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FHLe AF50] RuEdrt (Kaufman, 1974; Kaufman®}
Kearney, 1976; Bartha®} Pramer, 1970). Krueger %
(1989, 1991)& dicamba (3,6-dichloro- o -anisic acid)l|
Aol g &F 9 T 24l dicamba® £
N7 4 gl 350 EdNARE AYs9e o dicamba
o o HzRE s 5 Jov, dicmbad BE ©
AQo® o]g3hk= 8% Aol dicamba® 34 pg/gel
2T Al o 219 3o dicambarzl 98% AZ #
AERun sgoew, 1 F EAER  36-dichloro-
salicylic acid, 18] W]%e] 2,5-hydroxy-3,6-dichloro-
salicylic acid7} AZHcha Ak AZA| amitrole?]
52)7] (free radical) Hel= ESAEY] dFe Tt
3 &glen (Kaufman 5, 1968; Plimmer %, 1967), &=
3 trifluraln®] 383 e EQv|AdEo] sty F7)
zAslA oL w2/ EEdan st (Willis 5,
1974).

s oA 2000 12€9 @A F 9B6Fe] =
oF F AzA7E 5% gk 239F0la, Hriel of
S AzAE 13F0] SE5] glrk o] FeRe U
Sobd, oA F FAA oF (A3 2 1992)0lv], 4
5ot % Aol WolE3 gl dicamba AAE §0)
43, s el ol FuAE) Ry 2 2
2o )2 We)2 FAAIIE 97 Bk

meld 2 Aol % Zold pa
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He Qo] 5ol B A9 +ARAT

Az o

ol

L o

HHH
oH-

A=

B A3lo] ALE-¥ dicamba (X% 96.0%) 2 iARRE S
gE SDPSAlz RE| Eokdlol ALEElg] o, pentafluoro-
benzyl bromide® Sigmarl (v=) AFS T8t A
stk 38 WAE ReE 9jstd] AFHE Ege 2R
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Q12 Aol A 199 3URH 5971 I= 0 AFE 7}
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EGu g )¢ dicamba ¥&dFe £ 50 go
THT 250 mlE Thete] ZA3k EkdAgalg A0 4
AlZF A3t 02 M phosphate buffer (pH 7.0)9}
112 &ghste] 3,000 rpmoz 1087 YARE3IA
3788 02 m¢E 10 ppm dicamba =8 1 pz =2
¥ MM, F7|u}x] [Mineral salts medium, 18 mM
(NHJ,S0;, 1 uM FeSO; - 7H,O, 100 uM CaCl, -
2H,O, 1T mM MgSO; - 7H,O, 85 mM NaCl, 10 mM
Na,HPOs;, 10 mM KHoPO,, 15 g Agar, 1 0 S5
(Kiyohara %, 1982)c] “=@3t t}& 30+1TC< 271
oA 33Uk wjdsidtk Wik F EEds 10 ppm
dicamba7} -5 MMz FpAe] HES o) 253 7
Aoz 10 ppm dicamba 1 m¢ % 23] 2§ o} 7_‘,»
weld viAdie] colonyZ nutrient broth (NB) Ap#u)=]
(6 g peptone, 3 g beef extract, 1 § FFH5)l HF3}
A

"%3] mAEe] 4 4
=g e 54 % Microlog system (Biolog, 3.5)
olgste] Alite] FE ol8AFH FAREE ZAREIGL
ol o Fo AYH EAL Collins 5 (1995)4
Holl met Abaoict

Ag g] 3} E_/H
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& AL dicamba #8g %A
Eokoll A 2u)gt o) dicamba ElAgL Bal#e 10
ppm dicamba’} ¥ nutrient broth medium %
MM, salt mediumel] F<&slar 28-1°C ¢ Rehja )
oA 150 rpmeo| FEz 2F7b wjeksigith W &
dicamba % dARtEe] HAML Carroll 5 (1993)3}
Smith (1973) ©| el Zslo] 2859}, = A8 A
FS SHT 100 me= 1"17&%0 Zed 2% F S5
of AgES 250 g F-of 01 t}&  dichloro-
methane 40 me e f?— o] u dichlorome-
thane=2 w¥ 1, ium chloride 15 g& #
7vsla ethyl acetat s FIlsk o2 oA Hals)
o ZZ3)9h o] ~‘r’r ]’5%% anhydrous sodium
sulfateol] ZFIA|A T3 A Z2ZS 23] wEsle
th o] ethyl acetate —ir% S ZJ%’—i]X E2E
of %1 m7kA F53 & oA "
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27k ol gste] A

133tk o] S methanol 5 M2 A&33 The
TR Al 21 § davtez FEsigl.

o] 211E-& gas-liquid chromatography (GLC)Z o]
&t He3ES] dicamba ¥ EajAE-S BAsh] ¢
&tod pentafluorobenzylation (PFB benzylation)g 4°3)
stttk & w59 pentafluorobenzyl bromide 1 i
% 02 M sodium carbonate : 0.1 M tetrabutyl-
ammonium hydrogen sulfate (11, v/v, pH 10) &%

9 e gAd 9§ 23 27

& 7k 3 60T o] 8730l A 2087 A1A
T BREA AL ¥EAS 1 N hydrochloric
313l U} toluene 1 m¢ 2 33] F&3}9t) o
FEAS IF3AFEFVE o83l FF dud I
n—hexane 10 me = 833t GLCE o] g3t 233t
o) dicamba % EINES BAETh o] w Algw
]7li electron capture detector (63 Ni, ECD)7} &
H GLC (HP 5890 series I Plus, USA)$3.2.5, column
P_it SE-30 2 mm ID X 2 m L)& AMESIHTE %
+ injector 250C, column 200°C, detector 2907,
carrier gas (N2)¢] #4240 mf/mino] it

] o) 9%t dicamba?] -3
Dicamba #4317 & FTAE 10 g3t 02 M
phosphate buffer (pH 7.0) 150 m¢E Waring blendero]]
310,000 rpmo.E 3F7F wkAgh ohS gauze® 1x}
O%J}o}jl Biichner funnelg o]-83to] Feloja}algic) o)
ojdlof] dicambaS 10 ppmy} 20 ppm FFo2 2|5}
31 37T oA wigketaA] Wik 1, 3, 5, 7, 9
Lo AgE At dgE 500 m¢ =F flaskel] Y3
IN hydrochloric acid 150 m¢E 7kt $ 95T oA 1
’\]{}%OJ FFAA 3 3 FE2AE A2 Yz
7 oRS 500 me HEHoiFo 2r]i 4 N potassium
hydrox1de 50 mE Be T AHEIA
dol HeA gelgk & 2087 ‘%‘543}9?\ . o] i
sodium chloride 20 I ©A] 6 N hydrochloric
acid-g ARE3slel pH 1082 2243 thg ethyl ether
50 mE ¥ 187 AgstA dgEeEsich o]
ethyl ether %2 anhydrous sodium sulfateo] %3}A|#
To} Fal AV 22 23] wbE FES9h FES A
FS AFIAFE7E o8t FEd0] 5 b FE o
%%}} t}8- diazomethane &(ethyl ether)
m¢E €3 methylation 3}3ith. Methylation $¢f o}
& 10%9 &2 EZ43ly silica gel 5 go] F3
!
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columne] &7 #3=A 94 dicambad FA}3}7
o] 1312 ethyl ether - hexane (5 : 95, v/v) &3&
50 mez 2&A1A ¥ thA] dicamba I cjARE
A&}7) Y&to] ethyl ether - hexane (20 : 80, v/v
4o 150 mez FEsh) W U5 44 AShE
GLC/ECD= ®A3teic},
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Ecoro 2 2E] enrichment cultured o]&£3o] dicamba
23| % Balslglom, dicamba #&#7-& dicambag &
At %o 2 W7 MMy $7Ae) EE 08 2
Ag 5 fwE FElEgth ol &9 dFT Microlog

system&- 01 gslod A Ay 7 1A R vk 72
o] DK 13} DD 27} Acidovorax sp.8} §AM=7} Z+Z 0.85
4 090, DK 2 9 DD 3= Variovorax sp.9} fA=7}F 74
7k 072 2 092, DD 12 Alcaligenes sp.9} FAH=7} 0.88



28 oAA . 0]9g7] -

2AM o) $ B2 FAREE B vk £ ol 2¥ ¢
F-9] Zt7te] £AS Bergey's manual (Holt, 1994)2] i
o] we} Eelsk Ax DK 13 DD 2% Acidovorax &3 &
28 gram negative, rod 299 A2, WAL A
AwAge] &84, AstEs w4 2 poly-8
-hydroxybutyrate 24 25 @FAF9He-S VeI &=
$ DK 2 2 DD 3% Variovorax &3} 52do] AX3IY 2
o, yellow colonyol$ith. $HH DD 13} Alcaligenes 45
Hl gk 23 gram negative, rod ®%, HAiAU9] &
4 % B-hydroxybutyrate o]8/do] ¥dozn AU
o} (X 2).

Table 1. Identification of dicamba-degrading micro-

organisms isolated from the soil with
enrichment culture by Microlog system

Isolate Identity Similarity
DK 1 Acidovorax sp. 0.85
DK 2 Variovorax sp. 0.72
DD 1 Alcaligenes sp. 0.88
DD 2 Acidovorax sp. 0.90
DD 3 Variovorax sp. 0.92

EgujAEo} o3 dicamba 3]
Ecko 2HH dicamba EITFL Ead & o &+
of 2Jg dicamba HHEES FP A= 7 37 Zth
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2% dicambaE 85.7%~%.6% I3etiow, DDl
DD2& &3 wiAloA dicamba®] #3|4FE<l 5-hydro-
xydicamba (5-OH dicamba, 0.51%~0.6%)E H=3IAch
(Z¥E 1.

webs] SRl A dicambaE Ty @AYo AE
g deols EYudEe] osiA A ojdHu s,
2 thAHE-S hydroxylation 2 demethylationol] ©]3}e}

O] - olA

RagE Aoz NG Krueger 5 (1989)0] ¢H=
Bhgod dicambad o]&¥ F v 8FY EPATES
enrichment cultureo] ©J3}e] £2jg ¥ dicamba®] #3}
Ae AES Ax AR R dicambad) F2 FallT
©2 Pseudomonas sp. X Moraxella sp. 5o] £ - Ad
Aoz nusn o, B ATM Rel¥AE FF:
Acidovorax sp.9} Variovorax sp.7} ZYZt 2% 4 Alcaligenes
sp.7b 1502 By o)g E2]dF9 dicamba #3)
%2 Krueger 5 (1989, 1991)0] 22|38t #59 ti5dS
gelsigink

o5 Rojyte] gAhge] EAEE frluiAMelA
T dicambaZ FI|AIZ 5 AR E BRI A7 DD 15
HZ3k w4 dicambag 89.93% HaAIZ oM, Yz
FFoME 21.24~31.6%2 E& B3HE HoFUTh
Table 3. Degradation activity of dicamba-degrading

isolates in different media treated with 10
ppm of dicamba

% Recovered”

Isolate MM; medium NB medium
Dicamba 5-OH dicamba Dicamba
DK 1 3.38 <0.01 78.76
DK 2 9.11 <0.01 68.41
DD 1 5.62 051 10.07
DD 2 931 0.60 72.91
DD 3 14.35 <0.01 75.51

¥21 days after incubation.

A F Gl o8 dicamba?] 3

Dicambag #tjo| Az]3sl9& o dicambaz} FH =
olgste] HaHE FAL Folstux Yy Fo] FTHH
A% phosphate bufferg o]g3te F&38 o ©] +
Hol| dicambaZ A3t 37°ColA wjFsAA in vitro
e 23 dicamba?l 2IE AEF ZAy= 17 29}

i e bot

Table 2. Characteristics of dicamba-degrading microorganisms isolated from the soil

Acidovorax sp.

Alcaligenes sp. Variovorax sp.

Characteristic

DK 1, DD 2 Holt” DD 1 Holt DK 2, DD 3  Holt
Gram reaction A - - - - -
Cell shape Rod Rod Rod Short Rod Rod Rod
Mobility in liquid medium + + + + + +
Yellow colony - - + +
Oxidase + + + +
Poly- £ -hydroxybutyrate + N + +

accumulated

Utilization of A -hydroxy- N .

butyrate

“+ : Positive, - : Negative.

“Holt et al. in Bergey's Manual of Determinative Bacteriology.
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Fig. 1. GLC chromatogram of the degradation products
of dicamba by the Alcaligenes sp. after 21
days of incubation.

43} 2t} 10 ppm =2 HYHAJL wole dicamba

Hb)7) 25¢01%ieH, 20 pPpmO.= A2)819-S wlol
279 o3l
wetr] dicambaws EGFAAL] 9H7I7F 14~25¢
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Table 4. Half-life of dicamba in the phosphate buf-
fer extract of the turfgrass, Zoysia japonica S.

Concentration Bquation Half-life
(mg/ £) (Day)
10 y = 7.14e™ (r=0.958) 25
20 y = 149¢°%™ (1=0.951) 27
25 =
| ~« 10 ppm .
‘=20 ;
20 - _m VU ppm
=~ ' a y =16.828e7 004%™
E :‘ R? = 0.8936
[
S
g y = 8.1268¢™ 00417x
g R? = 0.8916
8]
g \
0 ;
g% ' :
g ' r .
® i
S
a 0-

1t 4 7 10 13 186 19 22 25 28 31
Days after treatment

Fig. 2. The degradation of dicamba in the phosphate
buffer extract of turfgrass, Zoysia japonica S..
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Degradation of the herbicide dicamba by microorganisms isolated from the soil and phosphate extracts

of turfgrass, Zoysia japonica S.

Kyeong-Seok Oh’, Young-Gi Lee, Byung-Youl Oh, Byung-Moo Lee and Jae-Koo Lee'(National Institute of
Agricultural Science & Technology, RDA, 'Chung Buk National University)

Abstract : Degradabilities of the dicamba by microorganisms isolated from soil and by enzymes in the
turfgrass, Zoysia japonica S. were investigated. Five species of dicamba-degrading microorganisms including
Acidovorax sp., Alcaligenes sp., and Variovorax sp. were isolated from soils by enrichment culture. All strains
in nutrient-free inorganic medium treated with 10 ppm of dicamba degraded average 90% of the dicamba
21 days after incubation. 5-Hydroxydicamba, major metabolite, was detected from the culture broth. The
half life of dicamba in the phosphate buffer extracts of Zoysia japonica S. was 25 to 2.7 days. Trace
amounts of 4- and 5-hydroxydicamba were detected in the extracts.
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