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INTRODUCTION

Breeding earthworms on organic waste can 
take place on small, medium and large scale. Its 
course depends on many external factors (abiotic 
and biotic) and the internal characteristics of spe-
cies [Kostecka 2009, Kostecka et al. 2011]. The 
Department of Biological Foundations of Agri-
culture and Environmental Education, University 
of Rzeszow has conducted research on vermi-
composting for many years [Kostecka and Błażej 
2000, Kostecka and Pączka 2006, Kostecka and 
Garczyńska 2012, Pączka and Kostecka 2012]. 
Similarly extensive research on vermicomposting 
of organic waste are conducted at the Department 
of Environmental Science and Engineering, Guru 
Jambheshwar University of Science and Technol-
ogy in India [Kaushik and Garg 2003, Gupta and 
Garg 2011, Garg et al. 2012, Gupta et al. 2014].
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ABSTRACT
During vermicomposting, earthworm grower has to overcome a lot of different prob-
lems. For instance, in case of a sudden requirement to sell earthworms it is useful 
to have the ability to collect them in one place. Fresh food extraction is an effective 
and neutral way to do it. The efficiency of gathering and extracting E. fetida from 
the vermicompost was studied, using a fresh bait method. Experiments were carried 
out in the laboratory (at the mean temperature of 20±0.5 °C) in pots filled with ver-
micompost. Generally, two hundreds of adult E. fetida were put in every pot and left 
there for 24 hours. After such acclimatization, various baits were inserted to every pot. 
Different experiments allowed to conclude that: 1) repeated bait exchange was more 
efficient in extracting worms from vermicompost than bait laid once for a longer time; 
2) extracting worms from the bait in the morning was quicker than extracting them in 
the evening; 3) addition of valerian (Valeriana officinalis), nettle (Urtica dioica), and 
flaxseeds to cattle manure could resulted in better extraction than pure manure; 4) dry 
valerian was more effective than steamed one, but on other hand, steaming of nettle 
and flaxseeds was giving better results in collecting worms in the bait.
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Speaking of breeding earthworms, also the 
economic aspect must be stressed which im-
plies the issue of the need for rapid extraction of 
earthworms from the vermiculture substrate. The 
method of earthworm extraction from vermicom-
post produced by them is one of the problems in 
vermiculture business running, as for instance 
when it is necessary to rarefy excessively dense 
population, or when a grower has a sudden re-
quirement to sell earthworms. Therefore, it is use-
ful to have the ability to collect them in one place. 
When considering the extraction of earthworms 
from vermicompost that action should be mod-
eled “in a sense” on the research of quality and 
quantity of earthworms in the soil. And then it is 
a question of their mining on the surface of the 
soil environment.

Earthworm numbers in soil samples may be 
assessed in various methods: direct (physical), 
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indirect (ethological) or combined [Edwards and 
Bohlen 1996]. The extraction method employing 
fresh food bait, used in practice by earthworm 
growers is effective [Gaddie and Douglas 1977], 
although it is still tested and optimalized. As stated 
by Bouche and Gardner [1984], unknown inven-
tors developed it in 1930–1935. It consists in of-
fering hungry worms fresh organic substance 
at which they shall eagerly gather. A thin lay-
er of fresh food with worms may then be easily 
extracted and moved to new culture or sorted 
manually to select individuals suitable for the 
purpose. Fresh food extraction is effective and 
neutral way to do it. 

Research was conducted with the aim for ap-
plying various baits for effective extraction of E. 
fetida compost worm from vermicompost.

MATERIAL AND METHODS

Comparison of methods: multiple bait 
change and single bait laying 

The research was conducted in the laborato-
ry at 20±0.5 °C. The individuals, collected from 
own vermiculture system run on cattle manure, 
were kept in the laboratory for 24 hours, and then 
adult individuals were chosen for the experiment.

Four pots of 60 liter capacity were filled with 
vermicompost (moisture of 70%) and then two 
hundreds of E. fetida individuals were introduced 
into each. By the evening, after earthworm accli-
matization, baits of fresh cattle manure (pH 7.5) 
were put into all pots in a form of 1-dm3 prone, 
laid centrally on the surface of each pot. The 
bait was checked after 12 hours in pot I, after 24 
hours in pot II, after 36 hours in pot III, while 
the worms which gathered in it, were extracted by 
manually sorting and counted. Individuals found 
in the bait were removed from the experiment but 
the new bait was put in the pots. This operation 
was repeated until 100% of previously introduced 
worms were extracted. In pot IV (continuous test) 
the bait was left undisturbed until the moment 
when 100% individuals were collected in one of 
the remaining three pots. Then the bait in pot IV 
was checked also with all the extracted individu-
als being counted. 

The experiment was conducted in 5 replica-
tions. The obtained data were subjected to a sta-
tistical analysis. The evaluated parameters were 
the differences between average times for extract-
ing 100% of individuals out of vermicompost 

for frequencies of bait exchange of 12, 24 and 
36 hours. The differences in the effectiveness of 
multiple bait change were also evaluated versus 
single bait laying.

Comparison of extraction effectiveness at 
various times of the day 

The experiment was conducted in 4 consecu-
tive replications. The effectiveness of food bait 
extraction was compared for various times of day 
(morning and evening). 

Two hundreds E. fetida individuals were 
introduced to each of 2 pots filled with vermi-
compost and left to acclimatize. Then the cattle 
manure baits were put into each pot but at dif-
ferent times, i.e. at 8 p.m. in pot I and at 8 a.m. 
in pot II. The frequency of bait replacement was 
the same in both pots – 24 hours, but consecutive 
bait changes were always at 8 p.m. in pot I and at 
8 a.m. in pot II. This operation was repeated until 
the moment all individuals were extracted. 

Determination of extraction effectiveness 
with the use of bait from cattle manure mixed 
with various additives

The experiments were carried out also in the 
laboratory (at similar conditions) in twenty liter 
pots filled by vermicompost. Generally, one hun-
dred of matured E. fetida individuals were put in 
every pot and left there for 24 hours, then various 
baits were tested.

Two 1-dm3 probes of bait were introduced 
in each pot: one of cattle manure and one of the 
same manure but mixed with valerian (Valeri-
ana officinalis), nettle (Urtica dioica), or flax-
seed (Table 1). The time of earthworm extraction 
from vermicompost was determined by multiple 
check of E. fetida in the baits. The experiment 
was repeated 3 times. Data obtained in experi-
ments were subjected to analysis using t-Student 
(p=0.05) test. 

RESULTS

Comparison of methods: multiple bait 
change and single bait laying 

The research confirmed the effectiveness of 
bait extraction method. It showed a statistically 
significant relation between the average extrac-
tion time (of all E. fetida individuals previously 
introduced in vermicompost), and the method of 
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bait inspection. Earthworms were extracted sig-
nificantly more rapidly when bait was inspected 
and changed every 12 or 36 hours, compared to 
bait changed every 24 hours (Table 2). However, 
in practice it meant different labor input (with bait 
inspection every 36 hours only 6 bait changes 
were necessary, whereas, when inspecting every 
12 hours, 100% of individuals were extracted 
only after approx. 17 bait changes). 

It was also shown that the effectiveness of 
multiple putting of bait was significantly higher 
(p=0.05) compared to single (even longer) bait 
laying. At the time, when complete extraction (of 
100% of individuals) was accomplished in the 
first pot, only 49±7% introduced individuals were 
found on bait in pot IV with continued, one bait. 

Comparison of extraction effectivenes at 
various times of the day 

All the experiment replications showed con-
sistently that 100% of individuals were extracted 
from vermicompost significantly more rapidly 
when the bait checking was performed in the 
morning (Figure 1).

In case of morning extraction of earthworms, 
all of them were removed from vermicompost 
after an average of 7.3±0.6 bait exchanges 
while, in case of evening inspection and bait ex-
change, all were recaptured only after 10.3±1.2 
exchanges.

Determining of worm extraction 
effectiveness with the use of manure bait 
with various additions 

The analysis of the attractiveness of manure 
bait mixed with valerian in reference to pure 
manure (Table 3). showed that use of too large 
quantities of valerian reduced the effectiveness of 
baiting mixture. Significantly more effective than 
manure was only the trap containing 1/20 part of 
dry powdered valerian. 

Table 1.  Method of preparing test mixtures for earthworm extraction from vermicompost

Pot I II III IV V

Bait type cattle manure + valerian

Valerian: manure 1A : 20 1B : 20 1A : 10 1B : 10 1A : 5

Bait type cattle manure + nettle

Nettle: manure 1:5 1:3 1 : 1 2:3 4:3

Bait type cattle manure + flax seed

Flaxseed: manure 1:3 2:3 1:1 4:3 1:0

A – in dry, powdered condition, B – steamed

Table 2. Time [hour] needed for extraction 100% of 
population from vermicompost as dependent on period 
of the bait changing

Time needed for 
extraction of all intro-
duced individuals [h]

Period for the bait changes

12 hours 24 hours 36 hours

216 ± 12 232 ± 24 216 ± 0

Figure 1. Effectiveness [%] of checking the bait in the morning or in the evening
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The use of nettle admixture did not change 
the attractiveness of the manure as a food trap 
(table IV). Only the mixture of nettle and ma-
nure (in 4: 3 ratio) proved significantly more at-
tractive, although it did not cause a shortening 
of earthworm extraction time. Flaxseed proved 
very attractive (Table 5). After 6 days the major-
ity of earthworms “rose to the bait” and were 
found in the flaxseed traps.

DISCUSSION

Earthworm extraction from bed using bait in 
a form of fresh, attractive food is a natural method 
without negative effects on either the population 
of raised earthworms or the composition of later 
used vermicompost. 

Earthworms are characterised by particularly 
well developed chemotropism. The penetration 

Table 3. Effectiveness of earthworm extraction from vermicompost as dependent on the bait type: cattle manure 
mixed with valerian or cattle manure

Time for extraction 
[h]

M + V
M

M + V
M

M + V
M

M + V
M

M + V
M

1A : 20 1B : 20 1A : 10 1B : 10 1A : 5

24 28 12 16 12 16 28 15 14 8 11

48 16 7 19 12 4 9 23 11 11 16

72 12 1 3 15 9 9 3 11 8 13

96 9 1 8 2 12 2 6 8 10 13

120 5 2 7 – 10 – 2 7 5 2

144 7 – 6 – 1 – – – 3 –

Sum 77* 23 59 41 52 48 49 51 45 55

Total 100 100 100 100 100

A, B as in table I
M+V – cattle manure + valerian  M – cattle manure
* statistically significant

Table 4. Effectiveness of earthworm extraction from vermicompost as dependent on the bait type: cattle manure 
mixed with nettle or cattle manure

Time for 
extraction [h]

M + N
M

M + N
M

M + N
M

M + N
M

M + N
M

1 : 5 1 : 3 2 : 3 1 : 1 4 : 3

24 9 13 18 12 12 11 13 15 15 18

48 22 26 17 16 17 15 15 15 15 8

72 15 6 3 11 13 7 12 4 16 4

96 1 5 3 13 6 7 14 12 12 4

120 1 2 3 4 3 6 – – 3 3

144 – – – – – – – – 2 –

Sum 48 52 44 56 51 49 54 46 63* 37

Total 100 100 100 100 100

M+N – cattle manure + nettle  M – cattle manure
*statistically significant

Table 5. Effectiveness of earthworm extraction from vermicompost as dependent on the bait type: cattle manure 
mixed with flax seed or cattle manure

Specification
M + F

M
M + F

M
M + F

M
M + F

M
M + F

M
1 : 3 2 : 3 1 : 1 4 : 3 1 : 0

Sum 96* 4 92* 8 82* 18 94* 6 84* 16

Total 100 100 100 100 100

M+F – cattle manure + flaxseed  M – cattle manure
*statistically significant
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of environment in search for food constitutes a 
natural process of life, a precondition for survival 
in the environment. Earthworm populations are 
characterised by a natural tendency to aggregate, 
and their non-uniform distribution in the substrate 
is the result of local availability of food they find 
attractive [Edwards and Bohlen 1996, Lee 1985, 
Depta et al. 1999]. 

Earthworms can be collected using a variety 
of means. The simplest one is to dig, but addition 
of a liquid e.g. formaldehyde, which acts as a skin 
irritant, can also be used. The food bait extraction 
is an ethological method, which has no negative 
effect on the life processes of individuals (biomass 
rise, breeding, or hatching of young from cocoons). 

The high effectiveness of the extraction meth-
od with multiple change of bait is the evidence of 
the attractiveness of applied food, augmented by 
strong chemical stimulus causing intensive mi-
gration. Lower efficiency of single laying of bait 
may, on the other hand, be the effect of gradual but 
more intensive exhaustion of food components 
in the bait, and therefore lower attractiveness of 
the laid food due to its longer action in bait role 
(reducing volume, small concentration gradient), 
inter-population competition and the reducing 
concentration gradient of food ingredients. 

Earthworms exhibit negative phototropism 
[Edwards and Bohlen 1996, Lee 1985]. Their ac-
tivity in environment penetration, and therefore, 
their feeding intensity, is much higher at night 
than it is during the day. It is connected with the 
daily activity cycle and the depth of earthworm 
residence in the substrate. At night earthworms 
penetrate the environment more actively and 
in larger numbers “visit” also the surface layer. 
We probably get hold of such situation when 
we inspect the bait in the morning. During the 
day earthworm activity decreases and they go 
down, frequently even leaving the bait. Besides 
they may react to light and incidental vibrations, 
which more often appear during the day and then, 
when disturbed, additionally limit their activity. 
The grower, inspecting the bait in the morning, 
catches the majority of earthworms in surface 
layer after their all-night activity and lack of light 
acting onto this layer.

In other experiment [Kostecka 1999], it was 
determined that flaxseed is a particularly suitable 
food source for fast E. fetida reproduction and by 
using this food material the earthworms can eas-
ily be assembled in a single place for vermicom-
posting or for sale. 

CONCLUSIONS

The results of the first part of the experiment 
are additionally confirmed by those of the second 
part. Since in the first test, the bait was always laid 
in the evening, therefore the earliest extraction of 
individuals from vermicompost was always at-
tained after either 12 hours (in the morning) or 
36 hours after bait laying (also in the morning). 
Whenever the bait was replaced after 24 hours, 
such a change took place again in the evening and 
this extended earthworm extraction from vermi-
compost significantly.

The experiment showed the potential of 
augmenting the manure attractiveness for earth-
worms by adding valerian (Valeriana officinalis), 
nettle (Urtica dioica), or flaxseed to it.
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