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Summary—The effect of stocking rate and moisture content on the growth and maturation of Eisenia
andrei (Bouché, 1972) in pig manure was studied in laboratory trials at 20°C. Six moisture contents (65,
70, 75, 80, 85 or 90%) and five stocking rates (1, 2, 4, 8 or 16 worms, each per the same volume of sub-
strate) were tested. Growth and maturation of earthworms were monitored over 44 days. The 85%
moisture content was found to be most favourable for earthworm growth. The 80 and 90% moisture
contents were found to be adequate. Eight earthworms per 43.61 g (dry wt) was found to be the most
favourable inoculation density. © 1997 Elsevier Science Ltd

INTRODUCTION

The very large amounts of organic waste that are
produced by intensive animal production cause
major disposal problems and a considerable poten-
tial for pollution of surface and groundwaters. The
potential of using earthworms in the digestion of
raw organic wastes has been established in small
and large-scale projects by many researchers (e.g.

Mitchell et al, 1977, Hartenstein et al, 1979;

Neuhauser er al., 1980; Kaplan er al., 1980;
Edwards, 1988). Environmental conditions and
earthworm population density are known to affect
earthworm growth and reproduction. Although
moisture requirements and moisture preferences of
Eisenia fetida are considered to be well known
(Kaplan et al., 1980; Reinecke and Venter, 1987;
Edwards, 1988) the physicochemical properties of
different organic wastes indicate that these prefer-
ences can vary among substrates. In addition, the
polemic taxonomic situation between Eisenia fetida
and Eisenia andrei was another reason to make this
study.

For the same reasons it is important to determine
the optimum worm density for Eisenia andrei in pig
manure. Although there are some studies about this
topic, the substrates are generally cow or horse
manure (Neuhauser et al., 1980; Edwards, 1988;
Reinecke and Viljoen, 1990). ‘

The present study was undertaken to determine
the effect of worm density and moisture content on
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the growth and maturation of FEisenia andrei
(Bouché, 1972) in pig manure in laboratory trials at
20°C.

MATERIALS AND METHODS

Juvenile specimens of Eisenia andrei, weighing
less than 100 mg live wt, were obtained from a
stock culture. Four individuals were placed in
250 ml plastic dishes and fed 100 g of a mixture of
pig manure (85g) and maple leaves (15g). Four
replicates for each moisture content were used to
determine the moisture requirements of Eisenia
andrei in pig manure. 100 g of the mixture at 60%
moisture content were placed into each dish. Water
was added to the medium in the different dishes to
obtain the following moisture contents: 65, 70, 75,
80, 85 or 90%. The worms were fed no additional
substrate for the duration of the experiment (44
days). The survival and biomass of the worms and
the presence or absence of clitellum at different
moisture contents were monitored every 4 days.
The moisture content of the substrate was deter-
mined every 2 days using an infrared moisture
detector and held constant by adding water.

In a second experiment, conducted under similar
conditions, with the same pig solids and leaf sub-
strate, the effect of worm density was studied. Five
different stocking rates (1, 2, 4, 8 or 16 worms
each) were placed in 250 ml plastic dishes and fed
150 g of substrate, at 80% moisture content. Four
replicates were set up at each density. Every 4 days
the worms were weighed and their maturity state
was determined over 48 days.
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Fig. 1. Growth curves of E. andrei on a pig manure mixture at different moisture contents over 44 days
at 20°C.

RESULTS

Influence of moisture

Figure 1 summarizes the mean individual growth
of E. andrei in pig manure at 65, 70, 75, 80, 85 and
90% moisture contents. Growth at the six moisture
contents was similar initially until day 16. At the
end of the experiment, growth at the three upper
moisture contents was higher (P <0.01) and the
maximum growth ocurred at 85% moisture
(P <0.05). Table 1 shows the relationship between
moisture contents and two growth data: the maxi-
mum weight achieved and the growth rate (mg wt
gain worm™' d™'). Until 85% moisture the higher
moisture conditions clearly facilitated growth, as
measured by the increase in biomass. Increased
moisture up to 90% clearly accelerated the devel-
opment of sexual maturity, whereas not all the
worms at 65-75% developed a clitellum even after
44 days. Additionally, earthworms at sexual matur-
ity had greater biomass at higher moisture contents
compared to worms grown at lower moisture con-
tents.

Stocking rate

The influence of five stocking rates in the same
unit of waste on the individual growth of worms is
summarized in Fig. 2. Whereas individual worms
grew more and faster at the lowest population den-
sities, the total biomass production was maximum

Table 1. Growth and maturation of Eisenia andrei in pig manure
at different moisture contents

. Max. indiv. Mean
xz:::"::% ) (m(g}ll.aci’:r::l::t:" ) biomass maturation size
(mg) £ SD (mg) +SD
65 5.80 335+ 72 af 268+12a
70 7.02 379+9%0 a 295+15a
75 7.77 391+9%0a 34+ 12a
80 11.47 537+162 b 467+ 36b
85 11.81 608 + 181 c* 468 +31b
90 993 515+ 149 b 449146 b

'Means in the same column followed by different letters are signifi-
cantly different at P < 0.01 (ANOVA and Fisher LSD multiple
comparison test).

* P<0.05.
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Fig. 2. Mean individual growth of E. andrei in a pig manure mixture at five different stocking rates (1,
2, 4, 8 or 16 earthworms).

at the greatest population density tested (16
worms). Clearly high maturation size is related to
high growth rate (Table 2). The worms became
sexually mature at a younger age at the higher
stocking rates, although not all of the worms had
developed a clitellum after 48 days. At lower stock-
ing rates all the worms became sexually mature,
although the time to reach sexual maturity was
longer. With a stocking rate of four worms, all of
the worms became sexually mature at day 36, and
40% of worms became sexually mature at day 24.

DISCUSSION

Influence of moisture

We show that E. andrei cultured in pig manure
grew and matured between 65 and 90% moisture
content, the optimum being 85%. There is a direct
relationship between the moisture content and the
growth rate of earthworms. According to Reinecke
and Venter (1985), it is axiomatic that a lowering of
the growth rate due to low moisture conditions
would also retard sexual development. Worms of

Table 2. Growth and maturation of Eisenia andrei in pig manure at five different stocking rates

Stocking rate Growth rate (mg biomass d™')

Max. indiv. biomass (mg) + SD Mean maturation size (ng) + SD

17.54
14.52
9.10
8.43
6 5.1

Q0 BB =

930 + 84a’ 772.5+40 a
791+71b 662.5+66a
546+39c 366.7+10b
468 +35¢ 2650+ 15b
288 +21 d 2842423 b

! Means in the same column followed by different letters are significantly different at P <0.01 (ANOVA and Fisher LSD

multiple comparison test).
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the same age developed clitella at different ages in
the different moisture conditions.

The temperature and moisture content of the
waste are the two most important environmental
factors in vermicomposting processes. Dresser and
McKee (1980) found that moisture contents
between 50 and 80% are the most appropriate for
vermicomposting processes. E. fetida can survive in
a moisture range between 50 and 90% (Edwards et
al., 1985; Sims and Gerard, 1985) and grows more
rapidly between 80 and 90% in animal wastes
(Edwards et al.,, 1985). Kaplan (1980) achieved a
greater worm biomass when reared in sewage sludge
with a moisture content between 70 and 85%.
Loehr et al. (1985) recorded a slightly higher opti-
mum moisture contents in sewage sludge (85 and
90%). Reinecke and Venter (1985) concluded that
the optimum moisture content for E. fetida lies well
above 70% in cow manure.

Influence of stocking rate

Even when the physical conditions are ideal for
vermicomposting, problems can develop due to
overcrowding. This study clearly showed that, when
E. andrei was grown at different population den-
sities, the worms in the crowded dishes grew more
slowly and with a lower final bodyweight, although
the total weight of worm biomass produced per
unit of waste was greater (Fig. 2). Our study agrees
with the results of Reinecke and Viljoen (1990).
Maturation rate was also affected by stocking rate.
Worms of the same age developed clitella at differ-
ent times in the different stocking rates.
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