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INTRODUCTION 

In view of the increasing use of the systemic fungicide beno­
myl the possible side-effects of this compound on the soil 
microflora and on metabolic processes in the soil need to be 
studied. 

MATERIALS AND METHODS 

In laboratory experiments we treated humus-rich sandy 
soils (Table 1) with Benlate (spray formulation containing 
50% benomyl) suspensions or with water (controls). Mois­
ture content about 50 per cent of the water holding capacity. 
The samples were incubated at 15 or 20°C. Soil I (from 
Naaldwijk) had been used for glasshouse cultures and had 
neither been treated with benomyl nor had been fumi­
gated or steamed. Soil II (from Venlo) came from an ex­
perimental field, where in plots IIB the soil around gherkin 
plants had been disinfected twice with 2 g Benlate/plant (2-5 
plants/m2). Samples were taken about 2 months after the 
last treatment. 

Bacteria and actinomycetes in the soils were counted by 
the dilution plate method. Agar media used were based on 
soil extract, glycerol-asparaginate, casein-glucose, chitin or 
casein-starch-nitrate; the pH was adjusted to about 7. Cyc-
loheximide (ca. lOOmg/l) was used as an antifungal anti­
biotic, added after sterilization and cooling; sometimes Ben-
late (ca. 100 mg/1) was also added to investigate its effect on 
bacteria and actinomycetes in vitro. In the samples IIA and 
IIB the following functional groups of microbes were esti­
mated by dilutions of soil suspensions into liquid media 
(Pochon and Tardieux, 1962): total microflora, amylolytic, 
cellulolytic, nitrifying microbes and algae; ammonification 
of urea and Azotobacter were investigated in soil. 

Dehydrogenase activity of soil I was measured (Casida et 
al, 1964, slightly modified). 

Table 1. Some properties of the sandy soils used in the 
experiments 

Mineral 
Organic particles 
matter < 16 /an 

(%) (%) 
pH 

(1 N KCl) 

Soil I (untreated) 8-9 7-4 7-0 
Soil IIA (untreated) 9-8 12-4 7-4 
Soil IIB (treated) 9-7 10-0 7-3 

The C 0 2 evolution from soil I, kept in columns through 
which C02-free air (0-5 1/h) was passed, was measured dur­
ing 1 month at 29°C. C 0 2 was absorbed in N NaOH and 
twice a week determined by differential titration with hydro­
chloric acid with phenolphtalein and methyl orange, re­
spectively as indicators. 

Nitrogen mineralization was determined quantitatively as 
follows. Total inorganic nitrogen was found by the method 
of Cotte and Kahane (1946); ammonium nitrogen was 
determined by distillation following addition of MgO, and 
nitrate + nitrite nitrogen was found by difference. A second 
analysis after destroying nitrite with sulphamic acid was 
used to see, how much nitrite had been present. In pure cul­
tures of nitrifiers in liquid media the oxidation of 
ammonium and nitrite was checked qualitatively by colour 
reactions on nitrate and nitrite separately. Media used were 
for Nitrosomonas: (NH4)2S04 1-0 g, K 2 H P 0 4 0-5 g, NaCl 
2-0g, MgS0 4 7H 2 0 0-2g, FeS0 4 7H 2 0 0-05 g, CaC0 3 60g, 
and water 1000 ml; for Nitrobacter: N aN0 2 1-0 g, K 2 H P 0 4 

0-5 g, MgS0 4 7H 2 0 0-5 g, F eS0 4 7H 2 0 0'05g, and water 
1000 ml, pH = 7-6. 

RESULTS AND DISCUSSION 

Numbers of bacteria and actinomycetes 

The numbers of bacteria plus actinomycetes ofiSoil I were 
counted after 6 and 14 days of incubation respectively 
(Table 2), and higher numbers of microbes were found with 
increasing benomyl concentration which is in accordance 
with the data of Hofer et al. (1971). Such findings suggest 
that this can be explained by the fact that microbes utilize 
compounds added with the benomyl formulation or that 
benomyl has a vitamin-like action. Unfortunately, the com­
position of the' "inert" part of the formulation is not sup­
plied by industry for use in tests. Weeks and Hedrick (1971) 
have suggested that in soils where Benlate is applied some 
detoxification will occur by bacterial utilization of the active 
ingredient as a source of carbon. The increase in numbers 
may also result from a change in the population with bac­
terial numbers increased and fungal reduced. 

Benomyl treatment of the soil samples (up to 100 
parts/106 of benomyl) did not influence the numbers of 
actinomycetes that were counted after 6, 21, 50 and 80 days. 

The soil samples IIA and IIB did not show significantly 
different numbers of bacteria and actinomycetes on agar 
plates. This was also found when counts were made 14 days 
after treating both samples in the laboratory with 20 
parts/106 of benomyl (giving a concentration comparable 
with that applied in practice). 
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Table 2. Influence of benomyl on numbers of bacteria and actinomycetes in soil I 

Agar plate media 
(No./g dry soil x 10" 5) 

With benomyl 
Benomyl 
in the soil 
(parts/106) 

Glycerol-asparag] 
0 
50 

Casein-glucose 
0 
50 

Soil extract 
0 
20 
50 
100 

Without 
6 Days 

incubation 

nate 
39 (±6)* 

186 (±60) 

59 (±14) 
157 (±24) 

1-2 (+1-3) 
2-5 (±0-9) 
2-2 (±0-7) 
3-4 (±1-5) 

benomyl 
14 Days 

incubation 

55 (+12) 
198 (±38) 

N.D. 
N.D. 

6-2 ( + 2-0) 
9-8 (±2-0) 

18-4 ( + 0-7) 
24-6 ( + 2-5) 

(approx. 
6 Days 

incubation 

35 ( + 37) 
184 (±10) 

20(±4) 
139 (±21) 

0-2 
0-6 
0-6 
0-5 

50 mg/1) 
14 Days 

incubation 

49 (+13) 
161 (±17) 

N.D. 
N.D. 

0-5 
4-2 ( + 2-3) 

12-4 ( + 3-4) 
17-8 ( + 5'6) 

* Confidence limits of 95 per cent reliability. 
N.D. not determined. 

Samples IIA and IIB moreover, showed no significant dif­
ferences in most probable numbers or activities of the func­
tional groups of the microflora. Fifteen days after treatment 
of IIA and IIB with 20 parts/106 of benomyl in the labora­
tory the most probable numbers of the total microflora were 
200 and 1000 times lower, respectively, than before treat­
ment ; the numbers of nitrite-oxidizing microbes were also 
considerably lower. Amylolytic, cellulolytic and ammonia 
oxidizing microbes were not significantly influenced by the 
treatment. Neither ammonification of urea nor the develop­
ment of Azotobacter and of algae in the benomyl treated soil 
were different from that in the control soil. Other workers 
(e.g. Huge, 1970) have shown that differences found by this 
method may be very large and can seldom be ascribed with 
certainty to the use of pesticides. Furthermore, Ponchet and 
Tramier (1971) with this method found no disturbances of 
the soil microflora by high doses or repeated application of 
benomyl. 

Differences in the results of the experiments with soils I 
and II may be due to the different benomyl concentrations 
applied or to different soil properties. Hofer et al. (1971) 
found large differences between two soils treated with equal 
benomyl concentrations. Their results may be explained 
from differences of the soils in humus content that is 
expected strongly to influence the availability of Benlate in 
soil. 

C02 evolution from the soil 

Total C 0 2 evolved from soil I was only slightly infli 
enced by benomyl even at high concentrations (Table ; 
It may be assumed that the breakdown of soil organic ma 
ter, cellulose or chitin in this soil is not disturbed by norm 
benomyl application (at concentrations about 20 parts/10! 

Even with 200 parts/106 of benomyl in the soil and 0-2' 
cellulose or chitin added, maximum C 0 2 evolutie 
occurred only a few days later than the controls ; though a 
increased lag phase was found for cellulose breakdow 
Hofer et al. (1971) found some increase in C 0 2 evolutie 
without added substrate and a small decrease with adde 
starch upon benomyl treatment during 3 days incubatio: 
which agrees rather well with our findings for these lei 
rapidly degradable substrates. 

Nitrogen mineralization 

After 12 weeks' incubation significantly more (N0 2 -
N0 3 ) -N (P < 0-05) was found in the benomyl-treated so 
(regardless of the amount of benomyl added) than in the ui 
treated soil (Table 4). Nitrite-nitrogen after 12 weeks WE 
less than 2-5 mg/kg and no ammonium-nitrogen was foun 
at any time during the experiment; so the ammonificatio 
was immediately followed by nitrification. In contrast wit 
this, Hofer et al. (1971) found a more or less strong inhib 

Table 3. Relative values of C 0 2 evolution of benomyl-treated soil I after 1 month of 
incubation (control soil without benomyl = 100 per cent) 

Substrate added to the 
soil 

No substrate 
Cellulose (0-2%) 
Chitin (0-2%) 

Benomyl concentration 
in the soil (parts/106) 

50 

91 
88 

N.D. 

200 

104 
82 
86 

Significance of the 
differences found 

between untreated 
and benomyl-treated 

soil (50 as well as 
200 parts/106) 

P> 0-3 
P < 0-01 
P < 0-01 

N.D. not determined. 
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Table 4. Amounts of nitrate plus nitrate-nitrogen formed in benomyl-
treated soil I during 3-, 6- and 12-week incubation at 29°C 

Benomyl-concentration 
in the soil (parts/106) 

0 
10 
25 
100 

Nitrite plus 

3 weeks 

6 
8 
8 

10 

nitrate-nitrogen 
(mg/kg) 

'ormed 

6 weeks 12 weeks 

19 
18 
18 
23 

30 
36 
36 
38 

tion of nitrification after 4 weeks incubation with 15 and 150 
parts/106 of benomyl in a humiferous sandy soil. A contri­
bution to nitrate from "mineralization" of benomyl is not 
evident from Table 4, as the higher amounts of nitrate found 
in the treated samples were independent of the benomyl 
concentration in the soil. The higher concentration of 
(N0 2 + N0 3 ) -N found in the treated samples may result 
from an enhanced ammonification of soil organic nitrogen. 

However, addition of benomyl at a level of 200 mg/1 to 
liquid media with a mixed culture of Nitrosomonas and 
Citrobacter (isolated from soil) caused in our experiments a 
delayed oxidation of ammonium to nitrite and inhibited the 
(further) oxidation of nitrite to nitrate (at 15°C and at 25°C). 
With 20 mg/1 of benomyl in the medium only the oxidation 
of nitrite was delayed. Thus the oxidation of nitrite to 
nitrate in vitro was found to be more sensitive to benomyl 
than the oxidation of ammonium to nitrite. 

Dehydrogenase activity 

The dehydrogenase activity of soil I was not significantly 
affected by 20 or 200 parts/106 of benomyl in the soil; this 
was the case without further addition of substrate and with 
simultaneous addition of 200 parts/106 of glucose. 

CONCLUSIONS 

(a) Repeated applications of benomyl or the use of a high 
dose of benomyl—bearing in mind the uncertainty about its 
persistence in soil—can affect the total numbers of bacteria 
and actinomycetes and may cause a shift in the bacterial 
flora of the soil. 

(b) Addition of benomyl to liquid or agar media inhibits 
the outgrowth in these media, of part of the soil bacteria, 
especially that of nitrite oxidizers. In soil this inhibition may 
be less because of adsorption of benomyl to soil particles. 

(c) Serious disturbances of the conversion of carbon com­
pounds in the soil by benomyl application apparently need 
not to be feared, but at present no generalization can be 
made as to the effect of benomyl on nitrification in the soil. 
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