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Abstract: 360 adult earthworms of weights ranging from 1.8-3.3 g (mean 2.65±1.01) g and lengths 15.0 cm-30.0
cm (mean 22.5±7.5) cm were cultured in three media; soil substrate (control), cellulose substrate and dry neem
leaves and soil substrates in nine wooden boxes (0.9 m x 0.6 m x 0.3 m) for 84 days. The earthworms were
monitored for weekly growth pattern, nutrient utilization and productivity. The results of the experiment showed
that cellulose substrate was the best for earthworm culture and had the highest total weight gain, relative
growth rate, specific  growth rate, feed conversion ratio and biomass production of 307.9 g, 332.15%, 0.76%,
1.43 and 25.7 g/week while the control substrate (soil) recorded the least values of 213.6 g, 230.4 %, 0.62 %, 1.76
and 17.8 g/week,  respectively. The  earthworms  produced were grouped into four developmental stages
namely: baby, pre-juvenile, juvenile and adult based on age, weight and presence or obviousness of clitellum.
All the developmental stages were found in the three substrata. Based on the results of this experiment,
cellulose substrate is considered the best culture medium for H. euryaulos.
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INTRODUCTION prolific reproductive capacity has also been reported

Vermiculture practice, which is about a century old is Banjo (1999)  and  Sowande et al. (2002) have reported on
now being revived world wide with divers’ objectives various treatments used in converting sawdust into
such as waste management, sustainable organic useable products and its nutritive value. This waste forms
agriculture and aquaculture (Sinha et al., 2002). The the major constituents of the cellulose substrate used for
natural process and other biodegradation activities of earthworm culture in this study. The products of this
organic wastes are aimed at increasing food supply for process are the worm castings ("worm compost") and the
man’s need (Jakusko et al., 2001). Earthworm availability worms themselves. The worm compost  derived from
from natural habitat is seasonal and even when available manure is superior to the original manure as a fertiliser
has high tendency to biocummulate toxic organic residues (Nguyen et al., 2000). In this way, waste material is
(like pesticides, herbicides and antibiotics) and heavy converted to a rich organic fertilizer by the use of mass
metals like cadmium, nickel, lead and zinc into their tissue concentrations of worms and returning essential plant and
(Ramu, 2001). These toxicants can biomagnify in plant animal material back to the soil. The worms themselves
tissues, bioaccumulate in livestock and fish fed. Hence, to can be fed to livestock and fish as a high quality protein
avoid the bioaccumulation of these pollutants and ensure supplement (Ravindran Blair et al., 1993).
all year round availability of this worm, there is need to Hyperiodrilus euryaulos is  the  commonest  semi
enhance the culture of earthworm since its utilization as arid zone earthworm in Nigeria (Clausen,  1976), mostly
live fish food, bait and fish meal supplements have been used by the artisanal fish farmers as bait for fish catch and
ascertained (Tacon et al., 1983; Akiyama et al., 1984; also for sport fishing in Kainji Lake and its environment
Bankole et al., 1985; Omorinkoba et al., 1985; Stafford and (Omorinkoba et al., 1985; Segun, 1978). The demand need
Tacon, 1985; Alegbeleye and Oresegun, 1998). Their of this earthworm by the anglers and fish nutritionist has

(Razon-Arceno et al., 1981; Guererro, 1981). Belewu and
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Table 1: Percentage composition of H. euryaulos culture substrates

Materials Hs 1 Hs 2 Hs 3
(Soil substrate) (Cellulose substrate) (Neem leaves and Soil substrate)

Sandy soil 60.0 - -
Loamy soil 30.0 - 40.0
Red soil - - 40.0
Plant materials (harvest remains material) 10.0 - -
Saw dust - 30.0 -
Rice bran - 20.0 -
Mushroom (Termitomyces sp.) - 20.0 -
Centro-leaves (Centrosema sp.) - 15.0 -
Poultry droppings - 15.0 -
Neem leaves (Azadirachta indica) - - 20.0
Total 100.0 100.0 100.0

not been met and there is dearth of information on the using a spade and water was added. The mixture was
culture of this specie and the utilization  of  cellulose covered with jute bag and allowed to ferment for 4 weeks.
substrate used in this study. The study is aimed at Freshly collected poultry droppings from the poultry
identifying the culture potential of suitable substrate in pens  of the Integrated Livestock-Cum fish culture Unit
raising earthworms and the production capacity of the of NIFFR were mixed separately with water to form a
substrate. paste in another outdoor concrete tank of the same

MATERIALS AND METHODS from houseflies. The fermentation  process lasted for four

Composition and preparation of rearing substrata: Three During the fermentation, thorough mixing of the
rearing substrata namely soil, cellulose and dry neem fermenting mixtures was done with a spade. In the first
leaves and soil, coded Si, Sii and Siii, respectively were week, the fermenting materials were mixed every other
used for the experiment. Table 1 shows the composition of day, then twice week in the second week and once a week
the three substrata. in the third and fourth weeks. During each mixing process,

Si: Soil substrate (control): The soil substrate used was fermentation process. Two days before the end of the
moist loamy-sandy soil. This is the conventional fourth  week,  Centro leaves (Centrosema sp.) were soak
substrate  used  for  earthworm  culture (Dynes, 2003) and in water overnight and added to the mixture containing
it was the  control. The soil sample was collected from sawdust, rice bran and mushroom. At the end of the
earthworm natural) habitat in the premises National fourth week, the fermented mixtures were sun-dried
Institute  for Freshwater Fisheries Research, (NIFFR), separately. The sun-dried poultry droppings alone formed
New-Bussa, Nigeria of using spade and transferred into chunks and these were crushed into powdery form using
two of the wooden boxes (0.9×0.6×0.3 m) used for the mortar and pestle after which the two dried mixtures were
culture of the worms. The ratio of the percentage mixed together thoroughly. The final material was packed
composition of the materials in the soil substrate collected into two of the wooden boxes to culture the earthworm.
from the natural namely sand, loam and plant remains
habitat was by visual estimation (Table 1). S iii: Dry neem leaves and soil substrate: The substrate

Sii: Cellulose substrate: A modified composition of (2002) Method. The substrate was composed of red soil,
cellulose substrate following Razon-Arceno et al. (1981) loamy soil and Neem leaves (Azadirachta indica) as
was used for the culture (Table 1). Appropriate quantities shown in Table 1. The red soil was mixed with loamy soil
of the sawdust (collected from Kainji Sawmill, New-Bussa, in  ratio  1:1  on  an outdoor concrete tank of dimension
Nigeria), rice bran (collected from the major feed mill in 2.0×2.0×1.0 m. Withered neem leaves were picked under
New-Bussa Monday Market, New-Bussa, Nigeria) and the neem tree, sun dried. The dried neem leaves were
Mushroom (Termitocytes  sp.)  harvested from farms in soaked in water for 5 days (to retain the moisture for
the hatchery complex of NIFFR were thoroughly mixed degradation into compost) and spread on top of the soil
together  in  an  outdoor concrete tank of 2.0×2.0×1.0 m mixture. A change in the colour of the leaves from pale

dimension and covered with a polythene bag to protect it

weeks for the two mixtures.

enough water was added to the pastes to enhance the

was prepared following Jameson and Venkataramanujam
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brown  to  dark  brown  after  7-9  days   showed complete chemical balance (OHAUS-LS 2000 Model) for worms
decomposition (Jameson and Venkataramanujam, 2002). from the three substrates. Worms and clitellum’s sizes
Freshly dried and withered Neem leaves were added every were measured using a ruler. Various age groups and
five days while wetting was done daily using watering clitellum size in the different stage was done only for
can. earthworm culture in cellulose substrate.

Collection   of   earthworms:   360   Adult   Earthworms Determinationof growth and reproductive performance:
(H. euryaulos)  of  weight  and   length  range  1.8-3.3 g For this study, growth performance was expressed in
(mean-2.65±1.01 g) and 15.0-30.0 cm (mean-22.5±7.5 cm) terms of mean weight gain, relative and specific growth
respectively from the wild at Awuru Village of Borgu rates.
Local government Area of Niger-State, Nigeria. Rearing of
earthworm  was  carried  out  in  nine  wooden  boxes Weight gain: This was taken as the difference between
(0.9×0.6×0.3 m).   Three   boxes   were   used   for   each the initial weight of worms stocked and final weight of
substratum. The boxes were screened with 3 mm wire worms produced. 
screen net to protect the earthworm from predators and
other animals. The bottom of the boxes were initially lined Relative Growth Rate (RGR): This was calculated as the
with banana leaves, followed by old newspaper and then percentage ratio of the weight gained to the initial body
covered with the substratum to about 5 cm forming the weight as follows: 
first windrow. Then the earthworms were introduced at
the rate of 50 worms/box and  covered  with  the  substrate
to a height of about 10 cm to form the second windrow
(Dynes, 2003). Wetting with water was done with a
watering can twice a day during a sunny day and once a Specific Growth Rate (SGR): This was computed as
day during a cloudy day to maintain the moist media. percentage weight gained with time using the formula

Feeding of earthworm: The worms were fed at 10% of
their body weight twice a week with sun dried poultry
dung and vegetables (Amaranthus sp.). This was to
enrich the culture medium and improve the decomposition Where; log w  and log w  are logarithm of final weight and
activity of the worms (Dynes, 2003). The feed was spread initial weight respectively and t, the experimental period in
on top of the substrate and water sprinkled on it. The days.
quantity of feed was adjusted based on the changes in
the body weight of the earthworms for the 12 weeks Reproductive performance: This was determined as the
duration of the culture experiment. Net Reproductive Rate. (Nrr) and was computed following

Sampling of earthworm: The worms were sampled
fortnightly. Wetting of the substrata was stopped a day
before the sampling day to make the collection of the
worms easier. The collection of worms was done by
spreading neem leaves soaked in water (for about three
days) on top of the substrates. This served as attractant Data analysis: All data recorded were computed and
and the earthworms came up and fill the top layer of the analysed for significant difference at p<0.05 using single
substratum, from where they were collected by hand- ANOVA. Regression analysis of the data was also
picking using a forcep. computed. Graph pad Instat package was used on

Classification  into  different  stages   was  done windows 2000 for all the statistical analysis.
using age (days), weight (mg) and the presence (or
obviousness) and size of the clitellum (cocoon cover) RESULTS
following  the  method  of  Dynes (Dynes, 2003) and
photographs of each stage was taken. The total There was a gradual and continuous increase in the
population of worms from  each substrate was counted weekly  growth  of  the  cultured earthworm from the three
and the total weight was measured using a sensitive tested   substrates  throughout   the  experimental  period

below.

f I

Dynes (2003) as stated below:
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Fig. 1: Bi-monthly growth pattern of H. euryaulos cultured in different substrates
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(Fig. 1). Earthworms cultured in the cellulose substrate Highest total weight gain of 307.9 g kg  of substrate
had the highest final weekly weight of 400.6 g was recorded from earthworm cultured in cellulose
earthworm/kg of substrate, followed by 367.5 g substrate while the lowest value, of 213.6 g kg  was
earthworm/kg substrate from dry Neem leaves and soil recorded for soil substrate. There was significant
substrate while the lowest weight of 306.3 g earthworm/kg difference (p<0.05) only between the weight gain of
of substrate was recorded in the control (i.e. soil earthworm cultured in cellulose substrate and soil
substrate). The quantities produced from the cellulose substrate (Table 4). The least relative growth rate of
substrate were not significantly different (p>0.05) from 230.4% was recorded in earthworm cultured in soil
those produced from dry Neem leaves and soil substrate. substrate while the highest value of 332.5% was recorded
The prediction equations are shown in Table 2. Although in earthworm culture in cellulose substrate. The highest
correlation coefficient r = 0.9719 to 0.9985 between growth specific growth rate, 0.76% was recorded in cellulose
and culture period were high for earthworms cultured in all substrate while the lowest 0.62% was recorded in soil
the three substrates, the values were significantly substrate. The survival rate varied between 99-98% for
different (p<0.05). earthworm  cultured  in  the three substrates. There was

All developmental stages were presented in the three no significant difference (p>0.05) between the means of
culture substrates. Four developmental stages were survival rate of the earthworm cultured using the three
identified  in  the harvested earthworms namely, baby, substrates.
pre-juvenile, juvenile and adult as shown in Table 3 and The lowest food conversion ratio of 1.43 was
Plate 1. The highest occurrence percentages of 45.0% recorded in earthworms cultured in cellulose substrate
were recorded in Baby worm while the lowest occurrence while the highest value of 1.76 was recorded in earthworm
percentage of 10% was recorded in adult raised in cultured in soil substrate. The food conversion ratio for
cellulose  substrates. Characteristic features and size of all the substrates were significantly different p<0.05
the clitellum varied in the different stages of the (Table 3). The highest gross feed conversion efficiency,
earthworm. The baby earthworm does not have clitellum. 69.93%  was  recorded in cellulose substrate cultured
At the pre-juvenile stage, the appearance of the clitellum worm  while  the  lowest  value  of  56.82% was recorded
began, though not well ringed but had faint reddish in soil substrate cultured earthworm. There was
colour with mean size of 1.5±0.01 mm. At the juvenile significant difference (p<0.05) between the means of the
stage, the clitellum was swollen, well ringed and reddish gross efficiency food conversion for all the substrates.
colour while the adult clitellum size was 3.5±0.08 mm and The  protein  efficiency  ratios recorded were 2.87, 2.51
was swollen, enlarged with brownish colour. and 2.34 for cellulose substrate. Dry Neem leaves and soil

1

1

Table 2: Prediction equation of earthworm production from the three experimental culture media

Culture media Prediction equation R r Significance2

Soil substrate W = 66.07+20.06t 0.8602 0.9275 *
Cellulose substrate W = 62.23+25.42t 0.9490 0.9742 **
Dry neem leaves and soil substrate W = 70.58+24.31t 0.9692 0.9845 **

W = Weight, t = Culture time in days, * Significance at p 0.05, ** highly significance at p<0.05

Table 3: Developmental stages and their percentage occurrence of cultured H. euryaulos in the cellulose substrate

Developmental stages  Age (days) Number Length (cm) Weight (mg) Number percentage %

Baby 1-3 975 0.5-3.5 2.0-10.0 45.0
Pre-juvenile 4-6 644 3.6-3.9 11.0-90.0 30.0
Juvenile 7-15 318 4.0-10.0 91.0-1000.0 15.0
Adult 16 upward 214 15.0-30.0 1100.0-3500.0 10.0

Numbers of adult stocked/box 40

Table 4: Developmental stages and their clitellum description

Developmental stages Clitellum’s size/SD (mm) Description of clitellum

Baby - None
Pre-Juvenile 1.5±0.01 Not well ringed and faint reddish colour
Juvenile 2.0±0.05 Swollen, well ringed and reddish colour
Adult 3.5±0.08 Swollen and enlarged and brownish colour
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Stage I: Baby earthworm

Stage II: Pre-juvenile earthworm 

Stage III : Juvenile earthworm

Stage IV: Adult/ Brooding earthworm

Keys: 1- Reddish clitellum, 2- Hatchling
Plate 1: Developmental stages in earthworm (H. euryaulos)
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Table 5: Growth performance, nutrient utilization and productivity indices of earthworm using different substrates for 84 days

Parameters Soil substrate Cellulose substrate Dry neem leaves and soil substrate

Initial total weight of worms (g) 92.70 92.70 92.70

Final total weight of worms (g) 306.30 400.60 367.50b a a

Total weight gain of worms (g) 213.60 307.90 274.80b a a

Total weekly weight gain (g/week) 17.80 25.70 22.90b a a

Relative growth rate (%) 230.40 332.20 296.40c a b

Specific growth rate % 0.62 0.76 0.71a a a

Total daily growth index (g/day) 2.64 3.39 3.14b a a

Biomass production (g/week) 17.80 25.70 22.90b a a

Total food supplied (g) 375.32 441.36 450.08

Food conversion ratio 1.76 1.43 1.64a a a

Gross food conversion efficiency (%) 56.82 69.93 60.98

Protein efficiency ratio 2.34 2.87 2.51b a a

Survival rate % 99.00 98.00 99.00a a a

All values on the same row with the different superscripts are significantly different (p<0.05)

substrate and soil substrate worms respectively. These recorded  in  cellulose  substrate  from  this  study is in
means were significantly different (p<0.05). line with the report of Omoyinmi (2005), who used

Highest biomass production of 25.7 g earthworm/ sawdust and sand culture media for raising earthworms.
week  was  recorded  in cellulose substrate while the Another possible  explanation  for best growth and
lowest  value,  17.8  g earthworm/week was recorded in production from the cellulose substrate could be the
soil substrate (Table 5). There was significance difference production of the bacteria involved in the breaking down
(p<0.05) between the biomass production from the of cellulose and  possibly  biochemical  by-products
Cellulose substrate and the control but there was none activated  by the presence of cellulase which could have
(p>0.05) between  cellulose  substrate and dry neem been more numerous in cellulose substrate compared to
leaves and soil substrate. other substrates (Aston, 1984). These bacteria are the

DISCUSSION decomposition of organic matter. Bacteria have been

The three culture substrates investigated supported Suzuki and Kurihara (1981) demonstrated that aquatic
growth of earthworm and this indicates that they could be oligochaete, Aelosoma hemprichi could feed exclusively
considered as good culture media for worm. However on bacteria, showing remarkably rapid population  growth
cellulose substrate is a better medium for earthworm on this diet. Williams (2004) reported that the faecal
culture than soil and dry neem and soil substrates. The material produced by earthworms provides a ready supply
growth reported for H. euryaulos cultured in cellulose of labile organic substrates to the bacteria within  soil and
substrate in this study is higher than 1.4 g/week reported compost, thus promoting microbial activity and their
by Omoyinmi et al. (2005) when the earthworm, Eudrilus proliferation. It has been reported that that worms secret
eugeniae  was raised in substrate containing an equal enzymes, including proteases, lipases, amylases,
ratio of sand and cellulose. It has been reported that cellulsases and chitinases which bring about rapid
earthworms  of different genera have different potential biochemical conversion of cellulosic and proteinous
for development and growth (Dynes, 2003). The materials in a variety of organic wastes which helps to
significant increase in the biomass production of enhance the speed of decomposition activities of bacteria
earthworm in cellulose substrate compared to other and other microbes, convert them to tissues (Sinha et al.,
substrates is an indication that cellulose substrate most 2002) and also increase the quality of vermicompost.
favored cocoons development and hatching because the The high reproductive rate and biomass production
biomass production would have originated from cocoon of  H.  euryaulos  makes  it  ideally  suitable  for worm
production and its hatchling. A similar observation was meal production. Similar observation has been made for
reported by Aston (1984). The best biomass production other  earthworm species; Dynes (2003) on the lumbrid

basic food supply for worms and are needed in

reported in the diet of tubificid worms (Aston, 1984), while
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worm, Periomyx excavatus compared its biomass the environment off these wastes and solving pollution
production  to that of Eisenia foetida and E. eugeniae problems encountered as a result of their inappropriate
and Dendrobaena veneta and found that P. excavatus disposal. Rao (2005) reported that Japan imports 3000
has the best biomass productivity. The biomass million tonnes of earthworm per annum for waste
productivity report from this study was not better than conversion while about 5,000 worms have been reported
what Dynes (2003) reported for P. excavatus rather higher to degrade a heap of wastes of the dimension 1.2×2.4×0.6
than   the   values   reported   for   Eisenia   foetida   and m speedily and efficiently. Also, the worm compost
E. eugeniae and Dendrobaena veneta. derived from manure is superior to the original manure as

The high survival rate reported in the cellulose a fertilizer (Nguyen et al., 2000). In this way, waste
substrate culture which contain poultry dung as one of material is converted to a rich organic fertilizer by the use
the  materials  was  not inline with the report of Thang of mass concentrations of worms and returning essential
(2003), who   reported  higher  mortality  when  earthworm plant and animal material back to the soil (Thang, 2003).
(E.  foetida)  was  raised in fresh poultry dung compared The results of this study indicate that adoption of
to cattle dung. Although, In a trial comparing different earthworm culture using cellulose substrate is a major
substrates (San, 2001), found that it was not good to improvement and exploitation of this biotechnology
apply the earth worm culture in fresh manure when this would provide a suitable animal protein supplement for
came from pigs or poultry. Even when soil was mixed with fish meal could as well arrest ecological degradation as
the manure the growth of the earth worms was very little result of other conventional method of wastes
compared with using cattle manure. It was based on this management.
report that the fermentation technology was used in
treating the  poultry  dung  and other organic wastes ACKNOWLEDGEMENT
used in composting cellulose substrate. It was a
recommendation from the Vermicomposting newspaper The fund for this study was provided by the Federal
that the feeding materials should be mixed with the Government of Nigeria through National Institute for
bedding,  watered  and allowed to ferment for about two Freshwater Fisheries Research, New-Bussa (NIFFR),
to three weeks before introducing to the earth worms. Nigeria 2004 research fund. 
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