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Soil pollution with heavy metals may affect the functioning of
the soil biota by inhibiting the decomposition of organic matter
(Doelman and Haanstra 1979) and may also influence foodchains.
This paper presents the results of an investigation how the
reproduction of soil nematodes can be influenced by feeding on
bacteria or fungi contaminated with lead and cadmium.

MATERIALS AND METHODS

The nematodes Mesorhabditus monhystera (Ordo Rhabditida, Goodey
1963) and Aphelenchus avenae (Ordo Tylenchidae, Goodey 1963)
were supplied by the department of Nematology, Agricultural
University in Wageningen. M. monhystera was reared on a mixed
culture of gutbacteria, isolated from this species. A. avenae
was reared on mycelium of the fungus Alternaria solani or Alter-
naria porri.

The bacteria, as food for M. monhystera, were grown in liquid
medium (yeast extract 1%; glucose 1%; pH 6) at 250C. The washed
(3 times in demineralized water) bacteria suspensions were in-
cubated for 2.5 hours in salt solutions of 0, 20, 200, 1000
ug.g-1 pp (NO3),, 2, 20, 200 pg.g~1 CdCl, respectively, or in
combined Pb/Cd solutions: 20/2, 200/20 or 1000/100 pg.g-!. Equal
amounts of bacteria biomass were transferred to petridishes with
wateragar to which 5 pregnant nematodes of a similar age were
added. Reproduction was determined by counting the number of
nematodes on day 5, 8, 12, 19 and 22. The experiment was carried
out in tenfold. Preliminary experiments had shown that the re-
production of nematodes feeding on bacteria biomass of single
strains was much lower than on mixed strains isolated from the
gutsystem.

The fungus A. solani, as a food for A. avenae, was grown at

259C on maltagar (15%) to which Pb and Cd were added separately
in concentrations of 0, 1, 10, 25 ug.g’l (as CdCl,) and 10, 100,
250 pg.g-! Pb (as Pb(NO3),) respectively, or combined in a
Pb/Cd ratio of 10/1, 100/10, 250 ug.g-l. The agar was adjusted
to pH 6 and covered with thin plastic foil (Cuprophane dralysene
foil, PT 300, Enka). After 4 days of growth of the added punch
of fungus on agar (# 5 mm) 5 pregnant nematodes of a similar

age were added. Reproduction was determined by counting the
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nematodes on day 7, 10, 14, 17 and 21. The experiment was carried
out in threefold and repeated with A. porri. The quantity of
heavy metals taken up by the bacteria biomass was calculated by
subtracting the supernatant quantity from the original quantity.
The quantity taken up by the fungus was determined by separating
the mycelium and the foil. the mycelium was left overnight in

20 ml H;0, (36%) and boiled after adding concentrated HNOs. Then,
the pH was brought at 3.5 - 4. All heavy-metal concentrations
were determined with an atomic absorption spectrophotometer (Pye
Unicum 191).

The size of the population exposed to Pb and Cd was expressed

as a percentage of the control. Multiplying these two percentages
provides the expected size of the population when the combination
of Pb and Cd acts additionally. If the measured size of the popu-
lation is smaller than the expected size, synergism is involved.
Antagonism is involved if the combined effect is larger than the
expected effect.

Since the uptake of the cell wall (bacteria eaten by M. monhxs-
tera) depended on whether the metals were added separately or in
combination (Table 1) a correction factor was necessary. The
reduction caused by 1 pg.g-l was calculated for each day the po-
pulation size was determined. For example, when the reproduction
was known on a range 7.6 - 34.5 ug.g'l Pb its reduction by

1 ug.g‘l Pb was calculated, then the population_size was cal-
culated when the Pb concentration was 8.8 ug.g'l Pb (the quantity
Pb taken up when Pb and Cd were added as a combination). In ana-
logous calculation for the Cd group was assessed whether the
toxic action was additional, antagonistic of synergystic.

RESULTS AND DISCUSSION
The amounts of heavy metals bound by the bacteria differ between
Pb and Cd and between the various concentrations and combinations

(Table 1).

Table 1 Quantities of heavy metals (ug.g_l) taken up by bacteria

Pb 7.6 (20) 34.5  (200) 110 (1000)
Cd 0.23 (2) 4.4  ( 20) 12.7 ( 100)
Pb/Cd  8.8/0.33 (20/2) 20/0.7 (200/20) 105/7 (1000/100)

() The heavy-metals concentration (ug.g_l) in the incubation
solution.

For sake of clarity the influence of the heavy metals on the re-
production of Mesorhabditus monhystera is given in Table 2 and
Figures 1-3.

The differences between the control and the contaminated cate-
gories were statistically (P_< 0.05 - Wilcoxon) except for

0.23 ug.g~ -1 ¢d and 110 ug.g -1 Pb on day 5; for 1000/100 ng. g‘l
Pb/Cd on day 5, 19 and 22; for 4.4 ug. g‘l Cd on day 8, 15 and 22
and for 34.4 ug.g-1 Pb on day 19 and 22. Thus in the beglnnlng
and at the end of the experiment the values were least signifi-
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Figure 1 The influence of lead, taken up by bacteria, on the
reproduction of the nematode Mesorhabditus monhystera;
* — % = control, .m—m= 7.6 pg.g-l Pb,
A—aA =34.5ug.g , =@ = 110 ug.qg-1 Pb
Figure 2 The influence of cadmium, taken up by bacteria, on the
reproduction of M. monhystera; *~-% = control,
m—wm= 0.23 ug.g-1 Cd, & —a = 4.4 ug.g-1 Cd,
e—e=12.7 ug.g”! cd
Figure 3 The influence of lead, cadmium, simultaneously taken up

by bacteria, on the reproduction of M. monhystera;
* — % = control, m-—m = 8.8/0.33 ug.q-1 Pb/Cd,
A — a4 = 20/0.7 pg.g~1 Pb/Cd, @ — @ = 105/7 pg.g~! Pb/Cd

cant. This can be explained by the fact that the same number of
nematodes (5) was used at the starting point and by the de-
creasing reproduction at the end of the experiment. During day
8, 12 and 15 almost all values show a statistically reliable in-
hibition of the reproduction of the nematodes, due to heavy
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metals. With Cd and Pb present in the food the nematode popula-
tion reaches in general its maximal population size later in
time (4 days or more) and, moreover, this maximum is reduced
(approximately an average of 8700 nematodes per petridish versus
4000 or less).

Whether the combined action of Pb and Cd is additional, anta-
gonistic or synergistic can be concluded from the data given in
Table 3.

Table 3 Comparison of the action of Pb and Cd separately and
simultaneously. The numbers reported are the measured
(I) and corresponding calculated (II) reproduction
percentages (in comparison to the controls)

ug.g‘l I II I II I 11
Pb.Cd 8.8/0.33 7.6x0.23 20/0.7 34.5x4.4 105/7 110x12.7
day 5 12.3 23.8 1.32 0.21 1.34  0.08
day 8 22.6 21.2 4.0 1.53 0.06 0.04
day 12 6.1 2.32  0.82 0.19 0.02  0.002
day 15 18.9 14.2 4.5 2.91 0.01 0.002
day 19  36.7 16.9  14.5 0.58 0.17 3.92
day 22  47.3 22.8  47.2 27.0 1.30 1.63

At low concentrations the inhibition is less than expected

which implicates antagonism. Only at the fifth day with the con-
centration combination 8.8/0.33 ug.g-1 Pb/Cd synergism was in-
volved (12.3% reproduction versus an expected 23.8%). At high
heavy-metal concentrations the reproduction was so low (except
on day 22) that little difference existed between observed and
expected values.

The metal concentrations in the fungus Alternaria solani were
low (Table 4).

Table 4 Quantities of heavy metals (pg.g_l) taken up by fungi

Pb 0,082 ({ 10) 2,471 (100)
d 0,030 ( 1) 0,09 ( 10) 0,122 ( 25)
Pb/Cd 0,068/0,037 (10/1) 0,342/0,054 (100/10)

( }: The heavy-metal concentrations (ug.g—l) in the malt agar

The average influence of these concentrations on the production
of Aphelenchus avenae is given in Figures 4, 5 and 6. These
values showed a large standard error which seemed to be common
with nematodes and especially the combination fungi-nematodes
provided large standard errors. Possible differences in sensiti-
vity towards heavy metals of the various larval stages (Croll
1970) may have contributed to these large standards errors.

High metal concentrations also restricted fungal growth,
resulting in lack of food at higher concentrations. However, at
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Figure 4 The influence of lead, in agar and taken up by fungi,
on the reproduction of the nematode Aphelenchus avenae;
%# — % = control, m—m = 10 ug.g'1 Pb,
A —a =100 pg.g-1 Pb

Figure 5 The influence of cadmium, in agar and taken up by
fungi, on the reproduction of A. avenae;
* — % = control, m —m =1 pg.g-1 Cd,
A —4a =10yug.gl Cd, ¢ —@® = 25 pg.g‘l

Figure 6 The influence of lead and cadmium, simultaneously added
to agar and taken up by fungi, on the reproduction of
A. avenae; % — % = control, m — m = 10/1 ug.g‘l Pb/
Cd, a —a = 100/10 ug.g-1 Pb/cd

10 ug.g-l Cd fungal growth was limited but the number of nema-
todes was considerable. Therefore, lack of nutrient may be neg-
lected as a factor, at least in the middle of the experiment.
Concentrations of 2.471 ug.g'l Pb in the fungus which served as
food for nutrient A. avenae strongly influenced their reproduc-
tion, just as 0.127 ug.g-1 Cd did. The strong inhibition at
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0.342/0.054 ug.g-1 Pb/Cd after the tenth day indicated that Pb
plus Cd intensified their mutual influence.

Both varieties of experiments show that Pb and Cd, when taken
up by microorganisms (which is probably adsorption in the case
of bacteria and absorption in the case of fungi) have an in-
hibitory effect on the reproduction rate of the nematodes
Mesorhabditus monhystera and Aphelenchus avenae. They also show
the possibility of a synergistic interaction of the metals.
Also other soil microorganisms may bind heavy metals and, when
used as food, this would adversely affect the reproduction of
various nematode species.
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