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The capacity of soil microbial isolates from non-fumigant
nematicide stressed Heterodera schachtii greenhouse
culture stocks to inactivate non-fumigant nematicides
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Summary - Greenhouse stock cultures of Helerodera schachtii populations adapted to several years of monthly nonfumigant
nematicide treatments were used as sources of microbial populations for assessment of their adaptation to the nematicide stressing
regime. Microbial populations were isolated as groups of aerobic bacteria, Pseudomonas sp. or fungi and subcultured as individual
colony isolates of each group. Cell free culture fluids from each of these isolates were tested for an effect on the bovine
acetylcholinesterase hydrolysis of a synthetic substrate. Under comparable conditions cel! free culture fluids of Pseudomonas sp. and
aerobic bacteria isolates reduced substrate hydrolysis approximately by one haIf and Trichoderma (the principal fungus) by
approximately 80 %. The inhibition of substrate hydrolysis varied from 30-80 % depending upon culture fluid isolate and appeared
to be independent of number of colony forming units producing the culture fluid of the isolate. The inhibitory effect of carbofuran
on the enzyme reaction appeared ta be unaffected and independent of the culture isolates.

Résumé - La capacité d'inactiver les nématieides non Jumigants développée par des isolats microbiques provenant
de sols d'élevages en serre d'Heterodera schachtii sensibilisé aux nématicides non Jumigants - Des elevages en serre
de populations d' Hererodera schachlii adaptes depuis plusieurs annees il des traitements nematicides non-fumigants ont été utilisés
pour obtenir des populations microbiques et tester l'adaptation de celles-ci il des régimes de sensibilisation aux nematicides. Ces
populations microbiques ont été separees en bactéries aérobies, Pseudomonas et champignons, chacun de ces groupes étant cultivé
sous forme d'isolats de colonies individuelles. Les liquides de culture - débarrassés des cellules - de chacun de ces isolats ont
été testés en vue de leur action sur l'hydrolyse de l'acétylcholinestérase bovine, sur substrat synthetique. Dans des conditions
comparables, le liquide de culture de Pseudomonas sp. et celui provenant des bactéries aérobies reduisent de moitie environ
l'hydrolyse du substrat tandis que cene réduction est voisine de 80 % pour Trichoderma, le champignon principal. L'inhibation de
l'hydrolyse du substrat varie de 30 il 80 % suivant le liquide de culture considere et paraît independante du nombre de colonies
unitaires produisant le liquide de culture de l'isolat. L'effet inhibiteur du carbofuran sur la reaction enzymatique paraît independant
des isolats des cultures, et n'y est pas sensible.
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That sorne soil-bome microorganisms are able to
degrade different non-fumigant nematicides (carbo
furan, fenamiphos, aldicarb and oxamyl) is well-known
(DiSanzo, pers. comm.; Felsot el al., 1981; Kaufman &
Edwards, 1982; Kaufman el al., 1984; Wilde & Mize,
1984; Yamashita el al., 1986; Read, 1987; Anderson &
Wybou, 1988; Ramanand el al., 1988). During the
course of greenhouse trials exploring nematode adapta
tion to prolonged stress from non-fumïgant nematicides
in stock pot cultures (Yamashita el al., 1986; Yamashita
& Viglierchio, 1986; Yamashita el al., 1988b; Viglierchio
el al., 1989) it was observed that nematode-free soil
extracts from sorne stressed stock cultures provided
protection from the same nematicide if trial pots were
pretreated wi!h soil extraet. To explore this response

further, a trial was conducted with Helerodera schachlii,
sugar beets, soil extracts from long term stressed stock
H. schachlii populations. The extracts were enriched and
non-enriched with bacterial nutrient. Although the re
sults were variable, statistically, no protective effect for
nematodes by microbial populations was observed (Ya
mashita el al., 1988a). A nematode protective microbial
population would be of immense importance for the
field application of non-fumigant nematicides. It was,
therefore, of interest to determine whether differing
groups making up the soil borne microbe populations
placed under favorable laboratory conditions rather than
the potentially suppressive ones in nature, would exhibit
enhanced capacity to inactivate non-fumigant nemati
cides. The same system, H. schachlii, sugar beets,
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nematicide stressed H. schachtii stock cultures were
employed to ensure direct relevance to the non-fumi
gant nematicide control of this nematode.

Materials and methods

ISOLATION OF SOIL MICROORGANISMS FROM NEMATICIDE

TREATED AND UNTREATED STOCK GREENHOUSE NEMA

TODE CULTURES

Soil samples were collected from long-term low dos
dosage nematicide stressed greenhouse cultures of H.
schachlii (Viglierchio el al., 1989). At the time of sam
pling, the sub-Iethal concentrations used to stress the
nematode populations were 0.008 mM carbofuran and
oxamyl and 0.0012 mM fenamiphos, and aldicarb; a
wild population of nematode stock cultures served as
control samples. Three cores of soil were collected from
each pot and mixed together thoroughly to comprise one
replicate composite sample. Each treatrnent was repli
cated three times.

The isolation of microorganisms from composite soil
samples was initiated by taking 10 g of soil from each
composite and transferring it to an Erlenmeyer flask for
suspension in 90 ml of sterilized deionized water by
shaking on a mechanical shaker for 30 min. A seriai
dilution was made for each soil suspension and each
dilution was plated out on Petri dishes containing selec
tive media (one set with and one without added nema
ticides) to isolate different groups of microorganisms.
There were three replicates for each dilution. Total
aerobic bacteria except Pseudomonas species were esti
mated by the dilution plate method using Thomton's
standardized medium plus Nystatin (mycostatin)
(Thomton, 1922). Peptone dextrose agar plus rose
bengal (1 :30 000) and Streptomycin (30 Ilg/ml, Martin,
1950) or Aureomycin (2 Ilg/ml, Johnson, 1957) was used
to isolate fungi. Pseudomonas isolation agar (Difco) was
used for isolating Pseudomonas species. A similar set of
dilution plates but with the addition of each of the
following filter sterilized nematicide concentrations :
0.008 mM carbofuran or oxamyl, and 0.0012 mM
fenamiphos or aldicarb served for comparison. The plate
cultures were placed in the 30 oC incubator for five days
after which bacterial colonies including Pseudomonas
were sub-cultured on nutrient agar (Difco) slant tubes
and fungal colonies were sub-cultured on slams of
Czapek-Dox agar (Thom & Raper, 1945) at ambient
temperature.

TRANSMITTANCE AND ESTIMATION OF BACTERIAL COL

ONY FORMING UNITS (CFU)

Pseudomonas species from siam cultures were trans
ferred imo AC broth (Difco) and shaken on a mech
anical shaker at 30 oC for 24 h. During the incubation
period, at times 0, l, 2, 3, 4, 5, 6, 7 and 24 h, 3.5 ml of
liquid Mother culture from each flask of isolate was
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transferred to colorimeter tubes to estimate transmit
tance optically at 465 nm with a Spectronic 20 (Bausch
& Lamb colorimeter). Each liquid bacterial culture
isolate was treated in the same fashion. Simultaneously,
a known volume from each mother culture cell suspen
sion was plated out as a dilution series onto Petri dishes.
These plates were incubated at 30 oC for 24 h after
which the number of CFU per plate was determined to
prepare a standard curve for transmittance as a function
of number of Pseudomonas CFU.

THE INHIBITIVE EFFECT OF NEMATICIDE TO ACETYLCHO

LINESTERASE ACTIVITY

Acetylcholinesterase catalyses a reaction producing
thiols from a precursor substrate, acetylthiocholine
iodide. These thiols can then react with dithiobisnitro
benzoic acid (DTNB) to yield a yellow chromophore
(Ellman el al.) 1961) that can be used to measure the
inhibitive effect of nematicides on cholinesterase ac
tivity. Three replicate tubes were used for ail the follow
ing test conditions.

Tesl of optimum incubation period for lhe enzyme-sub
Slrate reaaion : The assay-reaction mixture consisted of
the following components : 9 ml of culture supematant
(cell free prepared from liquid culture aerobic bacteria),
enzyme-substrate mixture as follows-9 ml of 0.1 M
phosphate buffer, pH 8.0; 75 III bovine erythrocyte
cholinesterase (Sigma, 5 units/ml water); 30 III 0.075 M
substrate (acetylthiocholine iodide, Sigma); 150 III of
0.01 M DTNB (39.6 mg dissolved in 10 ml of 0.1 M
phosphate buffer, pH 7.0 to which 15 mg sodium
bicarbonate was added). A control blank was prepared
with ail the components described above but omitting
bovine erythrocyte cholinesterase. The reaction mixtures
were placed in a 30 oC shaker water bath. Three ml
of the reaction mixture from the same flask were
transferred to cuvettes after 20 min, 2 h and 3 h of
reaction time to measure transmittance with a Spec
tronic 20 colorimeter at 412 nm (the wave length of
chromophore absorption). The 2 h reaction period was
selected as the most favorable for the following exper
imems.

Seleaion of nematicide : Nematicides were added to
the cholinesterase enzyme-substrate reaction mixture at
the following rates : 0.005, 0.001, 0.002, 0.004 and
0.008 mM for carbofuran or oxamyl; and 0.0006}
0.0012,0.0024,0.0048,0.0096 and 0.012 mM for fen
amiphos or aldicarb. The enzyme-substrate reaction
mixture with water substituted for nematicides served as
a control. Each of four replicates was incubated at 30 oC
in a water bath shaker for two hours before transmit
tance was measured as an indication of effectiveness as
an inhibitor. The optimum reaction was obtained with
0.008 mM carbofuran which was therefore selected for
further testing.
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Inactivation effects of microbial metabolites on carbo
furan activity :

i) A standard transmittance curve was prepared for
the range of substrate concentration anticipated in the
enzymatic reaction.

A series of concentrations of acetylcholine iodide
(0.024, 0.049, 0.097, 0.15, 0.19 and 0.24 mM) were
added in the enzyme reaction mixture so that it could be
used to estimate millimoles of substrate in the reaction
mixture. There were three replicates for each testing
condition and this experimem was repeated four times.

ii) Effect of culture cell free supematant from Pseu
domonas species, aerobic bacteria and Trichodenna spe
cies on carbofuran activity. Three replicates of each of
four different kinds of treatments which each microbial
isolate were prepared as follows :

a - 1 ml cell free supematant plus enzyme-sub
strate reaction mixture composed of the following : 3 ml
of 0.1 M phosphate buffer, pH 8.0; 25 /!l bovine
erythrocyte cholinesterase (Sigma, 5 units/ml water);
10 /!I of 0.075 M substrate-acetylthiocholine iodide
(Sigma); 50 /!l 0.01 M - DTNB (39.6 mg dissolved in
10 ml of 0.1 M phosphate buffer, pH 7.0 to which 15 mg
of sodium bicarbonate was added).

b - 1 ml cell free supematant plus the enzyme
substrate reaction mixture but substituting 25 /!I of
water for the enzyme solutions;

c - 1 ml cell free supematant, enzyme-substrate
reaction mixture as mentioned (a) and carbofuran solu
tion ta result in a final concentration 0.008 mM;

d - 1 ml cell free supematant, prepared from liquid
microbial culture with 0.008 mM carbofuran in the

Non fumigant nemmicides inaetivated by soil microbial isolmes

medium during culture incubation, enzyme-substrate
reaction mixture as described (a).

Results

The numbers of CFU of groups of microorganisms
isolated from the soil solution dilutions of composite
samples by plating out on different isolation media with
and without added nematicide are indicated in Table 1.
Aerobic bacteria and Pseudomonas species were isolated
from the soil samples whether or not the isolation
medium contained nematicide. Trichodenna was the
overwhelmingly dominant fungus isolate regardless of
isolation process except that perhaps more colony
forming units (CFU) were obtained from fenamiphos
and aldicarb treated soils (Table 1). There were no
significant differences in the number of CFU between
the isolation media with or without nematicide from
nematicide-treated soils; however, there were greater
numbers of Trichodenna CFU isolated from nematicide
stressed culture soil samples than from the soil of wild
population nematode cultures. Substantially more CFU
of aerobic bacteria and Pseudomonas species were iso
lated from the carbofuran treated soil than from ail other
nematicide stressed or unstressed nematode stock cul
ture soils.

A standard curve was prepared as a basis to estimate
the CFU of microbial cultures producing supematants
used in cholinesterase reactions in order to compare
results of different isolates on the basis of CFU (Fig. 1).

Under our laboratory conditions, the two hour in
cubation was selected for the enzyme-substrate reaction

Table 1. Micro-organism colony forming units (CFU) isolated from nematicide treated and untreated soil from H. schachtii stock
cultures in the presence or absences of nematicide in the isolation media. Nematicide concentrations in isolation media or soil
treatrnents were : C = 0.008 mM Carbofuranj 0 = 0.008 mM Oxamylj F = 0.0012 mM Fenamiphos; A = 0.0012 mM Aldicarbj

CTL = Control, untreated. (Mean and standard deviation of three replicates.)

Number of CFU/g of composite soil samples

Aerobic bacteria
(106

)

Pseudomonas
(lOl)

Trichoderma
(lOl)

Nematicide

Soil

C
o
F
A

CTL
CTL
CTL
CTL
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Media

C
o
F
A
C
o
F
A

Present
(Media)

4.6 ± 0.1
3.4 ± 0.1
1.8 ± 0.2
2.6 ± 0.07
2.3 ± 0.4
2.4 ± 0.05
1.5 ± 0.2
2.0 ± 0.3

Absent
(Media)

4.8 ± 0.3
2.7 ± 0.2
2.8 ± 0.1
2.9 ± 0.1
3.1 ± 0.27
3.1 ± 0.27
3.1 ± 0.27
3.1 ± 0.27

Present
(Media)

10.7 ± 2.0
1.7 ± 0.4
0.4 ± 0.4
0.3 ± 0.1
0.6 ± 0.1
J.1 ± 0.2
1.2 ± 0.2
1.5 ± 0.5

Absent
(Media)

10.4 ± 2.0
1.4 ± 0.5

o
0.2 ± 0.1
0.6 ± 0.1
0.6 ± 0.1
0.6 ± 0.1
0.6 ± 0.1

Present
(Media)

560 ± 36
520 ± 80
610 ± 96
680 ± 45
150 ± 10
110 ± 20
110 ± 21
100 ± 25

Absent
(Media)

490 ± 86
630 ± 7
740 ± 104
710 ± 72
150 ± 32
150 ± 32
ISO ± 32
150 ± 32
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Fig. 3. Standard curve relating transmittance ta substrate
concentration for the bovine erythrocyte cholinesterase-sub
strate reaction.
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period as it showed a chromophore absorption at a more
favorable level than shorter or longer incubation periods.

The inhibition of the cholinesterase enzyme-substrate
reaction as a function of concentration of different
nematicides (Fig. 2) indicated that carbofuran was the
most effective in the concentration range of interest.
Therefore, 8 !-LM carbofuran was selected as the target
nematicide concentration ta evaluate the influence of
culture supematant on the inhibition of the cholinester
ase substrate reaction by a nematicide.

A standard curve was obtained relating transmittance
as a function of concentration of substrate that would
permit the estimation of substrate in the cholinesterase
enzyme-substrate reaction mixture in order to evaluate
the influence of isolate culture supematants on the
enzyme reaction (Fig. 3).

The enzyme reaction data for the incorporation of
supematants from 23 randomly selected Pseudomonas
isolates (Table 2) indicated that about half of the acetyl
thiocholine iodide substrate was hydrolyzed instead of
the nearly complete hydrolysis achieved with the absence
of supernatant. Moreover, the range in amounts of
hydrolyzed substrate among the isolates varied from 30
to 80 % of the initial quantity present in the reaction
mixture; whereas, the range based upon a per 107 cru
present in the supernatant source cell culture varied
from 7 to 1500 %. The substrate hydrolyzed in the
absence of added enzyme (non-specifie hydrolysis by the
supematant) was approximately 8 % of the initial sub
strate added. The presence of carbofuran either added ta
the enzyme reaction mixture or incorporated with the
supernatant from the carbofuran containing culture
medium inhibited the enzyme activity. Similar data from
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Fig. 2. The inhibition of cholinesterase by nematicides as
measured colorimetrically by substrate hydrolysis.
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Table 2. The interaction of Pseudomonas isolate culture supernatant on the carbofuran inhibited and uninhibited cholinesterase
reaction. A = Normal cholinesterase reaction mixture incorporating supernatant (material and methods); B = Normal cholinester-
ase reaction mixture incorporating supernatant but substituting an equivalent volume of water for enzyme solution - non specifie
hydrolysis (materiaJ and methods; C = Normal cholinesterase reaction mixture incorporating supernatant and 0.008 mM
carbofuran as reaction inhibitar (material and methods; D = Normal cholinesterase reaction mixture incorporating supernatant
from a culture grown in a medium containing 0.008 mM carbofuran, No supplemental carbofuran was added ta the reaction
mixture which therefore contained 0.002 mM carbofuran.

Substrate hydrolyzed

A B C D

lsolate pM nM/107 CFU pM nM/I07 CFU pM nM/I07 CFU pM nM!107 CFU

1 0.44 9700 0,06 1400 0.08 1800 0.07 1500
2 0.38 5 0,06 1 0.07 1 0.08 0.3
3 0.35 14 0.06 2 0.08 3 0.08 9
4 0.43 21 0.06 3 0.08 4 0.08 2
5 0.87 6 0.06 1 0.08 1 0.08 1
6 0.53 110 0.06 12 0.07 15 0.07 31
7 0.54 113 0.06 13 0.08 16 0.08 27
8 0.50 2 0.06 0.2 0.07 0.2 0.07 15
9 0.45 15 0.06 2 0.07 3 0.07 104

10 0.40 45 0.06 7 0.07 8 0.07 36
II 0.39 39 0.05 6 0.06 6 0,07 82
12 0.45 630 0.06 8.7 0.07 103 0.08 94
13 0.42 525 0.06 77 0.07 90 0.08 99
14 0.43 24 0.06 3 0.08 4 0.07 1
15 0.43 478 0.06 72 0.07 93 0.08 74
16 0.41 1 0.06 0.1 0.07 0.1 0.08 0.1
17 0.26 78 0.05 15 0.05 16 0.05 5
18 0.23 38 0.05 8 0.05 9 0.06 3
19 0.39 91 0.05 13 0.06 13 0.06 1
20 0.48 19 0.05 2 0.06 2 0.06 9
21 0.41 123 0.05 16 0.06 17 0.06 14
22 0.52 11400 0.05 1200 0.06 1300 0.06 1300
23 0.58 107 0.05 10 0.06 Il 0.06 16

seventeen randomly selected aerobic bacteria isolates
(Table 3) also indicate that about half the substrate
present was hydrolyzed with a range among isolates of
between 40 and 75 %. Whereas the range was perhaps
somewhat narrower, than for Pseudomonas the range on
a 107 colony forming unit basis was greater, 17 to
55 000 %. In the absence of added enzyme the non
specifie hydrolysis of substrate was similar to that of
Pseudomonas, on the order of 9 % of the initial substrate.
In the enzyme reaetion mixture the presence of carbo
furan inhibited the cholinesterase activity of the added
enzyme.

Cholinesterase reaction studies incorporating super
natants from randomly selected Trichoderma isolates
(Table 4) indicated that approximately 20 % of the
substrate was hydrolyzed and the variability among
isolates was much reduced from that of bacterial obser
vations. In terms of substrate hydrolyzed per gram of
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mycelium in the culture, there appeared to be a corre
lation with fungal growth, i.e., more mycelium, more
substrate hydrolyzed. In the absence of added enzyme to
the reaction mixture, the nonspecific hydrolysis was on
the order of 2 % of the initial substrate added. As with
bacterial extracts, the addition of carbofuran to the
enzyme reaction mixture effectively inhibited choli
nesterase activity.

Discussion

The presence of nematicide in the medium appeared
ta make little difference to the number of colony
forming units isolated from nematicide treated soils of
aerobic bacteria except perhaps from fenamiphos
treated soils. The number of CFU from control soils
appeared ta be somewhat lower with nematicides in the
medium for aerobic bacteria and perhaps Trichoderma
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Table 3. The interaction of aerobic bacteria isolate culture supematant on carbofuran inhibited and uninhibited cholinesterase
reaction. A = Normal cholinesterase reaction mixture incorporating supematant (material and methods); B = Normal cholinester
ase reaction mixture incorporating supematant but substituting an equivalent volume of water for enzyme solution - non specifie
hydrolysis (material and methods). C = Normal cholinesterase reaction mixture incorporating supematant and 0.008 mM
carbofuran as reaction inhibitor (material and methods). D = Normal cholinesterase reaction mixture incorporating supematant
from a culture grown in a medium containing 0.008 mM carbofuran. No supplemental carbofuran was added to the reaction
mixture which therefore contained 0.002 mM carbofuran.

Substrate hydrolyzed

A B C D

Isolate j.lM nM/107 CFU j.lM nM/107 CFU j.lM nM/107 CFU j.lM nM/101 CFU

1 0.55 0.4 0.07 0.1 0.09 0.1 0.08 0.2
2 0.58 18 0.08 2 0.1 3 0.08 0.1
3 0.45 346 0.07 52 0.09 66 0.09 11
4 0.54 43 0.08 6 0.10 8 0.10 56
5 0.53 410 0.07 56 0.10 74 0.09 188
6 0.45 2 0.07 0.3 0.10 0.4 0.10 0.9
7 0.40 1 0.07 0.1 0.10 0.2 0.10 0.3
8 0.37 0.4 0.07 0.1 0.09 0.1 0.10 0.2
9 0.47 2 0.06 0.3 0.08 0.4 0.08 2

10 0.44 210 0.07 3.2 0.08 40 0.09 0.2
11 0.47 252 0.07 86 0.09 46 0.09 0.1
12 0.44 24 0.06 4 0.08 4 0.09 20
13 0.38 0.5 0.07 0.1 0.09 0.1 0.10 0.2
14 0.32 46 0.07 10 0.09 12 0.09 4
15 0.31 0.1 0.06 0.03 0.08 0.03 0.09 0.2
16 0.44 15 0.06 2 0.08 3 0.09 1
17 0.50 51 0.06 7 0.08 8 0.10 0.3

Table 4. The interaction of Trichodenna isolate culture supematant on carbofuran inhibited and uninhibited cholinesterase activity.
* = nanomoleslg of dry mycelium from the culture. A = Normal cholinesterase reaction mixture incorporating supematant
(material and methods). B = Normal cholinesterase reaction mixture incorporating supematant but substituting an equivalent
volume of water for enzyme solution - non specifie hydrolysis (material and methods. C = Normal cholinesterase reaction mixture
incorporating supernatant and 0.008 mM carbofuran as the reaction inhibitor (material and methods). D = Normal cholinesterase
reaction mixture incorporating supernatant from a culture grown in a medium containing 0.008 mM carbofuran. No additional
carbofuran was added ta the reaction mixture which therefore contained 0.002 mM carbofuran.

Substrate hydrolyzed

A B C D

Isolate j.lM nM/g* j.lM nM/g* j.lM nM/g * pM nM/g*

1 0.13 19 0.003 0.44 0.005 0.74 0.009 1.3
2 0.18 34 0.003 0.58 0.005 0.97 0.007 1.1
3 0.15 20 0.003 0.42 0.005 0.70 0.006 0.8
4 0.18 24 0.003 0.41 0.005 0.68 0.009 1.2
5 0.17 22 0.003 0.40 0.005 0.67 0.009 1.3

or oxamyl, fenamiphos, and aldicarb whereas those of
Pseudomonas were somewhat higher for oxamyl, fena
miphos and aldicarb. The number of colony fonning
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units of Trichodenna from treated soils were consistenùy
greater than from untreated ones. The number of colony
fonning units of aerobic bacteria and Pseudomonas spe-
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cies was substantially greater from carbofuran treated
soils than those noted from untreated soils or soils
treated with oxamyl, fenamiphos or aldicarb.

The standard curve relating transmittance to number
of colony forming units was based on the log phase
growth of Pseudomonas species (Fig. 1). This was be
lieved to provide a more reliable indicator of colony
forming units than a standard curve obtained by diluting
a mature population.

The capacity of nematicides to inhibit the bovine
erythrocyte cholinesterase reaction (Fig. 2) revealed that
carbofuran was substantially more effective than the
other nematicides under the conditions of these exper
iments. Inasmuch as it was more active in the range of
concentrations utilized in the stock culture stressing
regime, 0.008 mM carbofuran was selected as a candi
date nematicide for the cholinesterase reaction exper
iments. During the course of these experiments ran
domly selected isolates were spot checked by repeating
the entire reaction series; reproducibility of the results
were consistently within 5 % of the mean of the initial
trial.

Bacterial supematant (aerobic bacteria and Pseudo
monas) reduced the substrate hydrolysis by half from
that occurring in the presence of microorganism free
medium; products of microbial growth inhibited the
cholinesterase reaction. In cholinesterase free systems
nonspecific hydrolysis by microbe by-products was of
the order of 8 to 9 % of the initial substrate and not
affected by the presence of carbofuran. The substrate
hydrolysis was not correlated with microbe growth as
indicated by cru counts; i.e., although the number of
CFU may have been hundreds or thousands of times
greater in sorne isolates than others, this was not re
flected in the substrate hydrolysis. A 0.008 mM con
centration of carbofuran added to the enzyme reaction
mixture completely inhibited the activity of the chol
inesterase enzyme thereby indicating that the bacterial
culture supematant caused no reduction in carbofuran
activity either by degrading or complexing it. The
observations were confirmed by the results from the
enzyme reaction mixture incorporating supematant
from microbial cultures growing in the presence of
0.008 mM carbofuran. These enzyme reaction mixtures
contained 0.002 mM carbofuran, a concentration on the
shoulder of the steep slope of the inhibitory curve
(Fig. 2). At this concentration any reduction in carbo
furan activity wouId have been easily noted; no re
duction was observed.

The results with Trichoderma were somewhat similar
(Table 4). In the normal reaction mixture with the
supematant, approximately 80 % of the substrate re
mained unhydrolyzed with the amount hydrolyzed cor
related with mycelial growth. Nonspecific hydrolysis was
extremely low and unlikely to be of much impact on the
system. As was observed in the bacterial systems, the
Trichoderma reaction mixture in the presence of carbo-
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furan was totally inhibited. None of the isola te super
natants from aerobic bacteria, Pseudomonas or Tricho
derma appeared to have any affect on carbofuran activity
whether by degradation or complexing. The super
natants did however, reduce the Bovine erythrocyte
cholinesterase reaction by approximately half for
aerobic bacteria and Pseudomonas and by 80 % for
Trichoderma. Whether microbial growth products in
nature have any inhibitory effect on the cholinesterase
reaction within nematodes remains to be established. In
the greenhouse stock nematode cultures, Trichoderma
was the overwhelmingly dominant fungal group in
contrast to field soils where the fungal population is
varied. The Trichoderma dominance is a well-known
observation for greenhouse stock cultures in which both
soil and pots are heat sterilized; it reinvades quickly,
grows rapidly and out competes other fungal contami
nants. Although in these experiments the goal was to
establish the parameters of the nematicide stressed
nematode culture system it would be useful ta under
stand how other fungal populations in field soils affect
the nematode cholinesterase reactions or nematicide
activity.
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