ef al., 1994;
[ I~ a
Blum, 1998; Jose and Gillespie, 1998; Lehman and Blum, 1999) Tagi51891131 A1 uiy
v A a a qu/ :ig} Y] 9J 9 [ 1 d' A ] :j a
Yyoaa13oaa lamdaluauiiy yuegiuanuwuduvesasainarnveluedlutirluau
(soil water) (Ito ef al., 1998; Tongma et al., 1998, 2001; Kobayashi 2004; Kobayashi et al., 2004)
4 1 I a 1A a & A~ A
Kobayashi et al. (2004) WU aNudunyasNsnageUNaY UMWl UYDIa1S
Y ] ]
dehydromatricaria ester (DME) Tuiihluauegluasmangs luvaziinamsgaguuneynin
Y
yoaueglulsumrios uenaNil Kobayashi ef al. (2008) W1 Mstasauay Inuefinniavioy
£ 3 @ 09/’ Y Yy 9 v Aa Aa g a £ o
Fa1lgnlunseiu gndudidrsanuduruvesasdad lamsavestiluau Faiuinga
d‘d 1 9 1 Y a (% g}’ 9 9 v A a
naaeaning lanan lvgawuuuanadinanadluay 4ariy ANuduIUYeIaIToaa lamsa
{ g’ a I A o w a | a a 1 %
netuluiluau Juiluasddglumsdsziuanuiunsluduvesas Idwudoanolu

N5AlvDIEsAINIFNY (Kobayashi, 2002)

=2 a o = Yy 9 a a 4
nsanu1ITemlasuntasnnududuluduassais MBOA 91nm153A512H
Yy 9 g’ a £ v o Jdo IS a A
ANuALduveIens MBOA Tuihluau dalinnuduiusnuanuiuiizvesals MBOA #iil
T A as/' dyo I 9 = 9 1 a a
apfisnadoy netsuiludeslinmnadounaainmsldars MBOA aenssyanlaves
4 o 0 < o v w a a 1
Wvilgn iedsz Temilumsih ldwdumsivaisirnnsssunalussuunmsnaaneiil
v 1 o A 9 A d? £ o 1 A A AaAg
anuasaseaonypd nazdunaaeuungady savzth llgmandansidunuumsinyas
taguae 1)

Y VU U

ademenunmeIvosnudaalams

v Aa a 4 1 { <3 1a
a150aa lansaiiegnianlaesaniiad i oo  Mengandinvzidigan u

~ v A Aa Y 1A Yo . a % 1 9)
Wane ) n3dl A150aa lanIFAd TN GNBHTY (receivers) anewiia la lagriunsindoude

a ! 1 Y a @ qﬂ// A 9 a a A Yo 9 =\ [
VoI5 luau Feevdnaliinansdudmsenszqumansyay Talunedinld Taelileve
[ 9 = 9 di 9 v Aa a ~ ~ o Y a
A1 9 WnnedIveslumsindaeudnevesasoaa lamsa (nnin 5) Tasna lnii lvinaany
I~ a v Aa a a z A y [ v a a
Wunwvesasoad lamsaluauiiu Guninmsniyd1dinisdasldesaisoaalanisa

a oa.;l a A 9 =) = v '
aaludu 9ntu inamsinasudensenisasugilvesas msgady uazanldesdis
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v A a 1 [ Y a 1 dy 1 Y
Tagasoaa lansaundiuazgnaadu Nunoymavesau tazundiutuiloueadluilu
a % 1 % I~ a 4 o o
au gargdawald iy ldsunnumiunsainnsaadu e ld1ddse Teilunszuaunms

1 a a <3 Y1 v Aa a I A A~ 1
a1 9 Tumsnsgau e aziu1dn arsdad lamsaduassssumaniviinislanldos

£ [ 1 dyd v 9 A ) =2 v Aa a 1 3
20011 FIAIAINANUTANNFUFOULAZENNIZIUNDINAVDIAITOad lan1Ba Iuduns

T W (% 1 Aa v [} J o [
AU UTENINNY 1o/ N3 URduNUTAIUTZH 119N (Qasem and Hill, 1989; Wardle ef al.,

1992; Duke et al., 2000; Inderjit ez al., 2001)

Meteorological factors

Donor Temperature
Precipitation
Light Intensity

j Plant factors Receiver

: Species
Leac hmg Growth stage

Dead shoots ;?3:,':::.,?;‘“
Soil “
Leaching %
aall! ; : ——p Exudation \ TAbsorption
; gy ~ \ Retention
Soil factors Dead roots and mizomes Transport
; - - L ing ¥ |Transformation !’resc_ance
Organic matter -y eaching in soil water
Water
Organisms
Clay

d’ U o As 1 Y 9 I a v Aa A A
MNAN S ‘]Ji]i]EJ‘mJNaﬁflﬂ’nm"uwuulmzﬂ’JHJL“]J“LAWHGU’ENQ‘TJ’EJE]QIa‘WTﬁﬂiuﬂu

AN Kobayashi (2004)

ﬂTﬁﬁﬂ‘l&lWﬁﬂﬂﬂTW‘V]N’SaaIﬂWW%ﬁnﬂﬁﬂﬁﬁ]TﬁﬂﬂhlﬁliﬂﬂﬁﬂWWLL’J@%ﬂiJﬂN‘ﬁﬁﬁll“]ﬂa

a A da

v
1 1 a o a a [~
a1 9 laun Taseadevesau 1 guvgil uaznanisuvesgaunidau 1 udu (Thompson,
< [ ' = @ ~ o v w
1985; Waller, 1987) mafnwlsziaunangudeanumsanylunsdlvesassiiaiyies

i1 Y
weiinisldasiidaisiyasluannaziinisdnyinisazalsvesais luii n1sgady

a

a 1 Ia 4 a
YUIUNNVDIAY ﬂ']ifJE]fJﬁﬁ"lfJﬁ?EJﬂﬁU“Vl?fJﬂu uazmﬁmﬁaué’hwmmﬂuﬂu (Ito et al.,

9 )

& 9 Y o A = ] 9 a 5’ a
1998) ¥e1sznouaeratsiedenizaeainmsany sy 1aseasnevesan i UV NN LA
a a S da =& [ U dysi =~ A 9 1 a Y a
HagnINIsNUedgaunNsgn Feilotovardalruiamneiveslumsauasulvina
[ Y 9
NTZUIUNMTAN 9 Nezdananon1sdudinissganlavesiy vonant nMsAns

v o J 1 I a o v o a I a 1
mmmJ‘Wuﬁ'iz‘WJNﬂ’Jml,‘ﬂuijmm'imﬂm%ﬁﬂuﬂu LLﬁZﬂ?TNLﬂHWH@@ﬁ%V]ﬂﬁ@‘U
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QSJ‘ dy 1 I a % 1 A 1 a = @ @ J v Y 9
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NINUA FIANUINTUVDIEITAI9AI¥N¥NAT 9N Tuih TuAuIY tNAYUINNTLUIUMS
qaduveIETuUeYMAveaY Mitaaldosvesals anenrumsindoudiovesas luau
(Onoe et al., 1995; Nakamura, 1996; Nakamura et al., 1996) NMIANYIANT phenolic acids #9
[~ v A Aa a £ qs// v Aa [ ~ g} 9 3 [l [
tailumsdaa lamsastaniaiu wun Tuanalududiuiawnsoazaieri ldtiudinane
a a A Yy 9 A ‘3 "o =
M3nIgan laveany Iagnss tazanuanduvesdasazlasunilas Tasvuegnunisgadu
A 1 a A da [ 1 9 A a dg’
NS MIgosAAIBUDIAUNTIAY NMIAGD n31lantlases uaznisyzalsvesansnnavy
Tu@Y (Dalton er al., 1989) aANnuduTuluauveIensoaa lamsa luldnerdeanuilasenia
Y
a ] Y (Y2 Y [y v a a [ a
AUINBUN T HATINANNANNUTAVUTUIUVOIBUNTIING (soil  organic matter) YTUI
a =} a A Ia . . . % 1 dyd' F)
UNMAAULYIUYT (clay content) LALIAUNTYIAU (soil microorganisms) Tagilavevaniinelved
AunszuIuMIgady msdaaldes nazmsindeudievesaisluau soudenszuiuns
WUNDOATNYBIATOAA lawBn (Kobayashi, 2004) FamslFouiiieusasivesmsgasudns

1 E4
YoIA1700a 1ansa A5 1FTUNITV0I Freundlich  FIduUBFIUI Msgadunaduly

Aaunuanaanwiu luuuduasa (inearized) (auiia, 2540)
log x/m =log K nlog C

lﬂ‘ a d‘ %
Wo  x/m = 15mangngadu
C =5y luaisazare

Kuazn =a1nan

v o & a A KX o o A
on31Msgatua Tagnauaaalugilved K uaz n Tagh K uaaidasnsinisgasun

AN 1ag n naasnNdUITUS sz AU uduYesasazate tazmsgady USumves

]
v A

390 Tamsananaasuna gl ansauaadld Iaea1Kd (distribution coefficient)

U U

ko= ¥

C

9
=< 1

Y Y
Y 1 | a a
M99l Murano et al. (2007) 185189113731 aAnwduiyvesans clomeprop luau Yuod

U

AUANVYUTUYD AT 2-(2, 4-dichloro-3-methylphenoxy) propionic acid (DMPA) il
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1. @135 MBOA ANWD3an5 99.7 1oidud, acetronitrile (ACN), acetone 118 tween 20

IS o o a 1 g} 1 . .
2. waa iy $1uau 2 wila 1dun Auswiaenlvej (Hairy beggarticks: Bidens pilosa
L. var. radiate Sch. Biq.) 4agd s eeum (Tropic ageratum: Ageratum conyzoides Linn.)

4

3 o JIA Yy 19 [ 4 . 9 o
3y maﬂwuﬁw%ﬂgﬂ ulﬂl!,ﬂ VINUTG NV 6 (Rice: Oryza sativa L. var. RD 6) 1agU1INUG

a

Nipponbare (Rice: Oryza sativa Linn. cv. Nipponbare)
4. 310 (sea sand) YAAY Ryugasaki HazYAAY Tennodai (MTNWUINN 1)
o Y a wa Y
5. ginsallurealfiians Uszneuade

d o % < Y 14 . A Y g’
51 Unsald s umIzILGe 1Aua 3uuAINAa0d (Petri dishes) ¥IAUAIMNAAD 11
o S I v
NAU LASNITATHINIZINAA nhmu
5.2 e
5.3 centrifuge evaporator type EYELA UNI TRAP UT-1000, CVE-2000
5.4 double tubes type HIMAC CR 22E HITACHI
5.5 incubator type CI-610 ADVANTEC
5.6 oven type EYELA NDO-700
5.7 stirrer type IWAKI BS6-240, IWAKI GLASS Co., Ltd.
5.8 ultra sonic cleaner single frequency AS ONE

5.9 growth chamber type KOITOTRON
6. HPLC 1lszneudie

6.1 ADANY type YMC Pack ODS-AM AM 312, AM 12505-1506 WT 150%6.0 mm.

I.D. YMC Co., Ltd., Japan
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6.2 system controller type SCL-10VP SHIMADZU
6.3 auto injector type SIL-10A XL SHIMADZU
6.4 liquid chromatograph type LC-10 ATVP SHIMADZU

6.5 UV-VIS detector SHIMADZU iL8g column oven type CTO-10 AC VP SHIMADZU

7. gunsaimsiuiindeya dun Ifussia uazmieedalih dudu
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Aq 9w 1 o A o A
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WoyaN1IADA 1AZATIVAOUAINUANAINUDIAUNAY 1A8IT Duncan’s new Multiple Range
o < an
Test (DMRT) Tagldlusunsudnuiaginieeda Statistical Package for the Social Science
(SPSS)

1 a

wavesas MBOA luauniinemswsdvlnvesdn

Mmsan luanimnesll§ian1sN Life and Environmental Science W¥1INg1AY
=< A 1 A @ vy -4 .
NV Yszmagifu sernudeugaInN 2550 - Aue1eu 2551 Tagl¥d1997WuT Nipponbare

duisnadon IadINAaDUUY 3 x 8 factorial in completely randomized design (CRD) 3117U

g‘ @ o A [ a @ a
4 41 dsznovudie 2 Jade Tasileden 1 1ilusiiavesiaqignii 3 iia Ao 1510 (sea  sand)

U

a a 1 o o A I @
AR Ryugasaki 1agYAAY Tennodai dauiladed 2 iuanududuvesds MBOA 1 8 sz

A A A o Yo o 9
A0 0, 0.05, 0.10, 0.25, 0.50, 0.75, 1.00 uag 1.50 aa lya1s laglyaiiazarelszneuaie

L L o o J & = o Y
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N319 YAAU Ryugasaki 1182 4AAU Tennodai 98190z 35 N1 ldmyuziniz uduana1s MBOA
IUIU 13, 15 uag 27.4 Haaans Aua1ay Hundadinnamzadlunsuziians MBOA
$1uau s du udni A 13y growth chamber  Tasaduaugavall 25 seruvaIFod oz
THuaanannn1snaang

msiufinranisnaaes Taefinrsanmsneuaueavesifiinea’s MBOA 910
ANeIEIHiioAY nazAWe1IdIuIIN 1 4 SundsnnldTuans winsSesied
ANMNLYTUTIUNNADAVOIANHULA ) MUULHUNITNAADUIVY factorial in CRD L@
weufenauuanaisuosainae Tao35 Duncan’s new Multiple Range Test (DMRT) Tag1%

Tilsunsudus ] 1/1N1980@ Statistical Package for the Social Science (SPSS)

= d' Yy 9 a Y a
msanmsiasuulasanuunvvvesans MBOA 61‘I»!ﬂ‘14! iﬂﬂ“l‘limﬂuﬂ Double tubes itay

HPLC
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nFaue Uszmadiu ssnhadounaian 2550 — fueen 2551 Sadanaaeaun 2 x 5
factorial in completely randomized design (CRD) 314U 3 G]% Uszneuaie 2 fade Taeilade
il 1 fuafiavesdiu 18un ¥afu Ryugasaki 1az4adAU Tennodai dauiedei 2 ifluanumdud
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asrdatdnyaziiudia «?qqﬂﬂm‘fm%’ﬂizﬂﬂuﬁ’aﬂ system controller (SCL-10 VP Shimadzu,
Kyoto, Japan), auto-injector system (SIL-10A XL Shimadzu, Kyoto, Japan), reverse phase
column (YMC Pack ODS-AM AM 312, AM 12S05-1506 WT 150 x 6.0 mm. I.D. YMC Co.,
Ltd., Japan) a2 UV detector (UV-VIS detector Shimadzu, Kyoto, Japan) 17;280 YRSV S
gl 40 esrnsaiFoa lenadoufiiiu acetronitrile waziiindy Tudadau 40 : 60 §a5 1013

U

Tvia 1 aamuaIAoUIN retention time 5.7 U

MsvufnHamsnaaed Tagiarsansasuuiasnnududuvesans MBOA
Y [

Tuduninanududuves MBoa luihludu nazismmves MBOA figngaduluauves
a a { Y [ [ o a 4
YAAU Ryugasaki 11AzYAAYU Tennodai 9 1, 2 uag 3 Tunasnnlasuars iimsines
ANNLYTUTIUNNADAVOIGNH UM ) MULHUNITNAADUIVY factorial in CRD L@
= = 1 v = ad . Y
AfFeuneunNULANA1Y09ANEY 1A87T Duncan’s new Multiple Range Test (DMRT) TagTld

Tlsunsudus ] 1N19a0@ Statistical Package for the Social Science (SPSS)
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v 9
M3197 1 Wavesa1s MBOA aemsniyay Invesduiivnaenlng)

Treatment Shoot length Root length Fresh weight Dry weight
cm g

Distilled water 1.7a" 39a 1.1816 a 0.0126
1% acetone 1.5b 39a 0.1687 ab 0.0120
MBOA 0.25 mM 1.3 be 29b 0.1657 ab 0.0089
MBOA 0.5 mM 1.3 be 26D 0.1407 be 0.0105
MBOA 1 mM 12¢ 2.6b 0.1304 ¢ 0.0097
F-test pek x* % ns
C.V. (%) 13.99 20.19 14.94 23.08

1/ & @ ~ = v 1 [ 1= 1 [ an = = v =
maﬂmmmeuﬂu“luLmazﬂaauuﬂlwmmgmn@mﬂummmmﬂmﬁLﬂiﬂumsmmmaﬂ

19875 DMRT

a

#* = 1ANUUANANAUNIITDA

[

= A o -4
NITLAUANUIYDUU 99 L‘l]i’)ﬁl,c]fu@]

ns = IHiANUUANANAUNIIADA
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M31971 2 WaveIa1s MBOA aonsiniaay Tavesaiunssaiunm

Treatment Shoot length Root length Fresh weight Dry weight
cm g
Distilled water 05a" 1.9a 0.0287 a 0.0022 a
1% acetone 0.4 ab l.6a 0.0251 a 0.0019 ab
MBOA 0.25 mM 0.4 ab 1.2b 0.0240 ab 0.0018 ab
MBOA 0.5 mM 0.4 ab 09b 0.0188 be 0.0014 be
MBOA 1 mM 03b 04c 0.0161 ¢ 0.0012 ¢
F_test * *% EE E3 3
C.V. (%) 18.67 46.98 23.33 24.12

1/ & @ ~ = v 1 [ 1= 1 [ an = = v =
maﬂmmmeuﬂu“luLmazﬂaauuﬂlwmmgmn@mﬂummmmﬂmﬁLﬂiﬂumsmmmaﬂ

19875 DMRT

a 1 Y aaa [ A o J 3
* = UANUUANA WO UNWNADNANTEAUANNITONU 95 1o
A o A4 o s <
NIZAUANNIEDUU 99 1oy

¢
Ua

a

#* = 1ANUUANANAUNIITDA ue
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M519N 3 WAVPIA1T MBOA @omia3quay Tnvestiug nv 6

Treatment Shoot length Root length Fresh weight Dry weight
cm g
Distilled water 3.1 50a’ 1.5371 0.5322
1% acetone 2.8 4.2 ab 1.4706 0.5211
MBOA 0.25 mM 3.1 3.3 bc 1.4844 0.4986
MBOA 0.5 mM 3.0 25¢ 1.5070 0.5003
MBOA 1 mM 3.1 24c¢ 1.4500 0.4752
F-test ns ¥+ ns ns
C.V. (%) 13.01 32.02 10.64 6.49

1/ & @ ~ = v 1 [ 1= 1 [ an = = v =
maﬂmmmeuﬂu“luLmazﬂaauuﬂlwmmgmn@mﬂummmmﬂmﬁLﬂiﬂumsmmmaﬂ

19875 DMRT

ns = IHiANUUANANAUN DA

= 1 [ aaa A o 3 (4
% = JANUUANA NI UNWNADANTZAVANNFIU 99 11a51FUa
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[

WU Nipponbare U310 4@ Ryugasaki 11a2 Tennodai 7l 4 TUra91n 185013

Treatment Shoot length Root length
cm
Soil types
Sea sand 22¢" 1.8¢c
Ryugasaki 43D 34a
Tennodai 44a 2.8b
F-test & *k
MBOA concentrations (mM)
0 42a 33a
0.05 42 a 32a
0.10 42a 3.1ab
0.25 4.1b 3.0 bc
0.50 39¢ 29cd
0.75 39¢ 2.8d
1.00 2.7d 19e
1.50 l5e 0.8f
F-test o wx
Soil types x Concentrations ki ok
Mean 3.6 2.6
C.V. (%) 31.60 40.15
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1 Y
M3191 5 anududuvesans MBOA luiihludu Tugadu Ryugasaki 1182 Tennodai

naan 1asums ()

Days after application

Treatment
0 1 2 3

Soil types m mol/ml

Ryugasaki 842.242 271.683 2" 255982 a 246.360 a

Tennodai 842.165 144.166 b 120.870 b 101.275b
F-test ns wk o e
MBOA concentrations (mM)

0.25 359.789 e 52.531e 45.086 ¢ 38.670 ¢

0.50 579.994 d 100.659 d 91.500d 78.067 d

0.75 790.286 ¢ 152.062 ¢ 132.206 ¢ 120.679 ¢

1.00 1010.490 b 230.084 b 208.367 b 191.521b

1.50 1470.457 a 504.286 a 464.970 a 440.148 a
F-test S s s S
Soil type x Concentrations ns R 53 w*
Mean 842.203 207.924 198.712 173.817
C.V. (%) 0.05 3.16 4.44 3.38
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Days after application

Treatment
1 2 3

Soil types m mol/g

Ryugasaki 6.171b " 7.191b 3.600 b

Tennodai 15.864 a 14.674 a 13.147 a
F-test s S s
MBOA concentrations (mM)

0.25 2732 ¢ 2.446 ¢ 1.764 ¢

0.50 5.566d 5.232d 3.736d

0.75 9.226 ¢ 8.851 ¢ 6.207 c

1.00 12.177b 11.925b 10.327 b

1.50 25.385a 26.209 a 19.832 a
F-test S S s
Soil type x Concentrations L 74 wk
Mean 11.017 10.933 8.373
C.V. (%) 5.61 4.30 18.40
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2.5 (M)
y = 2.0934x + 0.0815

1.5

y = 0.6581x- 0.0108 (V)

Amount of MBOA in centrifuged-soil (mmol/ g)

0 0.2 0.4 0.6 0.8 1

Concentration of MBOA in soil water (mmol/ ml)

12
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O 1 DAA (Tennodai soil)
A 2 DAA (Tennodai soil)
O 3 DAA (Tennodai soil)

® | DAA (Ryugasaki soil)
A 2 DAA (Ryugasaki soil)

B 3 DAA (Ryugasaki soil)

MNN 11 mi@,@«ﬁmmmi MBOA Gl,umgmﬂmmﬂ;@ﬁu Tennodai () L8 Ryugasaki (V)
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MINHUING 1 QUTVTAMAATNIBNINVDIYAAY Ryugasaki 1182 Tennodai

Soil properties Ryugasaki soil Tennodai soil

Soil texture Sandy loam Light clay
Organic matter (%) 0.67 3.90
CEC (cmkg ) 9.1 24.6

pH 5.9 5.7
Sand (%) 75.7 36.0

Silt (%) 17.2 38.8
Clay (%) 7.1 25.2
Field water capacity (% of dry soil) 27 43

301: Murano e al. (2007)
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df SS MS F-Value
Between Groups 4 0.055 0.014 4.263%*
Within Groups 15 0.048 0.003
Total 19 0.103

C.V.=18.67%
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df SS MS F-Value
Between Groups 4 5.638 1.410 39.440**
Within Groups 15 0.536 0.036
Total 19 6.174

C.V.=46.98 %
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df SS MS F-Value
Between Groups 4 0.000 0.000 13.282%*
Within Groups 15 0.000 0.000
Total 19 0.001

CV.=2333%
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df SS MS F-Value
Between Groups 4 0.000 0.000 12.240%*
Within Groups 15 0.000 0.000
Total 19 0.000
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df SS MS F-Value
Between Groups 4 0.377 0.094 0.554"
Within Groups 15 2.551 0.170
Total 19 2.928

CV.=13.01 %

* liifinnuunnanaiumeada (P>0.01)
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df SS MS F-Value
Between Groups 4 20.050 5.013 20.550%**
Within Groups 15 3.659 0.244
Total 19 23.709

C.V.=32.02%
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df SS MS F-Value
Between Groups 4 0.018 0.005 0.147"
Within Groups 15 0.459 0.031
Total 19 0.477

C.V.=10.64 %

* liifinnuunnanaiumeada (P>0.01)

H a J g' o v J
ﬂ1§NN‘L!'Jﬂ‘ﬁ 13 fﬂﬁ’Jlﬂiw‘Viﬂ311JLL‘]Ji‘]J'i’J‘Ll‘U’ENfﬂiﬁ%ﬁﬂuWﬁuﬂ!Lﬁﬂiu%ﬁ’JWH‘ﬁq NV 6

a9 1A5Ua15 MBOA N3LAUANUTUTUAIINU

df SS MS F-Value
Between Groups 4 0.008 0.002 2.410"
Within Groups 15 0.012 0.001
Total 19 0.020

CV.=6.49%

* ufianuuanaanumeana (P>0.01)
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Source df SS MS F-value

Treatment 23 141.626

Concentrations 7 61.609 8.801 1262.328**

Soil types 2 75.671 37.835 5426.573%*

Concentrations x Soil types 14 4.347 0.310 44.534%*
Error 48 0.335 0.007
Total 71 141.961

C.V.=31.60 %
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Source df SS MS F-value

Treatment 23 81.210

Concentrations 7 44.369 6.338 441.358**

Soil types 2 31.775 15.887 1106.279%*

Concentrations x Soil types 14 5.066 0.362 25.198**
Error 48 0.689 0.014
Total 71 81.899

C.V.=40.15%
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Source df SS MS F-value

Treatment 9 4363180.138

Concentrations 4 4363179.758  1090794.940  7098226.952%*

Soil types 1 0.045 0.045 0.291"

Concentrations x Soil types 4 0.335 0.084 0.545"
Error 20 3.073 0.154
Total 29 4363183.211

C.V.=0.05%
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Source df SS MS F-value

Treatment 9 953918.789

Concentrations 4 762566.983 190641.746 6167.945%*

Soil types 1 121953.080 121953.080 3945.620%*

Concentrations x Soil types 4 69398.727 17349.682 561.324%*
Error 20 618.169 30.908
Total 29 954536.959

CV.=3.16%

A o @ @ [

#* = 1 ANUUANANB I NNIF A g NIz AUt ad 1A 0.01 9nmsilSeuneuauRae

o g

19875 DMRT



62

v Y
a L4 Yy 9 o a
minwmnﬁ 18 M3sAATIzHANNLYsUT VDI MVNT UV MBOA Gluuﬂuﬂu

%

A [ Yo
n2 uwmmﬂ"lmumi

Source df SS MS F-value
Treatment 9 855643.228
Concentrations 4 659854.995 164963.749 2145.667**
Soil types 1 136914.204 136914.204 1780.829%*
Concentrations x Soil types 4 58874.029 14718.507 191.442%%*
Error 20 1537.646 76.882
Total 29 857180.873
C.V.=4.44%
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Source df SS MS F-value
Treatment 9 839890.034
Concentrations 4 609012.128 152253.032 3635.823**
Soil types 1 157872.475 157872.475 3770.016%*
Concentrations x Soil types 4 73005.431 18251.358 435.845%*
Error 20 837.516 41.876
Total 29 840727.551

CV.=338%
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185vans
Source df SS MS F-value
Treatment 9 2894.681
Concentrations 4 1856.068 464.017 2422.178**
Soil types 1 704.616 704.616 3678.110%*
Concentrations x Soil types 4 333.997 83.499 435.868**
Error 20 3.831 0.192
Total 29 2898.513
C.V.=5.61%
wx ~ fanuuanased s iysaiissduiedia 0.01 ninmsSeuidfieudunde
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Source df SS MS F-value
Treatment 9 2736.032
Concentrations 4 2059.181 514.795 768.871**
Soil types 1 419.895 419.895 627.133**
Concentrations x Soil types 4 256.956 64.239 95.944%**
Error 20 13.391 0.670
Total 29 2749.423
CV.=430%
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Source df SS MS F-value

Treatment 9 2494.605

Concentrations 4 1229.975 307.494 367.271%*

Soil types 1 683.541 683.541 816.423%**

Concentrations x Soil types 4 581.089 145.272 173.513%*%*
Error 20 16.745 0.837
Total 29 2511.350

C.V.=18.40 %
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