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Development of Microbial Bioassay for Detection
of Pesticide Residues

Su Bong Paik*, Chang Sool Yang and Yeon Sun Oh
College of Agriculture, Kon Kuk University, Seoul 133-701, Korea

ABSTRACT : This study was carried out to develop bioassay for detection of pesticide residues
in agricultural products by using the soil microbial isolates sensitive to pesticides. One hundred
bacterial isolates and eighty five fungal isolates were obtained from soil and their sensitivity
to 10 ppm of several pesticides was examined in vitro. Five bacterial isolates and three fungal
isolates were found sensitive to organochloride fungicide and two fungal isolates sensitive to orga-
nocopper fungicide. Among these isolates, B46, B93 and F67 were tested to find out the difference
in sensitivity according to the methods of fungicide treatment. All of the isolates were found
sensitive to 10 ppm of organochloride fungicides mixed directly in PDA. But they were found
insensitive to the fungicide mixed in PDA after filtering through membrane filter. In case of
organocopper fungicide, the isolates were found sensitive only when it was treated in PDA. And
their sensitivity showed difference among various kinds of organochloride fungicides. B46 and
B93 were employed to check the possibility as the agents for detection of the pesticidal residues
in twenty eight agricultural products including rice. It was found that all samples had not residues
because the samples did not inhibit the growth of isolates. When organochloride fungicides were
applied to the above products, it was possible to detect the residues in fruits and vegetables
at the concentraion of 10 ppm, but not in starch-rich grains. B46 and B93 were identified as
Bacillus sp. according to their bacterial characteristics in culture.

Key words : Microbial bioassay, detection, pesticide residues, sensitive, Bacillus sp.
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ojdE9 22l FFAFv ele A 172
e alelA 527 9] ERARE AR et A7 100
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AdEele FAEY 10gS 73 pepton water
90 mlel| Egsla, 937l A 1 miE s g3 pe-
pton water 9mlell ©}A] &8ty Al 1073714
343t} o] A ImlE P.W.AHA|(peptone
water agar) 10mlel] o 25°Col|4] 2~347F v}
gty Aate] o E ¥#FS Fesiych

Zgol2] Bl FAEY 10gS PFE potato
water 90 mle]] E§3}al, of7]ellA ImlE & d
7% potato water 9mlol] ©}A] E3ste] AL 1077
742 34 sledch o] 34 1 mlE PDAW X|(potato
dextrose agar) 10mlel] o] 25°CollA] 3~5U7t wl
oFste] Aol tE #3-& FelEigddh

S0l st Z==AMojAEo| B PDAx ]l
719 & Al(chlorothalonil 75% WP), 7]214)(IBP
48% EC), F7]8l44l(neoasozin 65% liquid), 7]
5 (yonepon 40% WP), #-7]3Al(isoprothiolane 40

% EC), =) =842 4389E(procymidone  50%
WP), F+=#|(dithianone 75% WP), TJE].2.7}u}u]o]
EAl(zineb 70% WP)2] 47454 FX4(10, 25, 50
ppm)E M3t o7lect REE AT 100FF,
w0l 857 FF HEE] 25°CollM 2~5947 wjek
3to] &9 AKA}E 2ASGT. FEo) wgs)
A F3A o] AAEHE #FE ol g
AFAdTE BA I

MEAH. in virool| A 7|9 A2 Al(chlorothalonil)
ot fr71%EAl(yonepon)ell ZrgAde] EL& #FE ¥
Al&te] F-<pd(chlorothalonil, yonepon), ¥%=3(10,
20ppm)E 23 PDAR|A] &3], AFgA=
ol3}ste] PDAmY Aol Egtx)e], PDAw| ] &3}1H
2ata Warie], g Py FRFE ML 9L
AgodfA =2 of3ste] PDAsYA| ] &3A7], 2=
T A el FFRSZ ALE PDARA
E3stn "HaAe Sol o3 wpHog Aty
A4 AZE vlzslidoh = 71944 AS(chlo-
rothalonil, triforine, tetradifon, dicofol)2 % %(10,
20, 50 ppm)E PDAe| &3slz dFa=gr A
el x| ok Aejupf e gste] AwEl FFe 3
T4 A=E wmslch

SAUMFTY HAE. Aud B463 BRTEFE T4
ghe] AlFollA] &g n]EE 2870 FALE-S A F
FHLREFE AR SR FRe £,
ANafFe A, 28z FAF= 442 4759

Eikste] AlA E5] & A& PDAwiA o] &

Table 1. Bacteria and fungi isolated from various soil samples

Sample source No. of samples

No. of bacterial isolates No. of fungal isolates

Kyungki Nambhansan 3
Youngmunsan 3
Sulaksan 3
Manisan 3
Cheongkyesan 3
Kangweon Seolaksan 3
Chiaksan 4
Chungbuk  Weolaksan 3
Sokrisan 3
Chungnam Deokyusan 3
Seolaesan 3
Chilgapsan 3
Kyungbuk  Kumosan 3
Cheonbuk  Chijangsan 3
Jirisan 3
Jaeju Hanrasan 2
Hambuk Paikdusan 4
Total 17 52

5
3
3
10
3

—
w O

S\Ihh\ow\lh-h:oomu-u]oou'\lg
VW h NWWEREWNI IS

i
o0




KOREAN J. PLANT PATHOL. Vol. 10, No. 4, 1994 299

dF A3 FAFTFE HFskd 25°C 2]
Al wiFstsdct. 24417 & colonyd) &4 x
Abete] ek G755 Fobstdn = A AR
AH 7192 AE 3HFe] 10 ppm, 20 ppme] =
EE e 24417 ¥ 9} e w8 za}ald
ARFS Hrlslkgo

MUE ZFEe . F7194Ald) A Bd6
I B3EFE FA3) ¢35l Gramd AL sz,
HFd EA4E 918t &=, pHYEH S ZAbsldc)
2 ol9e Fo EFE 98 AFEFAH7|VITEK
Mcdonnell douglas health system Co)E ©}-8(10)
st ety a5 At Bergey’s ma-
nual?] FFA (DA wel EAsqch

d o

S0l CHEH ZA D|MES| EfA

50 ppm2| STOIA ZM FFof Mek FAX|’
A 10085 FollA 6] 77 71904 2 #
Z1EA S Ao, 188 FF7 f71 A
ArAelden, & FFEL FAFk AeAe
vtebl Al ¢kgleHTable 2).

Fgo] 85FF FolMe 559 FFute] 714
A, FI1EA A FFe] YAo] dAH] 44
22 vy, g FAsdd e JehlA
skciTable 3).

Table 2. Sensitivity of bacteria isolated from various
samples to 50 ppm of eight fungicides

Isolate Fungicides

No. A?

14 ~P
39 -
46 —
88 -
93 -
98 -

D E

+

t++H++|w
t+++++|0
4+ 4+ + 4+

++++++|m
+t+++++|0
++++ 4+ |z

=

: Organochloride fungicide (chlorothalonil).
: Organophosphorous fungicide (IBP).
:Organoarsenic fungicide (neoasozin).

: Organocopper fungicide (yonepon).
: Organosulfur fungicide (isoprothiolane).
: Heterocyclic nitrogen compound (procymidone)
:Quinone fungicide (dithianone)

: Dithocarbamate fungicide (zineb)

:Sensitive (0mm), * :Slightly sensitive (<1 mm),
: Insensitive (>1 mm).

+ I ZoTMmonw s

25ppm % 10ppme| ZTOA Z5A FFo|
MY S0ppm FEoA Aol e 629 AT
TFE A 25ppme] FEANAH FAG A3 {7
AR M 659 ANFTFFI 25 F5Aeld,
F71 5 A= 559 AlFute] Aol on &
71 A N = A3 e] glsichTable 4).

25ppmgicel A ADLE pEAAFE FFEE oA
10ppme] FEolA HAZ A3t §F7) g4 589
771 Aoz Jehdoy 715 Ads 7

Table 3. Sensitivity of fungi isolated from various sam-
ples to 50ppm of eight fungicides

Isolate Fungicides
No. A* B C D E F G H
55 600> 00 00 533 00 00 00 00
67 536 00 00 464 00 00 00 00
72 778 00 00 467 00 00 00 00
75 417 00 00 583 00 00 00 00
76 417 00 00 563 00 00 00 00

*A: Organochloride fungicide (chlorothalonil).

B : Organophosphorous fungicide (IBP).

C: Organoarsenic fungicide (neoasozin).

D : Organocopper fungicide (yonepon).

E : Organosulfur fungicide (isoprothiolane).

F: Heterocyclic nitrogen compound (procymidone).
G : Quinone fungicide (dithianone).

H: Dithocarbamate fungicide (zineb).
"Percent inhibition of mycelial growth

_ <1~ Mycelial growth of treatment

Mycelial growth of control )XIOO

Table 4. Sensitivity of bacteria isolated from various
samples to 25 ppm and 10 ppm of chlorothalonil, IBP,
and yonepon

Isolate Fungicides

No. A? B D
25 10ppm 25 10ppm 25

14 -+
39 - -
46 — —
88 - -
93 - -
98 - -

10 ppm

++ 4+ +
++ 4+ 4+
+ 4+ + A+

*A: Organochloride fungicide (chlorothalonil).
B : Organophosphorous fungicide (IBP).

D : Organocopper fungicide (yonepon).

°— : Sensitive, * :Slightly sensitive,
+ :Insensitive.
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A 7e] slsiciTable 4).

E S0ppme] FEAA Aol e 5¥e F
Fo|FFE ofA] 2Sppme] EFExolA HAI A
BE FF7F F71 A, 715 A Hate] A
2.2 velygciTable 5).
25ppm2] FEelA Aoz Atw 559

A~
T

Gl

Table 5. Sensitivity of fungi isolated from various sam-
ples to 25 ppm and 10 ppm of chlorothalonil and yone-
pon

Isolate Fungicides
No. A? D
25 10 ppm 25 10 ppm

55 53.3 46.7 26.7 26.7
67 536 429 464 393
72 71.1 356 422 20.0
75 41.7 83 500 333
76 315 83 292

12.7

A : Organochloride fungicide (chlorothalonil).
D : Organocopper fungicide (yonepon).
"Percent inhibition

:<1_ Mycelial growth of treatment

Mycelial growth of control )XIO()

=2we)Et3|] 210 W A4 5, 1994

FolFFE A 10ppmEEolA HAZY A §7)
Aol A 3% #F, F71EANME 259 T
A ekzte] ZhpAde g vlelydtiTable 5).

MEHY

S0 XMz|ato| mE 7FFe| M. Chloro-

thalonil& PDAu|z]o]| 20ppme} =HA A3 7,
PDAw| Aol H2jsta HFdt A, 2o AL
PDAM| A Helslr ddgtd SolMe FAHF
BT Ao s Jelgda, AR o mfsle]
PDA A Ao FpAE vehlA]l otk
22]3L yonepon 20ppmelA+= PDA®lA] Ae]3t
73} PDAuN Ao &gl F73 RolAet A
ool , thE A AlFFAe S ehiA
29ttt chlorothalonil 10 ppmol|41& 20 ppmell 4 2}
7o 7gko]2l 2, yonepon 10 ppmellA]E= PDAR]A|
el gt ZreAdeldil, PDA wiz|o] Aestx
gk Al e ok el o XA
= AFAE el A YgiciTable 6).

771 Ao AHlSe M2t 2 2Fe #
T, {79445 PDAJ sty d7d A
HiatA] @& A5 #F9 A5pAdE B dico-
folll e HEaddo 2 ZpAds vehiA] oo}
(Table 7).

Table 6. Sensitivity of microbial isolates by different treatment method to 10 and 20 ppm of chlorothalonil and

yonepon
Isolates
Fungicides Treatments B46 B93 F67
10 20 ppm 10 20 ppm 10 20 ppm
Organochloride A? — -2 - — + _
(Chlorothalonil) B + + + + + +
C - - - - + -
D + + + + + +
E - - - - + -
Organocopper A - - — - + +
(Yonepon) B + + + + + -
C + - + - + -
D + + + + + -
E + + + + + -

*A : Fungicide solution mixed with PDA media.

B : Fungicide solution filtered with membrane filter and then mixed with PDA media.
C : Fungicide solution mixed with PDA media and then sterilized by autoclave.

D : Fungicide solution sprayed on plant and then washed out with distilled water. The

membrane filter and mixed with PDA media.

solution filtered with

E:Same procedure as treatment D and then sterillized by autoclave.

b —: Sensitive, t :Slightly sensitive, + : Insensitive.
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Table 7. Sensitivity of B46 and B93 isolates to pestici-
des on different treatment methods in vitro

Table 8. Detection of organochloride fungicides residue
on crops by B46 and B93 isolates

Treatment  Organochloride Concentration Isolates Isolates
P E— Samples —_—
pesticides (ppm) B46 B93 B46 B93
Non- chlorothalonil 10 —a - 1 Orza sativa +° +
sterilizing 20 - - 2 Hordeum vulgare + +
50 - - 3 Tniticum aestivum + +
triforine 10 + - 4 Solanum tuberosum + +
20 + - 5 Ipomaea batatas + +
50 - - 6 Zea mays + +
tetradifon 10 + + 7 Glycine max + +
20 - x 8 Sesamum japonicum + +
50 - - 9 Malus pumila + +
dicofol 10 * - 10  Pyrus sinensis + +
20 - - 11 Vias sp. + +
50 - - 12 Citrus spp. + +
Sterilizing  chlorothalonil 10 - - 13 Fragaria chiloensis + +
20 - - 14 Cucumis melo + +
50 - - 15 Lycopersicon esculentum + +
triforine 10 + + 16 Cucumis sativus + +
20 + - 17 Cucurbita sp. + +
50 - - 18 Daucus carota + +
tetradifon 10 + + 19 Capsicum annum + +
20 + - 20 Solanum melongena + +
50 - - 21 Lactuca sativa + +
dicofol 10 + + 22 Spinacia oleracea + +
20 + + 23 Chrysanthemum coronarium + +
50 + + 24  Brassica peckinensis + +
*— :Sensitive, T :Slightly sensitive, + : Insensitive. ;2 ﬁ;f;izufli;(g; i i
27 Allium cepa + +
HRM AY. A28 FFE D AFel 28 Allum fidosum +
£ v)E3 8 FAES FAs RS HAAT “+ : Insensitive.

A} FHFeke] HEHA dodth & FAE FFE0]
s iR edstcH(Table 8).

HER o]F AME FrldRAE AHste HA
A& 29 20ppm sEAAM &, B, o, 3L
27n), Sepdie AeAd-E JehlR] gk,

& FEeAME #5AE e 2y 10
ppm FXo| 4+ chlorothalonil®] #-$- 27k A9
slale 7 Aol triforined F o) 9ol Ew}
E, 38}, &7t AE 7tpAdg vellAl skl Ta-
ble 9).

MUFE M2 S5, F3¥ B4 B93> gram
4T, AP, MAEAS FAsignh L%
3k A SE 20~40°C, pHE Y= B46S 6~11
0] 1, B93-& 6~109] ¥ & Jelyct 281 o529
A Y3ty 5AHE& =AM 3= Table 109} 7
©ow Bergey's manual(l)el] o}zl BHFEAH3 Ast
B463} B93& Bacillus3<l| <3}eich

a2

Shamiyeh®} Johnson(8)& A, WA, 23do]9)
% 1L,097d 55 wiA) A 10 ppm3} 25 ppm2] hepta-
chlore] At AAAA G A A3} A FF5Fol
A 15%7F 10ppmol A, 63%7F 25 ppmellA] A o]
AA=E A4S v, Park(7)& DDT, y-BHC, diel-
drin ¥ heptachlor®} z& §-7194A4 Z-ofol] 7+
Aol & v ES 2AR A3 2 52089 2
Tzl A 1270 @57} 25ppmell A mIzshA] bt
3L Bugch

Duggan(2)el] @t=2d, koA #7199 44E o
2 Bl AgRHA sl 2 5= gx
7] wiEel] QAFA o8 bR R-zree g}
oA HEg AFgokd ta Hislm e
AEuhye] Hesitly foh B A7FAT A Fof



302

Al Bl ehs]A] A 10 H Al 45, 1994

Table 9. Detection of organochloride fungicides residue on crops by B46 and B93 isolates to organochloride fungi-

cidesspread on crops

Chlorothalonil

Triforine

Samples 10

20 ppm 10 20 ppm

£

B93

B93 B93

£

B93

Oryza sativa
Hofdeum vulgare
Triticum aestivum
Solanum  tuberosum
Lpomaea batatas
Zea mays

Glycine max
Sesamum japonicum
Malus pumila -
Pyrus sinensis -
Vitis sp.
Citrus spp. -
Fragaria chiloensis
Cucumis melo
Lycopersicon esculentum
Cucumis sativus
Cucurbita sp. - -
Daucus carota -
Capsicum annum

Solanum melongena
Lactuca sativa

Spinacia oleracea
Chrysanthemum coronarium
Brassica peckinensis
Brassica oleracea

Raphanus sativus - -
Allium cepa - -
Allium_ fistulosum - -

[ I R Y N
L+
I+ + 4+ 4+ + + +
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|+ 4+ + + + +
|+ + 4+ + + +
I+ + 4+ + + 4

DL b b+ ++++ | B

M+ HH 4+ B 4+ g

HHHHH 4+ R+ + A+ + 4+ + + 4+ 4
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®

:Sensitive, * :Slightly sensitive, + : Insensitive.

o 59} 5o g} AeAel Ae)sl sleAeR
=g o] 2] Fr1daA ) dasfqnt gl
< 777 A

SR 3ol T oRREA) 8 Sl
AEDZ] A 2 7FA AHuE deEtd =
Abs B A3 2HEe|  f#7]9 A (chlorothalonil) &
B F, FHFE 2 AFF) 10ppm, 20 ppmo]
HAE wiA]o] A3t Hdg ATl A
Aol Al YR, -71%4(yonepon) 10 ppmel]
A& 22 PDAM A8} Me]ol At Ao viet
il sled gl dell kel s 1
BAE Ao g Aoz vhebyith

olg} e AFME 7|22 H7daA ASY F
oko] odofl kA Ade] le=7+E ZHEZ ZF} chloro-

thalonil, triforine, tetradifon& <t Aol gl di-
cofol& rAAe] A Jehla gley, #7449
Z5o g} zelrl deRes F5Hd

Tl i Qo) ghAA wlEdTFE FAA R
g2 ulgBe] 2= Qlo] o)Feo] FAFFe}
2ol A A AEEER FAANEE AT He
7} A=) old AFEoe] el 2slod W3}
dodepad A} 7o) FslA =Hch

AubEl B46s} B93 F FFE FAIske] A4
#e v 2g 287 FAFECl hE EoFARE A
Az A& GA A 7R 3k 9le] 10ppm o]432
AR e Aoz ItEgdd

Hr g FAFAHEl §7194AE 10ppm FE2
SAE st FohRRe FAR AndMe
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Table 10. Biochemical characteristics of isolates B46
and B93

Isolates

Characteristics —_———————

B46 B93
1. Negative control —2 -
2. Sucrose - -
3. Tetrazolium red + -
4. Tagatose - -
5. Glucose + +
6. Inositol - -
7. Galactose - -
8. Arabinose - —
9. Xylose - -
10. Mannitol - -
11. Raffinose - -
12. Salicin - -
13.  Amygdalin - -
14. Inulin + -
15. Ribose - -
16. Maltose + +
17. Trehalose + +
18. Palatinose - -
19. Sorbitol - -
20. N-acetyl-d-glucosamine + +
21. Amylopectin + +
22. Potassium thiocyanate + -
23. 7% NaCl — —
24. Mandelic acid + +
25. Oleandomycin - -
26. Sodium acetate - +
27. Arabitol - -
28. Polyamidohygrostrepin + -
29. Nalidixic acid - —
30. Esculin + —

®

|

: Negative, + : Positive.

Aol B FHelAe a3t A vebda FA,
ANrFolre A7 IA el o) 22 4p
AL FAFF7E Aol A= Aol &
‘gsted gofel gk 3hpAde] ol Aol o}
FE24r}

o)te] At HEld dF= FrIdLAA%F
FollA el o] e FYelre 10ppm F
=7 2 AREE AAE & Aok B FakE
FAM= FAF ALF dsjre FRFS 7
Y 5 ULHLE Erot

Ko#} Lockwood(5)<= Bacillus licheuformis<} Cory-
nebacterium  fasciens?t 27t 10ppm¥® 1 ppm<]
DDTo A oA} 89 3 Larcque2} Neville(6)=
5o FAEA AEE Y5t AFAe] 2

Bacillus strearothermophilus var. calidolatiss 5-€]%}
drd £ AFelAE B46H BRFFE 10ppm
fF7lgd iAo Ago] A=tk B6H BRI T=
vitek AH5-7]718 o] 8(10)&F AF3tA EAdel wet
Bacillus sp.2 #AE ¢ et £ #EE o
Lkl

2 o

2ok Fo EAsle v|AE FollA Tl it
rpAo] B FHFE Alwsle] AEHAHoZ FoF
ARE H4A AEE 5 s S Ngsiaz} o
A4E 3yt

Eckol|A] 5" A 1007459 £F0] §5FF2
in virool A 10ppmE=9 7§ ol g T
Ag vlag As, AlFL FrIGaAdA 55 &
Fole Fr1gaA A 3F, f7]5AlNA 25 &
g =t

°]5% Al B46, BB3TF FFo] FoIdFE
Aejbygol] whE A AolE wlme A 10
ppmg #71942AE A3 PDAwAC] Azjstw
Wik AT 2B #al Al X Y-S PDAwA| o) 3
gala 2ad AelMe Aoz Jelgon) A
TAHRZ o] 73}e] PDAMIA] Mo M= &
el 2] ¢dskel. 10ppm {75 Al A= PDAwW A
Heloll Aut gtpAollx of 2 AeldAe AeAde
Vel A odske) 2Eln FAIE {rdaA TRl
g daAgd e Al zelzt slsdch

Alubgt B463) BO3ETE FAIEk] e w|Ed
287 FAREC| gt FUAFHE 2ARE A=
TAFFEY AAE GAAANA] Esle] AFako)
Ao g vehgen o]F FAME fr9aAE
elste] AR{ES 2ARE A= 10ppm T A
Aol B FHoAE AFEFHA] Ertsgon}
FAFA e HA 71ty 22l wB467} B3
5 AT EAel Wt Bacillus sp2 35
Fei=d

#ALS| 2

°] EEL 19T At 7)zdTF A Qv
S8 7L Wl =P}
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