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ABSTRACT : Chemicals including antibiotics and bactericides were screened for suppression of
streptomycin-resistant Erwinia carotovora subsp. carotovora (Ecc) strains in laboratory and -field
conditions.  Oxytetracycline, ethoquinolac and dichlorophen suppressed the growth of
streptomycin-resistant Ecc strains in vitro. Fractional inhibitory concentration (FIC) indices of
oxytetracycline and ethoquinolac mixed with streptomycin against the Ecc strains were equal to
and less than one, respectively.’ Consequently the efficacy of those chemicals in mixture with
streptomycin were non-antagonistic But that of dichlorophen mixed with streptomycin was more
than one, therefore the efficacy of the mixture was antagonistic. Spray of oxytetracycline,
ethoquinolac and agrimycin-100 on the topbed burley tobacco plants was efficacious in reducing
tobacco hollow stalk at the same level of streptomycin treatment in three-year field trials, which
suggests that those are promising chemicals to be alternative to streptomycin for control of
tobacco hollow stalk.
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Streptomycin it Bl E71SHSHE A A AT

gufe] WHEHlE 7477 M= HdTy
gl HEAY A AHy 54& 7229 e
33td g AEFHQ & dAFEE Fstd
I Halg AAH HaleE 3R F4 FsE
Aol 74 #welAA WHew Zexxn v
(Linker, 1990). wte}A oFAl Zale] g AAYE
A AALY dr2A4 e 47 YA &
el dat AFg Ao AA R Al Wyl 1y
Hojop & Ae|thFry, 1977).
spEivtere] wojelg JulAtA| oA Felch 1-5%
A= B 1% WA g dfE 532 e
FulEr&4e Aoz T gl HAR
Hell streptomycin A 217t F3HE] oo i
7t W HAZQ) FHAr] olFd
streptomycing @uje] Agel EFAHesd 4v
(d & 1981 7, 1988) 23yt HZ BojEF &
WAk SR RAL Fa, 2] S715488 A
2 ANAET FAHA G YoM A A e
23 &7 SHEH e YAERI YRR
A$7 BATHH T, 1988 & ¥, 1989). uwhelA
19881989\ ¢ Wolz|F AXE ez HujE
7N1ENEH o|¥MFE 3, HAEE EIIY
streptomycine] W& WAL ZAT 4% #BAY 7
F9] 6.6167%7} streptomycinf| 782 ZAME Y
ow =3 streptomycing A4 HHUE T
Eddie T £ \ls)] 3w 2e wA
o] AEHUAHE F, 1989) welx] B Alge
olgl gt Aol & FA=E= W9 mZHFHQ
WAE A3 streptomycing AT 4= = oFA
& dAwstnz sk

Mz Y oy

SAEFE U A : 19893 % Hul AR A 2
& 2ulE7|45H L HF (Erwinia carotovora subsp.
carotovora  Ecc)F ol streptomycin WA 7<1 Ec-126,
Ec-2587 A% AeolA] streptomycin W Ae] TR
Wold Ec4R, Ec-9RY} 74479 Ec4, Ec-947
TE 424 HEzFFE AFRIIAEC-

F A €kAl= streptomycin®} oxytetracycline®] FA}
oS AIF FAA FYEe]  AREEEen
agrimycin-1002  A|@FE] FEFAAE FYUsk
AL-838l9t}k.  Dichlorophen (ai. 95%, AldrichA} Al
F)% 71ek oFA(Sigmart AF)e AFez 44
8l on ethoquinolacd: FoFE AL Fulela# (F)
E25E Y ol AMESIATE FAIgAle gulx
Z AgAlde AMegde 05%9 HFEe
Tween 20& AH7}sle] "o 53 stHu).

A YEAMX| 5= (minimum inhibitory conc-
entration, MIC) ZA}: Penassay broth antibiotic
medium 3 (Difco manual, 1984) 7} 24z} 3ml¥ &
AgdeE ANEH (15 x 15 cm)ol] FA| kA A0
Zyzt 15ug, 3.1ug, 6.3ug, 1251k, 2518, S50ug, 100,
2001g/me e} FEZF HE=E HEAY. FAEF
© YDC agar ¥]%] (yeast extract dextrose calcium
carbonate agar) Bl XellA] 28C & 24417+ ) Fsla
AT FHFE YA % 10° cel/mee) FEI}
HEs ZFSAYD. £018 FAT d89L 502
4 micropipette©. 2  FAIFA]  1.5~200ug/ 7}
A Zrzt Bo] e AYdol HEF3o 28Tl A
A7 WGF M7 54 ARE HAFH Ha
TE5HR FEMIQE FAEATHERA1972 =
1,1980).

22 WRXNX| S (fractional inhibitory conc -
entration, FIC) Xj= ZEA} :
ethoquinolac R dichlorophenF ] %A & strepto-
mycin#} EF AA vgrlol 47 HL BH/A
A T Al A&} Zo] FHlE AT EGY
5045 HEFBDT 28TolA  24A13F wjUdFE MIC
g AT =AME H: 98AA FEAE
Chequer board method(Z#§, 1980)e1 =)&) F &
FIC idex= a/aptb/by (ap: &4 ©=2 MIC, a: a¢f
Aok bofAl EBA a %A MIC, by bebA] @5
o] MIC, b: aska| e} befa) &7 oFA) 8] MIC)
d sty B8 EH/HAA F A[F(FIC index)
£ ZAEIE LY FIC index7t 1 o]sleo]¥ At}

Oxytetracycline,
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4, 1 ool 23=Eo] e ez FA 3§
At

Streptomycin CHXl 2tAIQ] Z& ME : Oxytet-
racycline, ethoquinolac, dichlorophen @ agrimycin-
100 5¢ ZA%A =2 streptomycing- XA 2
ALt ATH Wele)EFul(Burley 21)7} o] E X
AN FALA 00m/ut F=) FHE  HY
AF 9 A4 27F 289 X Fz guje] A
od FRAEsGen WA Iy 3wE,
T FAGRE 274k FE ZAe FAHEY
3% Fo EHE oFFEE AU

da & ng

Streptomycin &4 3 LM Erwinia caroto-
vora subsp. carotovora (Ecc) &9 A0 CYf
Streptomycin W4T WAE A
streptomycin thA kA A et 8F e A
A o} 5% Z4FA T 13%F9 A dishe] 1989
Qo] =7 ¥2)§ streptomycin WA TFF Ee-126,
Ec-2583 A@PHolA AHEgAHol H=% strepto-
mycin 4} WolF Ec4R 2 Ec-94R FF9 Z<
4 TF Ec-4 2 Ec-9 Fo 3 L8425
TMIQ)E ZAM d3t A& streptomycine]
AS B dF 844 H4 BSAR] 27 2A
velsttlh. 22U streptomycing A 9)% & F
AR S Hx THFAA FTE7l Bug/nt o3
fgeom WHolZx ght) uwetr o]E& strepto-
mycin WA 7} FAZ A@ste] EFAD AL
2319 tH(Table 1). ]

AZ7+A) streptomycin® el Eccoll 2%k W4
dA 2 AlEHoe g2 45 @ HAEFA F
Z+e} A2 chlorine(Cooksey, 1990), 8-hydroxyq-
uinoline(Harris, 1978), dichlorophen(Lund et al
1979) Fo] AR 2 AlPo)A streptomycinth 4
ol dEAPzE ARFE EFSHAREDE R
oxytetracycline, dichlorophen 2 ethoquinolac &

4 ARE Bile 1 4448 PESYE

B Bk

Table 1. Minimum inhibitory concentrations (MICs)
of chemicals against  streptomycin-
sensitive and streptomycin-resistant strains
of Erwinia carotovora subsp. carotovora

MIC g/ n)
Chemicals

55° SR
Streptomycin 25 100 - 500
Oxytetracycline 5 5-50
Penicillinr G 5 5 - 100
Na-ampicillin 5-10 5 - 500
Na-epicillin 5-10 5 - 500
Chloramphenicol 10 10 - 500
Kanamyain sulfate 10 - 50 50 - 500
Colimycin 50 50 - 500
Gentamycin 50 - 500 50 - 500
Dichlorophen* 50 50
8-hydroxyquinoline 50 - 500 100 - 500
Sodium hypochlorite 500 500
Cupric hydroxide 1000 1000
Ethoquirlol;sicd 5> 5>

? Streptomycin-sensitive strain: Ec-4, Ec-94

b Streptomycin-resistant strain: Ec-126, Ec-258, Ec4R,
Ec-94R

© 2,2-methylene-bis(4-chlorophenol).

¢ 1-ethyl-1,4-dihydro-6,7-methylenedioxy-4-oxo-3-quinoline
carboxylic acid

Mg obHIEQ| streptomycini} EEA| o5 Big:
Streptomycine]l WA Q) Eceg Sl sl uwlm
A dAE WEAA AIHE 2 3FY AE
streptomycin®} E£8A) YA ARE HEI}A
FATFEN W FELE A X T XA 5 (fraction-
al inhibitory concentration index, FIC index)& =
AL+ A3} oxytetracyclines} E-8A] streptomycin
P5AFFENME FIC index7t 0252 <&
ed8E€ RIoy WH4EFENAME FIC index
7} 10028 WHFe] S&AR) Aol Fe] g
¢lt}. Ethoquinolac®} streptomycin £&M+= 7+
F47 2 WAT ¥Fo)A FIC index7} 1.002 4
44 ST F¥e] g Hex vehieh 2
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2]} dichloropheng] 7%= FIC index”} 20022
streptomycin®} M2 <fEe ZYPFEL Ho &
£3512) %= Aol F& Aoy HAurPEcH(Table 2).
YetHoz BYAY ASHY ALe WAT
o 2dez kA7t olAA Hol teolit AMEE
4 QA Atk Skylakakis(1983) AHFA AHEA)
GEZT MR HEE 7 s OGFE EFAY A
| 2o wWYTe) #gikME(selection pressure)o] IS
Fol WA Ao g WA 718 AAA
I F dvx sET 53 AdAd He4F 3l
A %A WdAAr BT T EE £330
T olFHE BT oM A7 £ ma
B 2 (Chattetjee et al. 1972) Z-&7]Zte] tiE ook
@ S ol gAY ELAE AT

Table 2. Fractional inhibitory concentration(FIC)
index of chemicals applied with strepto-
mycin against streptomycin-sensitive and
streptomycin-resistant strains of Erwinia
carotovora subsp. carotovora

FIC index®
Chemicals
ss’ SR¢
Oxytetracycline 0.25 1.00
Ethoquinolac 1.00 1.00
Dichlorophen 2,00 2.00

® Practional inhibitory concentration index tested by
Chequer board method :
a/as + b/bo = 1<, antagonism; a/ac + b/bo = <,
synergism;

where a, = Minimum inhibitory concentration of '

chemical A
Minimum inhibitory concentration of
chemical A mixed with streptomycin,

a

bo = Minimum inhibitory conceniration of
chemical B .
b = Minimum inhibitory concentration of

chemical B mixed with streptomycin
b Streptomycin-sensitive strain: Ec-4,Ec-94
¢ Streptomycin-resistant strain: Ec-126, Ec-258, Ec4R,
Ec-94R

24 Fhtel efAd dig \Ag 7 Wl
AdEvets Z-87)3e] g oAl o8] Apd
AEE 3lo ydde] A W4 &8 BEE
AR $£E BB HA AT EUNEE
#Agst= WY (Moller et al. 1981: Jones, 1982)0]
=zasojer & ol

BHUlE7ISHSY wWAANe ZFAEE - 4¥4d
oA streptomycin WA Te] WM T L&A R
S Bo ATF oxytetracyclined ®E3 38
o] kA8l streptomycin® EHEIe] ALEA] k&
2] A+EH}E EQ) oxytetracycline® 8] &A=
A ABEDR e agrimycin100& W ojg]F gl
ZRA Aeste AFF BH= FE 3049 2ol
AlY fRdRY 713 wet TREY o]
7} AA Jelgtey  dichloropheng 9% 3%
9] FA)gA 7} streptomycin® 2o 4232 Ful
27145954 HAEAE el 3l ch(Table 3).

Table 3. Effect of chemical used for control of hollow
stalk disease in burley tobacco fields*

. Diseased plants(%)™*
Chemicals

1989 1990 1991

Ethoquinolac 240 a 39 a 14 a
Oxytetracycline 250 a 59 a 09 a
Streptomycin 230 a 83 a 20 a
Agrimycin-100"**  NT NT 09 a
Dichlorophen 283ab - 58 a NT
- Control 362 b 205 b 82 b

"

The experiment was conducted with 72 burley
tobacco plants per plot and with 3 replications.
2000 ai/mé chemical suspensions sprayed over
tobacco plants at the time after topping and two
weeks later.
Means followed by same letter within a column are
not significantly different at P=0.05 according to
Duncan’s multiple range test, NT: not tested

et 15% streptomycin sulfate + 1.5% oxytetracycline .



% o 7

Agrimycin-1009] 7%= Hudd AF FIC
index?}  streptomycin = Z$A T T 0.25
streptomycin WA A€ 1.000]dM AAP ok
A EZANEY AYS o 139 3 ATo)A)q
T35 <Al9] oxytetracyclinem} streptomycin®]
82 Mol Erwinia carotovora subsp. carotovora
2] streptomycinell g WAL A= A
Ev 132 HAg 4 e Sz ggE

AB7kA HNERLA G streptomycin A o)
e e Rurl dded(Thomson et al
1976: Schroth et al. 1978: Moller et al. 1981:
Cooksey, 1990: Spott et al. 1995) Widl = RAFH
B3t kA Xe] AFr} ron] Wade] whel Ay
v Aol BAFeR AFHo] grh B AN
= drtEo g ZRAANAM FAAE AR g
SHEW WA Eo) @gron) W HHFHAQ
Zuprlel] Belo] B XFAMNE A2 F
€ AY 719 F gle A7 A2 e zALA
o ®el #EE v AUt} 2R FuEH4
&% BAE A% <A HaAs G FA )%
2 HA47A AU AFHE Auls] o)A
1-23]el] @3] FAE AEFoIH ) A2
EWd EA8e WD) 9EE #aAA ¢
&2 Y3 7o) uhghA slch(Schroth et al, 1978)
ol/del ZH=Z Mo}l oxytetracyclines} ethoquino-
lac-& 'streptomycin AT g 5837 =0 &
FA AT oFEe] HIHLo) gden XA
Yol M= AAEIA7 AASBZ streptomycin T
A e EEFAR AMEETY streptomycin )
A9 294 ARz AhAA 4 YLe Ao
2 AZEY. a2 197089 & w3k Califomnia,
Oregon 3 Washingtons= 29 9] streptomycint} 4

Erwinia  amylovora®) w4E 9% A (SR
copper) ¥ tetracyclinee 2 thA|st] WA EAES

Aok Moller et al. 1981) HZ ZAle] ojsha
o|AS A ThA] bR APH TS Pseudom-
onas syringae pv. syringae| A . E A9} oxytetrac-
ycline ¥ streptomycine] td WAF Ao B
IH 3L 9]o(Spotts and Cervantes, 1995) k=) z)

Al 874 2 vI4E AuA JAE yaosm
FANY 4AE A A5 A7} =o) 3
olokg Zolt}.

d =

Streptomycin = WA Erwinia  carotovora  subsp.
carotovora(Ecc) & WAIEL7] 918 FAE A¥a w
EFAA du3eh. Streptomycin WA Eced 3
2o W] go WEAR) FIHE B FAz
oxytetracycline, ethoquinolac % dichlorophen 9]
AEHAY  oFA WEE 2PeL 23y 9%
BRI B4 RE L M5B (fractional  inhibitory
concentration index)& £ASF Z3} oxytetracycline
7} ethoquinolac® streptomycin?}  Z¥ o] ik
Mg Holx ¢kgtor} dichlorophend Z3zt4&
Bk 33dzr A A¥gAn oxytetracycline,
ethoquinolac 3 agrimycyin-100 5-& streptomy-
cinex} A FEE Ro]  streptomycini} E§
2 A SFAZ {H2A Aot

g2
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