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The introduction of vermicomposting as a cost effective method of managing organic waste in Ghana
depends on the suitability of local earthworms. At nine locations across Accra, the capital of Ghana, the
soil-litter layer was sampled to evaluate the occurrence and abundance of surface dwelling earthworms
(0 - 10 cm depth) and to investigate the relationship between earthworm abundance and soil properties
(physicochemical and microbial). Eudrilus eugeniae (Kinberg), a rapidly growing large worm (adults
reach 14 cm long), was the only earthworm collected from seven of the nine locations. Small
unpigmented holonephric worms were collected at the other two locations. Earthworm densities ranged
between 35 and 2175 individuals m™. Significant (P< 0.05) negative correlations existed between
earthworm abundance and organic C and exchangeable Na. All locations tested positive for the
microbial indicators; Total coliforms, Escherichia coli, Staphylococcus, Yeast and Moulds and
Aspergillus. There was a significant (P< 0.01) positive correlation between earthworm abundance and
all the bacterial indicators tested. Earthworm abundance was also weakly correlated (P < 0.1) with the
yeast and mould loads.

Keywords: Eudrlius eugeniae, earthworms, soil-litter layer, soil physicochemical and microbial properties,

urban peri-urban Accra, West-Africa.

INTRODUCTION

Vermicomposting is gaining worldwide popularity as a
means of waste remediation, organic fertilizer production
and animal feed protein production. Yet studies pro-
moting vermicomposting in Equatorial Africa are limited to
a few scattered projects in the lvory Coast (Tondoh,
1998), Nigeria (Hauser, 1993; Mba, 1996; Ayanlaja et al.,
2001), and Ethiopia (Bierwirth et al., 2000). Further work
is needed, especially in urban centers that lack a
coherent waste management system. Accra, the capital
city of Ghana, is no exception to this phenomenon. Here,
waste is frequently dumped by residents into open drains
and vacated plots (Boadi and Kuitunen, 2003). When
waste is collected, private contractors transport the waste
to unsanitized landfills designated by the metropolitan
authority. Nutrients leaching from informal dump sites
and landfills, in contributing to eutrophication in many
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waterways. Blue-green algae and their carcinogenic
mycotoxins have already been measured in Accra’s main
water supply (Addico et al., 2006). Although vermiculture
is not expected to solve all these social and environ-
mental problems, it could play a vital role, alongside other
low cost interventions.

Despite the relative low-tech nature of vermicom-
posting, there are barriers to introducing the process. Not
all earthworms are appropriate. A few species, typically
epigeic earthworms that consume primarily carbon-rich
substrates, are well-adapted for vermicomposting
(Blakemore, 2000). Since financial and ecological
constraints will limit the importation of foreign earthworms
into the country, earthworms have to be obtained locally.

Unfortunately, surveys on earthworms in Ghana are
sparse (Table 1). The only work conducted on the subject
in Ghana, Sims (1965) collected 14 species of Acantho-
driidae and Eudrilidae in grasslands, semi-aquatic
habitats, agricultural fields and forests during the addition
to nutrient-rich agricultural runoff, are probably early
1960s. Among other studies, Hyperiodrilus africanus has



Table 1. Earthworms commonly found in sub-Saharan Africa.
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Species

Agastrodrilus opisthogynus

Amynthas minimus
Amynthas rodericensis
Chuniodrilus palustris
Chuniodrilus zielae
Dichogaster affinnis
Dichogaster agilis
Dichogaster annae
Dichogaster bolaui
Dichogaster gracilis
Dichogaster grafii
Dichogaster itolienses
Dichogaster modigliani
Dichogaster saliens
Eminoscolex lavellei
Eudrilus eugeniae
Gordiodrilus peguanus
Hyperiodrilus africanus
Millsonia Anomala
Millsonia ghanensis
Millsonia inermis
Millsonia lamtoiana
Millsonia schlegeli
Nemoatogenia lacuum
Pontoscolex corethrurus
Stuhlmania variabilis

Country/Region Suitable for vermin composting

Ivory Coast No
South Africa, Asia No
South Africa, Asia Yes
Ivory Coast No

Ivory Coast No

West Africa No

Ivory Coast No

West Africa Yes
West Africa Yes
West Africa Unknown
Congo No
Rwanda No

West Africa No

West Africa No
Rwanda No
Ghana, Ivory Coast, Nigeria, West Africa Yes
Central Africa No
Ghana, Ivory Coast, Nigeria, West Africa Yes
Ivory Coast No

Ivory Coast Unknown
Burkina Faso No

Ivory Coast No

Ivory Coast No
Congo No
South Africa, South America No
Rwanda Yes

Source: Sims, 1965 ; Madge, 1969; Hauser, 1993; Fragoso et Lavelle, 1992 ; Barois et al.,1993 ; Blanchart et al., 1997;
Tondoh, 1998; Fragoso et al., 1999; Dominguez et al., 2001; Rossi, 2003; Omodeo et al., 2003; Dlamini and Haynes, 2004;
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Ouédraogo, 2004.

has been identified as one of the broadly distributed
species (Barois et al., 1993) existing throughout West
and Central Africa in disturbed and undisturbed fields
(Madge, 1968; Tondoh, 1998). Other species found in
humid and sub-humid Africa include Chuniodrilus zielae,
Sthulmania porifera, Millsonia anomala (Blanchart et al.,
1997; Rossi, 2003), Eudrilus eugeniae (Dominguez et al.,
2001), Millsonia ghanensis, Millsonia lamtoiana, Agastro-
drilus opisthogynus, Dichogaster agilis (Tondoh, 1998),
Dichogaster bolani and Dichogaster saliens (Dlamini and
Haynes, 2004).

Although earthworm abundance and diversity is
expected to be low in semi-arid tropical regions (Fragoso
and Lavelle, 1992), some earthworms can tolerate such
dry conditions. Millsonia inermis, a deep burrowing
earthworm species residing 30 - 40 cm below the ground,
was found in a semi-arid tropical soil in Burkina Faso
receiving between 750 mm and 1000 mm of rainfall
annually (Ouédraogo, 2004). The presence of surface
casts in the study plots suggested that earthworms came
to the surface to feed on organic residues, despite the

arid conditions. A recent study in the semi-arid Maghreb
region of North Africa, sampling native woodlands, plant-
ed stands of trees, Mediterranean scrublands, aquatic
and semi-aquatic habitats, grasslands, agricultural land
and other anthropogenic habitat, reported the presence
of 27 species, 5 new records for the region, thus raising
the known species diversity to 38 (Omodeo et al., 2003).
In a survey of native forests, pastures and plantations in
northern Kwa Zulu-Natal, South Africa, Dlamini and
Haynes (2004) found a mixed earthworm community of
the South American Glossoscolecidae, Pontoscolex
corethrurus, and the Asian Megascolecidae’s, Amynthas
rodericensis and Amynthas minimus, in 8 of the 11 land
uses. While soil moisture has a major influence on
earthworm abundance and diversity, other soil properties
such as texture, pH and organic matter content may be
important (Edwards and Bohlen, 1996). Earthworms are
sometimes more abundant in areas with higher soil
organic carbon content (Hendrix et al., 1992; Poier and
Richter, 1992; Nuutinen et al., 2001), but not in all studies
(Whalen, 2004; Rossi et al. 2006). The activity of the soil
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microbial community is also important, and was corre-
lated positively with the presence of more sensitive
earthworm species in agroecosystems (lvask et al,
2008).

There is a need to identify earthworms found in Accra
that are capable of vermicomposting, if the technology is
to be applied locally. The objectives of this study were to:
1) document the occurrence and abundance of surface
dwelling earthworms, and 2) investigate the relationship
between earthworm abundance and soil properties
(physicochemical and microbial).

MATERIALS AND METHODS
Study area and site selection

Accra is located in the southern coastal savannah belt of the
country along the Gulf of Guinea (52 34' N, 0 ¢ 10" W) (Twumasi
and Asomani-Boateng, 2002). The city’s settlements occupy an
area of approximately 751 km? (Mgller-Jensen et al., 2005) with a
general elevation of 75 m above sea level. The mean monthly
temperature ranges from 24.7°C in August to 28.1°C in February,
and the mean annual rainfall is 846 mm. Most rain falls from May to
July, with another important rainfall period from September to
November.

Nine locations within the Greater Accra Metropolitan Area were
selected for the study (Table 2). They were broadly categorized into
three possible earthworm habitats: bathhouses, banks of streams
and cultivated pastures. Consultation with project stakeholders and
community members led us to realize the city’s dry climate did not
permit ubiquitous earthworm activity. Earthworms are not expected
when the mean annual rainfall is less than 800 - 1000 mm per year
and when the dry season exceeds 3 — 5 months (Lavelle, 1983).
Thus, the locations selected as possible earthworm habitats were
those where soils were often visibly moist.

Earthworm sampling

Sampling was conducted between October 2005 and June 2006.
Live earthworm specimens were collected from the soil litter and
root layers by digging and hand sorting, following the procedure of
Omodeo et al. (2003). After preliminary sampling, two groups of
Oligochaeta were observed: Megadriles (big worms) and Micro-
driles (smaller and mainly aquatic worms). Biomass and population
size differences between the two groups compelled us to use
different sampling techniques. Megadriles were extracted from a
soil segment area of 60 by 60 cm, to a depth of 5 cm, and
Microdriles from a soil area of 10 cm by 10 cm, to a depth of 10 cm.
Microdrili samples were washed before counting because of the
high clay content and small earthworm sizes. After counting,
earthworms were washed with water and a few specimens were
preserved to be transported to Canada and identified six months
later (Sam James, personal communication).

Soil analysis

Two soil samples (10 cm by 10 cm, to a depth of 5 cm), were
collected at each location with the spade and placed in appropriate-
ly labeled plastic containers. The first sample was stored in an ice
chest immediately after extraction in preparation for microbiological
analysis. The second sample was prepared for physico-chemical

analysis by air-drying (2 days). One soil core from each sampling
station was collected in a sampling ring and sealed with a plastic
cap to preserve moisture. These cores were weighed before and
after drying for 24 h at 105°C to obtain moisture content and bulk
density.

All chemical analyses were conducted in quadruplicate. The pH
was determined in a media water suspension (1:1 w/v) using a
glass cathode microprocessor pH meter (Hanna Instruments pH
210). Total nitrogen was presumed equal to and measured using
the total Kjeldahl nitrogen method (Bremner, 1996), assuming
limited amounts of nitrite/nitrate because little or no fertilizer was
applied to the sampling locations. Total organic carbon was
measured using the Walkley-Black method (Nelson and Sommers,
1996). Plant-available phosphorous was extracted with the Bray-1
method (Kuo, 1996) considered appropriate for the soils of the
region, and the P concentration measured colorimetrically with the
molybdate blue method at 712 nm using a Philips PU 8620
UV/VIS/NIR spectrophotometer. Exchangeable sodium, potassium,
calcium and magnesium were extracted with the ammonium ace-
tate method (Helmke and Sparks, 1996; Suarez, 1996). Na and K
concentrations were subsequently measured with a Jenway PFP7
flame photometer whereas Ca and Mg were measured with the
Ethylenediaminetetraacetic acid (EDTA) titration method (Walter,
1965). Cation exchange capacity consisted of an extraction of
cations with the ammonium acetate method and measured
colorimetrically with the acid titration method (Sumner and Miller,
1996). Particle sizes were analyzed with a combination of the
hydrometer and sieve methods (Gee and Bauder, 1986). Lead and
cadmium were extracted with a wet digestion method (Amacher,
1996) and measured with a Perkin Elmer Atomic Absorption
Spectrometer.

Soil Total Coliforms, Escherichia coli, Yeast and Mold,
Staphylococcus and Aspergillus loads were evaluated from each
sampling location. Microbial analyses were performed in quadru-
plicates, using standard aseptic methods. Culture media and
incubation temperatures are listed in Table 3. A 10 g homogenous
sample of each organic substrate was placed into a sterilized
medicinal flat bottle containing 90 ml Ringer’s solution. After dilution
(10® and 10™), the media were inoculated with the pour plate
method, incubated for 48 hours in Gallenkamp Pius 2 incubators
set at the appropriate temperature, and the number of colonies was
counted.

Statistical analysis

Pearson’s correlation coefficients (r) were used to evaluate the
relationship between earthworm abundance, soil physicochemical
and microbial properties.

RESULTS AND DISCUSSIONS
Earthworm species

E. eugeniae (Kinberg), commonly known as the African
Nightcrawler, was the only earthworm collected from
seven of the nine locations. The low earthworm diversity
observed is consistent with other studies on invertebrate
ecology in urban areas (Paul and Meyer, 2001). E.
eugeniae is a eudrilid of West African origin and is
plentiful in coastal shaded grasslands (Blakemore, 2000).
Sims (1965) collected 60 clitellate specimens during a
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Table 2. GPS coordinates and brief description of sampling locations in Accra.

Location

GPS Coordinates

Description

Afiaman-Santana

5236.6'N 0% 13.6'W

Samples collected from stream created by waste water flow from various
bath-houses and auto mechanic shops. Plastic and other non-
decomposable waste materials found in litter layer. Fecal matter visible
and emitting odors. Site located alongside Odaw canal. Temporary
structures visible, lower-income households. Some farming and metal
working conducted in vicinity. Vegetation includes papaya trees,
plantain/banana trees and shrubbery.

Aladzo

5235.8'N0212.7"W

Samples collected from banks of stream. Plastic and other non-
decomposable waste materials found in litter layer. Permanent structures
but old buildings. Low income households. External bathhouses erected
alongside stream. Effluent flows into stream. Cottage-scale fish
processing and smoking conducted in close proximity to sample site.
Prolific grasses and a sugarcane plant only vegetation.

Ashaiman

5241.8'N0°3.3'W

Samples collected from irrigation fields designated for research. Rice
and maize grown. lIrrigation water sourced from nearby reservoir.
Farming community residing within low income shanty community. No
plastics or other materials in litter layer. Some grasses and shrubbery
with resemblance to species found at seaside.

Avenor

5234.8'N0°13.3'W

Samples collected from banks of stream. Plastics and other non-
decomposable waste materials in litter layer. Fecal matter visible and
emitting odors. On border of low-income neighborhood and industrial
area. Waste water from nearby industries (construction, etc) flow into
stream. Farm nearby. Cattle frequently brought over for grazing.
Vegetation includes papaya trees, coconut trees, plantain/banana trees,
mango trees and other shrubbery.

Dzorwulu

5236.5'N0212.3'W

Samples collected from domestic effluent stream. Cottage scale textile
(tie and dye) enterprise and farms nearby. Residential neighborhood,
higher income households. In close proximity to Ebony/ECG, Plant pool
and Aladzo Polo Park farms. Prolific grasses.

Labadi-Palmwine

5234.6'N 0210.0'W

Samples collected from banks of stream flowing through domestic

Junction backyard. Permanent structures and abandoned buildings. Lower to
middle income households. Palm trees and other plants providing shade.
Oblogo 5233.6'N 02 18.8'W | Samples collected from bathhouse effluent streams. Peri-urban village

close to metropolitan land fill site. Plastics and other non-decomposable
materials found in litter layer. Plantain/banana trees, cocoyam and
grasses found at site.

Tema-Community
2

5241.0'N0°1.3'W

Samples collected from banks of small stream located in auto
mechanic’s yard/garage. Waste water from mechanic’s operations flow
into stream. Plastics and other non-decomposable waste materials in
litter layer. Plantain/Banana trees, cocoyam and grasses found at site.
Light industrial area at northern edge of Tema.

Timber Market-
Agbogbloshi

5232.5'N0213.2'W

Samples collected from edges of open air communal bathhouse. Damp
zone created at edges where debris left to collect and rot. Plastics and
non-decomposable materials found in litter layer. No vegetation besides
one coconut tree.
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survey in Aburi, approximately 60 km north of Accra.

E. eugeniae is a large worm (adults reach 14 cm long)
that grows rapidly, taking as little as 5 weeks to reach
maturity, and is extremely prolific (Dominguez et al.,
2001). Its feeding habits (surface feeder, deposits its
casts on the surface) make it ill suited for certain vermin-
composting systems, such as the raised gantry-fed beds
(Borges et al., 2003). E. eugeniae has a narrower optimal
temperature range, between 20 — 29°C (Neuhauser et al.,

1988), than other vermicomposting earthworms, and as
such is better suited for tropical than temperate appli-
cations. Individuals have been known to perish above
30°C (Loehr et al., 1985; Viljoen and Reinecke, 1992;
Dominguez et al., 2001). In addition, this species is more
sensitive to disturbance than Eisenia fetida and may
occasionally migrate from breeding beds (Dominguez et
al.,, 2001). Despite these disadvantages E. eugeniae is
capable of rapidly converting a wide range of organic
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Table 3. Media and incubation temperatures for microbial analyses

Microbiological Indicator Media Incubation Temperature [2C]
Total Coliforms Violet Red Bile Glucose Agar 37
E. Coli MacConkey Agar 37
Yeasts and Moulds Potato Dextrose Agar 25
Staphylococcus Manitor Agar 37
Aspergillus Sabourad’s Malt Agar 25

substrates including animal wastes (Dominguez et al.,
2001), sewage sludge (Graff, 1982), rubber leaf litter
(Chaudhuri et al., 2002), water hyacinth (Gajalakshmi et
al.,, 2001), neem leaf litter (Gajalakshmi and Abbasi,
2004), taro (Kurien and Ramasamy, 2006) and cassava
peel (Mba, 1996). The worms’ ability to move quickly and
survive in various substrates, under polluted conditions,
offers it advantages in the urban landscape.

Small unpigmented holonephric worms were collected
at the other two locations of Ashaiman and Dzorwulu.
Small earthworms belong to the Enchytraeidae, Tubifi-
cidae and Naididae families and are typically aquatic
(Rombke, 2003). It is a widely accepted fact that Sub-
Saharan Africa remains largely terra incognita with
regards to aquatic worms (Brinkhurst, 1999). An earlier
assessment of live specimens from these locations by the
Zoology Department of the University of Ghana,
suggested that these worms belonged to the enchytraeid
family. This conclusion was not confirmed; the samples
did not preserve well, because of bruising, making a
second identification in Canada impossible. In addition,
the literature makes no mention of enchytraeids in
Ghana.

Abundance

The earthworm densities measured in this study ranged
between 35 and 2175 individuals m® (Table 4).
Earthworm abundance is affected by many factors,
especially soil moisture content and land use (Edwards
and Bohlen, 1996), which explains the wide range of
densities measured in this study and reported in the
literature. Worms were most numerous at the Dzorwulu
and Ashaiman sites, where they were found at a densit!
of 2175 individuals m?® and 850 individuals m?,
respectively (Table 4). Between 35 and 200 individuals
m™~ were positively identified as E. eugeniae. The
earthworm densities in this study are within the ranges
observed in the tropics (Jimenez et al., 1998; Fragoso et
al., 1999), although it should be noted that our sampling
depth was shallower than that reported by other re-
searchers, since the focus was on collecting surface
dwelling earthworms that could be used for
vermicomposting.

Earthworm abundance and soil physicochemical
properties

Soil physicochemical properties are presented in Table 4.
The gravimetric soil moisture was less than 30%,
reflecting Accra’s dry climate, and ranged between 27.4%
in Dzorwulu and 5.1% in Tema. Soils were light-textured
(sandy loam to loam), slightlg compacted (bulk densities
ranged from 1.2 to 1.5 g cm™), with near-neutral pH (6.3
to 7.8). Total organic C, total N, Bray-1 P and other
extractable nutrient concentrations were within the range
reported for soils in the Greater Accra Region (FAO,
2005), with one exception. The available Ca levels, at 3.9
to8.7¢g kg'1, were about two orders of magnitude greater
than previously reported in the region (FAO, 2005). Lead
and cadmium were present at concentrations from 0.05
to 12.7 mg Pb kg™ and 0.04 to 0.07 mg Cd kg™ (Table 4).
The Pb concentration was elevated at Aladzo compared
to other sites, probably because of the adjacent cottage-
scale fish roasting activities or the road 30 m away. The
latter is more likely as some 90 % of all atmospheric lead
emissions are vehicular (Kylander et al., 2003). All the Pb
and Cd concentrations were nevertheless much lower
than the 165 mg Pb kg™ and 1 mg Cd kg™ recommended
for residential soils by the British government’s
Department for Environment, Food and Rural Affairs
(Nabulo et al., 2006).

Pearson’s correlation coefficients of the relationship
between earthworm abundance and soil physicochemical
properties are presented in Table 5. A significant (P<
0.05) negative correlation existed between organic
carbon and earthworm abundance perhaps because the
presence of earthworms depends on factors more
important than organic C, and when present, organic C is
consumed by earthworm. McLean and Parkinson (1997)
found the same trend whilst observing the epigeic
earthworm Dendrobaena octaedra in a pine forest. Other
researchers (El Duweini and Ghabbour, 1965; Hendrix et
al., 1992) report a positive correlation between soll
organic C and earthworm abundance, whereas other
researchers observed no correlation between these
variables (Whalen, 2004; Nair et al., 2005; Rossi et al.,
2006). Evidently, the relationship between earthworm
abundance and organic C is a complex one. A significant
(P< 0.01) negative correlation was found between ex-
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Table 4. Density of earthworms and mean values of physico-chemical and microbial parameters at locations in Afiaman-Santana (1), Aladzo (2), Ashaiman (3), Avenor (4), Dzorwulu (5),
Labadi-Palm Wine Junction (6), Oblogo (7), Tema-Community 2 (8) and Timber Market-Agbogbloshi (9).

Location 1 2 3 4 5 6 7 8 9
Earthworm Density (ind/mz)b 65 200 850 99 2175 35 59 57 42
E. eugeniae Density (ind/mz) 65 200 0 99 0 35 59 57 42
Moisture Content (g kg™ )? 103 92 208 84 274 120 97 51 104
Bulk Density (g/cm®) 1.4 1.5 1.3 1.2 1.4 1.5 1.5 1.3 1.5
Sand (g kg™ )°® 417 771 519 821 364 840 503 705 841
Silt (g kg™ )" 427 126 313 110 387 110 329 208 105
Clay (gkg™")°® 156 103 169 69 250 50 169 8.8 54
Soil Texture Loam | Sandy Loam | Loam | Loamy Sand | Loam | Loamy Sand | Loam | Sandy Loam | Loamy Sand
pH® 6.4 7.4 6.5 7.7 7.2 7.6 6.5 7.8 7.2
Total Nitrogen (g kg )a’b 29 2.0 25 1.6 2.2 1.8 2.6 1.9 2.0
Total Organic Carbon (g kg'1 ab 36.4 16.5 25.6 11.4 21.7 15.7 23.0 24.0 19.8
Bray-1 Phosphorous (mg/kg) *° 42.78 38.65 6.46 17.48 36.42 33.56 44.51 2.35 13.26
Available Sodium (g kg™ )*° 0.42 0.40 0.74 0.35 0.72 0.65 0.66 0.51 0.49
Available Potassium (g kg™ )? 0.31 0.35 0.14 0.26 0.24 0.46 0.54 0.15 0.27
Available Calcium (g kg™ )? 4.3 6.0 43 4.4 7.0 6.4 3.9 8.7 4.9
Available Magnesium (g kg™ )? b 1.3 1.9 3.3 1.6 2.2 1.9 3.3 1.8 1.0
CEC (cmol/kg ) *° 40.8 62.8 63.2 47.8 69.3 64.7 62.2 751 46.8
Lead (mg/kg) *® 1.20 12.70 0.05 0.08 0.10 0.07 0.05 0.56 0.23
Cadmium (mg/kg) *® 0.06 0.05 0.05 0.05 0.05 0.05 0.04 0.06 0.07
Total Coliforms (X 10* CFU/g)*° 6.97 117 20.1 18.4 35.4 18.6 26.6 4.23 66.9
E. Coli (X 10*CFU/g)*°® 3.65 22.3 4.99 9.49 3.53 20.4 3.56 1.86 1.90
Total Staphylococcus (X 104CFU/g)a’b 18.7 56.1 16.8 11.9 8.93 329 43.3 10.8 24.2
Yeast and Moulds (X 10* CFU/g)*® 1780 884 4.51 4010 15.9 13.4 13.9 1.80 30.4
Total Aspergillus (X 10* CFU/g)*® 0.78 2.25 1.71 1.71 1.67 6.28 2.43 0.24 0.58

3Values expressed on a dry weight basis.
®Values are the mean of 4 analytical replicates.
CFU - Colony forming units

changeable Na and earthworm abundance. Fang
et al. (1999) also found a negative relationship
between earthworms and exchangeable Na in a
rural soil in subtropical China. It is well known that
earthworms cannot tolerate high salinity (El
Duweini and Ghabbour, 1965) as high salt concen
trations cause dessication and eventually death

(Schaefer, 2005).

Earthworm abundance and soil microbial
properties

Soil microbial loads are presented in Table 4. All

locations tested positive for the microbial indi-
cators, possibly from the wastewater, effluent and
fecal material deposited nearby (Table 2).
Although coliforms and E. coli are undesirable in
drinking water due to their role in gastrointestinal
diseases, the presence of these organisms in soil
does not always suggest a health threat. Soils
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Table 5. Pearson’s correlation coefficients (r) of the
relationship between Total Earthworm Density (ind/m?)
and soil properties (physiochemical and microbial), n =
36

Soil properties r
Sand 0.19
Silt -0.26
Clay -0.03
Ph 0.16
Total Nitrogen -0.21
Total Organic Carbon -0.33%
Bray-1 Phosphorous 0.26
Available Sodium -0.44**
Available Potassium 0.16
Available Calcium 0.04
Available Magnesium -0.07
CEC 0.04
Total Coliform 0.49**
E. Coli 0.50**
Total Staphylococcus 0.47**
Yeast and Moulds 0.30 "
Total Aspergillus -0.02

Significant at +, P<0.1, * P<0.05 and ** P<0.01.

colonized by coliforms and gram negative bacteria like E.
coli can reduce the survival of Salmonella, and other
bacteria, possibly due to competitive orpredatory
pressures (Zaleski et al., 2005). The long-term survival of
pathogenic bacteria is affected by ecological factors,
such as interactions with soil protozoa, other soil bacteria
and bacteriophages (Rogers and Smith, 2007).

Pearson’s correlation coefficients of the relationship
between earthworm abundance and soil microbial
properties are presented in Table 5. There was a signifi-
cant (P< 0.01) positive correlation between earthworm
abundance and all the bacterial indicators tested, total
coliforms, E. coli and Staphylococcus. Williams et al.
(2006) observed that the epigeic Dendrobaena veneta
and anecic Lumbricus terestris sustained and transported
E. coli O157:H7 populations in soils and vermicomposts,
suggesting a mutualistic relationship between earth-
worms and bacteria. Earthworm casts may contain up to
13 times more bacteria than uningested soils (Brown,
1995). Earthworm abundance was also weakly correlated
(P < 0.1) with the yeast and mould loads. Fungal colonies
are a primary source of food for many earthworms,
particularly surface dwelling earthworms like E. eugeniae
(Edwards and Fletcher, 1988; Brown, 1995; Bonkowski
and Schaeffer, 1997). In addition, more fungal spores are
found in earthworm casts than in surrounding soils
(Tiwari and Mishra, 1993). However, the relationship
between earthworms and fungus is not fully understood.
Different earthworm species may suppress, enhance or
have no effect on the germination of fungal spores

(Brown, 1995). Our results suggest that the presence of
many earthworms could favor the germination and growth
of yeast and moulds, but that the growth of the fungus
Aspergillus was independent of the number of earth-
worms found. This remains to be confirmed in future
experiments.

Conclusions

This study is likely the first earthworm survey in Accra,
Ghana. The litter cover and surface soils from sampling
locations around Accra, Ghana contained the epigeic
earthworm E. eugeniae, although their distribution was
limited by soil moisture and land use. Small unpigmented
holonephric worms were also present, in moister soils,
but not as widely distributed as E. eugeniae. More
earthworms were found in soils with a larger bacterial
load (Total coliforms, E. coli and Staphylococcus).
Earthworm numbers were also positively correlated with
the number of CFUs (Colony forming units) of yeast and
mould, but not Aspergillus. Earthworm abundance was
negatively correlated with the total organic C and
exchangeable Na in soils. The earthworm E. eugeniae is
appropriate for vermicomposting and as fish bait, and
could provide new opportunities to some residents of
Accra.

ACKNOWLEDGEMENTS

Financial support was from the International Develop-
ment Research Council (IDRC) of Canada, through an
AGROPOLIS scholarship to the lead author. The authors
also thank Mr. Issifu, Mr. Dickson, the Volta Basin
Research Project and the Soil Science Department, both
of the University of Ghana, Legon, and the Kumasi
Institute of Technology and Environment for providing
support and assistance with the research in Accra,
Ghana.

REFERENCES

Addico G, Hardege J, Komarek J, Babica P, de Graft-Johnson KAA
(2006). Cyanobacteria species identified in the Weija and Kpong
reservoirs, Ghana, and their implications for drinking water quality
with respect to microcystin. Afr. J. Mar. Sc. 28(2): 451-456.

Addison JA (2002). Derivation of Matrix Soil Standards for Salt under
the British Columbia Contaminated Sites Regulation Addendum C:
Soil Invertebrate Toxicity Tests: Lessons and Recommendations,
Report to the British Columbia Ministry of Water, Land and Air
Protection, Ministry of Transportation and Highways, British Columbia
Buildings Corporation, and the Canadian Association of Petroleum
Producers, Applied Research Division, Royal Roads University,
Victoria, British Columbia.

Amacher MC (1996). Nickel, cadmium and lead. In: Sparks et al. (eds)
Methods of Soil Analysis. Part 3. Chemical Methods, Soil Science
Society of America and American Society of Agronomy, U.S.A. pp.
739-768.

Ayanlaja SA, Owa SO, Adigun MO, Senjobi BA, Olaleye AO (2001).
Leachates from earthworm castings break seed dormancy and pre-



ferentially promotes radicle growth in jute. HortScience 36(1):143-
144.

Bierwirth J, Bekele A, Greiling J, Buerkert A, Bieri M (2000).
Composting experiments in the bio village project, Gurage Zone,
Southern Ethiopia. GTZ.

Blakemore RJ (2000). Vermicology | — Ecological considerations of the
earthworm species used in vermiculture. Vermillennium-International
conference on vermiculture and vermicomposting, Kalamazoo, MI,
U.S.A.

Blanchart E, Lavelle P, Braudeau E, Le Bissonnais Y, Valentin C
(1997). Regulation of soil structure by geophagous earthworm
activities in humid savannas of Cote d'lvoire. Soil Biol. Biochem. 29:
431-439.

Boadi K, Kuitunen M (2003). Municipal solid waste management in the
Accra Metropolitan Area (AMA). Ghana. Environmentalist 23: 211-
218.

Bonkowski M, Schaefer M (1997). Interactions between earthworms
and soil protozoa: a trophic component in the soil food web. Soil Biol.
Biochem. 29: 499-502.

Borges S, Hubers H, Bayron R (2003). In search for an appropriate
species for vermicompostin in Puerto Rico. Caribb. J. Sci. 39(2): 248-
250.

Bremner JM (1996). Nitrogen-total. In: Methods of Soil Analysis. Part 3.
Chemical Methods, Soil Sci. Soc. Am. Am. Soc. Agron. USA, pp.
1085-1121.

Brinkhurst RO (1999). Retrospect and prospect: reflections on forty
years of study of aquatic oligochaetes. Hydrobiologia 406: 9-19.

Brown GG (1995). How do earthworms affect microfloral and a faunal
community diversity? Plant Soil 170: 209-231.

Chaudhuri PS, Pal TK, Bhattacharjee G, Dey SK (2002). Rubber leaf
litters (Hevea brasiliensis, var RRIM 600) as vermiculture substrate
for epigeic earthworms, Perionyx excavatus, Eudrilus eugeniae and
Eisenia fetida. Pedobiologia 47: 796-800.

Dlamini TC, Haynes RJ (2004). Influence of agricultural land use on the
size and composition of earthworm communities in northern
KwaZulu-Natal, South Africa. Applied Soil Ecol. 27: 77-88.

Dominguez J, Edwards CA, Ashby J (2001). The biology and population
dynamics of Eudrilus eugeniae (Kinberg), (Oligochaeta) in cattle
waste solids. Pedobiologia 45:341-353.

Edwards CA, Bohlen PJ (1996). Biology and Ecology of Earthworms,
Chapman and Hall, U.K.

Edwards CA, Fletcher KE (1988). Interactions between earthworms and
microorganisms in organic-matter breakdown. Agric. Ecosyst. Envi-
iron. pp. 235-247.

Fang P, Wu W, Xu Q, Jiahai H, Han C, Paoletti MG (1999). Assessing
bioindication with earthworms in an intensively farmed rural
landscape (Yuangiao and Dagiao Villages in Qianjiang Municipality,
Located in Hubei Province, Subtropical China). Crit. Rev. Plant Sci.
18(3): 429-455.

FAO (2005). Fertilizer use by crop in Ghana. Food and Agriculture
Organization of the United Nations, Italy.

Fragoso C, Lavelle P (1992). Earthworm communities of tropical rain
forests. Soil Biol. Biochem. 24: 1397-1408.

Fragoso C, Lavelle P, Blanchart E, Senapati BK, Jimenez JJ, Martinez
M, Decaen T, Tondoh J (1999). Earthworm communities of tropical
agroecosystems: origin, structure, and influence of management
practices. In: Earthworm management in tropical agroecosystems,
CABI Publishing, UK, pp. 27-55.

Gajalakshmi S, Abbasi SA (2004). Neem leaves as a source of fertilizer-
cum-pesticide vermicompost. Bioresour. Technol. 92:291-296.

Gajalakshmi S, Ramasamy EV, Abbasi SA (2001). Potential of two
epigeic and two anecic earthworm species in vermicomposting of
water hyacinth. Bioresource Technol. 76:177-181.

Gee GW, Bauder JW (1986). Particle-size analysis. In: Klute et al.
(eds.) Methods of Soil Analysis. Part 1. Physical and Mineralogical
Methods, 2nd. Edition, Agronomy No. 9. Am. Soc. Agron. USA, pp.
383-411.

Graff O (1982). Vergleich der Regenwurmarten Eisenia foetida und
Eudrilus eugeniae hinsichtlich ihrer Eignung zur Proteingewinnung

Mainoo et al. 193

aus Abfallstoffen. Pedobiologia 23: 277-282.

Hauser S (1993). Distribution and activity of earthworms and
contribution to nutrient recycling in alley cropping. Biol. Fert. Soils
15:16-20.

Helmke PA, Sparks DL (1996). Lithium, sodium, potassium, rubidium,
and cesium. In: Methods of Soil Analysis. Part 3. Chemical Methods,
Soil Sci. Soc. Am. Am. Soc. Agron. USA, pp. 568-569.

Hendrix PF, Mueller BR, Bruce RR, Langdale GW, Parmelee RW
(1992). Abundance and distribution of earthworms in relation to
landscape factors on the Georgia Piedmont, U.S.A. Soil Biol.
Biochem. 24(12): 1357-1361.

lvask M, Kuu A, Sizov E (2007). Abundance of earthworm species in
Estonian arable soils. Eur. J. Soil Biol. 43: S39-S42.

Jimenez JJ, Moreno AG, Decaéns T, Lavelle P, Fisher MJ, Thomas RJ
(1998). Earthworm communities in native savannas and man-made
pastures of the Eastern Plains of Colombia. Biol. Fert. Soils 28: 101-
110.

Kurien J, Ramasamy EV (2006). Vermicomposting of taro (Colocasia
esculenta) with two epigeic earthworm species. Bioresour. Technol.
97: 1324-1328.

Kylander ME, Rauch S, Morrison GM, Andam K (2003). Impact of
automobile emissions on the levels of platinum and lead in Accra,
Ghana. J. Environ. Monit. 5: 91-95.

Lavelle P (1983). The soil fauna of tropical savannas Il: The
Earthworms. In: Tropical savannas,. Elsevier, Netherlands, pp. 485-
504.

Loehr RC, Neuhauser EF, Malecki R. (1985). Factors affecting the
vermistabilization process. Temperature, moisture content and
polyculture. Water Res. 19: 1311-1317.

Madge PS 1969. Field and laboratory studies on the activities of two
species of tropical earthworms. Pedobiologia 9: 188-214.

Mba CC (1996). Treated cassava peel vermicomposts enhanced
earthworm activities and cowpea growth in field plots. Resour.
Conserv. Recy. 17: 219-226.

McLean MA, Parkinson D (1997). Soil impacts of the epigeic earthworm
Dendrobaena octaedra on organic matter and microbial activity in
lodgepole pine forest. Can. J. For. Res. 27: 1907-1913.

Mgller-Jensen L, Kofie RY, Yankson PWK (2005). Large-area urban
growth observations - a hierarchical kernel approach based on image
texture. Geogr. Tidsskr. 105(2): 39-47.

Nair GA, Youssef AK, El-Mariami MA, Filogh AM, Briones MJI (2005).
Occurrence and density of earthworms in relation to soil factors in
Benghazi, Libya. Afr. J. Ecol. 43: 150-154.

Nabulo G, Oryem-Origa H, Diamond M (2006). Assessment of lead,
cadmium, and zinc contamination of roadside soils, surface films, and
vegetables in Kampala city, Uganda. Environ. Res. 101: 42-46.

Nelson DW, Sommers LE (1996). Total carbon, organic carbon, and
organic matter. In: Methods of Soil Analysis. Part 3. Chemical
Methods, Soil Science Society of America and American Society of
Agronomy, U.S.A., pp. 961-1010.

Neuhauser EF, Loehr RC, Malecki MR (1988). The potential of
earthworms for managing sewage sludge. In: Earthworms in Waste
and Environmental Management. SPB Academic Publishing BV, the
Netherlands, pp. 9-20.

Nuutinen V, Pitkdnen J, Kuusela E, Widbom T, Lohilahti H (1998).
Spatial variation of an earthworm community related to soil properties
and yield in a grass-clover field. Appl. Soil Ecol. 8: 85-94.

Omodeo P, Rota E, Baha M (2003). The megadrile fauna (Annelida:
Oligochaeta) of Maghreb: a biogeographical and ecological charac-
terization. Pedobiologia 47:458-465.

Ouédraogo E, Mandoa A, Brussaard L (2004). Soil macrofaunal-
mediated organic resource disappearance in semiarid West Africa.
Appl. Soil Ecol. 27: 259-267.

Paul MJ, Meyer JL (2001). Streams in the urban landscape. Annu. Rev.
Ecol. Syst. 32: 333-365.

Poier KR, Richter J (1992). Spatial distribution of earthworms and soil
properties in an arable loess soil. Soil Biol. Biochem. 24: 1601-1608.
Robidoux PY, Delisle CE (2001). Ecotoxicological evaluation of three
deicers (NaCl, NaF, CMA) — Effect on terrestrial organisms, Ecotox.



194 Afr. J. Agric. Res.

Environ. Safe. 48: 128-139.

Rogers M, Smith SR (2007). Ecological impact of application of
wastewater biosolids to agricultural soils. Water Environ. J. 21:34—40.

Rombke J (20083). The role of Gilberto Righi in the development of
tropical microdrile taxonomy. Pedobiologia 47: 405-412.

Rossi J-P (2003). Clusters in earthworm spatial distribution: The 7th
international symposium on earthworm ecology, Cardiff, Wales, 2002.
Pedobiologia 47: 490-496.

Rossi J-P, Huerta E, Fragoso C, Lavelle P (2006). Soil properties inside
earthworm patches and gaps in a tropical grassland (la Mancha,
Veracruz, Mexico). Eur. J. Soil Biol. 42: S284-288.

Schaefer M (2005). The landfill of TBT contaminated harbour sludge on
rinsing fields-a hazard for the soil fauna? Risk assessment with
earthworms. Water Air Soil Poll. 165: 265-278.

Sims RW (1965). Acanthodrilidae and Eudrilidae (Oligochaeta) from
Ghana. Bull. Brit. Mus. Nat. Hist. (Zool.) 12(8): 283-311.

Suarez DL (1996). Beryllium, magnesium, calcium, strontium, and
barium. In: Methods of Soil Analysis. Part 3. Chemical Methods, Soil
Sci. Soc. Am. Am Soc. Agron. USA, pp. 575-601.

Sumner ME, Miller WP (1996). Cation exchange capacity and exchange
coefficients. In: Methods of Soil Analysis. Part 3. Chemical Methods,
Soil Sci. Soc. Am. Am. Soc. Agron. USA, pp. 1201-1230.

Tiwari SC, Mishra RR (1993). Fungal abundance and diversity in
earthworm casts and in uningested soil. Biol. Fert. Soil 16:131-134.
Tondoh EJ (1998). Effect of coffee residues on growth and reproduction
of Hyperiodrilus africanus (Oligochaeta, Eudrilidae) in Ivory Coast.

Biol. Fert. Soil. 26: 336-340.

Twumasi YA, Asomani-Boateng R (2002). Mapping Seasonal Hazards
for Flood Management in Accra, Ghana Using GIS. Geoscience and
Remote Sensing Symposium, Geoscience and Remote Sensing
Symposium 5: 2874-2876.

Viljoen SA, Reinecke AR (1992). The temperature requirements of the
epigeic earthworm species Eudrilus eugeniae (Oligochaeta). A
laboratory study. Soil Biol. Biochem. 24: 1345-1350.

Walter RH (1965). Calcium and magnesium. EDTA Titration method. In:
Methods of soil analysis (chemical and microbiological properties),
Am. Soc Agron. USA, pp. 999-10083.

Whalen JK (2004). Spatial and temporal distribution of earthworm
patches in cornfield, hayfield and forest systems of southwestern
Quebec, Canada. Appl. Soil Ecol. 27: 143-151.

Williams AP, Roberts P, Avery LM, Killham K, Jones DL (2006).
Earthworms as vectors of Escherichia coli O157:H7 in soil and
vermicomposts. FEMS Microbiol. Ecol. 58: 54-64.

Zaleski K, Josephson KL, Gerba CP, Pepper IL (2005). Survival,
Growth, and Regrowth of Enteric Indicator and Pathogenic Bacteria
in Biosolids, Compost, Soil, and Land Applied Biosolids. J. Residuals
Sci. Technol. 2: 49-63.



