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Residue of Herbicide Napropamide and Change of Microorganism
in Upland Soil Under Different Environmental Conditions
Han, S.S., J.H. Jeong and C.G. Choi

ABSTRACT

Residue of herbicide napropamide [N,N-dimethyl-2-(1-napthoxy)-propionamide] and change
of micro -organism were investigated in upland soil under different environmental conditions.

Half-lives of degradation were 28.3 days in the sterile soil and 14.6 days in the nonsterile
soil, respectively. These results suggest that microorganism remarkably affected the decom-
position of napropamide. Napropamide was rapidly degraded in order of 60% > 80% = 40%
soil moisture content of field water-holding capacity. Numbers of bacteria and total microbes
in 60% moisture content was more than those in 40% moisture content. The more the
napropamide degradation was rapid in lower soil pH. The total number of microorganism
increased by lapse of time after treatment of napropamide at pH 5.5.

The decomposition rate of napropamide was rapid in the order of 27C > 37C > 17TC. At
17C of soil temperature actinomycetes in napropamide treatment plot was more than these in
nontreatment plot and also at 27°C and 37C bacteria in napropamide treatment plot was more
than those in nontreatment plot. Napropamide degradaﬁon was more rapid and number of
microorganism was more abundant at the concentration of 10ppm than at that of 20ppm.

The half-life of napropamide was longer in the clay loam soil than in the silty loam soil.
The half times in laboratory test than in upland field. Numbers of microbes in the experiment
under all the test environmental condition was not significantly different between treatment

and nontreatment of napropamide.

Key Words : Herbicide napropamide, residue, degradation, half-lives, decomposition, micro-

organism.
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Table 1. Some properties of soil used.

Sampling Soil pH Organic CEC
Soil texture 1:5(H.O) matter(%) (me/100g)
Soil A CL 5.9 1.0 10.5
Soil B SiL 5.7 1.8 6.7
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Fig. 1. Fluctations of average temperature and
rainfall during field experiment.
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Fig. 2. Degradation ofnapropamide in the sterile
and the nonsterile silty loam soils.
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Table 2. Change of microbes in the sterile and the nonsteril soils treated with napropamide.

Days after napropamide treatment

Soil Microbes 0 14 28 42
Sterile Bacteria( X 10) 2.5 0 1.8 0
Soil Actinomycetes( X 10%) 0 297 6.5 0

Fungi( X 10°) 0 0 11.6 292

Total( X 10 0.26 29.7 18.28 29.2

Nonsterile Bacteria( X 10%) 75.2 28.6 16.6 27.6
Soil Actinomycetes( X 10°) 12.4 153 17.2 17.9
Fungi( X 10°) 15.7 16.9 10.4 36.4

Total( X 10%) 87.8 44.1 339 45.9

Table 3. Eeffect of soil moisture content on change of soil microbes in the silty loam soil applied
with and without napropamide.

Without napropamide

With napropamide

Water T - test
cc()%:m Microbes Days after treatment -—Prba_
0 14 28 a2 0 14 28 42 Velue bility
40 Bacteria(x10°) 163 522 219 186 42 304 257 198 0.599 0.591
Actino- 5 52 175 6.8 253 6.1 125 172 158 0.127  0.907
mycetes(xglO )
Fungi(x10") 224 328 241 142 177 245 149 146 1.181 0.323
Total(x10%) 217 70.0 289 440 10.5 43,1 430 357 0.542 0625
60 Bacteria(xlOS) 21.8 632 273 185 57 793 39.8 21.1 0.196 0.857
Actino- 5 7.3 237 114 143 104 179 179 133 0.357 0.745
mycetes(x}O )
Fungi(x107) 9.6 304 187 185 107 29.1 198 15.1 0.020 00912
Total(x10%) 29.2 872 389 330 162 975 579 346 0.027 0.980
80 Bacteria(x10°) 184 755 213 210 43 429 236 395 0.357 0745
Actino- 5 6.6 202 268 173 169 153 109 204 0.022 0.984
mycetes(x]07)
Fungi(x10") 12.1 412 268 18.1 156 31.7 16.1 15.8 0.019 0.986
Total(x10%) 251 96.1 484 385 224 585 347 60.1 0.301 0.783
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Table 4. Statistical analysis on change of microorganisms affected by moisture content.

Treatment Microbes Soil moisture content (%) T-test* Probability*
Nontreatment Bacteria 40 : 60 1.394 0.258
40 : 80 0.882 0.443

60 : 80 0.160 0.883

Actino mycetes 40 : 60 0.263 0.806

40 : 80 0.467 0.672

60 : 80 0434 0.693

Fungi 40 : 60 0.490 0.658

40 : 80 0.228 0.853

60 : 80 0.204 0.851

Total 40 : 60 0.480 0.664

40 : 80 0.789 0.488

60 : 80 0.455 0.680

Treatment Bacteria 40 : 60 1.149 0.334
40 : 80 0.687 0.541

60 : 80 0.347 0.751

Actinomycetes 40 : 60 0.558 0.616

40 : 80 0410 0.709

60 : 80 0.147 0.893

Fungi 40 : 60 0.568 0.592

40 : 80 0.465 0.674

60 : 80 0.317 0.772

Total 40 : 60 1.093 0.354

40 : 80 0.850 0.458

60 : 80 0.062 0.954

"T-test and probability for comparison of microorganism among each moisture contents.

Table S. Effect of soil pH on the change of soil microorganisms in the clay loam soil treated with and
without napropamide.

. Without napropamide With napropamide .
Soil . T - test
pH Microbes Days after treatment
Proba-
0 14 28 42 0 14 28 42 Value  bility
55  Bacteria(x10%) 21.8 633 273 185 5.7 79.3 398 21.1 0.196 0.857
Actino- 5 7.3 237 114 143 104 179 179 133 0314 0.774
mycetes(x]107)
Fungi(x107) 9.6 304 187 185 10.7 29.1 19.8 15.1 0.120 0.912
Total(x10%) 292 873 389 330 162 975 579 346 0.027 0.980
7.0  Bacteria(x10%) 61.2 34.1 239 208 393 351 205 24.7 0.380 0.729
Actino- " 27 200 42 03 307 182 296 13 1.311  0.281
mycetes(x}O )
Fungi(x107) 328 122 239 226 166 257 257 213 0.030 0.978
Total(x10”) 642 542 283 213 702 536 504 262 0.902 0434
9.0 Bacteria(x10%) 523 624 338 1.6 257 603 603 42.1 0.442 0.689
Actino- 5 127 107 192 031 481 511 07 52 0.466 0.673
mycetes(x}O )
Fungi(x107) 121 322 247 276 166 190 203 94 0.624 0.577
Total(x10") 65.1 734 533 22 407 756 712 474 0457 0679

*T-test value and probability for comparison between nontreatment and treatment of napropamide.

- 305-



Aelfiol WE ol TRAe] HelE AT

+ o
£ 34 TAE I4E Sl ool S
B TIgEe Aol T Was) diste

£ 4) napropamide ] 2] ¢} F3] g}
EoF & Mgoll4] 2] napropamide 3 2]
FH Frold 40% FEFFTFANMEG 60
% FETEFTAN T BAF WSS G F
WAz ek HeFellde FRTGEL vlAE

S wolg ¥ 4 glsich

3) £9F pH
EoF pHE| 3] @ *ﬂ A fFFod e
vl g2 widlel] v d¥E AR ¢

sfo] EoF pHE 5.5, 7.0 ‘z;l 9002 %4
AgE Y3 F AAAHLE g E

g AdE % 59b Prh 7 BoF pHell aloiA]
7t vl g Eoll ths}od napropamide 2|79} F
el kel nlAE el gl = Bk pH 7o
2] WA F8] 47} napropamide F 3 2] T-of A48

o} He| el F53 gL AR velhd A
5 AstaE 7lgp A Al T4 napropamide

HelgFdel 4 Aold WY 4 w4
thE 3). zelt} AAHOR Hol Ze|gES
= pH 55el4 7baF @skx pH 9.0e41 7ha
gokow ofA e F A%e] AHWA 7
2FE At

7y ®oF pHZ} vl E4E vlagt ZIE 6)
FA e Pl AT S7E pH 5504 Bt
pH 9004 & Ze Agdstns A Ad+
el 7+ pHZE QB LS ApolE oA
¥ 4 Ak

4) BEoken

Eokewol o}zl wlAEAH 3}
ekt tigo] AlxA MRF 0o vl AEA
WEE kst & 739 E 8ol 7H7t vebyct
Napropamide = &]t2} F-3el7ke] v Y&
& vlxdhr] st T-ZAAY HdIpE T7) B
2% 17T & Waldte], 27Tl A 9} 37Co
Ay Ao vt 47 A el R A
g B Aeg velgon, & 74
e 7 APFUY vYEFES EHE X

) 2] =

Table 6. Statistical analysis on change of micro-
organisms affected by pH.

Proba-

Treatment Microbes pH T-test*  bility*
Nontreat Bacteria 5.5:7.0 0.141 0.897
-ment 5590 0236 0.828
7.0:9.0 0304 0.781

Actino- 5.5:7.0 0930 0421

mycetes 5.5:9.0 0433 0.694

7.0.9.0 0558 0616

Fungi 5570 0224 0.837

5590 1810 0.168

7.0:9.0 0056 0.959

Total 5570 0.191 0.86l

55:9.0 0283 0.795

7.0:9.0 0247 0821

Treatment Bacteria 5.5:7.0 0.120 0912
559.0 0.793 0486

7.0:9.0 0695 0.537

Actino- 5570 0.119 0913

mycetes 5.5:9.0 0579 0.603

7.0:90 0.122 0910

Fungi 5570 0951 0412

5.59.0 0256 0815

7.0:9.0 0969 0.404

Total 55:7.0 0.129 0.906

5590 0619 0580

7.0:9.0 0345 0.753

"T-test and probability for comparison of micro-
organism among each pH.

oA B2

=7 v AESsE vag AR 8) napropa-
mide T2l Md2 Fdolel = 47
Eekew 17Ce} 37C 2o zelzm whald+
B 17C8 27C zhellA Zelst vha glsich
12]1} napropamide 2 W %7 n) A ES
2} zpeol= B £ gloich

5) Aejr=

Napropamide 2|5 %7} EkE vl Y EAb#H
gloll mixl+= AFE ZAMS7] 93l A,
10ppm % 20ppmE A3 F 257 7Ho=
ZAEE oA EFE £ 99 Zon, o] HAIE
EdE 7 = AEEE g F=7t vIYES
o gt #9Ad AAE AAY A= £ 107
Zoh "R Hol ulAErE A HF
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Table 7. Effect of temperature on the change of microorganisms in the silty loam soil applied with and

without napropamide.

Without napropamide

With napropamide

Tempe- . Proba-
r(a%uge Days after treatment T-test  bility
Microbes 0 14 28 42 0 14 28 42
17 Bacteriax10° 102 7.0 265 234 38.7 364 234 8.8 0.177 0.870
Actino- 45 23 6.5 6.2 99 159 143 153 2018 0.137
mycetesx 0
Fungix10 20.1 224 122 252 174 109 140 19.8 0665 0.554
Totalx10® 149 95 331 299 488 524 378 243 0793 0486
27 Bacteriax10° 4.36 332 7.31 8.5 577 933 982 1.1 2345 o0.101
Actino- . 169 237 114 143 104 179 179 133 0.263 0810
mycetesx |0
Fungix10 15.6 304 187 185 10.7 29.1 198 15.1 0.724 0.521
Totalx 10’ 224 873 389 330 162 975 579 346 0.196 0.857
37 Bacteriax 10’ 72 86 122 146 86 185 242 291 2050 0.133
Actino- 264 364 15.1 3.6 263 310 42 28.1 0.108 0921
mycetesx ]0
Fungix10 63 55 57 278 12.0 190 9.1 192 0.744 0.511
Totalx 10’ 33.7 45.1 274 185 350 497 285 574 0598 0.592
"T-test and probability for comparison between nontreatment and treatment of napropamide.
Table 8. Statistical analysis on change of microorganisms affected by temperature.
Treatment Microbes Temperature( C) T-test* Probability*
Nontreat Bacteria 17 : 27 0.975 0.401
-ment 17 : 37 1.031 0.378
27 37 0.595 0.594
Actinomycetes 17 . 27 1.654 0.197
17 @ 37 0.867 0.450
27 : 37 0.065 0.952
Fungi 17 = 27 0.109 0.920
17 : 37 1.231 0.306
27 . 37 0.950 0.412
Total 17 : 27 0.717 0.525
17 : 37 0.457 0.679
27 : 37 0.598 0.592
Treatment Bacteria 17 : 27 0.052 0.962
17 : 37 0.211 0.847
27 37 0.360 0.742
Actinomycetes 17 : 27 0.394 0.720
17 @ 37 0.251 0.818
27 : 37 0.177 0.871
Fungi 17 : 27 0.211 0.847
17 : 37 0.166 0.879
27 @ 37 0.451 0.683
Total 17 = 27 0.087 0.936
17 @ 37 0.072 0.947
27 . 37 0.037 0.973

"T-test and probability for comparison of microorganism among each temperature.
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Table 9. Effect of application concentration on chan-

F7t AL AL 4 5+ dsdch

6) EAERF

EASY Ao|rt EofF mlAEA mixE=
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i

mideE |3 F AAHoZ A vl Y E9
$& Z+7 2 napropamide ]9} 58] F7H
ol ESe] BEE 11) ¥ EAZ vl g4

BlA(E 1205 st o Ads F Eokd 9l

Table 10. Statistical analysis on change of micro-

ge of microbes in the silty loam soil treat- organis affected by concentration of
ed with and without napropamide. napropamide.

Concent- Days after treatment Concentration Proba-
ration Microbes m T-test*  bility*
(ppm) _Microbes o M o® @ Bacteria (Ig?l(? 0308 0778
0 Bacfterla(xlO) . 352 472 212 200 0:20 0118 0914
Actlnc.)myce;es(XIO) 21.4 232 129 186 10:20 1.266 0.295
Fungi(x109 3.1 446 189 169 Actino- 0:10 0758  0.504
Total(x107) 60.0 708 343 388 mycetes 0:20 0.089 0.935
10 Bacteriax10°) 11.2 1968 426 289 10:20 1135 0339
Actinomycetes(x10) 25.7 229 249 206 Fungi 0:10 0411 0709
Fungi(x10°) 189 286 220 212 0:20 0923 0424
Total(x10°) 37.1 2200 67.7 497 10:20 1757 0177
Total 0:10 0.624 0.577
20 Bacteria(x(10°) 109 935 21.7 220 0:20 0.079 0.942
Actinomycetes(x10°) 14.3 209 189 186 10:20 2.490 0.088

Fungi(x10%) 123 149 186 163
Total(x10%) 253 1145 408 408

"T-test and probability for comparison of micro-

organism among each concentration.

Table 11. Change of microorganisms in the clay loam and the silty loam soils applied with and

without napropamide.

Without napropamide

With napropamide

. Proba-
Soils Microbes Days after treatment T-test  bility*
0 14 28 0 14 28 42

Clay Bacteria(x10°%) 16.5 1085 238 243 126 843 251 382 0.035 0975
loam Actinomycetes(x10°) 19.1 134 57 273 172 201 44 178 0280  0.792
Fungi(x10°) 188 359 142 163 226 209 170 16.0 0.149  0.891
Total(x10%) 357 1223 296 518 30.0 1046 29.7 562 0459  0.677

Silty  Bacteria(x10%) 57 793 398 211 21.8 633 273 185 0.196  0.857
loam Actinomycetes(xlos) 104 179 179 133 73 237 114 143 0314 0.774
Fungi(x10%) 107 29.1 19.8 9.6 304 187 185 0.120 0912
Total(x10%) 162 975 579 346 292 873 389 330 0.027 0.980

"T-test and probability for comparison between nontreatment and treatment of napropamide.
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Table 12. Statistical analysis on change of micro-
organisms affected by different soils.

Soil Proba-

Treatment Microbes Types T-test bility
Nontreat Bacteria CL:SiL  0.170 0.876
-ment Actinomycetes CL:SiL  0.015 0.989
Fungi CL:Sil. 0.106 0.922

Total CL:SiL  0.343 0.754

Treatment Bacteria CL:SiL 0403 0.714
Actinomycetes CL:Sil. 0.020 0.985

Fungi CL:SiL. 0339 0.757

Total CL:SiL 0300 0.784

“T-test and probability for comparison between
the clay loam and the silty loam soils.
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Table 13. Change of microorganisms in the silty loam soil treated with and without napropamide

at upland field and laboratory.
Without napropamide With napropamide .
Test T-test Proba

Condition Microbes Days after treatment bility

0 14 28 42 0 14 28 42
upland  Bacteria(x10%) 112 78 23 1.0 218 49 60 1.0 0.455 0.680
field Actinomycetes(xlOs) 59 34 18 13 29 1.3 42 0S5 0.609 0.585
Fungi(x10%) 42 107 39 42 75 70 21 42 0.203 0.852
Total(x10%) 169 113 41 23 248 63 102 15 0.107 0.921
labar-  Bacteria(x10%) 08 51 85 76 98 4.0 267 6.1 0.609 0.585
atory Actinomycetes(xlos) 04 15 15 17 1.3 36 30 59 3.849 0.031
Fungi(x10°) 02 187 42 153 06 664 458 320 1.952 0.146
Total(x10%) 1.2 68 100 95 1.1 83 302 123 1.000 0.391

" T-test and probability for comparison between nontreatment and treatment of napropamide.

": P <005
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Table 14. Statistical analysis on change of micro-
organisms affected by the field (F) and
the laboratory(L).

Test Proba-

Treatment Microbes condition T-test bility
Nontreat Bacteria FL 0450 0.683
-ment Actinomycetes FL 0403 0714
Fungi F-L 0477 0.666

Total FL 0547 0.622
Treatment Bacteria FL 0033 0976
Actinomycetes FL 1120 0.344

Fungi FL 0.148 0.892

Total FL 0114 0917

"T-test and probability for comparison between
laboratory and field test.
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Table 15. Correlation between reidual amount of
napropamide and microorganisms.

Microorganisms

Factors Actino-
Bacteria mycetes Fungi Total
Soil 40 0574 -0.863 0.746 -0.641
moisture(%) 60  -0.775 -0.762 -0.655 -0.725

80 -0.851 0.176 0918 0979

pH 55 0775 0762 -0.655 -0.725
7.0 0732 0677 -0.711 0874
90 -052Fr 0821 0429 -0.255

Temperature 17 0.821 -0.825 -0.123 0.785
() 27 -0.775 0762 -0.655 -0.725
37 0968 0064 -0466 -0.565

Concentration 10 -0.505 0613 -0400 -0.294

(ug/g) 20 -0456 -0849 -0910 -0.431

Soil type CL -0220 -0001 0.171 -0.182

SiL 0775 -0.762 -0.655 -0.725

Field and  Field 0790 0550 -0.115 0.825

Lab. test Lab -0.993" -0.997" -0.931" -0.996"
*: < P0.0S ** P < (.01

el TH(E 15).

AbFECFT  w)AbF ECke 4| napropamide 2]
BalEraio]l2 Mol v)i¥Eo| Napropamid2|
ool g2 & 4 slov} oAy A xT
o sleiAd Ralokde 7yl v23 72t #4x
o] napropamide®] el F&FE& vl A
o8 gotEhd 7 #AZA el 3
ginl o] A Eahe] AAPTPA = FHRHEA Jebd
ttx B 4 oglrh o]zl 7 g R A
napropamide £ 3| 9] ZAl3 1 o A4 ¥
o4 1ql-g zlol B = 9lE ALm AlEHr)

5 e

AF7) 0] 7 HoZ d#Al Eckxald
A ZA) napropamideE W EFF ojz] FAHES
sloll Hzlsled o] <fAle] EokF HIEL 7

gl Y of

- 311 -



fm
op

P, o] AzA7E ESvidE Ausd 7
é”’o of thalel AEE AR} Fes o
Zr}.

A Eeka} wlAF 2okl 2] napropamide®]
bz Zbzh 283, 14.6Y0]9ith S
2] Apelo] whE napropamided] 3 &%
60% > 80% = 40% %°]91°.m napropamide2]
Ml F-Aezke] v E LASLE F
sSodx, Alrule 60%4E3tkTr) 40% &
TRt AFget FderE wskch
pHe] =}e]ef Z napropamide?] £ E+
pH7} &2 w5t oni, napropamide# g| 7
Fo9= pHSSAlM HAAHeR Frlsle 7
B g}l Napropamided] Ba&x= 27°C
> 37°C > 17°CY +o.8 wgtony, 7 2xd
91141 napropamide 72} o} ]2k v
HEFE 17°CAA WA o], 27°C, 37°Coll A
Aare] FAeFRTE Al FoA Frids o
4 919t} Napropamide®| wHzl7]+= 10ppm=}
20ppm A 2ol A 2z} 16,63} 21.1de]g] 3, T
AE HASE 20ppmA 2] el 4] Bek 10ppmA]
gl el A wgkeh AlfE e} wiabal <k E oA
napropamide2] ¥F7}7]&= 2774, 17de]¢lond,
et} FAeFake] n|AE S pe 2po)r)
fdch 23 2 AWEAl 42| napropamide
2 Wizt 77 544 190952 AN
7} Aol B} Fal& et 356 wgic)

.

r-{n:

o}
::': T rlr

A
o

9] A o]

off
rulo

eEgEs

1. Ansorge H. 1966. Investigations on the effect
of during in the “stati fertillzer trial.” Lauch-
stadt. 4. Changes in microbial activity in soil.
Albrecht-Thaer-Arch. 10 : 575-583.

2. Biederbeck V.0., C.A. Campbell and A.E.
Smith. 1987. Effects of long-term 2,4-D field
applications on soil biochemical processes. J.

257-262.

1962. Interaction between pes-

Environ. Qual. 16 :
3. Bollen W.B.

ticides and soil microorganisms.
: 69-92.

Annu. Rev.

microbiol. 15

10.

11.

12.

13.

14.
15.

16.

17.

- 312-

. Cheng H.H.

. Cullimore D.R.

. Chandra P. 1964. Herbicidal effects on certain

soil microbial activities in some brown soils
of Saskatchewan. Weed Res. 4 . 54-63.
1990. Pesticides in the Soil
Environment ; Processes, Impacts and Mo-
deling. Soil Science Society of America :
429-466.

Cullimore D.R. 1971.
herbicides and soil microorganisms. Residue
Rev. 35 : 65-80.

Interaction between

1981.
2,4-D Degraders Saskatchewan Soils. Weed
Sci. 29 : 440-443.

BRENE— - E2RE - BEEE - EEREKR
1981. BZE KEE 4, BELBRV" T
#%. Soft Science jit : 135-185.

The Enumeration of

. Goring C.A.L and D.A. Laskowski. 1982. The

effects of pesticides on nitrogen transforma-
tions in the soils. In F.J. Stevenson(ed) Nitrogen
in agrocultural soils. Agronomy 22 : 689-720.
Guenzi W.D. 1974. Pesticides in Soil and Water.
Soil science Socity of America : 1-562.
Guth J.A. 1980. “Interactions between Herb-
icides and the Soil,” ed. by R.J. Hance.
1 123-158.

Hill LR. and S.J.L. Wright. 1978. Pesticide
Microbial Ecology, Blackwell Scientific Pubuli-
cation, Oxford : 84

Hill LR. and S.J.L. Wright.

"

Academic Press, London

1978.

Academic Press,

"Pesticide
Microbiology, London
79-136.

AedF -ubod Al 1990, BB - 95-102.
EFE. 1978. A Z4] Bentazoneo| A4l3}
g Y g AT Fool mAE o
. R53etsA) 210) 8183,
Kaufman D.D. and P.C. Kearney. 1976.
Microbial transformations in the soil. : in
L.J. Audus, ed. Herbicides-Physiology, Bio-
chemistry, Ecology, 2nd ed., Vol. 2. Acade-
mic Press, New York : 29-64.

A% 1988, AEYAGAL. At



18.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

: 218-272.

A 88 Al - AP S
ofe] EofulAEAte Tlxl= od Fe
A7 O AzA7F EFFe v|4EFS &
a2 Aol vz 43 dxEFv| R
2] 25(1) : 61-71.

ENBE - AARE - AREkR 1974 B
AREB O 5T 2BE 5 L0 B
IR S EHE. FHREXE BE 8
Mo, £IE B - 99-101

Kuwatsuka S. 1973. BREB P25
LikE AT R L BREEH. WYL
ZHET Vol. 8, No.2 . 73-83.

Kuwatsuka S. and N. Miwa. 1987, Soil sci.
Plant Nutr. 35 : 535.

SEEREI I
FATA AT
M o] Romesl dragd
ol wAE g BIE
Al 21(2) : 149-159.

oA E - R E - A 1994 EofEH g ol
Zo|A] Cellulose®} Ar7FA|
dgo] AFe WE Wshel v
b= Eofu] 2383 %] 27(1) : 48-53,
233, 1990, FREGF ol 2FA
fenitrothion2] F-&j&xol vlx|= zZ+E
AzAlel A% RN o) < 18
7] el -G 1993, B
ok A&7 ethoprophos?] HafA % o]
A9 FAF A Fo] B =md A g
=237 =53] =] 12(3) : 209-218.
SOKER - BAEK. 1990. KLl gl
A BREH butachlore] SEERE v =
&1 DHBSEEGS PE BEEESe
& 10(1) : 41-48.

Ek—3k. 1981. %, HEEHTE, WK
PEAFLE - ROTOHRR - HEHES. 1977 L/
EMIIHTIREROLE, Bk ~F

Chlorotharonil
3%,

El

Fd3) - R

e

A-7 %8 5 L O 'CNPRIEIIZ DT, HEE
. 22051
B rfgE - PRk 1971 BREBSLIE

30.

3L

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

- 313-

IR GBI AR, HAER
PFERaZEE F10d FEEES. @ 111-113,
Ozaki Mamoru, Yoshimi Tanaka and Shozc

Kuwatsuka. 1986. Degradation of Isouron in
Soils. J. Pesti. Sci. 11 : 223-229.
FPEZE - FEER. 1983 #tkiEH BPMC
% Carbofuran®] it HEREREEH
i 2 65.

Rankov V. 1971. Effect of aretit an treflan

herbicides on the microflora of different soil
types Soil and Fert. 36 : 605.
Fie. 1985, Fofo] EokviAlEAbe nlH
EoFAH Flora®] AW slel of
3led-. ZtEEoFu} g 8k3] A 18(2) : 221-226.
By - T3 191 F8 AHAas AxA
o] EofFolAel AtEe} FabEed mlAE
gk grEaEh e A7 B 175,
HMEBE - BEE - HEN. 1984, FofA 9
Algo] B2 B v AEA v]x]i= o
F IO ; CNP A zA| A go] EFuIyE
floraol] vl|= &3} &5 Eof v]EE3
Z 17(1) : 67-76.
Sandmann E.RI.C., M.A. Loos and L.P. van
Dyk. 1988. The Microbial
2,4- Dichlorophenoxyacetic Acid
Rev. Environ. Contam. Toxicol. 101:1-45.
Skipper M.D., J.G. Muller, V.L. Ward and
S.C. Wager. 1986. Microbial Degradation of
Herbicides in Research Methods in Weed
Science. Southern Weed Science Society of
America. : 457-475.
TIEWE IR E. 1981, Lot BK
it : 389-419.

Torstensson L.

X ol -
Lgtol:’

Degradation of

in  Soil.

1980.
Herbicides and the Soil,” ed. by R.J. Hance.
Academic Press, London : 159-178.
Wainwright M. 1878. A review of the effect
of pesticides on microbial activity in soils. J.
Soil Sci. 29 : 287-298.

Waksman S.A. 1952. Soil microbiology. John
Willey and Sons, New York.

“Interactions between



