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Butachlor [2—chloro-2’,6’~diethyl-N—(butoxymethyl)acetanilide] was applied at the
recommended rate, and at ten and fifty times the recommended rate to samples of silty
clay loam and then compared with untreated samples incubated at 15°C or 30°C under water-
logged conditions. The effects of the herbicide on ammonification and nitrification were studied
by adding 100 ppm NH;-N as CO(NH;); or NH,-N as (NH,):SO, respectively, at pH 6.8 by
the addition of CaCOj; to the soil. Butachlor at all doses inhibited the rate of ammonification
and stimulated the rate of nitrification slightly at 30°C when pH was adjusted from the
original 4.9 to 6.8. At ten and fifty times the recommended rate, butachlor delayed the maxi-
mum rate of ammonification of CO(NH,),, and at the fifty fold dose inhibited the nitrification
of (NH,);SO, at 30°C when pH was not adjusted. The effects of butachlor on ammonification
and nitrification were not significant compared to those of the control at 15°C. One of the
major metabolites of butachlor by soil microbes, 2—chloro—2’,6’—diethylacetanilide, delayed the
rate of utilization of NH,—N, and inhibited NO,~ oxidation at 1,000 ppm concentration.
Butachlor mixed with diphenyl ether type herbicides, nitrofen (2,4—dichlorophenyl 4’-nitro-
phenyl ether), chloronitrofen (2,4,6-trichlorophenyl 4’—nitrophenyl ether and chlomethoxynil
(2,4—dichlorophenyl 4’-nitro—3’~methoxyphenyl ether) at either normal or ten fold the recom-
mended rate, did not significantly affect the rate of ammonification and nitrification. Cation
exchange capacity of the soil was not affected by the application of butachlor after incuba-
tion for 7 weeks. Butachlor applied at the normal rate stimulated soil respiration in the
initial stage, but at ten and fifty times the recommended rate, inhibitory phenomena were
observed. The inhibitory effects seemed to be transitory and disappeared rapidly. Applica-
tion of butachlor at all rates increased the population of fungi, actinomycetes and bacteria
compared to those of the control after incubation for one week. The higher doses of butachlor
caused the population of soil microbes to be greater than those of the control up to 4 weeks
after incubation.

paddy fields. This herbicide has also been rec-

INTRODUCTION ommended for the control of weeds of direct

Butachlor [2 — chloro — 2/, 6’ — diethyl -N —  seeded rice in wet fields and spinach fields
(butoxymethyl)acetanilide, Machete®] is a pre-  since 1973, and in seed beds of rice since 1978.
emergence herbicide which has been officially ~ At the present time, it is still one of the most

recommended in Taiwan since 1971 for the important and popular herbicides used in
Control Of Weeds Of transp]anted rice ln rice ﬁeldS irl thlS Country. Butachlor haS alSO

been extensively used in rice fields in Japan,

* Presented (in part) at the 7th Conference of the South Korea, India and the Philippines.
Asian-Pacific Weed Science Socicty, Sydney,  Several diphenyl ether type herbicides such
Australia, Nov. 26--30, 1979. as nitrofen (2,4-dichlorophenyl 4’-nitrophenyl
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ether, NIP), chloronitrofen (2,4, 6—trichlorophe-
nyl 4’-nitrophenyl ether, CNP), chlomethoxy-
nil (2, 4—dichlorphenyl 4'—nitro—3'—methoxy-
phenyl ether, X-52®), and oxyfluorfen (2-
chloro—4-trifluoromethylphenyl 4’—nitro-3'-
ethoxyphenyl ether, Goal®) have been mixed
with butachlor and these mixtures have also
been officially recommended for the control of
weeds of paddy fields in Taiwan since 1976.

In order to study the behavior and fate of
this herbicide after its application in paddy
rice fields and to further seek a safe and more
correct use, a series of experiments has been
done on its photodecomposition as thin film
on glass,” degradation by soil microbes,” and
degradation and dissipation in paddy fields,*
both under controlled laboratory conditions
and in a field situation. Because butachlor is
mainly used in paddy fields, the effects of
this herbicide on nitrogen transformation of
fertilizers (namely on urea and ammonium
sulfate) and on soil microbes, including am-
monification, nitrification, combined effects
with three diphenyl ether type herbicides,
nitrofen, chloronitrofen and chlomethoxynil,
soil respiration, cation exchange capacity of
the soil and microbial population in water-
logged soil were studied in this investigation.

In spite of a large number of papers which
have been published on herbicidal effects on
non-target soil microorganisms,* little in-
formation has been published on the relation-
ship between butachlor and fertilizers. Only
Kim® has reported on the influence of this
herbicide on the mineralization of nitrogen
fertilizeres in upland soil at 20-+1°C. He
found that butachlor did not affect the hy-
drolysis of urea to ammonia or the rate of
nitrification at the recommended rate, but at
ten and fifty times the recommended rate, de-
pressed urea hydrolysis resulted in reduction of
ammonia and inhibited the oxidation of ni-
trite; these depressive effects, however, were
found to be transitory.

MATERIALS AND METHODS

1. Materials

Butachlor of 99.29% purity was obtained
from Monsanto Co., St. Louis, Mo., U.S.A.
Nitrofen, chloronitrofen and chlomethoxynil
were extracted with acetone from commercial

granular products and purified by recrystal-
lization from dilute alcohol. 2-Chloro-2',6'-
diethylacetanilide was synthesized as de-
scribed in the previous paper.” The silty clay
loam with clay 179, silt 689%,, sand 159, and
organic matter 1.79%,, and pH 4.9 (H.0) was
collected from the Experimental Farm of
National Taiwan University, Taipei, Taiwan.

2. Methods

Butachlor at the normal rate, namely, the
recommended rate of 6 ppm equivalent to
1.5 kg ai/ha, and at ten and at fifty times the
recommended rate was dissolved in acetone
and mixed with 12 g of a fresh soil sample in
250 ml flask. The soil pH (H:0) was adjusted
to 6.8 by the addition of calcium carbonate.
After evaporating the solvent, urea or am-
monium sulfate was added at the rate of 100
ppm NH.-N or NH.N. Ten milliliters of
distilled water was added to the flask to make
a flooded condition. It was then covered with
a paraffin film to retain the moisture and
incubated at 15°C or 30°C. Control experi-
ments without the herbicide were carried out
simultaneously with and without urea or am-
monium sulfate. After the indicated periods,
the soil muds were shaken with 90 ml of 2 M
KCI for one hr on a rotary shaker and were
allowed to stand overnight. NH.N was
determined by distilling an aliquot of the
extract added with magnesium oxide into 29,
boric acid using a semimicro Kjeldahl ap-
paratus. The distillate was titrated with
standardized 0.0158 N~—H:SO. solution accord-
ing to the method of Bremner and Keeney,*
NO:-N was determined by the I-naphthyl-
amine and sulfanilic acid method.” A second
distillation with Devarda’s alloy powder for
the aliquot used in the NH:-N determination
gave the value of NO:-N plus NOs-N. The
value for NOs—N was obtained by subtracting
NO:-N from the above value.®” Experiments
were carried out in a similar manner with:
2-chloro-2’,6’—diethylacetanilide at 10, 100 and
1,000 ppm; the combined effects with three
diphenyl ether type herbicides at the recom-
mended rates, namely, butachlor 0.9 kg ai/ha
plus nitrofen 0.9 kg ai/ha equivalent to 3.6
plus 3.6 ppm, butachlor 0.9 kg ai/ha plus
chloronitrofen 1.5 kg ai/ha equivalent to 3.6
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plus 6 ppm, butachlor 0.75 kg ai/ha plus chlo-
methoxynil 1.05 kg ai/ha equivalent to 3 plus
4.2 ppm; and ten fold the recommended rates.
To estimate the effects of butachlor on soil
respiration, the herbicide was added at the
described levels to 100 g of fresh soil with 20
ml of 29, glucose solution and incubated at
30°C. The evolved CO. was absorbed by
barium hydroxide and was titrated with oxalic
acid. Effects of butachlor on cation exchange
capacity were determined by the ammonium
saturation and acidified sodium chloride leach-
ing method.» Effects on change of soil micro-
bial population were carried out by a serial
dilution plate method with the selective media
for fungi,” actinomycetes,'” and bacteria.'”’

RESULTS AND DISCUSSION

1. Effects on Ammonification

In all treatments, butachlor inhibited the
rate of ammonification of urea slightly dur-
ing the initial two days in water-logged soil
at 30°C when soil pH (H:0) was adjusted
from the original 4.9 to an optimum 6.8 by
adding calcium carbonate. When butachlor
was applied at ten and fifty times the recom-

mended rate, the maximum rate of ammonifi-
cation was delayed if pH was not adjusted.
The rates of ammonification slowed down at
the lower temperature, but pH had no signifi-
cant effect (Table 1). It was reported that
few herbicides have an inhibitory effect on
ammonifying microorganisms, but three major
groups of herbicides, the phenoxy-acids, tri-
azines and urea-type compounds, are mainly
stimulative in their effects on these organ-
isms.*

2. Effects on Nitrification

Some stimulative effects were observed on
the nitrification of ammonium sulfate after
incubating for two weeks at 30°C with pH 6.8.
NO:~ was detected after one week but had
disappeared after two weeks in all treatments.
Because nitrifying bacteria are not best suited
to an acidic soil at pH 4.9, the rates of nitrifi-
cation were slower than those of pH 6.8 at
30°C. No significant effect on nitrification was
demonstrated at normal and ten fold the rec-
ommended rate, but at fifty fold, an obvious
inhibitory effect was observed after 6 weeks.
The rates of nitrification were much slower

Table 1 Iffects of butachlor on ammonification of 100 ppm NH,-N applied with urea in
water-logged soil.
Tempera- NH,-N formed after incubation (ppm)*
Butachlor ¢ H
added (Bcr;’ p Days
1 2 4 7 14
30 6.8 1.1 8.9 8.9 11.1 12.2
Control 30 4.9 0 0 0 0 1.1
(No N added) 15 6.8 0 5.5 3.3 1.1 3.3
15 4.9 5.5 0 0 0 0
30 6.8 86.0 101.8 73.0 27.1 16.6
Control 30 4.9 83.0 78.5 79.6 58.6 16.6
(NHo—N added) 15 6.8 40.9 56.4 76.3 94.0 96.2
15 4.9 52.0 71.9 81.8 94.0 87.4
30 6.8  85.4 86.3 77.4 34.3 14.4
Normal (6 ppm) 30 4.9 96.2 89.6 76.3 47.6 18.8
15 6.8 29.9 58.6 74.1 91.8 94.0
15 4.9 47.6 71.9 100.7 98.4 85.2
30 6.8 91.2 90.7 78.5  27.7 15.5
10 Fold (60 ppm) 30 4.9 71.9 85.2 89.6 79.7 78.5
15 6.8 40.9 60.8 80.7 98.4 87.4
15 4.9 47.6 67.4 98.4 98.4 100.7
30 6.8 86.3 86.3 76.3 19.4 6.6
50 Fold (300 ppm) 30 4.9 74 .1 83.0 85.2 87.4 47.5
15 6.8 40.9 63.0 78.5 96.2 96.2
15 4.9 47.6 69.7 94.0 85.2 91.8

* Mean of duplicate.
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Table 2 Effects of butachlor on nitrification of 100 ppm NH,-N applied with ammonium

sulfate in water-logged soil.

NO3—N and NO,—N* formed after incubation (ppm)**

Butachlor Tertnpera— H
added Eée P Days
(°C) 1 2 4 7 14 28 49
30 6.8 4.4 2.2 8.9 23.2 16.6 37.6 67.5
Control 30 4.9 8.9 6.6 11.1 18.8 17.7 28.8 44.2
(No N added) 15 6.8 5.5 5.5 7.7 10.0 10.0 10.0 8.9
15 4.9 3.2 8.9 11.1 6.6 0 0 0
30 6.8 7.5 8.3 28.4 69.8 87.5 116.1 126.1
(1.04)
Control 30 4.9 9.9 10.0 25.4 23.2 69.7 90.7 98.4
(NH,~N added) 15 6.8 2.2 18.8 20.0 21.1 21.1 23.3 27.6
15 4.9 2.2 16.6 15.5 16.6 17.7 11.1 10.0
30 6.8 8.3 16.6  18.9 72.5 111.7 104.0 131.6
(1.09)
Normal (6 ppm) 30 4.9 6.6 14.4 18.8 28.8 47.5 60.8 111.7
15 6.8 6.5 15.5 19.9 16.0 10.0 12.1 14.4
15 4.9 6.6 21.0 20.0 21.0 15.5 16.6 19.9
30 6.8 9.4 14.4 20.2 88.4 96.3 117.2 125.0
(1.18)
10 Fold (60 ppm) 30 4.9 6.6 11.1 12.2 16.6 27.7 27.7 91.8
15 6.8 4.4 12.2 18.8 25.4 17.8 15.5 12.2
15 4.9 4.4 15.5 10.0 11.1 17.7 14.4 12.2
30 6.8 2.5 11.1 19.9 74.1 99.6 109.5 85.4
(1.12)
50 Fold (300 ppm) 30 4.9 5.5 12.2 12.2 23.2 24.3 23.0 12.2
15 6.8 5.4 12.2 15.5 18.8 13.3 17.7 16.6
15 4.9 3.2 18.8 10.0 5 17.7 13.3

12.2 15.

* NOz;—N was not detected in any treatments except in the case of 30°C at pH 6.8, expressed in

parenthesis.
** Mean of duplicate.

and pH had no significant effect at the lower
temperature (Table 2).

Tena et al.'* also demonstrated that an
analogous herbicide of butachlor, alachlor
[2—chloro-2',6'—diethyl-N— (methoxymethyl)-
acetanilide, Lasso®] showed a stimulatory
action on nitrification at 50 and 100 ppm, but
inhibitory effects were observed with higher
concentrations at 500 and 1,000 ppm. In
considering the overall effects on nitrification,
most of the herbicides had a negligible effect
at normal field rates and were only effective
against nitrification when the soil pH was
below 7.0. Oxidation of NO:~ to NOs~ ap-
peared to be more sensitive than oxidation of
NH.* to NO.~.#

3. Combined Effects on Ammonification and
Nitrification with Diphenyl Ether Type
Herbicides

Three diphenyl ether type herbicides, nitro-
fen, chloronitrofen and chlomethoxynil, were

mixed with butachlor separately and the com-
bined effects on ammonification and nitrifica-
tion were investigated. The effects of these
combined herbicides were not found to be
significant at normal and ten fold the recom-
mended rates compared to those of the control.
2—Chloro-2’,6'—diethylacetanilide at 1,000 ppm
concentration inhibited the NO.~ oxidation.
About 4 ppm of NO.™ still remained in the
soil after incubating for 7 weeks. The rates
of ammonification and nitrification were obvi-
ously affected by 2-chloro-2’,6'-diethylacet-
anilide at 1,000 ppm (Tables 3 and 4).
Undoubtedly, this is an extremely high con-
centration; it could not happen under actual
field conditions.

4. Effects on Soil Respiration

Butachlor stimulated soil respiration at the
normal rate in the initial stage for about one
week, but at ten and fifty times the recommend-
ed rate, the inhibitory effects were observed only
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Table 3 Effects of butachlor mixed with diphenyl ether type herbicides and 2—chloro-2’,6"-
diethylacetanilide on ammonification of 100 ppm NH,—N applied with urea in water-
logged soil under 30°C at pH 6.8.

NH,-N formed after incubation (ppm)*

Herbicide added Days
1 2 5 7 14

Control (No N added) 0 0 0 0

Control (NH,—N added) 78.5 86.3 58.6 24.3 3.3

Butachlor—Nitrofen 74.1 90.1 49.8 19.9 1.1
(Normal) (3.6+43.6 ppm)

Butachlor—Nitrofen 80.7 84.1 62.5 40.9 0
(10 Fold) (364 36 ppm)

Butachlor-Chloronitrofen 76.3 85.6 49.8 0.5 0
(Normal) (3.646 ppm)

Butachlor—Chloronitrofen 80.7 86.3 53.1 8.9 0
(10 Fold) (3660 ppm)

Butachlor-Chlomethoxynil 80.7 87.9 59.7 1.1 2.2
(Normal) (3+4.2 ppm)

Butachlor—Chlomethoxynil 83.0 88.5 43.7 10.0 0
(10 Fold) (30442 ppm)

2-C** (10 ppm) 83.0 82.4 63.0 16.6 3.3

2-C (100 ppm) 81.8 85.2 67.5 27.7

2-C (1,000 ppm) 81.8 86.8 81.8 78.5 52.0

* Mean of duplicate, ** 2-C: 2-Chloro-2’,6'~diethylacetanilide.

Table 4 Effects of butachlor mixed with diphenyl ether type herbicides and 2—chloro-2’,6'-
diethylacetanilide on nitrification of 100 ppm NH,-N applicd with ammonium
sulfate in water-logged soil under 30°C at pH 6.8.

NOs—N and NOz-N formed alter incubation (ppm)*

Herbicide added Days
7 14 28 49
NO;;" NOZ_ NOg“ NOZ— N()3— NO2— NO:{_ NOZ—
Control (No N added) 13.3 0 21.0 O 53.0 O 53.1
Control (NH4~N added) 74.6 1.73 108.4 O 104.9 O 139.4
Butachlor—Nitrofen 83.6 1.59 108.4 O 112.8 0 134.9
(Normal) (3.6+3.6 ppm)
Butachlor—Nitrofen 72.5 1.74 100.6 O 110.6 O 132.7 0O
(10 Fold) (36+ 36 ppm)
Butachlor—Chloronitrofen 80.2 1.59 101.8 0 112.8 0 1490.4 O
(Normal) (3.646 ppm)
Butachlor—Chloronitrofen 78.2 1.47 95.7 O 109.5 O 146.0 O
(10 Fold) (36+ 60 ppm)
Butachlor-Chlomethoxynil 79.1 1.60 108.4 O 109.5 0 140.4 0O
(Normal) (3+4.2 ppm)
Butachlor-Chlomethoxynil 82.6 1.49 106.2 0O 123.9 0 136.0 0
(10 Fold) (30+42 ppm)
2-C** (10 ppm) 75.7 1.80 102.9 0O 118.3 0 147.1 0
2-C (100 ppm) 80.4 1.47 97.3 O 99.5 O 146.0 0
2-C (1,000 ppm) 74.5 1.00 103.1 1.42 98.2 5.70 121.9  4.20

* Mean of duplicate, ** 2-C: 2—Chloro-2’,6’-diethylacetanilide.
P y
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= Table 5 Effects of butachlor on cation exchange
E 1s0r capacity of soil under water-logged con-
g — ditions at 30°C.

0

— 0 Cation exchan it

w g o ; ge capacity
5 // °><a Butachlor added (meq/100 g soil)*
Q\O - — _—

B o s °§: . Control 6.18
5 100 / .XE Normal (6 ppm) 6.68
- — b
% o// * 10 Fold (60 ppm) 6.72
> d 50 Fold (300 ppm) 6.42
ot 1 L 1 1 1 1 L 1 * Mean of dUI)]iC:;te. B
© 2 4 6 8 10 12 14 16

Time (days)
Fig. 1 Effect of butachlor on CO. output in fected by application of the different amounts

water-logged soil amended with glucose
at 30°C.

@®: normal rate (6 ppm), O: 10 fold, O: 50 fold.

in the initial three days. These inhibitory
effects seemed to be transient and disappeared
quickly (Fig. 1). Since the microbial biomass
is a major contributor to soil respiration, it is
pertinent to obtain some idea of the likely rate
of degradation of the chemical beforehand.
This may contribute significantly to CO.-
evolution (or O.—uptake), especially where
high rates of the compound are applied to the
soil. In general, most herbicides have a slight-
ly inhibitory effect on respiratory activity in
soil.®

5. Effects on Soil Cation Exchange Capacity
Cation exchange capacity was almost unaf-

of butachlor to the soil at 30°C under water-
logged conditions after incubation for 7 weeks
(Table 5). Since the cation exchange capacity
is an index of soil fertility, it seemed that ap-
plication of butachlor would not affect the
fertility-holding ability of the soil.

6. Effects on Soil Microbial Population

The population of fungi, actinomycetes and
bacteria was increased by the addition of
butachlor to the soil after incubation for one
week. It seemed that the higher doses of
butachlor caused the population of soil mi-
crobes to remain greater than that of the
control up to 4 weeks after incubation (Table
6). As reported in the previous paper,” the
half life of butachlor in viable soil was about
11 days, and butachlor seemed to be utilized
as an energy source by soil microbes; the

Table 6 Effects of butachlor on microbial population in water-logged soil at 27°C.

Microbes in one gram soil after incubation*

Butachlor Days
added 1 7 14 21 28
Fungi (x 10%) 25.2 22.8 50.8 38.4 29.6
Control Actinomycetes (x 108) 18.9 16.3 19.3 38.4 25.2
Bacteria (x 109) 38.4 25.6 24 .4 32.0 34.0
Fungi (x 104) 32.8 23.2 93.2 21.0 22.4
I\éormal Actinomyecetes ( x 108) 17.8 15.8 55.6 38.8 27.0
(6 ppm) Bacteria (x 10) 46.4 81.6 76.0 28. 4 44.0
Fungi ( x 104) 28.0 27.6 64.4 49.6 41.6
1 éJOFold Actinomycetes ( x 108) 16.0 18.6 80.8 30.4 103.5
(60 ppm) Bacteria (x 106) 39.2 95.6 106.8 33.6 81.2
Fungi (x 10¢) 22.8 30.0 60.8 49.2 36.4
5gogold Actinomycetes (x 108) 14.1 24.7 45.4 46.8 46.2
(300 ppm) Bacteria (x 109) 39.2 190.0 159.2 110.0 98.5

* Mean of colonies of 5 plates.
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results of this experiment well agreed with
the tendency of microbial population change.
In general, few herbicides have any great or
prolonged adverse effect on the total micro-
bial population of soils. The usual pattern is
a decrease in total numbers in the initial stage,
followed by a return to normal or even an in-
crease in numbers. Such effect may be due to
a disruption of the rhizosphere and non-
rhizosphere microbes imposed by the killing
of the vegetative cover followed by utiliza-
tion of the dead plant material, which allows
for increased populations.®

This investigation indicated that butachlor
used at the recommended rate did not change
the soil properties significantly. These ob-
servations also demonstrated that butachlor
may not cause a serious problem of environ-
mental pollution.
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