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Rhizopus spp. Penicillium spp. Trichoderma spp. Streptomyces spp.
Bacillus spp. Fluorescein diacetate (FDA) 0-
5% (w/w) 0-500 ppm

50 ppm 5% (w/w)

22% (
) 50 ppm
Rhizopus sp. (F-101)

(Gas chromatography)
Rhizopus sp. (F-101) Trichoderma hamatum (F-104) T. aureoviride (F-108) T. koningii (F-115)
Penicillium verrucosum (F-116) Streptomyces sp. (A-107) Streptomyces sp. (A-112) Bacillius brevis
(B-109) Rhizopus sp. (F-101)

2,4-D MCPA [(4-chloro-2-methylphenoxy) acetic

acid] 23

© B (B oxidation) @ @

(ether cleavage) (hydrolysis of
ester and amide) (oxidation of alcohol and
aldehyde) (dealkylation) ) ©)
(hydroxylation) (reductive 5% (w/w)
dehal ogenation) (cleavage of aromatic (Alachlor)
ring) Beestman Deming ©

(22)

640+8 11.4+0.3

Smith Mortensen (22)

Pseudomonas testosteroni 24-D (2,4-
Dichlorophenoxyacetic acid)
P. testosteroni
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2 mm
75.2% 14.0% 10.8%
1.82% 54 32%
(Butachlor 2-chloro-2',6'-diethyl-N-
(butoxymethyl)-acetanilide )
98% (Monsanto Company, St.

LousisMO. U.SA)

(spent golden mushroom compost; SGMC)

2mm
50 ppm
5% (w/w) 12-15%
0 ) 7 14 21 28
109 90 ml 0.01% (w/w)
(Difco, Lab., Detroit, M1, USA)
Peptone-

dextrose-rose begal agar (PDRA)
Chitin agar (CA) @

Nutrient agar (NA)

PDA
NA

F-101 F-104 F-108 F-115 F-116 B-109 B-

112 B-117 A-106 A-107 A-112

Penicillium
Trichoderma Ramirez®® Rifai @9
Biolog (Microstation)

Sykes Skinner )

Fluoresce in diacetate (3',6'-diacetyl fluorescein
[FDA] SigmaChemical Co., St. Lousis, Mo.)
(Acetone) 2 mg/ml -20
(20) (l)

0 1 5 10 25 50 100 250 500 ppm
9 (2) 0 1 2 3 4 5%
(wiw) 25
15% (w/w) ( 0) 2
8 FDA
49 250 ml 100 mi
(Sodium phosphate buffer, 60 mM, pH7.6,
) 0.5 ml FDA
1Qug/mi 25 100 rpm 2
(6000 rpm) 3Im (Millipore
) (Spectrophotometer, U-2000
Hitack) 490 nm

5% (w/w) ( 100

)
50 ppm
12 500
g (12-15%,
wi/w) (

30 min

50 ppm 5% (w/w)
F-101, F-104, F-108, F-115, F-116, A-
106, A-107, A-112, B-109, B-112, B-117 All ( 11
) 100 g
15 ml (
PDA NA

) 10°-10° cfu/g dry soil

10%-10° cfu/g dry soil 10*-10° cfu/g dry
soil

12 7

50 ppm 5% (w/w)

F-101 F-104 F-108 F-115 F-116 B-109 B-112 B-
117 A-106 A-107 A-112 All ( 11

) ( 204g 20



mi F-101 F-104 F-108 F-115 F-116 B-
109 B-112 B-117 A-106 A-107 A-112

10°-10°
cfu/ml 108-10° cfu/ml 10%-10°
cfu/ml)

50 ppm 100 ml
(PDB Difcolab.) (NB)
10ml F-101 F-104 F-108 F-115 F-116 B-109

B-112 B-117 A-106 A-107 A-112

( 10°-10° cfu/ml 10%-10° cfu/mi
10*-10° cfu/ml) 25
(200 rpm) 0
7 Liu )
100 ml 250 ml 100
ml (Acetone) (light petroleum distillate;

boiling range 60-80 ) (:1 (viv)) 29
(Celite 545) (Branson 3210) 30
min (Buchner funnel) (
) 500
ml 100 ml (50g/L) 50
ml 60 ml
10
5ml 1
(Gas chromatography)
Chrompack CP9001
(Column) DB-5
1.3m J&W Scientific)
(Injector) 220 190
250 (FID:Flame
ionization detector) Sic
Chromatocorder 12

(30 m x 0.53 mm
6 ml/min

50 ppm 100 g
5% (W/w) () F-101 F-108 B-109 B-112 A-112
100 g
100 ml F-101 F-108 B-109 B-112 A-112
( 10°-10° cfu/ml
cfu/ml 10*-10° cfu/ml) 7
( )F-101 F-108 B-109 B-112 A-112

108-10°
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10

50 ppm
5% (w/w) SGMC

SGMC 0
SGMC SGMC
( ) 7 28
10° cfu/g dry soil 50 ppm
SGMC
SGMC
SGMC
C ) 50 ppm
« )
SGMC
( ) SGMC
SGMC Rhizopus sp. (F-

101) Trichoderma hamatum (F-104) T. aureoviride (F-
108) T. koningii (F-115) Penicillium verrucosum (F-
116) Streptomyces sp. (A-106) Streptomyces sp. (A-
107) Streptomyces sp. (A-112) Bacillus brevis (B-109)
Pseudomonas sp. (B-112)  Bacillus sp. (B-117)

FDA
FDA
500 ppm
( ) 1-5% (w/w) SGMC
FDA
SGMC FDA
SGMC
« )
SGMC 50

ppm SGMC
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Fig. 1. Fluctuation of fungal populationsin soils containing O

and 50ppm of butachlor amended with and without 5% (w/w)

spent golden mushroom compost (SGMC) for 0O, 7, 14, 21 and

28 daysin the greenhouse. (¢ No amendment, e  Amendment,
No butachlor, — 50ppm butachlor)
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Fig. 2. Fluctuation of bacterial populationsin soils containing

0 and 50ppm of butachlor amended with and without 5% (w/w)

spent golden mushroom compost (SGMC) for 0, 7, 14, 21 and

28 daysin the greenhouse. (¢ No amendment, ¢ Amendment,
No butachlor, — 50ppm butachlor)
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Fig. 3. Fluctuation of actinomycetes populations in soils
containing 0 and 50 ppm of butachlor amended with and
without 5% (w/w) spent golden mushroom compost (SGMC)
for 0, 7, 14, 21 and 28 days in the greenhouse. (o No
amendment, e Amendment, No butachlor, — 50ppm
butachlor)
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Fig. 4. Activity of soil microbes in soils amended with 0~5%
(w/w) spent golden mushroom compost (SGMC) detected by
hydrolysis of fluorescein diacetate (FDA) for 8 days.
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Table 1. Variation of activity of soil microbes in soils
containing different concentrations of butachlor detected by
hydrolysis of fluorescein diacetate (FDA) for 8 days

Concentration of Absorptive values (at 490 nm)
butachlor (ppm) Oday 2days 4days 6days 8days
0 0.169 0.212 0208 0.180 0.267
1 0.179 0.253 0.214 0.204 0.261
5 0.208 0.207 0229 0.208 0.243
10 0188 0261 0.248 0.234 0.235
25 0159 0211 0226 0.257 0.286
50 0.191 0.219 0212 0207 0.260
100 0.140 0.268 0260 0.300 0.334
250 0177 0251 0286 0.29 0.460
500 0.172 0.245 0350 0470 0.518
(wiw)
100%
87.49% ( )
SGMC SGMC
(p=0.05) 22%
50 ppm
(wiw) SGMC
50 ppm
5% (w/w)
(SGMC)

Table 2. Effect of disinfested and non-disinfested soils
containing 50ppm butachlor amended with or without 5%
(w/w) sterilized or non-sterilized spent golden mushroom
compost (SGMC) on injury severity of tap roots of garden
pea seedlings (cv. TC-11) for 21 days

Treatment Injury severity (%)
Non-butachlor in soil 0.00g*
Non-butachlor in autoclaved soil 0.00g
Non-butachlor+SGMC in soil 0.00g
Non-butachlor+sterilized-SGMC 0.00g
in autoclaved soil

Butachlor+sterilized-SGMC in autoclaved soil 28.75c¢
Butachlor+SGMC in autoclaved soil 3.08¢e
Butachlor+SGMC in soil 0.31f
Butachlor+sterilized-SGMC in soil 22.85cd
Butachlor in soil 87.49b
Butachlor in sterilized soil 100.00 a

1.Means (n=4) in the same column followed by the same |etter are
not different (p=0.05) according to Duncan's multiple range test.
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SGMC
F-101 F-104

SGMC F-101

SGMC

50 ppm

F-101 B-117 All( 11 )

C )
SGMC

50 ppm PDB NB

1

Table 3. Comparison of degradation of butachlor by different
soil microbes in liquid media®

Concetration of butachlor

: : . 2 Degradation of
Microorganism fa‘:;e (pp;nziays butachlor (%)
Rhizopussp. (F-101) 4084 214 uBE
Trichoderma hamatum(F-104) 4317 7.64 82.31b
T. aureoviride (F-108) 4032 1046 740c
T. koningii (F-115) 4000 1347 66.34d
Penicilliumverrucosum (F-116) 3715  11.16 69.96 d
Sreptomyces p. (A-106) 3182 2691 1541h
Sreptomycessp. (A-107) 3320 1841 4454 f
Sreptomycessp. (A-112) 051 17.32 43.26f
Bacillus bevis(B-109) 4709 1780 62.19e
Bacillussp. (B-117) 2434 19.03 21809
Pseudomonas sp. (B-112) 297 17192 1455h
None (PDB asacontrol) 4042 4383 11.311
None (NB asacontrol) 4845 4138 1459h

= Fungi, bacteria, and actinomycetes were cultured in PDB, NB
and PDB, respectively, containing 50ppm butachlor for 7 days.
Ten milliliters of spore suspension of fungi (10°-10° cfu/ml) and
cell suspension of bacteria (10%-10° cfu/ml) and actinomycetes
(10*-10° cfu/ml) were used to inoculate 100 ml of liquid
medium.

" Concentrations of butachlor residue in the liquid media were
measured at O-day and 7" day after inoculation with different
microbes.

" Degradation (%)=[(butachlor residue at 0 day-butachlor residue

at 7th day) / butachlor residue at 0 day] X 100.

Means (n=4) in the same column followed by the same letter are

not different (p=0.05) according to Duncan's multiple range test.

4.
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Fig. 5. Effect of eleven soil microorganisms (F-101: Rhizopus sp., F-104: Trichoderma hamatum, F-108: T. aureoviride, F-115: T.

koningii, F-116: Penicillium verrucosum, A-106: Streptomyces sp., A-107: Streptomyces sp., A-112; Streptomyces sp., B-109:
Bacillus brevis, B-112: Pseudomonas sp., B-117: Bacillus sp.) on alleviating phytotoxicity of butachlor to roots of garden pea

seedlings grown in disinfested soil amended with/without 5% (w/w) sterilized spent golden mushroom compost (SGMC) for 21
days in the greenhouse (ALL: the mixture of eleven soil microorganisms, ssSGMC: sterilized SGMC, n-SGMC: nonsterilized

SGMC, CK: disinfested soil only).
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(p=0.05)

PDB

-117

B

98.84%

41.94%

F-101 (Rhizopus sp.)

ppm

2.14
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Fig. 6. Effect of twelve microbial composts on alleviating phytotoxicity of butalchlor to roots of garden pea seedlings grown in

disinfested soil with 50ppm butachlor. (F-101: Rhizopus sp., F-104: Trichoderma hamatum, F-108: T. aureoviride, F-115: T.
koningii, F-116: Penicillium verrucosum, A-106: Streptomyces sp., A-107: Streptomyces sp., A-112: Sreptomyces sp., B-109:

Bacillus brevis, B-112: Pseudomonas sp., B-117: Bacillus sp., All: amixture of eleven isolates; s-SGMC: sterilized SGMC; n-

SGMC: nonsterilized SGMC; CK: disinfested soil only).
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Fig. 7. Comparison of butachlor residues recovered from 100g disinfested soil containing 50ppm butachlor 7 days after
inoculation with 5% (w/w) mixture of sterilized SGMC and cell suspension or 5% (w/w) microbial composts. (Microbes, F-101.:
Rhizopus sp., F-108: Trichoderma aureoviride, B-109: Bacillus brevis, B-112: Pseudomonas sp., A-112: Streptomyces sp., s-
SGMC: sterilized SGMC, n-SGMC: nonsterilized SGMC. Concentration, fungi:10°-10° cfu/ml; bacteria:105-10° cfu/ml;
actinomycetes: 10*-10° cfu/ml. CK: disinfested soil)
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ABSTRACT

Huang, J. W.,%? and Yeh, Y. L.* 2001. Evidence for enhancing microbial degradation of butachlor by
amendment of soil with spent golden mushroom compost. Plant Pathol. Bull. 10:45-54. (* Department of
Plant Pathology, National Chung Hsing University, Taichung 402, Taiwan, R.O.C., > Corresponding author,
E-mail:jwhuang @dragon.nchu.edu.tw ; FAX:886-4-22851676.)

Spent golden mushroom compost (SGMC) was able to stimulate proliferation of microbia populations,
especialy Rhizopus spp., Penicillium spp., Trichoderma spp., Streptomyces spp., and Bacillus spp. in the
amended soil with or without 50ppm butachlor (2-chloro-2',6'-diethyl-N-(butoxymethyl)-acetanilide).
Detecting microbial activity in soils containing 0-500ppm butachlor and 0-5%(w/w) SGMC by
spectrophotometric determination of the hydrolysis of fluorescein diacetate (FDA), hydrolysis was found to
increase with increasing concentrations of SGMC. However, the doses of butachlor didn't significantly
affect microbial activity. Amendment of disinfested or non-disinfested soil containing 50ppm butachlor with
non-sterilized SGMC could reduce more than 22% injury severity of tap roots of garden pea compared to
amendment with sterilized SGMC. Among many predominant microorganisms isolated from the amended
soil, Rhizopus sp.(F-101), Trichoderma hamatum (F-104), T. aureoviride (F-108), T. koningii (F-115),
Penicillium verrucosum (F-116), Streptomyces sp. (A-107), Streptomyces sp. (A-112), and Bacillus brevis
(B-109) were able to degrade butachlor in potato dextrose broth (PDB), or nutrient broth (NB). Especially,
Rhizopus sp. (F-101), Trichoderma hamatum (F-104), T. aureoviride (F-108), T. koningii (F-115) and
Penicillium verrucosum (F-116) were better than others in ability to degrade butachlor. Amendment of
autoclaved or non-autoclaved soil with F-101 microbial compost, sterilized SGMC inoculated with
Rhizopus sp. (F-101) and incubated for 7 days at 28 , was the same effective in alleviating root injury of
garden pea seedlings by butachlor as amendment with non-sterilized SGMC.

Key words : biodegradation, butachlor, garden pea, herbicide, microbial compost, soil amendment.



