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Residue of Fungicide Myclobutanil and Change of Soil
Microflora in Upland Soil at Different Evironmental Conditions

Seong-Soo Han, Chan-Gyu Choi, Jea-hun Jeong and Seung-Hwa Baek*

Abstract

Residue level of myclobutanil[ 2-p-chlorophenyl-2-(1H-1,2 4-trizol-1-yl-methyl) hexane nitril] and
number of soil microorganism were investigated at different environmental conditions such as the
sterile and the non-sterile soils, moisture content, pH, temperature, application rate, and soil types
under laboratory and field to study the effect of those factors on degradation characteristics of
this fungicide and change of microflora in soil.

Decomposition rate of myclobutanil was 3.9 times faster in the non-sterile soil than in the
sterile soil, 1.6 times in the field than in the laboratory, 1.4 times in the concentration of 10ppm
than in that of 20ppm, and 1.2 times in the clay loam soil than in the silty loam soil. Degradation
rate of myclobutanil was the fastest at pH 9.0 among the tested pHs and the latest at pH 5.5.
Degradation rate of myclobutanil was in order of 27°C > 37°C > 17°C. Otherwise, the effect
of soil water content on myclobutanil degradation was found not clear.

Number of microorganism in the non-sterile soil was remarkedly more than that in the sterile
soil. Numbers of microbes were not significantly different between treatment plot and non-
treatment plot of myclobutanil at the different conditions of soil moisture content, pH,
temperature and soil type. Numbers of fungi and total microbes were more in the treatment than
in the non-treatment of myclobutanil at field test but the same trends were not found at
laboratory test.

Within non-treatment of myclobutanil, numbers of microbes were not significantly different
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under the various condition of pH, application rate, and soil type in laboratory and upland field.

The number of bacteria were more in 60% moisture content of water holding capacity than in

40% and the number of fungi were more in 17°C of soil temperature than in 37°C.

Within the application plot of myclobutanil, numbers of microbes were not significantly different

at various pH in laboratory and upland field. The number of bacteria and total microbes were

more in 80% moisture content of water holding capacity than in 40% and 60% and actinomycetes

were more at 27°C in the clay loam soil than at 17°C in the silty loam soil
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Table 1. Chracteristics of fungicide myclobutanil used.

Common Formulation Structual Solubility
& trade Chemical name type formula in water(ppm)
code name
Myclobutanil 2-p-chlorophenyl 6% WP 142(25°C)
Systhane -2-(1H-1,2 A-tri- "@‘éf“z (CHg)sCH
RH-3886 azol-1-ylmethyl) - .

hexanenitrile ,}rj

Table 2. Physicochemical properties of soil

used.
Sampling  Soil pH Organic CEC
Soil texture 1:5(H;0) matter(%) (me/100g)
Soil A CL 59 1.0 105
Soil B SiL 5.7 1.8 6.7
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Table 3. GC condition of residual analysis.

Instrument: Simadzu Model GC-14A
Detector: Flame Thermionic Detector(FTD)
Column: Glass column, 3.2mm(ID) X 5mm(0OD),
2.1m, Column packed with Silicone GE
SE-30, 5%
Temperature : Column oven; 260°C isothermal
Injection port; 270°C
Detector; 300°C
Gas flow rate: Column -Carrier(Ny); 20mi/min
Detecter -Hydrogen; 3ml/min
-Oxygen; 120ml/min
Chart speed: 0.5cm/min
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Table 4. Culture media used for microorganisms.

Microorganism Medium Temperature Period of incubation
Aerobic Egg albumin 28°C 5 days
bacteria agar
Actinomycetes Soil extract 28°C 7 days
+ Egg albumin
Fungi Rose bangal 28°C 5 days
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Fig. 1. Fluctations of average temperature and
rainfall during field experiment.
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Fig. 2. Degradation of myclobutanil in the ste-
rile and the nonsterile silty loam soils.
A :sterile soil, (] : nonsterile soil
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Table 5. Change of microorganisms in the sterile and the nonsterile soils treated with

myclobutanil. (Unit: CFU/g in soil)
Days after treatment
Soil Microbes
0 14 28 42
Sterile Bacteria X 10 2.6 0 26 26
Soil Actinomycetes X 10 0 139.3 284 26
Fungi X 10 0 0 0 52
Total X 10 2.6 139.3 310 104
Nonsterile Bacteria X 10° 223 416 19.7 299
Soil Actinomycetes X 10° 24.2 11.7 138 14.0
Fungi X 10° 132 19.2 16.9 283
Total X 10° 46.6 535 337 44.2
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Table 6. Effect of soil moisture content on change of soil microbes in the

without myclobutanil treatment.

Z

A Myclobutanil®] 2

2 Eulgea Wsh 33

silty loam soil with and
(Unit: CFU/g in soil)

Without myclobutanil

With myclobutanil

Water Prob
content  Microbes Days after treatment T-test* b'?') .
(%) ility

0 14 28 42 0 14 28 42
40 Bacteria X 10° 16.3 52.2 21.9 18.6 156 47.2 28.3 17.0 0.034 0.975
Actino-
mycetes X 10° 5.2 175 6.8 25.3 6.7 17.0 5.2 17.7 0.524 0.637
Fungi X 10° 22.4 32.8 24.1 14.2 175 18.2 153 16.5 0.869 0.449
Total X 10° 21.7 70.0 28.9 440 22.2 64.4 33.7 349 0.175 0.872
60 Bacteria X 10° 21.8 63.2 273 185 19.0 37.7 252 20.0 0.686 0.542
Actino-
mycetes X 10° 7.3 23.7 114 14.3 10.1 21.3 9.6 14.6 0.052 0.962
Fungi X 10° 9.6 304 18.7 185 16.1 26.5 15.9 20.5 0.252 0.818
Total X 10° 29.2 87.2 38.9 33.0 29.3 59.3 35.0 34.8 0.587 0.599
80 Bacteria X 10° 184 755 21.3 21.0 20.7 42.0 26.2 279 0.028 0.979
Actino-
mycetes X 10° 6.6 20.2 26.8 7.3 7.2 23.6 8.1 13.0 0.498 0.653
Fungi X 10° 12.1 41.2 26.8 18.1 124 323 21.0 138 0.079 0.942
Total X 10° 25.1 96.1 484 385 28.0 65.9 345 41.0 0.533 0.631
*T-test and probability for comparison between nontreatment and treatment of myclobutanil
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Fig. 3. Effect of soil moisture content on deg-
radation of myclobutanil applied in the
silty loam soil. []:40% of maximum
water holding capacity, A : 60% of ma-
ximum water holding capacity, * @ 80%
of maximum water holding capacity.
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Table 7. Statistical analysis of moisture con-
tent effect on change of microorga-
nisms appeared on table 5.

il moist Proba-

Treatment Microbes Soil moisture T-test* ro 2
content (%) bility*

Nontreatment Bacteria 40 : 60 1.359  0.267

80 0922 0424
180 0160 0883

Actino- 160 0300 0784
mycetes . 80 0107 0922
180 0423 0701
Fungi 160 0490 0658
180 0228 0835
180 0204 0851
Total 160 0497 0654

©80 0802 0481
.80 0455 0680
160 0056 0959
©80 0520 0639
- 80 1058  0.368

Treatment Bacteria

EEE2E553E55385535538

Actino- 160 0740 0513
mycetes 1 80 0376  0.732
180 0742 0512

Fungi 40:60 0724 0521
40:80 0214 084

60:80 0137 0900

Total 40:60 0328 0.764
40: 80 1056  0.369

60:80 0595 0594

*T-test and probability for comparison of the number of
microorganism between moisture contents
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Fig. 4. Effect of soil pH on the change of soil
microbes in the clay loam soil applied
with and without myclobutanil. [} | pH
55, A:pH 7.0, x . pH 9.0
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Table 8. Effect of soil pH on the change of soil microorganisms in the clay loam soil with and
without myclobutanil treatment.

(Unit: CFU/g in soil)

Without myclobutanil

With myclobutanit

pH Microbes ~ T-test*
Days after treatment Prgba—
bility*
0 14 28 42 0 14 28 42
5.4 Bacteria X 10° 16.8 24.3 25.1 38.2 16.5 22.8 72.4 25.0 0.216 0.843
Actino-
mycetes X 10° 10.1 20.1 44 17.8 16.3 11.1 44 17.8 0.053 0.961
Fungi X 10° 8.8 20.9 17.0 16.0 134 289 175 134 0.567 0.1610
Total X 10° 27.0 446 29.7 56.2 329 34.2 77.0 42.9 0.265 0.808
7.0 Bacteria X 10° 36.6 36.8 14.7 235 24.0 35.1 20.6 25.0 0.056 0.959
Actino-
mycetes X 10° 13.8 17.5 284 17.0 16.0 26.8 25.5 194 0.716 0.526
Fungi X 103 12.1 15.0 284 29.2 227 15.0 26.3 271 0.344 0.754
Total X 10° 50.5 54.6 434 40.8 40.2 62.1 46.4 44.7 0.071 0.948
9.0 Bacteria X 10° 34.8 55.7 26.6 30.7 232 395 41.0 28.1 0.035 0.974
Actino-
mycetes X 10° 224 16.0 5.2 12.1 26.6 25.0 20.9 9.8 0.661 0.556
Fungi X 10° 24.0 186 16.0 16.5 26.1 134 214 114 0.231 0.832
Total X 10° 474 719 320 43.0 50.1 64.6 62.1 38.0 0.360 0.743

*T-test and probability for comparison between nontreatment and treatment of myclobutanil
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Fig. 5. Effect of temperature on degradation of
myclobutanil applied in the silty loam
soil. [1:17°C, A :27°C, * :37°C.



36 FFEAFTYA A4A A1E (1995)

Table 9. Statistical analysis of pH effect on
change of microorganisms appeared
on table 8.

Treatment Microbes pH T-test*  Probability*

Nontreatment Bacteria 55:70  0.062 0.954
55:90 0579 0.603

70:90 0515 0.642

Actino-  55:70 0538 0.628
mycetes 55:90 0172 0.874
70:90 0446 0.686

Fungi 55:70 0669 0.551
55:90 0410 0.710

70:90 0102 0.926

Total 55:70 0558 0.616
55:90 0559 0.615

70:90 0024 0.982

Treatment Bacteria 55:70 0146 0.894
55:90 0223 0.838

70:90  0.707 0.531

Actino-  55:70 0817 0474
mycetes 55:90 0628 0.575
70:90 0234 0.830

Fungi 55:70 0409 0.710
55:90 0019 0.986

70:90 0615 0.582

Total 55:70 0177 0.871
55:90 0465 0.674

*T-test and probability for comparison of the number of
microorganism between pHs

N BED AL 17°CANE 4 =d ez
UEh} thd Hol7h QEEl ot sobel FRet 8

st wAES FRS B4 wEde 2R

Pl AZ dzA Jee & gvke i A"
drh

¥ myclobutanil¥ 8] 79} Fxg)F7re] HYE
& T-33F dae F Ag7e o7t gle
Aoz vehga(® 10), =3 myclobutanilx g 7
Wt el loM 2 s g B i =37t
nAESE VREY) g T-43% 43 749
T A= 27°CA A a7 FFole AT 5

712 B F UAHE 1D. o) HAed exd &
i AN 27°ColA w7t A% #gde 3
et #EAo] B o 27°Cell Mg vy EZrte} 4
#ol Aoha wgHh

5. 2¥M|X2|sTe| Xjo|of| mE myclobutanile] £

s H DlMEY HHEt

Myclobutanilx 2] =¢] z}ole] wg EfE B3
£z vAEY Wl nXe d%E HEF 2
H= 44 249 6, ¥ 12 € ¥ 133 Zoh Myclo-
butanile] E¥F #3jubztr)e 10ppm Ao 20.
34 g3 20ppmolA 276U 2A @& Az ob
AA dFd Fx Btk 7 Nesxy FaAFE
H® myclobutanil #-A 2] Fol B} A olr o
AAAF 25372 € thd AP} 1 olF 2
Bl 5718l & zolg & 4 UATHE 12).

3 2 MAEE NEFel nAESFE vz
Re W FAXNY 27| APFEY Fa7 de AE
A9 3tare  myclobutanild 2 7oA X8R}
A, HAFd g Faee AYFEDY Aolg o
Y & AAH(E 13).

200

Yupper=18.0283 x e-—0.023248X
Yiower =8.36418 x e—0.0284317X

150

100

Residue (pg/g soil)

50

-5 5 15 25 35 45
Days after treatment

Fig. 6. Effect of application concentration on

degradation of myclobutanil treated in

the silty loam soil. [J: 10ppm, A .20
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Table 10. Effect of temperature on the change of microorganisms in the silty loam soil with and

without myclobutanil application.

(Unit: CFU/g in soil)

Without myclobutanil

With myclobutanil

Tempe- Proba-
ratilre Microbes Days after treatment T-test* bility*
0 0 14 28 42 0 14 28 42
17 Bacteria X 10°  26.0 7.0 265 234 34.1 325 7.5 3.9 0.207 0.849
Actino-
mycetes X 10° 7.0 2.3 6.5 6.2 6.2 17.2 52 55 0.359 0.743
Fungi X 10° 15.0 224 12.2 252 14.8 21.3 9.1 299 0.232 0.831
Total X 10° 33.2 9.5 331 299 404 499 12.8 9.7 0.040 0.970
27 Bacteria X 10° 218 633 273 185 190 377 25.1 20.0 0.686 0.542
Actino-
mycetes X 10° 73 237 114 14.3 10.1 213 9.6 14.6 0.052 0.962
Fungi X 10? 96 304 18.7 185 16.1 26.5 15.9 205 0.252 0.818
Total X 10° 29.2 87.3 389 330 29.3 593 349 348 0.587 0.599
17 Bacteria X 10° 383 86 12.2 14.6 15.1 46.0 16.1 18.2 0.297 0.786
Actino-
mycetes X 10° 69 364 151 36 18.2 8.1 39 153 0.075 0.945
Fungi X 10° 8.5 55 57 278 10.9 13.0 7.3 11.7 0.300 0.784
Total X 10° 453 450 273 184 324 542 201 336 0.075 0.945
*T-test and probability for comparison between nontreatment and treatment of myclobutanil
Table 11. Statistical analysis of pH effect on
change of microorganisms appea- Treatment  Microbes Temlzerature T-test* P‘r?ba:
red on table 10. 0 bility
Fungi 17:27 029 0.787
Treatment  Microbes Temperature T-test* P{'(‘)ba- ’ 1737 0.691 0.539
&) bility*
2737 1.369 0.265
Nontreatment Bacteria 17:27 0.398 0.717 Total 17:27 0714 0.527
172370307 0779 17:37 0596 0593
27:37 0.584 0.600 27:37 0509 0.646
Actino- 1727 0.960 0.408 " = ; ‘ )
mycetes 17: 37 0528 0634 T-test and probability for comparison of microorganism
2737 0216 0.843 between temperatures
Fungi 17 27 0.027 0.980
;;2; (l)g;g gzi; 6. EAM2| xjo[of T2 myclobutanile| 2alial
Total 17:27 0539 0627 DjgEY W
17:37 0326  0.766 ,
27:37 0579 0603 HFES mAHFEAM S myclobutanil®) 27
Treatment  Bacteria  17:27 0604 0588 o nAETE AR e 77 29 7 8 13
17:37 0470 0670 2 E o) JErd el 2ok Behnzvle A%
, 27:37 0552 0619 Bolq 1539 2837 MAARENNE 161U
Actino- 1727 1.792 0.171 - o "
mycetes  17:37 0278 0799 T EEE A0lE A £ ANH2H 7).
27:37 0223 0.838 ol EAY Aol mtHe FF JF7IH0|
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Table 12. Effect of application concentration on change of microbes in the silty loam

soil with and without myclobutanil treatment.

(Unit: CFU/g in soil)

Concentration Days after treatment
Microbes

(ppm) 0 14 28 42
0 Bacteria X 10° 223 63.3 27.3 18.5
Actinomycetes X 10° 242 23.7 114 14.3

Fungi X 10° 132 304 18.7 18.5

Total X 10° 46.5 87.3 389 330

10 Bacteria X 10° 19.0 37.8 25.1 20.0
Actinomycetes X 10° 10.1 21.3 116 144

Fungi X 10° 16.1 26.5 15.9 205

Total X 10° 29.3 59.3 36.9 34.6

20 Bacteria X 10° 21.8 415 22.1 209
Actinomycetes X 10° 73 14.6 11.7 16.6

Fungi X 10° 9.6 26.5 19.2 14.3

Total X 10° 29.2 56.4 34.0 376

*T-test and probability for comparison between nontreatment and treatment of myclobutanil

Table 13. Statistical analysis of dose effect of
myclobutanil on change of microo-
rganism appeared on table 12,

Microbes Concentration T-test* P.r(.)ba-
(ppm) bility*

Bacteria . 0:10 0.712 0.528
0:20 0.050 0.963

10: 20 0.713 0.527

Actino- 0:10 0.722 0.522
myceteé 0:20 0.625 0.576
10:20 0299 0.785

Fungi- - 0:10 0.538 0.628
0:20 1.144 0.336

10: 20 0.533 0.631

Total 0:10 0971 0403
‘ 0:20 0414 0.707

10120 0.775 0.495

*T-test and probability for comparison of microor-
ganism between concentrations

AolBThn B GE QTR BB A
A ARged 1 olfE FRFA MAE BF
2% §7189% YEVL EF pH CEC ol
E 990) A2 E FAERE 28 A 2 Hol7}

200

Yupper=186539 x e—0.0419557X
Ylower =16.2492 x ¢—0.0350052X

150

Residue(ug/g soil)

-5 5 151 2% 35 45
Days after treatment

Fig. 7. Effect of soil types on degradation of
'myclobutanil applied in the clay loam
and the silty loam soils. [] ! clay loam
soil, A ! silty loam soil
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Table 14. Change of microorganisms in the clay loam and the silty loam soils with and without

myclobutanil application.

(Unit: CFU/g in soil)

Without myclobutanil

With myclobutanil

Soils Microbes Days after treatment T-test* P.r(.)ba-
bility*
0 14 28 42 0 14 28 42
Clay Bacteria X 10° 126 543 25.1 28.2 16.8 22.0 38.2 21.7 0.641 0.567
Actino-
mycetes X 10° 172 20.1 44 17.8 10.1 15.7 19.1 20.6 0.403 0.714
Fungi X 10? 22.6 20.9 17.0 16.0 8.8 25.0 14.7 214 0477 0.666
Total X 10° 30.0 74.6 29.7 46.2 27.0 38.0 574 42.5 0.547 0.622
Silty Bacteria X 10° 218 433 27.3 18.5 218 415 22.1 25.9 0.152 0.889
loam  Actino-
mycetes X 10° 7.3 237 114 14.3 7.3 146 11.7 16.6 0.259 0.813
Fungi X 10° 9.6 304 18.7 185 9.6 26.5 19.2 143 0.281 0.797
Total X 10° 29.2 67.3 38.9 33,0 29.2 56.4 340 426 0.046 0.966

*T-test and probability for comparison between nontreatment and treatment of myclobutanil

ngEEe £ EYL AoE T-HIF ANE
14) myclobutanil] 2} o) A WA o] A FE o)A
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Fig. 8. Decomposition of myclobutanil treated
in the silty loam soil under the condi-
tions of upland field and laboratory. []
:upland field, A : laboratory
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Table 15. Statistical analysis on change of microorganisms in different soils with and
without myclobutanil treatment appeared on table 14.

g\iﬁ?’t*ment Microbes Soil Types 7 irt(:z*
Nontreatment Bacteria CL : SiL 0.170 0.876
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 0.345 0.753
Actinomycetes CL : SiL 1.654 0.197
Fungi CL : SiL 0.214 0.844
Total CL : SiL. 0.127 0.907

*T-test and probability for comparison between the clay loam and the silty loam soils

Table 16. Change of microorganisms in the silty loam soil with and without myclobutanil applica-

tion in field and laboratory.

(Unit: CFU/g in soil)

Test

Without myclobutanil

With myclobutanil

Condi- Microbes Days after treatment T-test* gir](i)t];i-
tion 0 14 28 42 0 14 28 42
Upland Bacteria X 10° 128 49 6.0 1.0 25.7 325 86 1.0 0.890 0439
Actino-
mycetes X 10° 2.9 13 4.2 0.5 14.6 1.8 21 18 0.616 0.581
Fungi X 10° 75 7.0 2.1 42 6.8 24.2 44 10.1 1.197 0.317
Total X 10° 24.8 6.3 10.2 1.5 404 345 10.7 29 1.035 0.377
Labar- Bacteria X 10° 9.8 4.0 26.7 6.1 13.1 134 11.7 7.6 0.268 0.806
atory  Actino-
mycetes X 10° 1.3 3.6 3.0 5.9 2.8 3.0 1.9 2.3 0.277 0.806
Fungi X 10° 0.6 66.4 45.8 320 3.6 11.2 7.2 12.1 0411 0.709
Total X 10° 11.1 8.3 30.2 12.3 159 165 13.7 10.0 0.018 0.987

*T-test and probability for comparison between nontreatment and treatment of myclobutanil

o2 Jei(E 16). T34 g AidEe v
AEr v flojx] T A7 Aole IF
¥ F JARXHE 17).

7t 8732318 YA 218 v ESFS myc
lobutanile] FFre] FAAAE AT AHE
18) AIFEANA Wadgo] nx o AL BY
3 EFEYPAA ARGl B9 FdE BE ¥
718 @4z AoMe FAAdol YehtA fsk

.
ol A8ZEAE FHs RY ATESH vg
FEF A9 myclobutanil 2 &5 AT E ol A
Bo}p ¥ AFESIA 2P slYEL HAFEF
X A3 e AL Hol wlAE] myclobu-
tanile] F-3o) #l Aoz WIEHAW, 7+ ¥
£ metde EdLred ujlESFde] AR
AN fFeldel Re A7t B2 Roz Hol o
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Table 17. Statistical analysis on change of microorganisms affected by the field(F)
and the laboratory(L) conditions with and without myclobutanil treatment
appeared on table 16.

Treatment Microbes Test. . T-test* P.r(.>ba-
condition bility*

Nontreatment Bacteria F:L 0.641 0.567
Actinomycetes F:L 0.403 0.714

Fungi F:L 0477 0.666

Total F:L 0.547 0.622

Treatment Bacteria F:L 0.152 0.889
Actinomycetes F:L 0.259 0.813

Fungi F:L 0.281 0.797

Total F:L 0.046 0.966

*T-test and probability for comparison between laboratory and field test

Table 18. Correlation between the residual level of myclobutanil and the numbers of mi-
croorganisms observed at various environmental conditions.

Coefficient of Correlation Microorganisms
Factors Bacteria Actino- Fungi Total
mycetes

Soil 40 —0.151 —0.562 0.314 —0.446
moisture (%) 60 —0.067 —0.358 —0.356 —0.218
80 —0.497 -—0.463 —0.244 —0.469
pH 5.5 -0.316 0.064 -0.016 —0.335
7.0 : —0.047 —~0.576 —0.187 -0.391
9.0 —-0.577 0.695 0.601 0.113
Temperature 17 0.718 —0.074 —0.311 0.626
(°C) 27 —0.087 —0.358 —0.356 -0.218

37 -0.305 0.480 —0.071 0.023
Concentration 10 —0.087 —0.358 —0.356 —-0.218
(ug/g) 20 0.052 —0.850 —0416 —0.179
Soil type SCL —0.598 —0.995"* ~0.798 —0.827
CL 0.052 —0.850 —0.416 ~0.179
Field and Field 0.500 0.522 —0.893* 0.510
Lab. test Lab. 0.749 0.924 —0.126 0.836

* . P<0.05 **:P<001

< Zt §AzAAA & FJg3te AR 5 F g0 AF ol i A&HA d7rt o}
718E ¥ O vAEY RASAH g4 a8 =3
myclobutanile] Z2a)58e] xold 7|91g Ao
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2 %
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