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Summary

We studied the effect of the earthworm, Eisenia andrei, on the nematode community and on the microbial activity during
the vermicomposting of two organic wastes, cow manure and sewage sludge. Fresh cow manure and sewage sludge was
placed in five replicated boxes with and without earthworms for a period of 16 weeks. Samples were collected periodically
and nematodes were extracted in Baermann funnels, counted and separated into different trophic groups. Samples were
also analyzed for microbial respiration and microbial biomass nitrogen. Nematode communities were dominated by bac-
terivores, and their abundance was dramatically affected by earthworm activity. In both substrates, numbers of nematodes
decreased in the presence of earthworms. Fungivore nematodes were observed after 6 weeks in the cow manure and in
contrast to bacterial feeders, their number continuously increased in the treatment without earthworms but remained low
in the presence of the earthworms. We did not detect a significant earthworm effect on microbial respiration but they sig-
nificantly increased microbial biomass nitrogen in sewage sludge. Our results indicate that earthworms have a strong in-
fluence on nematode densities and nematode trophic structure, and that further investigations are necessary to determine
the mechanisms of this influence.
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Decomposition of organic matter under varying envi-
ronmental conditions is a fundamental feature of ter-
restrial ecosystems. In vermicomposting, complex in-
teractions between the organic waste, microorganisms,
earthworms and other soil fauna animals result in the
biooxidation and stabilization of wastes. A large vari-
ety of microorganisms and soil invertebrates prolifer-
ate and interact contributing to the “cycle of matter” in
vermicomposting. The vermicomposting system sus-
tains complex food webs, and at the same time, modi-

fies different chemical forms of several nutrient ele-
ments into long-lived organic compounds, which are
important for nutrient dynamics (Domínguez et al.
1997). 

While microbes are responsible for the biochemical
degradation of organic matter in the vermicomposting
process, earthworms are important in conditioning the
substrate and promoting microbial activity. Earth-
worms act as mechanical blenders since they break
down organic material, increase the surface area ex-
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posed to microbes and move fragments and bacteria-
rich excrements, thus homogenizing the organic mate-
rial. Decomposition rates and soil biological activity
may be affected by earthworm-induced physico-chem-
ical changes to the resource base (e.g. litter, organic
matter) (Lofty 1974; Mackay and Kladivko 1985;
Scheu 1987; Tiwari et al. 1989). Specifically, earth-
worms can directly or indirectly exert influence on soil
microflora and fauna populations via comminution,
burrowing, casting activities, grazing and dispersal.
Not only does the physico-chemical and biological sta-
tus of the soil change through these activities but the
characteristics of the drilosphere may also be dramati-
cally altered (see reviews by Brown 1995; Doube and
Brown 1998).

Yet, while both microbes and earthworms are es-
sential to the vermicomposting process, it is the entire
soil fauna community that plays an important role
through its interactions with soil microbes. Thus, al-
though previous studies have investigated the func-
tional significance of microbial-earthworm interac-
tions, little is known about the effects of earthworms
on microfloral and faunal diversity. Therefore, a
wholistic perspective of these interactions must be
taken.

The aim of our experiments was to study the influ-
ence of the earthworm, Eisenia andrei, on the density
and the trophic structure of the nematode community
and on microbial activity during the vermicomposting
of cow manure and sewage sludge.

Materials and Methods

Fresh cow manure was collected from the Waterman
Dairy Farm at the Ohio State University, Ohio and
sewage sludge was obtained from the Wastewater
Treatment Plant of Columbus, Ohio. Five hundred g
of both manure (77 % moisture; 414 mg g-1 C; 23 mg
g-1 N) and sewage sludge (85 % moisture; 379 mg g-1

C; 63 mg g-1 N) were placed into each of 10 plastic
boxes. Juvenile earthworms, Eisenia andrei, were
added into five of the boxes and the other five con-
tainers remained without earthworms and served as
controls. The initial number of earthworms was 25
per container (ca. 65 g). All containers were covered
with perforated lids, and maintained in the laboratory
at 24 ± 2 °C for a period of four months. After 1, 3, 6,
9, 13 and 16 weeks, approximately 15 g of manure
were removed from each container, mixed gently, and
sampled to determine moisture, ash content, total C
and N content, microbial biomass and basal respira-
tion.

Nematodes

Fifteen grams of substrate (fresh weight) were taken
from each container for nematode extraction and
placed on Baermann funnels for 48h at room tempera-
ture (McSorley and Walter 1991). Nematodes were
counted live at a magnification of 140× under a dis-
secting microscope and sorted by trophic group using
esophageal morphology as described by Parmelee and
Alston (1986). The trophic groups only consisted of
fungivores and bacterivores since no plant-parasitic,
dorylaimid or mononchid nematodes were recovered.

Microbial biomass and activity

Microbial biomass N (BION) was measured from 1 g
(fresh weight) subsamples using the chloroform fumi-
gation-extraction method (Brookes et al. 1985). Bio-
logical activity was determined by measuring the rate
of CO2 evolution from 2 g (fresh weight) subsamples
during a 24-hour incubation. The evolved CO2 was
trapped in 0.02 M NaOH and subsequently measured
by titration with HCl to a phenolphthalein endpoint af-
ter adding excess BaCl2 (Anderson 1982). 

Statistical analysis

Data was analyzed using repeated measures ANOVA
in the general linear model (GLM) procedure using the
SAS software (SAS Institute Inc. 1990).

Results

Nematodes

The density of bacterivore nematodes increased with
time during the first 6 weeks in both cow manure and
sewage sludge in the absence of earthworms. In their
presence, the number of bacterivore nematodes pre-
sented the same pattern in sewage sludge but remained
more or less stable in cow manure. Except for the earth-
worm + cow manure treatment, the density of bacteri-
vore nematodes declined in both substrates after week 6
in all other treatments. However, it is remarkable that
the number of bacterivore nematodes was always lower
in presence of earthworms; a difference that was statis-
tically significant after 10 weeks in both substrates
(Fig. 1, Table 1). In cow manure, the density of bacteri-
vore nematodes was as high as 1480 ± 240 nematodes
g-1 dry weight at week 6 in the non earthworm treat-
ment compared to 646 ± 276 nematodes g-1 dry weight
at week 9 in the earthworm treatment. In contrast, nem-
atode numbers were much higher in the sewage sludge
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Fig. 1. Bacterivore nematode abundance (mean ± SE) in the presence and absence of the earthworm
Eisenia andrei during vermicomposting of cow manure and sewage sludge. Note the different scales in
the Y-axis
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Fig. 2. Fungivore nematode abundance (mean ± SE) in
the presence and absence of the earthworm Eisenia an-
drei during vermicomposting of cow manure. The figure
includes the results of repeated-measures ANOVA for the
presence of earthworms

Table 1. Repeated-measures analysis of variance for the effects of
the earthworm Eisenia andrei on the density of bacterivore nema-
todes during vermicomposting of cow manure and sewage sludge

Bacterivore nematodes
Between subjects df F p

Earthworm 1 25,74 0,0001
Waste 1 106,64 0,0000
Ew* x waste 1 12,62 0,0027
Error 16

Within subjects

Time 5 22,01 0,0000
Time x ew 5 2,68 0,0275
Time x waste 5 15,22 0,0000
Time x waste x ew 5 1,49 0,2017
Error 80

*Ew: earthworm

significant interaction between time and earthworm
treatment, indicating that earthworms had a larger ef-
fect on decreasing the number of nematodes over time
(Table 1). 

Microbial biomass and basal respiration

Heterotrophic activity, as determined by CO2 evolu-
tion, revealed a rapid increase in the rate of respiration
from the beginning until week 9 in the sewage sludge,
both in the earthworm and in the non-earthworm treat-
ments (Fig. 3) yet the respiration rate of the substrate
was consistently higher in the absence of earthworms.
After 9 weeks there was a sharp decrease in biological
activity until the end of the experiment at which point
the respiration rate was similar in both treatments. The
latter dynamic was similar in the manure with a sharp
decrease after week 9, although there was no initial in-
crease in biological activity as evidenced by a rela-
tively stable respiration rate until week 9. In the three-
way repeated measures ANOVA including waste as a
factor, there were no significant differences between
the earthworm and the non-earthworm treatments (p =
0.08). Overall, time significantly decreased the rate of
respiration; a trend that was affected by the type of
waste (i.e. time × waste interaction) (Table 2).

BION was significantly higher in the earthworm
treatment and it also changed significantly over time,
however there were several significant interactions be-
tween time, type of waste and the earthworm treatment
(Table 2). In the cow manure, microbial biomass nitro-
gen (BION) (Fig. 4) rapidly increased in both treat-
ments during the first week, and then remained more

with 9000 ± 1100 nematodes g-1 dry weight in the pres-
ence of earthworms and 5260 ± 990 nematodes g-1dry
weight in their absence (Fig. 1). Fungivore nematodes
were not observed in sewage sludge during the entire
16 weeks of the experiment and were only observed in
cow manure after week 6. At this point, their numbers
increased strongly in the absence of earthworm but re-
mained consistently low in their presence. After 16
weeks the density of fungivore nematodes in the cow
manure was 150 ± 30 nematodes g-1 dry wt in the non-
earthworm treatment and 10 ± 2 nematodes g-1dry
weight in the earthworm treatment (Fig. 2).

Overall the density of nematodes was significantly
higher in the absence of earthworms and there was a
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Fig. 3. CO2 evolution (mean ± SE) in the presence and absence of the earthworm Eise-
nia andrei during vermicomposting of cow manure and sewage sludge
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Table 2. Repeated-measures analysis of variance for the effects of the earthworm Eisenia andrei
on basal respiration and microbial biomass nitrogen (BION) during vermicomposting of cow ma-
nure and sewage sludge

Basal respiration Bio-N
Between subjects df F p F p

Earthworm 1 3,41 0,0835 30,14 0,0001
Waste 1 21,56 0,0003 241,97 0,0000
Ew* x waste 1 0,01 0,9052 19,55 0,0006
Error 16

Within subjects

Time 5 108,29 0,0000 13,71 0,0000
Time x ew 5 0,40 0,8044 2,59 0,0331
Time x waste 5 4,08 0,0053 4,33 0,0017
Time x waste x ew 5 0,70 0,5933 3,55 0,0064
Error 80

*Ew: earthworm

Fig. 4. Changes in microbial biomass nitrogen (chloro-
form labile) in the presence and absence of the earth-
worm Eisenia andrei during vermicomposting of cow ma-
nure and sewage sludge
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or less constant until week 13. From week 13 to week
16, BION values were similar without earthworms but
showed a sharp increase in the presence of earth-
worms, possibly due to some earthworm mortality. In
sewage sludge there was also a rapid increase in BION
during the first week after which time microbial bio-
mass nitrogen was significantly higher in the earth-
worm treatment and at the end of the experiment BION
was 12.36 ± 1.8 mg.g-1 (without earthworms) and
18.32 ± 9.7 mg.g-1 (with earthworms). 

Discussion

In our study, nematode communities were dominated
by bacterivores, and their abundance was strongly re-
duced (more than 50 %) by earthworm activity both in
fresh cow manure and sewage sludge. Fungivore ne-
matodes were observed after 6 weeks in the cow ma-
nure and in contrast to bacterial feeders, their number
continuously increased in the treatment without earth-
worms but remained low in the presence of the earth-
worms, indicating an increase in fungal growth in the
manure. The decrease of nematode numbers in the
presence of earthworms suggests direct grazing and/or,
in the case of fungivore nematodes, competition for
fungi. As others have observed, the effect of earth-
worms on nematodes may be due to direct ingestion
and digestion (Dash et al. 1980), and consequent ef-
fects on the fertility, viability and germination of cysts
present in casts (Ellenby 1945; Roessner 1981), or the
effect may be indirect, through modifications in soil
structure, water regimes, and nutrient cycling
processes (Yeates 1981). Perhaps earthworms also
spread nematode-trapping fungi that are of major im-
portance in controlling nematode populations (Ed-
wards and Fletcher 1988).

Earthworms may decrease total free-living soil nem-
atode populations by up to 66 % (Yeates 1981), and
plant parasitic nematodes by up to 64 % (Dash et al.
1980). Hyvönen et al. (1994) found that the presence of
active Dendrobaena octaedra decreased nematode
numbers, probably as a result of predation rather than
competition for the same food (bacteria and/or proto-
zoans) in coniferous mor humus. Roessner (1981)
found that Eisenia fetida reduced plant-parasitic nema-
tode abundance more than 60 % in soil cultures, 98.8 %
in casts, and 50 % in cultures with alfalfa root tissue.
Further tests with eight other lumbricid earthworms
(Roessner 1986) revealed lower plant parasitic nema-
tode populations in all cases, but variable effects on
bacterivores. Lumbricus rubellus, Allolobophora
longa and Lumbricus terrestris greatly reduced phy-
toparasitic nematode species, while Octolasion cya-

neum had a marked effect on increasing total bacteri-
vore populations. Senapati (1992) likewise observed
higher (4–24 %) bacterivore nematode populations and
lower (20–50 %) number of plant parasites in the pres-
ence of the tropical earthworm Lampito mauritii. 

It is well established that earthworms modify the bi-
ological activity of soils (Daniel and Anderson 1992;
Edwards and Bohlen 1996) and, at least in soils, there
is also agreement that earthworm activity reduces mi-
crobial biomass but increases the specific respiratory
activity of microorganisms (Scheu 1987; Wolters and
Joergensen 1992; Scheu and Parkinson 1994; Alphei et
al. 1996). However, in our study earthworms did not
significantly affect respiration but significantly in-
creased microbial biomass nitrogen. 

Our understanding of the resource requirements and
the relationship between food concentration and popu-
lation growth rate for bacterial-feeding nematodes is
extremely limited (Venette and Ferris 1998). Despite
this, our data strongly suggest an important earthworm
grazing activity may have been responsible for the de-
crease in bacterivore nematodes. 

The same argument could apply to the fungivore ne-
matodes in the cow manure in which earthworms sig-
nificantly decreased their populations. However, since
we did not measure fungal biomass we can not know if
this is a direct effect on fungivore nematodes or indi-
rect, through fungal feeding which is an important part
of earthworm diets (Dash et al. 1979, 1980; Edwards
and Fletcher 1988; Morgan 1988) or through the mod-
ification of the fungal bacterial ratio.

Another important aspect to consider is earthworm
diet and we should probably reconsider the hypothesis
that epigeic earthworms feeds exclusively on litter and
microbes; Hyvonen et al. (1994) came to the same con-
clusion studying the effects of D. octaedra on nema-
todes in forest soils. 

Our results indicate that earthworms have a strong
influence on nematode densities and trophic structure.
While the mechanisms remain unclear, the effects of
earthworms, particularly through grazing, could mod-
ify the balance between sequestration and mobilization
of nutrients, especially nitrogen. Further investigations
including fungal, bacterial and protozoan counts, and
other more accurate analysis of microbial activity are
necessary to determine if the effect of earthworms on
nematodes is due to direct ingestion or indirect,
through modifications in the soil microbial commu-
nity.

Acknowledgements. This work was supported by a grant
from the Xunta de Galicia (PGIDT99MA30102). J.
Domínguez thanks Dr. L. Sampedro for discussions and en-
couragement throughout the writing of this paper. 



8 Jorge Dominguez, Robert W. Parmelee and Clive A. Edwards

Pedobiologia (2003) 47, 000–000

References

Alphei, J., Bonkowski, M., Scheu, S. (1996) Protozoa, Ne-
matoda and Lumbricidae in the rhizosphere of Hordely-
mus europaeus (Poaceae): faunal interactions, response of
microorganisms and effects on plant growth. Oecologia
106, 111–126.

Anderson, J. P. E. (1982) Soil respiration. In: Page, A. L. (ed)
Methods of Soil Analysis, Part 2. Chemical and Microbi-
ological properties. Agronomy Monograph No. 9 (2nd
Edition), ASA-SSSA, Madison, WI. 

Brookes, P. C., Landman, A., Pruden, G., Jenkinson, D. S.
(1985) Chloroform fumigation and the release of soil ni-
trogen: a rapid direct extraction method to measure mi-
crobial biomass nitrogen in soil. Soil Biology and Bio-
chemistry 17, 837–842.

Brown, G. G. (1995) How do earthworms affect microfloral
and faunal community diversity? Plant and Soil 170,
209–231.

Curl, E. A., Truelove, B. (1986) The rhizosphere. Springer,
Berlin, Heidelberg, New York. (pages)

Daniel, O., Anderson, J. M. (1992) Microbial biomass and
activity in contrasting soil materials after passage through
the gut of the earthworm Lumbricus rubellus Hoffmeister.
Soil Biology and Biochemistry 24, 465–470.

Dash, M. C., Mishra, P. C., Behera, N. (1979) Fungal feeding
by a tropical earthworm. Tropical Ecology 20, 10–12.

Dash, M. C., Senapati, B. K., Mishra, C. C. (1980) Nematode
feeding by tropical earthworms. Oikos 34, 322–325.

Domínguez, J., Edwards, C. A., Subler, S. (1997) A compar-
ison of vermicomposting and composting. Biocycle 4,
57–59.

Doube, B. M., Brown, G. G. (1998) Life in a complex com-
munity: functional interactions between earthworms, or-
ganic matter, microorganisms and plants. In: Edwards,
C. A. (ed) Earthworm Ecology. St. Lucie Press, pp.
179–212.

Edwards, C. A., Bohlen, P. J. (1996) Biology and Ecology of
Earthworms (3rd ed.). Chapman and Hill, London, New
York, 426 pp. 

Edwards, C. A., Fletcher, K. E. (1988) Interactions between
earthworms and microorganisms in organic matter break-
down. Agriculture, Ecosystems and Environment 24,
235–247.

Ellenby, C. (1945) Influence of earthworms on larval emer-
gence in the potato-root eelworm, Heterodera rostochien-
sis Wollenweber. Annals of Applied Biology 31, 332–339.

Hyvonen, R., Andersson, S., Clarholm, M., Persson, T.
(1994) Effects of lumbricids and enchytraeids on nema-
todes in limed and unlimed coniferous mor humus. Biol-
ogy and Fertility of Soils 17, 201–205.

Kuikman, P. J., Jansen, A. G., van Veen, J. A., Zehnder,
A. J. B. (1990) Protozoan predation and the turnover of
soil carbon and nitrogen in the presence of plants. Biology
and Fertility of Soils 10, 22–28.

Lofty, J. R. (1974) Oligochaetes. In: Dickinson, C. H., Pugh,

G. J. F. (eds) Biology of Plant Litter Decomposition. Vol.
2. Academic Press, New York. pp 467–488.

Lynch, J. M., Whipps, J. M. (1990) Substrate flow in the rhi-
zosphere. Plant and Soil 129, 1–10.

Mackay, A. D., Kladivko, E. J. (1985) Earthworms and the
rate of breakdown of soybean and maize residues in soil.
Soil Biology and Biochemistry 17, 851–857.

Maraun, M., Alphei, J., Beste, P., Bonkowski, M., Buryn, R.,
Migge, S., Peter, M., Schaefer, M., Scheu, S. (2001) Indi-
rect effects of carbon and nutrient amendments on the soil
meso- and microfauna of a beechwood. Biology and Fer-
tility of Soils 34, 222–229.

McSorley, R., Walter, D. E. (1991) Comparison of soil ex-
traction methods for nematodes and microarthropods.
Agriculture, Ecosystems and Environment 34, 201–207.

Morgan, M. H. (1988) The role of microorganisms in the nu-
trition of Eisenia foetida spp. In: Edwards, C. A.,
Neuhauser, E. F. (eds) Earthworms in waste and environ-
mental management. SPB Academic Publishing BV, The
Hague, pp. 71–82.

Parmelee, R. W., Alston, D. G. (1986) Nematode trophic
structure in conventional and no-tillage agroecosystems.
Journal of Nematology 18, 403–407.

Roessner, J. (1981) Einfluss von Regenwürmern auf phy-
toparasitäre Nematoden. Nematologica 27, 339–347.

Roessner, J. (1986) Investigation on the reduction of nema-
todes in soil by earthworms. International Symposium on
Crop Protection. Rijksuniversiteit Faculteit Land-
bouwwe-tenschappen 38: 1311–1318. 

SAS Institute (1990) SAS Procedures Guide, Version 6. 3rd

edition. SAS Institute, Cary.
Scheu, S. (1987) Microbial activity and nutrient dynamics in

earthworm casts. Biology and Fertility of Soils 5,
230–234.

Scheu, S., Parkinson, D. (1994) Effects of earthworms on nu-
trient dynamics, carbon turnover and microorganisms in
soil from cool temperate forests on the Canadian Rocky
Mountainslaboratory studies. Applied Soil Ecology 1,
113–125.

Senapati, B. K. (1992) Biotic interactions between soil ne-
matodes and earthworms. Soil Biology and Biochemistry
24, 1441–1444.

Tiwari, S. C., Tiwari, B. K., Mishra, R. R. (1989) Microbial
populations, enzyme activities and nitrogen-phosphorus-
potassium enrichment of earthworm casts and in the sur-
rounding soil of a pineapple plantation. Biology and Fer-
tility of Soils 8, 178–182.

Venette, R. C., Ferris, H. (1998) Influence of bacterial type
and density on population growth of bacterial-feeding ne-
matodes. Soil Biology and Biochemistry 30, 949–960.

Wolters, V., Joergensen, R. G. (1992) Microbial carbon
turnover in beech forest soils worked by Aporrectodea
caliginosa (Savigny) (Oligochaeta: Lumbricidae). Soil
Biology and Biochemistry 24, 171–177.

Yeates, G. W. (1981) Soil nematode populations depressed in
the presence of earthworms. Pedobiologia 22, 191–195.


