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Abstract

Food quality influences not only the size of earthworm populations but also their growth and reproduction rates. Here we
studied the effect of C to N ratio of pig slurry in microbial biomass and activity and in the growth and reproduction of the
earthworm Eisenia fetida. We set up a batch of twelve vermireactors, six each for low (11) and high C to N ratio (19) of pig
slurry applied; three of each without earthworms (control) and three containing 500 mature earthworms (E. fetida). After 36 weeks
C to N ratio significantly affected earthworm numbers (sevenfold greater in high C to N ratio) and population structure. Thus, in
the low C to N ratio treatment the population was composed mainly by mature earthworms (60%), with a higher mean weight than
in the high C to N treatment. However, in the high C to N ratio treatment, the population was composed mainly by juvenile and
hatchling earthworms (70%). A rapid depletion of dissolved organic C (DOC) content was observed in all treatments. Although
earthworms produced an increase in microbial biomass and activity in young modules, finally a decrease in older modules was
recorded. The decrease in available carbon did not seem to affect the relationships established between earthworms and microflora.
© 2006 Elsevier Masson SAS. All rights reserved.
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1. Introduction
Life history of an organism is the result of competi-
tion for limited resources in time and energy between
growth and reproduction. It has been reported for some
vermicomposting earthworms species that different
food diets can affect their growth, reproduction or
both [3,4], and moreover earthworm’s growth is limited
by carbon availability [11]. Therefore, it is possible that
earthworms can allocate resources either to growth or
reproduction depending on resource limitation and/or
quality. This is important in vermicomposting, where
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high growth and reproduction rates are required in
order to accelerate waste breakdown and stabilization.

In this work we tested the hypothesis whether C to N
ratio of pig manures are affecting growth and reproduc-
tion of earthworms strongly; besides we questioned if
the changes in earthworm population are also modify-
ing the interactions that earthworms and microorgan-
isms (microbial biomass and activity) establish during
vermicomposting.

2. Materials and methods

We used two pig slurries obtained from two different
pig breeding farms placed near the University of Vigo,
that differed mainly in its C to N ratio, that were 11 and
19 (low and high C to N ratio, respectively). We set up
served.
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a batch of twelve vermireactors, six each for low (11)
and high (19) C to N ratio of pig slurry applied; three of
each without earthworms (control) and three containing
500 mature earthworms (Eisenia fetida), with a mean
biomass of 90 ± 10 g. Vermireactors were composed
by modules that were sequentially added. The external
diameter of each module was 30 cm with a height of
4 cm and the mesh size 5 mm, which allowed mobility
of earthworms between modules. Each reactor was
composed initially by a module with vermicompost,
where earthworms were placed, and a first module
with pig slurry (1.5 kg f.w.). New modules containing
the same amount of fresh pig slurry were added over
the other module when earthworms demanded it (i.e.
changes in the appearance of pig slurry, becoming the
coarse fraction, like seeds and straw, more evident).
When the experiment finished after 36 weeks, the reac-
tors had nine modules or layers with an increasing age
gradient from upper to bottom of 0, 4, 8, 13, 21, 25, 27,
33 and 36 weeks. The vermireactors were kept in
laboratory conditions at 20 °C.

At sampling time the vermireactors were dismantled
and the modules isolated to avoid earthworm escape.
The earthworms were then manually removed from
the substrate of each layer across the entire vermireac-
tor. We measured earthworm numbers and biomass of
different age stages (clitellated, preclitellated, juvenile,
and hatchlings).

For chemical and biochemical analyses five samples
of substrate per module were taken randomly and
gently mixed for analyses of total C and N, dissolved
organic carbon (DOC), basal respiration (BR) and sub-
strate induced respiration (SIR). Total C and N levels
were determined on a Carlo Erba 1500 C/N analyzer on
dried samples [2]. Extractable DOC was determined in
0.5 M K2SO4 extracts (1:6, w/v) by colorimetry in a
Microplate Reader at 590 nm.

Basal and SIR were determined by measuring CO2

evolution in NaOH traps (0.02 and 0.06 M, respec-
tively). Samples (5 g f.w.) were incubated at 22 °C
Table 1
Structure of earthworms population in vermireactors with high and low C to
hatchlings and cocoons are shown (mean ± S.E.). Values in bold mean sign

H
Number of mature earthworms 25
Mean mature individual weight (g) 0.
Number of preclitellated earthworms 28
Mean preclitellated individual weight (g) 0.
Number of juvenile earthworms 84
Mean juvenile individual weight (g) 0.
Number of hatchlings 47
Number of cocoons 75
for 6 and 12 h (BR and SIR, respectively). For SIR
respiration 0.75 ml glucose solution (equal to
100 mg g−1 pig slurry) was added to samples [1].

Earthworm population data were analyzed by fitting
generalized linear models to the data [9]. The error dis-
tribution and link function were chosen according to
presumed error of data in order to reduce deviance in
the model [8]. Data from biochemical analyses were
analyzed under repeated measures ANOVA design.

3. Results

Total number of earthworms was significantly
higher in the high C to N ratio treatment (2800 ± 200)
than in the low one (410 ± 20) (GLM χ2 = 1680.68,
d.f. = 1, P < 0.01), which is a sevenfold increase. Earth-
worm biomass was also significantly higher (threefold
increase) in high C to N ratio treatment (700 ± 30 g)
than in low C to N ratio treatment (230 ± 20 g) (GLM
χ2 = 6.02, d.f. = 1, P < 0.05) which are a eight and
threefold increase compared with the initial biomass
(high and low C to N ratio treatments, respectively).
In both C to N ratio treatments the higher numbers of
earthworm were found in the youngest modules (4, 8
and 13 weeks old). Earthworm population structure
clearly differed between treatments with increased num-
bers of immature earthworms in the high C to N ratio
treatment (Table 1). In the low C to N ratio treatment
earthworm population was mainly composed by mature
earthworms (59%) significantly larger (twofold) than
those in the high C to N ratio treatment (Table 1).

In both C to N ratio treatments aging produced a
significantly strong decrease in DOC levels (Fig. 1A
and Table 2); these reductions were higher in the high
C to N ratio treatment resulting in a significant interac-
tion between age of layers and C to N ratio treatments
(Table 2), this depletion of DOC was more intense in
presence of earthworms.

Microbial biomass showed higher values in the high
than in the low C to N ratio treatment, which dimin-
N ratio. Numbers and mean weights of mature, preclitellated, juvenile,
ificant effects of different C to N ratios (**P < 0.01)

igh C to N ratio Low C to N ratio
9 ± 61 244 ± 37
37 ± 0.05 0.67 ± 0.02**
4 ± 89 37 ± 15**
37 ± 0.04 0.37 ± 0.03
7 ± 254 98 ± 31**
19 ± 0.02 0.15 ± 0.03
2 ± 201 33 ± 30**
0 ± 198 782 ± 105



Fig. 1. Effects of the different C to N ratio of pig slurries (high and low), earthworm (presence and absence) and time (age of modules) treatments on
A) dissolved organic carbon content, B) substrate induced respiration and C) basal respiration.

M. Aira et al. / European Journal of Soil Biology 42 (2006) S127–S131 S129
ished with aging (Fig. 1B and Table 2). Moreover, the
presence of earthworms significantly enhanced these
effects with increased and reduced values of SIR
respiration in younger and older modules, respectively,
resulting in a significantly interaction between age of
layers and earthworm treatments (Table 2). Microbial
activity was significantly affected by C to N ratio of
pig slurry, showing a continuous fall with aging in
both C to N ratio treatments (Fig. 1C and Table 2).
Earthworms significantly affected microbial activity,
increasing it in young modules and reducing it drama-
tically in older ones (significant interaction Age ×
Earthworm, Table 2), which it is indicative of the
high degree of humification and stabilization of the
organic matter.

4. Discussion

The application of different C to N ratio pig slurries
in vermicomposting systems caused a dramatic effect
on earthworm numbers and earthworm population
structure. After 36 weeks the earthworm population
was sevenfold greater in high than in low C to N ratio
treatment, moreover population structure and weight of



Table 2
Repeated measures ANOVA Table on the response of DOC, BR and SIR to different C to N ratio pig slurries, earthworm presence and age of
layers. Significances followed by * indicate that correction of Huynh–Feldt was used

DOC BR SIR
d.f. F P d.f. F P d.f. F P

Between subjects
CN ratio 1.8 0.03 ns 1.8 31.68 < 0.001 1.8 92.75 < 0.0001
Earthworm 1.8 2.06 ns 1.8 15.94 < 0.01 1.8 8.40 < 0.05
CN ratio × Earthworm 1.8 0.08 ns 1.8 2.81 ns 1.8 0.47 ns
Within subjects
Age of layers 8.64 17.40 < 0.0001* 8.64 26.40 < 0.0001* 8.64 56.43 < 0.0001*
Age × CN 8.64 3.26 < 0.01* 8.64 7.71 < 0.0001* 8.64 3.83 < 0.01*
Age × Earthworm 8.64 1.02 ns 8.64 5.37 < 0.001* 8.64 15.93 < 0.0001*
Age × CN × Earthworm 8.64 1.15 ns 8.64 3.82 < 0.01* 8.64 2.73 < 0.05*
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mature earthworms were also affected (Table 1) sug-
gesting that earthworms in low C to N ratio treatment
invested preferentially more energy in growth than in
reproduction. In this way the mean individual weight of
mature earthworms from high C to N ratio treatment
was in the range of this earthworm species
(0.30–0.40 g) as it was described by Watanabe and
Sukamoto [14], although Venter and Reinecke [13]
recorded a maximum weight of 1.6 g for a mature indi-
vidual of E. fetida. However Gunadi et al. [7] found a
relationship between increased growth and reproductive
rates of E. fetida with low C to N ratios of cattle and pig
manure, and Ndegwa and Thompson [10] reported a
decrease in growth rates with increased C to N ratio
of paper mulch. Domínguez et al. [3,4] found different
growth and reproduction rates of Eisenia andrei in dif-
ferent diets and they also found that earthworms
invested preferentially their energy either to growth or
to reproduction depending of the food quality.

Despite the differences in the earthworm population
numbers and biomass and the C to N ratio of the slur-
ries, earthworms had similar effects in both high and
low C to N ratios on microbial biomass and activity.
In fact, the main effect of earthworms on microflora
was the reduction of microbial biomass and activity in
ageing modules; although in young modules, where
higher numbers of earthworms were recorded, earth-
worms’ activities like burrowing, casting and mucus
production could be related with the increase in micro-
bial biomass and activity observed. Earthworms can
obtain their energy from organic residues and the
microorganisms associated, which are supposed to be
the main constituents of their diet, digesting them selec-
tively [5,6]; nevertheless our results show the relative
minor importance of microorganisms as food for
E. fetida, since the higher biomass and activity were
recorded in layers with the highest densities of earth-
worms. This could be due to enhanced enzymatic cap-
abilities of epigeic earthworms [12] which allow them
to obtain energy from alternative sources like labile
organic C and N pools. Further researches are needed
to clarify relationships established between earthworms
and microorganisms during organic matter decomposi-
tion since it seem to depend on ecological category of
earthworm and available food resources.
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