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Benomyl [methyl~l-(butyl-carbamoyl)-2-benzimidazole
carbamate] is extensively used in agriculture as a systemic
fungicide for controlling a broad spectrum of phytopathogenic
fungi including rice pathogens. Benomyl is transformed readily
to methyl-2-benzimidazole carbamate (MBC) and 2-aminobenzimida-
zole (AB) in soils (HELWEG 1973a, BAUDE et al. 1974) and in
water (KILGORE and WHITE 1970). The major breakdown product,
MBC has also fungicidal properties (PETERSON and EDGINGTON
1969, CLEMENS and SISLER 1969).

Side-effects of benomyl on nitrification in soils have
been investigated by several workers (HELWEG 1973a and b, GOWDA
1973, VAN FASSEN 1974, GOWDA et al. 1976, 1977); but reports
are conflicting., GOWDA (1973) and HOFER et al. (1971) reported
inhibition of nitrification by benomyl at 15 to 1000 ppm levels
in nonflooded soils. There are also reports that nitrification
is little affected (HELWEG 1973a) or slightly enhanced (VAN
FASSEN 1974) by applications of benomyl to nonflooded soils at
concentrations ranging from 10 to 1000 ppm. Recently, GOWDA et
al. (1976, 1977) noticed stimulation of heterotrophic nitri-
fiers by benomyl in simulated oxidized surface of a flooded
so0il at a concentration of 5000 ppm which was toxic to auto-
trophic nitrifying bacteria. 1In this study, we report the
effects of benomyl and its breakdown products, MBC and AB on
nitrification in simulated oxidized surface of a flooded soil
and in cultures of autotrophic nitrifying bacteria.

MATERIALS AND METHODS

Benomyl, MBC and AB. Commercial formulations of benomyl and
MBC, Benlate 50% W.P. and Derosal 20% respectively, were ob-
tained from Hoechst Pharamaceuticals Ltd., Bombay. Technical
grade benomyl, MBC and AB were gifted by E. I. Du Pont de
Nemours and Co., Delaware, U.S.A.

Soil. An alluvial soil (pH 6.0, organic matter 1.35%, total
nitrogen 0.097) from the experimental farm of the Central Rice
Research Institute, Cuttack was used in this study.

Simulated oxidized surface of the flooded soil. The oxidized
surface of the flooded soil was simulated in the laboratory by
placing 10 g soil in a 250-ml Erleumeyer flask to give a thin
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layer of soil and then flooded with 20 ml distilled water
(GOWDA et al. 1977).

Nitrification in benomyl-, MBC-~ and AB-amended soils. The
commercial formulations of benomyl and MBC, viz. Benlate and
Derosal respectively, and technical grade AB were used in this
study. Benomyl and its breakdown products were incorporated
into 10 g soils at the rates of 10, 100 and 1000 ppm active
ingredient with respect to soil together with 500 ppm of ammo-
nium sulfate. The soils were then flooded with 20 ml of dis-
tilled water. Soils receiving only ammonium sulfate served as
controls. At 10-day intervals, the nitrate in two replicate
soil samples was extracted and analyzed colorimetrically.

Nitrification in cultures of autotrophic bacteria. Ammonium~
oxidizing bacterium, Nitrosomonas sp. was the same as used in
an earlier study (GOWDA et al., 1977) while nitrite-oxidizing
bacterium, Nitrobacter agilis was obtained from Dr. N. Walker,
Rothamsted Experimental Station, England. To test the effect
of benomyl and its breakdown products on autotrophic nitrifi-
cation, technical grade benomyl, MBC and AB were dissolved in
methanol and then introduced into sterile 100-ml FErlenmeyer
flasks in 1-ml portions to provide a final concentration of 10
and 100 ppm in 40-ml media. After evaporating off the methanol
at room temperature, the sterile mineral salts media specific
for Nitrosomonas sp. and N. agilis containing ammonium sulfate
and sodium nitrite as nitrogen source respectively (GOWDA et
al. 1977) were dispensed in 40 ml portiomns to the flasks.

After equilibration for 24 h in a Gallenkamp orbital shaker,
the ammonium- and nitrite-containing media were inoculated with
7 to 10 day old cultures of Nitrosomonas sp. and N. agilis,
respectively. Media without benomyl and its breakdown products
served as controls. After desired period of incubation with
nitrifiers at room temperature, nitrite in the media was assayed
to determine the amount of nitrite formed in Nitrosomonas
medium or lost from Nitrobacter medium.

Analysis of ammonium, nitrite and nitrate. 1In soil incubation
studies, nitrogen from the soils was extracted with 50 ml of
Morgan's solution (CH,COONa-CH,COOH buffer, pH 4.8) as des-
cribed by SAHRAWAT ang RAJENDRXPRASAD (1975). After stirring
for 30 min in a wrist action shaker, the contents were filtered
through a Buchner funnel with suction and the clear filtrate
was analyzed for ammonium by nesslerization (JACKSON 1958),
nitrite by diazotization (BARNES and FOLKARD 1951) and nitrate
by phenol disulfonic acid method (BREMNER 1965). 1In pure
culture studies with autotrophic nitrifiers, nitrite in the
mineral salts medium was assayed colorimetrically by diazotiza-
tion after appropriate dilution of the medium.
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RESULTS AND DISCUSSION

Commercial formulations of benomyl and MBC (Benlate and
Derosal respectively) and technical grade AB were used to study
their effect on nitrification in simulated oxidized surface of
flooded soils. Nitrification proceeded rapidly in unamended
soils and in soils amended with 10 and 100 ppm benomyl (Table
1) as judged by the disappearance of ammonium with the con-
comitant formation of nitrate during 30-day incubation period.
But, benomyl at 1000 ppm level drastically inhibited the oxi-
dation of ammonium to nitrate and this inhibitory action was
well pronounced even after 30 days.

TABLE 1

Effect of benomyl on nitrification in simulated oxidized surface
of a flooded soil

mg nitrate recovered/10 g soil*

Benomyl Incubation (days)
(ppm) 10 20 30
0 2.0 (0.8) 3.0 (O 3.8 (0)
10 1.9 (1.0) 2.7 (0) 3.7 (0)
100 1.2 (1.2) 2.4 (0) 3.8 (0)
1000 0.3 (1.7) 0 (1.2) 0 (1.0)

*Figures in parentheses represent the amount of ammonium
recovered/10 g soil; Initial amount of nitrate and ammonium
recovered/10 g soil was 0.2 mg and 1.3 mg, respectively.

Among the degradation products of benomyl, MBC was rela-
tively non-toxic to nitrification in soils as compared to its
parent compound. No appreciable inhibition of nitrification
occurred in soils amended with 10 and 100 ppm MBC while at 1000
ppm nitrification was slightly retarded (Table 2).

TABLE 2

Effect of MBC on nitrification in simulated oxidized surface of
a flooded soil

mg nitrate formed/10 g soil

MBC Incubation (days)
(ppm) 10 20 30
0 0.5 2.8 4.4
10 0.5 2.9 4.7
100 0.6 2.8 4.3
1000 0.3 2.0 3.8
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AB, also a common degradation product of benomyl, in-
hibited nitrification in soils at concentrations of 100 and
1000 ppm (Table 3). In terms of nitrate formed, AB was re-
latively less toxic than the parent compound.

TABLE 3

Effect of AB on nitrification in simulated oxidized surface of
a flooded soil

mg nitrate formed/10 g soil

AB Incubation (days)
(ppm) 10 20 30
0 2.7 4.0 4.5
10 2.1 2.7 4.6
100 1.9 2.4 2.7
1000 0.3 0.8 1.0

The potential toxicity of benomyl to nitrification was
demonstrated also in pure cultures of nitrifying bacteria.
Thus, benomyl inhibited the oxidation of ammonium by Nitroso-
monas sp. (Table 4) and of nitrite by N. agilis (Table 5) even
at a concentration of 10 ppm. Among the degradation products,
AB showed toxicity to both groups of nitrifiers, but only at
higher concentration of 100 ppm while MBC was virtually innoc-
uous, as in soils, to both groups of nitrifiers irrespective of
its concentration (Tables 3 and 4). Undoubtedly, benomyl was
far more toxic than its degradation products, MBC and AB at
least with respect to autotrophic nitrification.

TABLE 4

Effect of benomyl, MBC and AB on nitrification
by Nitrosomonas sp.

ug nitrite recovered/ml medium

Concentration Incubation (days)

Treatment (ppm) 6 15
Unamended 3.8 108.0
Benomyl 10 2.0 2.1

100 1.7 2.0
MBC 10 4.5 146.4

100 3.0 104.5
AB 10 3.7 146.4

100 2.8 3.9
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TABLE 5

Effect of benomyl, MBC and AB on nitrification
by Nitrobacter agilis

uyg nitrite recovered/ml medium

Concentration Tncubation (days)

Treatment (ppm) 6 15
Unamended 289.5 0
Benomyl 10 444.,2 513.2

100 4442 440.5
MBC 10 296.1 0

100 473.8 0
AB 10 352.0 0

100 622.5 661.3

Benomyl exerts both inhibitory (GOWDA 1973; this report)
and little or slightly stimulatory (VAN FASSEN 1974) effects on
nitrification in soils. Such conflicting reports on pesticidal
action on soil microorganisms and their activities are not
uncommon in the literature. The reported discrepancies with
respect to benomyl action on nitrification could at best be
ascribed to different soil properties and different test con-
ditions in view of their importance in determining the overall
persistence of benomyl in soil enviromment. According to our
studies, the effects of benomyl on nitrification may be related
to the differential rates of its conversion to MBC since nitri-
fication was drastically inhibited by benomyl and not at all by
MBC both in soils (Tables 1 and 2) and in pure cultures of
autotrophic bacteria (Tables 4 and 5).

Recent reports (REDDY et al. 1976) show that large losses
of applied ammonium nitrogen can occur in flooded soils because
of its high rate of diffusion from the reduced soil layer to
the oxidized surface leading to its nitrification in the oxi-
dized surface and eventual loss in volatile forms by denitri-
fication of the products of nitrification in the reduced layer.
The results of the inhibitory action of benomyl on nitrifica-
tion may have applied significance in preventing the nitrogen
loss from flooded soils.
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