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Summary—Microbial degradation of the pre-emergent herbicide norflurazon (4-chloro-5-(methyla-
mino)-2-(a,a,x-triffuoro - m-tolyl)-3(2H)-pyridazinone) was evaluated in three horizons (Oi, A, B) within
the profile of an acidic bog soil in laboratory experiments. Organic matter, nutrient content and mi-
crobial biomass all decreased with depth. Mineralization of norflurazon was biologically-mediated, with
negligible abiotic degradation. The rate (0.17% '*CO, d™') and extent (4.03% of initial '*C) of norflura-
zon mineralization were comparable in the Oi and A horizons, and significantly lower in the B horizon.
Sorption of norflurazon decreased with soil organic matter content and depth in the profile, with more
of the herbicide sorbed in thz Oi than in the A or B horizons. Incorporation of norflurazon carbon
into microbial biomass increased with depth within the soil profile, with up to 9.09% of added norflura-
zon "*C found in microbial biomass in the B horizon. The relative contribution of bacteria and fungi to
norflurazon mineralization varied within the soil profile, with bacteria contributing most in the B hor-
izon (89%) and least in the A horizon (42%). These results were similar to glucose-carbon mineraliz-
ation in the A horizon only. Analysis of extracts of '*C-norflurazon-amended soil by HPLC with UV-
vis and "*C detection showed a small decrease in norflurazon concentration over 9 weeks and appear-
ance of a second chromatographic peak—presumably a metabolite—in the A and Oi horizons, but not
in the B horizon. The biodegradation of norflurazon in bog soil appears to be a slow process that is sig-
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nificantly affected by position within the soil profile. © 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

The effects of environmental factors on microbial
degradation of xenobiotic compounds in soil are
largely dependent on the properties and processes
of the soil ecosystem to which they are applied.
Norflurazon (4-chloro-5-(methylamino)-2-(e,x,0~tri-
fluoro - m-tolyl)-3(2H)-pyridazincne) is a pre-emer-
gent herbicide applied to the soil surface to control
and suppress grasses, sedges, rushes and broadleaf
weeds in tolerant crops such as cranberries, citrus,
cotton, soybeans and nuts (WSSA Herbicide
Handbook Committee, 1983). The fate of norflura-
zon has been evaluated in mineral soils (Lo and
Merkle, 1984; Singh er al., 1985; Schroeder and
Banks, 1986a,b; Hubbs and Lavy, 1990; Southwick
et al., 1993a,b), but there is little information avail-
able on the fate of norflurazon in acidic bog soils
used to cultivate crops such as cranberries.
Norflurazon seems to persist in silt loams and
clay soils with low organic matter (O.M.), with
increased persistence generally occurring in soils
with the highest O.M. content (Schroeder and
Banks, 1986a,b; Hubbs and Lavy, 1990). Sorption
of norflurazon in an acidic sandy soil decreases
with depth and decreasing O.M. content (Alva and
Singh, 1990). Leaching does not appear to contrib-
ute to the disappearance of norflurazon from min-
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eral soils (Singh et al., 1985; Schroeder and Banks,
1986a; Hubbs and Lavy, 1990; Southwick et al.,
1993a). Biodegradation of norflurazon in soil has
received little attention. Production of the metab-
olite desmethylnorflurazon was observed in a sandy
loam in a laboratory experiment after incubation
for 4 months at 20°C or 35°C, but no decompo-
sition of norflurazon was evident when soil was
incubated at 5°C for 7 months (Rahn and Zimdahi,
1973), Maximum concentrations of the metabolite
were observed after 6 months, its concentration
declining thereafter (Rahn and Zimdahl, 1973).

In the northeastern U.S., cranberries are culti-
vated under highly acidic conditions in small bogs
characteristic of mesotrophic to oligotrophic peat-
fands (Deubert and Caruso, 1989). The nutrient
limitations, high O.M. content, high water-holding
capacity and extreme acidity of the soils control the
physical and biological processes occurring in bogs.
These ecosystems are very different from low or-
ganic matter content, mineral soil ecosystems and
differences in microbial degradation of norflurazon
may be expected.

Biodegradation of organic compounds can also
be expected to change with depth in the soil profile.
Carbon mineralization generally decreases with
depth in the soil profile and decreasing total bio-
mass. Microbial biomass in wetland soil has been
shown to decline by orders of magnitude with
depths of 20-25cm (Westermann, 1993), and the
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decomposition rate of sphagnum at 20 ¢cm depth in
an English bog decreased to one-fifth the rate at the
surface due to anaerobic conditions (Mitsch and
Gosselink, 1993). Our study was undertaken to
evaluate the role of depth in the soil profile and as-
sociated edaphic factors in controlling biodegrada-
tion of norflurazon in a bog soil.

MATERIALS AND METHODS

Soil sampling

Soil samples were collected from a small
(~200 m3), privately-owned, unmanaged cranberry
bog in Richmond, R.I. The bog is level and drai-
nage is not controlled. The soil is a poorly-drained
sandy loam, tentatively classified as a sandy, mixed,
mesic Aeric Endoaquept {rom the Walpole soil
series (Soil Survey Staff, 1981). Soil samples were
obtained from the top, fibric organic layer (Oi hor-
izon), the surface soil laye: (A horizon), and the
subsurface (B horizon). Soil samples were stored for
up to 2 weeks at their field rnoisture content in plas-
tic bags at room temperatur: in the dark.

Soil was collected from a forested site within the
Peckham Farm research area on University of
Rhode Island property in Kingston, R.I. for an ex-
periment evaluating the effects of soil O.M. on nor-
flurazon mineralization. S$oil classification and
drainage classes at this site have been established
previously (Nelson er «l., 1395). Soil was collected
from the A horizon of the well drained (WD), mod-
erately well drained (MWD), somewhat poorly
drained (SPD), and very poorly drained (VPD)
areas. Soil pH ranged from 4.0 to 4.2, bulk density
from 0.25 to 0.81 gcm_3, organic matter content
from 6.3 to 41.3%, and microbial biomass C ranged
from 935 to 1912ug Cg™' soil among drainage
classes.

Soil physical and chemical properties

Soil pH was measured using a 1:2 soil:water ratio
(wt:wt), except for soil frcm the Oi horizon, for
which a 1:5 soil:water ratic was used (Hendershot
et al., 1993). The O.M. content of the soil was
determined by loss-on-ignition at 500°C for 4h
(Karam, 1993). The bulk density of the soil was
determined gravimetrically after oven drying a
known volume of soil at 105°C overnight. Soil
water content was determined gravimetrically after
oven-drying a known mass of moist soil at 105°C
overnight. The water-holding capacity (WHC) of
the soil was determined by placing saturated soil in
a Biichner funnel, allowing :t to drain freely for 2 d,
and subsequently determining the gravimetric water
content of the soil. Total ritrogen and total phos-
phorus content of the soil were determined by
Kjeldahl digestion and loss-on-ignition, respectively,
at the Nutrient Analysis Laboratories at Cornell
University (Ithaca, N.Y.). Water-extractable phos-
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phate (Olsen and Sommers, 1982) and KCl-extrac-
table NH, and NO3 (Keeney and Nelson, 1982)
were analyzed colorimetrically using an Alpkem
Rapid Flow Analyzer (RFA-300, Alpkem,
Clackamas, Ore.) (Anonymous, 1986).

Norflurazon

Unlabeled and '*C-pyridazinyl-ring-labeled nor-
flurazon were gifts from Sandoz Agro, Des Plaines,
Ill. The specific activity of the labeled norflurazon
was 41.1 mCimmol™' and it had a radiopurity of
99.8% as determined by the manufacturer. The un-
labeled compound was 99.49% pure as determined
by the manufacturer.

Mineralization of norflurazon

The mineralization of norflurazon in soil was
determined by placing soil (25 g at 90% of WHC)
in a biometer flask (Bartha and Pramer, 1965) and
amending with a known concentration of unlabeled
and radiolabeled norflurazon (~0.2 uCi per flask).
Soil samples were incubated statically in the dark in
a gravity convection incubator at 25°C.
Mineralization was assessed in each soil horizon
(01, A, B) independently. Radiolabeled CO, evolved
was trapped in the side-arm of the biometer flask in
| m NaOH solution. Aliquots of NaOH solution
containing '*C-CO, were mixed with Ecoscint A
scintillation fluid (National Diagnostics, Atlanta,
Ga) and the radioactivity of the sample determined
by liquid scintillation counting. Abiotic mineraliz-
ation of norflurazon was measured as described
above using autoclaved soil (Wolf and Skipper,
1994).

Carbon mineralization

Mineralization of soil O.M. and of unlabeled sub-
strates added to soil was measured by gas chroma-
tographic (GC) analysis of CO, evolved following
static incubation of soil samples (Amador and
Jones, 1993). A known amount of soil (~2 g) was
placed in a 20-ml glass serum vial, appropriate
amendments made, and the vial sealed using a
rubber septum and an aluminum crimp collar. A
GC fitted with a thermal conductivity detector
(TCD) was used for CO, analysis, with hydrogen as
carrier gas. A known volume (500 ul) of headspace
gases was removed by displacement and injected
into the GC using an automated headspace sampler
(model 7000, Tekmar, Cincinnati, Ohio). A
Porapak T column (80/100 mesh, 10-ft) was used to
separate CO; at a temperature of 60°C. Standards
were analyzed in triplicate with each set of soil
samples and used to convert peak areas to concen-
tration of CO,. After analysis, the headspace of the
vials was evacuated and replaced with fresh air at
least five times before resuming incubation at 25°C.
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Table 1. Selected physical, chemical and microbiological properties of the three soil horizons used in this study. Values reported are
- means of three replicates (S.D.)

Soil horizon

Soil Property Oi A Bw

Depth (cm) 0-7 7-24 24-116
Texture NA* Fine sandy loam Gravelly sandy loam
Color NA 10YR 2/1 10YR 5/3
Structure NA Subangular blocky Subangular blocky
pH 4.7 (0.1) 3.70.1) 4.4 (0.0)
Bulk density (g cm™) ND® 0.96 (0.15) 1.40 (0.10)
WHC* (%) 630 (143) 127 (14) 337 3.0
O.M. content (mg g“ soil) 505 (81) 123 (3) 13(1)
Microbial biomass (x g C g~' soil) 1795 (889) 513 (200) 6 (48)
Organic C (mg g~ soil) ¢ 297 72.4 7.6

Total N (mg N g™ soil) 13.2 2.7 0.2

Total P (mg P g~' soil) 0.7 0.1 <0.005°

C:N 23:1 27:1 38:1

C:P 424:1 724:1 1520:1

NHJ -N (ug Ng™' soil) 217 51 43
NO3-N (ug Ng™' soil) 0.94 0.14 0.31
PO-P (ug Pg™! soil) 0.79 0.10 0.t5

“Not applicable.
'Not determined.
‘Water holding capacity.

dCaiculated by dividing %O.M. by 1.7 (Nelson and Sommers, 1982).

“Below detection limit.

Contribution of bacteria and fungi to mineralization

The relative contribution of bacteria and fungi to
exogenous carbon and norflurazon mineralization
was assessed using the bacterial inhibitor streptomy-
cin sulfate and the fungal inhibitor cycloheximide.
Inhibitors were added in powder form to a final
concentration of 0.1 g inhibitor g soil (Tate and
Mills, 1983). The relative contribution of bacteria
and fungi to exogenous carbon mineralization was
assessed in soil amended with 10 mg D-(+)-gluco-
se g~' soil and evolution of CO, measured by GC
as described above.

Microbial biomass

The microbial biomass C content of the soil was
determined by the chloroform furnigation-extraction
method using a correction factor of 2.64 (Vance et
al., 1987a). The C content of the extract was
measured by dichromate titration (Anderson and
Ingram, 1993). The amount of norflurazon-'“C in-
corporated into microbial biomass was also deter-
mined using the fumigation-extraction procedure,
and the amount of radiolabeled carbon in the
extract measured by liquid scintil'ation counting.

Table 2. Initial mineralization rate and extent of mineralization of
0.75 ug norflurazon g'1 soil in soil from the Oi, A and B horizons.
Values reported are means of three replicates (S.D.)

Extent® (%'C as

Initial rate®

Horizon (%'*C day™") C-COy)

Oi 0.17 (0.01)*° 4.03 (0.45*
A 0.16 (0.01)* 3.7t (0.01*
B 0.09 (0.00)® 1.92 (0.14)%

*Measured betweend 0 and 10 (# = 10 for Oi and B, n = 15 for

A).

®After a 42-d incubation period.

“Values within a column followed by the same symbol are not sig-
nificantly different.

The chloroform fumigation-incubation method
(Jenkinson and Powlson, 1976) was used to deter-
mine '*C-norflurazon incorporation into microbial
biomass for some samples. Soil samples (2 g) fol-
lowing fumigation were inoculated with 100 mg
fresh soil and incubated for 20 d. Radiolabeled CO,
evolved was trapped in 1 M NaOH solution and
the amount of radioactivity in solution was deter-
mined by liquid scintillation counting. The 10-20d
of “CO, evolution from fumigated soil was used as
the control instead of measuring *CO, evolved
from unfumigated soil because of differences in mi-
crobial communities that recolonize fumigated
acidic soils (Tate, 1991; Vance et al., 1987b). A cor-
rection factor (k) of 0.30 was used to calculate bio-
mass C (Vance et al., 1987b).

Metabolite production

Soil samples (~15 g) from the Oi, A, and B hor-
izons were placed in Erlenmeyer flasks, amended
with '*C-labeled and unlabeled norflurazon to a
final concentration of 4.0 ugg™' soil, mixed, and
incubated at 25°C. Soil (1 g) was removed period-
ically, placed in a 4-ml glass amber vial fitted with
a teflon-lined cap, and extracted in 3ml of a 9:1
methanol:water (vol:vol) solution. The vials were
placed on an oscillating shaker at low speed for
30 min, centrifuged at 350 g for 30 min, and an ali-
quot of supernatant solution withdrawn for HPLC
analysis.

Chromatographic analysis

The HPLC system consisted of a multiple solvent
delivery system (CM400; Milton Roy, Riviera
Beach, Fla) that pumped a mobile phase consisting
of 50% methanol, 40% water, and 10% acetonitrile
at a flow rate of 1.0 mlmin~!; a Supelcosil LC-18
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column (25-cm, 4.6-mm irner dia, S-um particle
size, and 100-A pore size; Supelco, Bellefonte, Pa),
a Gilson 231 autosampler and Gilson 401 dilutor
(Gilson, Middletown, Wis.); an automated injection
valve (model 7010; Rheodyre, Cotati, Calif.); and a
100-pu1 sample loop. Norfurazon and presumed
metabolites were detected using a variable-wave-
length UV-visible detector set at 235 nm (model
1050; Hewlett Packard, Palo Alto, Calif.). Under
these conditions norflurazo had a retention time
between 6 and 7 min, depending on the soil horizon
and concentration extractec. Standards containing
a known concentration of the herbicide were ana-
lyzed and used to convert peak areas to norflurazon
concentration.

Radiochromatograms of soil extracts were
obtained simultaneously with UV-visible HPLC
analysis of samples. Effluent fractions (1.0 ml) were
collected at 1-min intervals and the radioactivity in
each fraction determined by liquid scintillation
counting. Mean (n = 3) efficiencies for extraction of
norflurazon from soil determined by HPLC with
UV-visible detection and by liquid scintillation
counting were 76% +24% and 106% + 14% for
both analyses in all horizons.

Sorption

Sorption of norflurazon to soil was measured in
each soil horizon independently using the batch
equilibrium technique. Air-dried and sieved (2-mm)
soil (0.5 g) was amended with 4 ml of aqueous sol-
ution containing five different herbicide concen-
trations ranging from 0.08 to 80 ug norflurazon g
dry soil and equilibrated on a vertical rotary shaker
(10 rev min_') at 23°C for 7d. After equilibrium,
the mixture was centrifuged at 350 g for 30 min and
the radioactivity of the supernatant solution deter-
mined by liquid scintillation counting. Norflurazon
sorbed to soil was calculated from the difference
between the amount of norlurazon initially in sol-
ution and the amount of -orflurazon in solution
after equilibration.

Data analysis

Linear regression was used to compute initial (d
0-10) mineralization rates (¥*>0.80). Mean values
of initial rate and extent of mineralization were
compared using a one-way analysis of variance.
Multiple comparison testing to assess significant
differences between groups was done using the
Bonferroni ¢ test. All tests were evaluated at the
95% confidence level.

RESULTS AND DISCUSSION

Soil properties

Physical, chemical, and biological characteristics
of the bog soil are shown in Table I. Soil in all
three horizons was very acidic, with the pH of the

soil similar in the Oi and B horizons, and lower in
the A horizon. Bulk density was lower in the A
than in the B horizon. Organic matter content,
water-holding capacity, total and available N and P
and microbial biomass all generally decreased with
depth, whereas the C-to-N and C-to-P ratio of the
soil increased with depth.

Mineralization in different horizons

Differences in physical, chemical, and biological
characteristics among the soil horizons (Table 1)
known to affect biodegradation of organic com-
pounds suggested that differences in norflurazon
mineralization were likely to occur within the soil
profile. Norflurazon mineralization was initially
compared among the three horizons at 0.75 ug her-
bicide g”' soil. Initial rates of mineralization in the
01 and A horizon were similar (0.16% and
0.17% d™') and significantly higher than that for
the B horizon (0.09% d™') (Table 2). In addition,
the extent of mineralization in the B horizon at the
end of the incubation was significantly lower than
that observed for the other two horizons (Table 2).
By contrast, abiotic mineralization of 4.0 ug nor-
flurazon g~! soil was negligible, with 0.09%, 0.11%
and 0.10% of added radioactivity evolved as '*CO,
in the Oi, A and B horizon, respectively, after incu-
bation for 20 d.

These results indicate that mineralization of nor-
flurazon in bog soil is biologically mediated.
Similarly, the degradation of norflurazon in a sandy
loam soil has been shown to be a biotic process
(Rahn and Zimdahl, 1973). Furthermore, our
results agree with those obtained in other studies.
For example, Anderson (1984) observed that herbi-
cide degradation increased with increased total mi-
crobial biomass. Degradation of carbofuran (2,3-
dihydro-2,2-dimethyl-7-benzofuranyl methylcarba-
mate) and aldicarb (2-methyl-2-(methylthio) propio-
naldehyde O-methyl carbamoyloxime) was slower in
subsurface soil that had a lower microbial biomass
and C content than that of surface soil
(Buyanovsky er al., 1993). Mineralization increased
with carbon amendments to the subsurface—but
not to the surface—soil, suggesting that pesticide
mineralization in subsurface soil was carbon limited
(Buyanovsky et al., 1993).

Sorption and organic matter effects

Differences in the ability of soil from different
horizons to sorb norflurazon were investigated to
assess whether sorption could explain differences in
herbicide mineralization among soil horizons.
Equilibrium sorbed and solution concentration data
from each horizon were fit to a Freundlich isotherm
model, and results are shown in Table 3. The sorp-
tion coefficient (X)) for norflurazon decreased mark-
edly with depth, indicating diminishing sorption
with depth in the soil profile. Over the range of
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Table 3. Sorption coefficients (K, and X, and n values for nor-
flurazon for the three soil horizons derived from fitting sorption
data® to the Freundlich isothe-m model®

Horizon K (mlg™) n K, (mlg™h)
Oi 130.7 0.90 440
A 264 0.87 370
B 7.0 0.93 910

* K,.= Kjfraction organic C.

®Five different norflurazon concentrations were used ranging from
0.08 to 80 ug g~' soil; n = 3,

‘Freundlich eq: log C,;=logKxnlog C,; where C,=equilibrium
concentration of sorbed norflurazon (ugg™), K,=sorption
coefficient (mlg™), C,=equilibrium solution concentration
(ugml™), n = reaction order (+>>0.999 for all horizons).

concentrations tested, 94-97%, 66-87% and 10-
29% of '“C-norflurazon was sorbed in the Oi, A
and B horizons, respectively. When normalized for
organic carbon content, the resulling sorption coef-
ficient, K,., was similar for the Oi and A horizons
and less than half that observed for the B horizon
(Table 3). Our results agree with those of Alva and
Singh (1990), who found that sorption of norflura-
zon is highly correlated with soil O.M. content,
Values of K,. for norflurazon cletermined in our
study are within a factor of two for the Oi and A
horizons and within a factor of four for the B hor-
izon from the published K, of 248 ml g~' (Alva and
Singh, 1990).

An additional experiment was conducted to
evaluate the effects of soil O.M. content on norflur-
azon mineralization. Herbicide mineralization in the
A horizon of the bog soil was compared to mineral-
ization in A horizon soil from different drainage
classes with differing organic matter contents within
a soil catena. Norflurazon mineralization curves
were similar over the entire range of soil O.M. con-
tents tested (Fig. 1). Mineralization curves for the
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Fig. 1. Effect of soil organic matter content on mineraliz-
ation of 1.6 ug norflurazon g™' soil. Numbers next to the
curves indicate O.M. content of the soil.
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Fig. 2. 'C radioactivity of fractions collected following

HPLC analysis of extracts at different incubation times of
Oi, A and B soil amended with 4.0 ug norflurazon g~' soil.

SPD and MWD soil were omitted for clarity, but
were similar to that for the bog soil. No statistically
significant differences were observed in initial miner-
alization rate or extent of "*CO, evolved among the
five soils tested.

Sorption of norflurazon to soil increased with
O.M. content and sorption has been shown to
decrease bioavailability of this compound to plants
(Lo and Merkle, 1984). However, our results do not
support the hypothesis that changes in O.M. alter
bioavailability as a result of sorption, and therefore
affect microbial mineralization rates among soil
horizons. Sorption may affect the rate of the initial
transformation (or transformations) involved in the
process of degradation. Data on the formation of a
metabolite shows a greater decrease in amount of
norflurazon through time in the A as compared to
the Oi horizon (Fig. 2). However, the absence of an
effect of sorption and organic matter on norflura-
zon mineralization may be the result of the very
slow rate at which the herbicide is degraded.
Sorption affects degradation primarily by control-
ling substrate availability, and thus affects degra-
dation when the rate of degradation is greater than
the rate of desorption (Scow and Alexander, 1992;
Scow and Hutson, 1992). The rate of norflurazon
mineralization in the various soils tested may not
be sufficiently high to make the rate of desorption a
limiting factor.

Contribution of bacteria and fungi to mineralization

The relative importance of bacteria and fungi in
the mineralization of organic compounds likely
depends on pH, depth in the soil profile and quan-
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Table 4. Effects of bacterial and furgal inhibitors on initial mineralization rate and extent of mineralization of 4.0 pg norflurazon g~ soil
in Oi. A and B horizon soil. Values reported are means of triplicate samples (S.D.)

Initial rate® Extent®
Horizon Treatment (%"“Cd™") (%'C as "*C-CO,)
Oi No inhibitors 0.10 (0.02)*¢ 1.38 (0.22)%
Streptomycin 0.05 (0.00)* 0.72 (0.02)®
Cycloheximicle 0.06 (0.00)* 0.79 (0.06)*B
Both inhibitcrs 0.07 (0.02)* 1.15 (0.38)*8
A No inhibitors. 0.16 (0.00)* 2.19 (0.05)*
Streptomycin 0.12 (0.00)® 1.64 (0.04)®
Cycloheximicie 0.06 (0.01) 0.90 (0.17)¢
Both inhibitcrs 0.02 (0.00) 0.45 (0.01) P
B No inhibitors 0.05 (0.00)* 1.50 (0.14)*
Streptomycin 0.01 (0.00)® 0.33 (0.01)®
Cycloheximice 0.07 (0.01)¢ 5.18 (1.00)¢
Both inhibitors 0.01 (0.00)° 0.33 (0.04)°

“Measured between 0 and 10d (n = 8-11).
®After a 18- or 19-d incubation period.

“Values within a column for a specific horizon followed by the same letter are not significantly different.

tity and quality of available substrates (Alexander,
1977). The low pH of the bog soil (3.7-4.7; Table 1)
suggested the possibility thar fungi might be import-
ant in carbon mineralization—and thus norflurazon
degradation—particularly in the Oi and A horizons,
where aerobic conditions are more likely to prevail.
General prokaryotic (streptomycin) and eukaryotic
(cycloheximide) inhibitors were added to soil at
relatively high concentratiors to increase the poten-
tial inhibitory effect on the microorganisms and
avoid deactivation by sorption of the chemicals to
soil O.M. Nevertheless, since only a fraction of the
microorganisms are affected by either inhibitor,
complete inhibition of mineralization was not
expected.

The relative contribution of the two groups of
microorganisms to herbicide mineralization changed
with depth in the soil profile. In the Oi horizon, the
extent of norflurazon minerzlization decreased upon
separate additions of each inhibitor, although only
the treatment with streptomycin was significantly
different than the control (Table 4). The treatment
receiving both inhibitors in the Qi horizon soil was
not significantly different from the control (Table 4).
This may have been due to the growth of a mi-
crobial community not susceptible to the inhibitors,
but capable of degrading norflurazon. Fungi con-
tributed more than bacteria to herbicide mineraliz-
ation in the A horizon (Table 4). Mineralization of

norflurazon was lowest in A horizon soil in the pre-
sence of both inhibitors. Differences in initial rate
and extent of mineralization in the A horizon soil
among the various inhibitor treatments were stat-
istically significant (Table 4). By contrast, the strong
inhibition of norflurazon mineralization in the treat-
ments containing streptomycin alone and in con-
junction with cycloheximide suggest that bacteria
are more important than fungi in the B horizon
(Table 4).

During the first 5d of incubation, mineralization
in B horizon soil amended with cycloheximide was
reduced compared to the control, but the rate of
norflurazon mineralization was greatly enhanced
relative to the control between 5 and 20 d (data not
shown). It is possible that by eliminating fungal
competitors in the B horizon, norflurazon-degrading
bacteria were able to proliferate, either through
growth on norflurazon or possibly through cometa-
bolism associated with the degradation of cyclohexi-
mide. Cycloheximide can be completely degraded in
soil within 11d (Allen and Walker, 1988).
Microorganisms in the B horizon not affected by
cycloheximide—presumably bacteria——may be able
to grow on cycloheximide and cometabolize norflur-
azon. Alternatively, cycloheximide may have
reduced predation pressure on norflurazon-minera-
lizing bacteria through the elimination of grazers
such as protozoa (e.g. Ramadan er al., 1990). Small

Table 5. Inhibition of the extent of glucose-induced respiration and norflurazon mineralization (relative to treatment without inhibitors)
resulting from microbial inhibitor additions to soil from the Oi, A and B horizons after a 1-d incubation

% Inhibition in the presence of:

Horizon Carbon source Streptomycin Cycloheximide Both

Or Norflurazon 51 36 41
Glucose -13 19 65

A Norflurazon 42 70 86
Glucose 32 57 64

B Norflurazon 89 56 87
Glucose ~12 33 3







