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ABSTRACT

Eart hwor ns, Eudrilus eugeni ae (K nberg), were

cultured using Loany, sandy and clayey soils in earthenware
pots for ten weeks under |aboratory conditions. Two
experinents were set up, the experinental containing organic
matter, in formof cowdung, and the control wthout organic
natter. Vdtering was done every three days to keep the
culture noistened, but not saturated.

Results of these treatnents showed that the nunber of
earthworns harvested fromthe experinental soil sanples,
were significantly higher (P 0.05), than those of the control.
The loany soil, had the |ighest nunber of earthworns
harvested, fallowed by sand and lastly the clayey soil.

The differences in the nunber of earthworns harvested from
each soil type were highly significant (P 0.05).

There was positive correl ation between the wei ght of
earthworns and their |engths.

Soil noisture, organic natter, tenperature, pH and
porosity of the soil were found to affect the breedi ng of
the earthworns. Loany soil had the nost favourable soil

factors that enhanced the growh and survival of the earthworns.
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CHAPTER ONE

1.0, INTROT'UCTION

g Py HISTORY OF THE RESFARCH PROFPLEM

Whenever laboratory animals are memtioned, it is
usually the vertebrates that readily come to mind. Therefore
this research would like to draw attention towards
invertebrater, such as earthworm, as & laboratory animsle,
The earthworms have been successfully bred in captivity
under laboratory cecnditions by scientists interestediin
using them as reseerch models (Frank et al.,1937.

Bulleugh, 1958. Luker and Iuker, 1971. Archenhold et al.,
1978). Farthwormes have been used in the laboratory for
phylogenic studies and demonstration of behaviour. Most

of the time, preserved earthworms sre employed in bioclegical
studies, becsuse it is often difficult to procure fresh

live specimens from the wild, when required in large
quantities, Freshly killed oneg are better than the preserved
specimens for the study of certain orgsesn systems.

Therefore there is a need to maintain a culture of earthworms
in the laboratory to meet these demands, especially in the
dry season when they are not easily available . The only
documented work on Nigerian earthworms was that of

Professor Sepgun of Obafemi Awelowo University, Ile-=Ife, who
succeeded in identifying many new species eof earthworme,

These species include, Hyperiodrilue Oshegbonensis and

Hyperiodrilus malakai from Oshogbo and Ughelli respeetively.

Other new species were Iridodrilus tonyii and

Iridodrilus vemiensis and Vemia Prima from Vom and Jos,

a new genus Nsukkadrilus mhae from Nsukka.




. 18

Fourteen different species of Eudrillié earthworms were
identified from Obtafemi Awolowo University, Ile-Ife campus,

which included four new ones Eminoscelex nigeriensis,

Eminoscolex ifensis, Hippopera ajokei an¢ Hippopera

ifensis (begun, 1992).

1.2, JUSTIFICATION

There hes been 2 lot of work on earthworms, but for
the most part, this has been concentrated on their biology,
especially morphology, growth, population reproductive
potential and texonomic stufies. However, in Nireria not
much work has teen done on the possibility of breeding
and maintaining them in the lsaboratory, on a continuous
basis.

Earthworms are of great importance as they serve
as food for other laboratory animels, such as toads and
frogs, as bait for fishing, and for creating and improving
soil fertility. They also serve as a source of revenue to
many people in some parts of Jokoto and Eorno oStates,
where they have been sold to fishermen for fish baiting,
and as food for man too, a delicacy in Japan., Earthworm
have been used as a common exsmple of the Fhylum
Annelida during teaching, their external features, behsviour,
locomotion, burrowing and feeding a2lso make it interesting

to studéy them,

Tespite the importence of earthworms they are not
always available throughout the year, due to unfavouratle

seacsonal chanres in the environment.

1¢3. OBRJZCTIVE

The objective of this research is to determine which
of the three soil samples namely, loamy , clayey and sandy
is most suitable for breedinp and maintaining earthworms,
under laboratory conditions.
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CHATTER TWO

2.0, RFEVIEW OF T.IJTRRATURE

2.1, CLASEIFICATION

The earthworm used in this work according te

Edwards and Lofty(1972) can be classified ag follows:-

Phylum -  Annelida
Class - Chaetopoda
Order - Oligechaetae
Family - Fudrilidae
Genus -  Eudrilus

Species = Euperise(Kinberg)

2.2. CHARACTERISTICE

Farthworms have well defined segmentation with
setae,a)i’ s coelom usually divided into cempactments
by intersegmental septa.
Bulleugh(1958) recognised two living orders of
chaetopada , order palyehaetae which are exclusively
marine including swimming, crawling, burrowing and
tube dwelling worms. Order eligochaetae , are land
or fresh water animals. According to Bulleugh
(1958), the body has a cylinderical pointed anterior
end, a flattened blunt posterior end , the moutwhn and
the anus are terminal. There are about 150 well
marked segments , of which number 32-37 are swellen te
form a clitellum, which secrete a cecoon. The head
lacks sensory asppencag s such as eyes, tentacles and
palps(fig.1) Farthworms vary in size , from a fraction
of a centimeter to exceptional individuals ef "
Megascelides australis, measuring upte 2.75m in length,

and 3em in diameter(¥dward and Lofty, 1972).
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2e5. HABITAT

Farthworms are found to inhabit almost any place
where s0il and green plant exist. They can be found
everyghere in the world except in the desert which is
tee hot and too dry, and in the polar region, which is tee
cold (white, 1975) |
2elka DICTRIBUTION OF EARTHWORMS

Guild(1952) and Murchie(1958) mentioned pessible
factors that are respensible for the variability in the
distribution of earthwerms as follows:

(a) Physicochemical factors , such as soil, @ - =+

temperature, moisture, pH, inorgenic salt,

aeration, and texture of soil.

(b) Availability of fopd such as herbage, leaf
litter, dung and consolidated organic
matter.,

(c) Reproductive potential and dispersive power
ef the species,

Murchie(195€) concluded that no single factor was

solely responsible for the distribution, but rather the

interaction of several factors,
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2.4.1, HYDROGEN ION CONCENTRATION (pH)

Nielsen(1951) reported that the distribution
of earthworm was mainly due to the exchangeable calcium
in the soil , while Satchell(1955) suggested that the
difference in the number of earthworms between plots
could be explained more by pH, than by the
exchengeable calcium. Madge and Sharma (1969) alse
reported that higher acidity was mcre important in
limiting the distribution of eome earthworms, compared
with available calcium, and that some species of
earthworms were acid telerant , and occurred in organic
s0il with a pH of lese than five., According to
€atchell(1955), Reynold(1955) , and Wallwork(1970),
earthworms were also found in slipghtly acidic and
slightly basic soils, and that their tolerance to
pF varied from species to species. There were few
earthworms in soil with a rH below 4.3. except for

one species Distichepus octaedra, which seemed to be

acid tolerant (Bornesbusch, 19%0). Eisenia feetida

had been reported to prefer scils with a pH between
7.0 and 8,0, while certain tropical species ef
Megascolex thrive in acid soils from pH 4.5-4,7
(Bachelier, 1963). Madge(1969) reported that eptinum

pH for Hyperiodrilus africanus lay between 5.6.-9.2

indicating that the species is acid tolerant as well
as basic tolerant. DBuweini and Ghabour(1965) found
that an increase of pH from 7.25 to 8.25 was

associated with a decrease in numbter of earthworm in

fourteen Egyptian soils investipgated , thus showing
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that soil can be too alkaline to favour earthworms.

2.4.2, LAND CULTIVATION AND VEGETATION

The diffevences in the number of earthworms
between a cultivated soil and an uncultivated soil
had been studied by many workers.

Bvens and Guild(1948a), Jackson and Raw(1966),
observed that less number of earthworms occur in
cultivated soil, then uncultivated soil. They based
their conclusion <n the frct tha't the worms were killed.
by cultivetion and that cultivstion replaces many of
the earthworms activities., FEdward (1975), reported
that more earthworms were found in cultivated soil, then
in uncultivated one. He concluded that the effects of
cultivation on the population of earthworms depénd on
the frequency of cultivation i.e the high number ef
cultivation is deleterious , while lower frequency of
cultivation increases the number of earthworms. The
type of soil has a great influence on the distribution
of earthworms. “uild(1948), studied the influence
of soil types on earthworm populations , and reported
that there were differences in total number and relative
number of each species. He concluded that 1ight and
medium loams had higher total populstion of worms than

heavier dlay or more open gravellly sends and alluvial

soils, 3Several workers including Ghilarcg(1956,1965),
showed that the species of earthworms found in a soil
can be an indicator of type of soil an¢ ~its preperties.

Wallwork{1G70) reported that maximmum density of
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earthworms generally occcurs in grassland and mullwoed
land, and minimum eccurs in moerland and raw humus.
2.4.,3. MOISTURE

Satche11(1971):reported a 38% so0il moisture fer
the maximum activitins of earthworms, and decreases in
activities at 44% .i Water constitutes « 75-90% ofithe
body weight of earthworms (Grant,1955). Therefore,
prevention of mater lose is major problem of earthworm
survival, Tarthworms have considerable ability te
survive adverse moisture conditions, either by moving
to a more suitable area or by aestivating. If they
can met avoid dry soil, they can survive the loss of a
large part of the total water of their bodies,

Lumbricus terrestris can lose 70% and Allolobophora

Chleratica 75% of their total body water and still

survive(Rootsg, 1956). Gerard (1960), showed that acome
species can withstand dry conditions tetter than others,

for instesnce Lumbricus, terrestris can survive in non

irrigated plots as well as in irrigated ones, whereas

Allolabophora chlorotica, Allelobophora c¢aliginosa

and Allslobophora rosea d&id not survive in the non

irrigated plots. In the tropics the most important factor
influencing seasonal variation in the number of earthfoTms
is rai?. Madge (1969?‘ reported that the principal

activity of Hyperiedrilus africsnus in Nigeria was during

May and June, at the beginning of the wet season, and
thereafter the number decreases-gradually until in

November when few were found. According to
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Gerrard(4960), Lack of moisture can csuse earthworms

to become quiescent or ge into diapasuse, for instance
when individuals of Allolobophora celiginesa were

kept in soil that was dried slowly in the Laboratory,
they went into diapgetae but when kept in moist soil,they

O
remained active for eighteen months. Madge (1969) placed

earthworms Hyperiodrilus afrjcanus in moisture gradientg‘

and reported that they prefered soils with 12.5% and

17.2% moisture, while soil with a moisture content of ~bout
2%.3% was the sptimum for them to produce cast. Thus
earthworme are much more active in moist soil than dry ones.

The distinct climatic seasors, such as winter ani summer

has been found to have influence on the number of earthworms.
There is a high number in the summer than in the winter.

This has been found by Fvans and guild (1947) , Edward and
Loftyl1972) and VerRhee(1973), The general consensus is
that , this fluetuation in number is brought about by
changes in moisture and seasonal variation in the

atmeepheric temperature,

2.8.4. TEMPERA TURE

Kellmannsperger (1956€) found that the number of
earthworms on the soil surface at night was positively
correlated with tempersture, and estimated 10.5% as the
optimum temperature for the activities of the earthworm.
Satchell (1967) also concluded thet the most suitable
condition for activities of earthworms on the surface

were lights , when the soil tempersture did not exceed

%
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10.5°C. Duweini snd GEabtour (1965) determined the
prefer and lethal temperatures for Pheretima californica
and Alma sp, and found the prefer temperature for
these species to be 26°C-35°C and 24°C-26°C respectively,
and the upper lethal temperatures 3700 and 5800 LS

respectively. Madge (1969), tested Hyperiodrilus

africanus 1in a tempersture gradient, and found that

they aggregated between 23,9%C and 54.5.C,while HEPR v L
temperature above 34°C were avoided. According te
Hopp(1947), the most important factor affecting season,l
variation in the number of earthworms in the arable

soil of United States was the winter frost, which

killed the worms in the unprotected surface.

2.4.5 ORGANIC MATTERS

The distribution of orgapic matter in the soil
greatly influenced the distribution of earthworms,
S0ils that are poor in organi¢ metter do nct usually
support large number of earthwprms(Tdward sndLlofty,1972)
Fdward and Lofty, 1972 also stated that large amount of
ocrganic matter in pasture usually coincide with large
number of earthworms, and it is probably the gradual
decrease in soil organic matter, If there are few
number of earthworms, the decaying orgsnic matter
usually lie in a thick mat on the soil surface. Such
mats of undisturbed organic matter occur in both

- 1
woodlands(Richardson, 1938). and grassland(Raw,1962).
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2.5, THR ROLE OF EARTHWORMS TN SCIL FERTILITY

There are certsin activities of earthworms that
have influence on the soil structure, and these
eventually improve the fertility of the soil. These
activitics includes the ingestion of seil, partial
breakdown of orgsnic malter, intimate mizing of these
fractions, ejection of these materials zs surface
cast, and burrowing through the soil and bringing
subsoil to the surface (Fdwards and Lofty,1972).
During these processes, they thoroughly mix the soil,
and improve its water holding capacity. Thus
improving fertility of the soil.

2.6. DBREAKDOWN OF 50IL PARTICLES

The presence of small amount of sand and other
large soil fractions in worm casts than in the
surrounding soil, hes been talken as evidence that
worms can break down mineral pevticles to smaller
units(Te, tia et al., 1950). Evans (1948) reported
that the amounts of coarse sand relative to silt and
clay 1in two pasture landg with large number of
earthworms increased with depth, and he suggested
that earthworms might be breaking down the coarse
sand in the surface scil.

2.7. FORMATION OI" AGGRFCATES

Aggregates are mineral grsnules Jjoined tegether
in such a manner that they can resist wetting,erosion
and remain looge when the so0il is either dry or wei

Edward and Lofty, 1972). A soil that ig rich in
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aggrepates remain well drained and acrated, thus the
formation of apgregates is of great importance to

801l fertility. Guild (1955%) reported that esrthworm
casts contain more water-stable aggregates than the
surrounding soil. Hopp and Hopkins(1946) found out that
the percentage of aggregates in soil to which earthworms,
were added was greater than those in soil without
earthworms.

2.5, AFRATTON,POROSTTY ANDI* DRATNAGE

Earthworme improve soil aeration by their burrewing
activity and also influence the pmrosity of soils by
their effeet on soil structure. According to Edward
and Lefty{(1972), earthworm burrows increase the soil-
air volume from 8% to 20% of the total soil volume.
Teotia et al (1950), reported that earthworm activity
inereased the porosity of two soils from 27.5% te
31.6% , and 58.8% to 61.8% respectively. Soils wich
earthworms have breen found to drain foub to -ten times,
faster than soils without esrthworms(Guild,1952).

In order to prove that earthworms play a significant
role in soil fertility, many attewpts have been made
to add earthworms bto poor scil, or to encourage the
tuild up of earthworm population by addition of organic
matter. According o Rhee Van (1969}, such addition
of earthworms to =0il is of great importance in
reclaiming flocoded arezs, that are subsequently dresined,

and put inte cultivation, as in the Dutch polders.
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The addition of earthworm cests to =0il can slso improve
its structure and fertility. Casts usuvally have a
higher pH, nitrate "nitrogen orgenic matter, exchangeable
magnesium, Phosphorus and moisture equivalent (Iunt and
Jacobson, 1944).

2.9 FOOL AN" FERETINC HARIT

Whatever earthworm eats depends on the preence or
absence of food. White{(1975) stated thaet in the absence
of lesves and tiny animals, the earthworm bulk-feed by
taking in earth through the mouth land then take out of
it, tiny bits of animals and yegetable materisls. After
the useful materials have been eaten up, the sand grains
and gritly clay sre passed on through the digestive
system, and out through the anus into the soil, as worm
casts., Guild (1955) reported that all species of
earthworms prefer dungs and succulent herbage to the ‘tree

leaves, Barley (1959) fed individuals of Allolobephora

caliginoca on differ-nt diets and reported that they

grew at very Aifferent rotes on these diets, growing
fastest when fed on dung. Lindquist (1941) slso reported

that worms of species Allolobophora posea and

Allolobophora caliginosa were not attrascted to litter

but readily est dung. +“orms consume large amounts of
food, for instence, Guild (1?55} calculated that worms of
O.ﬂg'body weight ate aa much as 80mg of food per day per
gram of body weight of worm.



w19

2.10. REERCDUCTIVE BEHAVIOUR

Earttworms are hermaphrodites , the male system
consists of swo pairs of tenr*im enclosed in wesicular
seminalis. ™e female systen consists of a pair of
evaries, two sviducts and the spermotheca in which sperms
received dorirg corpulation are stored , until when
needed to fer%ilized the eges (Yoloye, 1988). Edward and
Lofty (1972) a.so reported that earthworms, although
hermaphraditei, 2re not gelf fertilising , end that
individuals vsfually mate (fig.?) =nd fertilize each other
before fertile cocoons are produced, Coceons contain
eggs which h=tch into immature worms, similar to the
adults. A mature worm can be recognised by the presence
of the clite.lum, The clitellum is the glandular portion
of the epide™mis associated with cocoon production
(Edward and L¢fty, 1976). It usually sppears swellen,
and sometimes can only be differenti.ted externally by
colour. The clitellum are recognisshle throughout the
year, or only at breedine seacon (Dale, 1963)

2415 GRQWTH

Growth in earthworms varies from species to species.
According to Hyman(1940) , earthworms continue to
grow through out their lives by adding segments
proliferating from a growing zcne, Jjust infront of the
anus, Angbashim (1991) reported that earthworm emerged
from the cocoon possessing the full adult number of

segments, and grew only by enlargement of segment,
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Another study by moment (1963), on Eisenia foetida

culture showed that newly emerged worms  pesseed
aversge the same number of segments as adult, and the
only worms that grew by adding segments were those
digsected from cocoons, Veil (1974) reported that

young of Fisenia foetida possessed between 28 and 122

distinct segments, and those of Rimastos tumidus,

69-128 distinct segments. Tdwsrds and Lofty (1976)
observed that Tlumbricus sp. had fewer segments as they
get vlder even though they continue to increase in size.

2.12, COLLECTICN Of WARTHWORM

Farthworms can be collected for culture purpose
by digging up soil samples and sorting this by hand.
Workers who had used the atove method included Hopp
(1947), Barley(195S) and Rhee Ven snd Nathans(1961).
Tarthworms can also be collected by using the formalimnm
extraction method (Raw, 1959). »eversl workers have
compared the relative efficiency of extracting
eerthworms from soil by two or more of these methods.
Svendsen(195%) reported that handsorting was much more
efficient then using potassium permangsrate. Raw(1959),
compared formalin with potassium permenganate, and
cbtained more earthworm with formalin, then with =~

potassium permanganate.

2415 BARTHWORM CUTLTURE

Several types of containers used with success

for culturing earthworms included jam Jjars, specimen
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tubes, luncheon boxes, oil drums, biscuit tin and wooden
boxes (Ashby, 1976). He slso recommended the size of
boxes to be used in earthworm culture to be base -6x38cn
height 20cm. Although not much attention has been given
to the use of locally available products , such as
earthenware pot, which are easily accessible ané also at
a lesser cost, Edward and Lofty(1972) recommended that
stocks of earthworms can be kept in large esrthenware
pots, about 12cm in diameter and 30cm deep, with the top
cover with muslin (Pig.3). He also stated that earthworm
culture should be kept in a cool building or cellar at
a temperature between 10°C and 15°C, or buried in the
s0il, and that the ideal culture medium for most of the
common pasture and garden species is friasble loamy

soil with 25=-30% mositure content. According to
Ashby(1976) when considering the type oi container to

be used in culture, it is important to bear in mind the
necessity of providing sufficient aeration, soggy and
waterlogged aress must not be allowed to develop in the
medjum, end if glass jar or tubes without adequate
drainage are to be used , the medium must be carefully
turned over at intervals . Guild(1957) reported that
incubation of eggs took from 7 to 14 days in summer, and
upte a month in winter , while in nature it took upte
several weeks in summer ani several months in winter.

He also reported that smaller gpecies of esrthworms which

take up to & year to mature in nature will mature in
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6-8 weeks in Laboratory. The brandling, Eicenia

foetida, g fast growing worm takes 4-6 weeks only to
mature , while the larger species will mature in the
Laboragtory in 4~5 months. The cocoons are roughly
spherical in shape and vary in sigze acccrding to species.

In smaller species such as Allolobophora to caliginosa,

Allolobophora chlorotica, Tumbricus rubellus and

Eigsenia foetida , the cocoons vary in length from

2.5mm-3mm, where as those of Lumbricus terrestris are

6=7um Long (Guild, 1957).

2.14, XILLING AND PRESERVATTON OF EARTHWORMO

Farthworms can be killed by exposure to the g ess
of chloreform , carbontetrachloride, and ethylacetate,
then they can be preserved in formalin. For immediate
dissection 60% ethyl alcohol as preservative allows the
worm to remain pliasble for several months. If they
are wanted for dissection after a lcnger pericd of
time, they should be preserved in 70% alcohol(Guild,
1957) . According tc Edwards and Lofty(1972), earthworms
for taxonomic study can bte killed by placing them
either in s 5% formalin solution, or in & fairly hot
(50°C) water, but formalin is more convenient and is

also the most useful permanent preservative.
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CHAPTER THREE

3.0. MATTHIATS ANT METHOD

L P COST SURVEY OF RARTHENWARY POTS, PLASTIC

LuNcween POXES, PLASTIC BUCKFETS AND KLINER

GLASS JAR.

A cost survey of the earthenware pots, plastic
luncheon boxes, and plastic buckets were conducted at
Samaru market, three different sizes of the earthenware
pots, plastic luncheon boxes and plastic buckets were
priced and photographed respectively. Three different
sizes of kilner glase jars were also photographed and
their prices obtained from Qgrolina Biological supply
company cetalogue.

3,2. COTLWCTION OF SOIL SAMPLFS

Foamy and clayey soil samples were collected from
the Botanical Garden of “the Department of Biclogical
Cciences, Ahmadu Bello University, Zaria. While the
sandy soil was collected st the University Dam in the
main campus (Fig.4.)

3.3. COLLECTION OF FARTHWORMS

The earthwcrms were collected from the muddy and
.marshy aregs along the University Cam, in the main "
campus, by digring .apd. bpgd. septiagy (£ig.4).

®.4. PERIOD OF STUDY

The experiment was conducted for a period of ten

weeks, from April 16th to June,24%f:,1993,
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3¢5.0. PROPERTIES OF SOIL SANPLES DETER! INED

3.5.1 TDETERMIN:TION OF SOIL pH(HYDROGEN ION CONCENTRATION)

The pH of the three types of soil samples were deter-
mined msing the pH meter(Pye Model 292) . Fifty grams of
each soil sample(Sendy, Loamy and Clayey soils) ‘were

5 besker respectively . '.IOO..cm3 of

weighed into 250Ccm
deionised water was added to the soil in each bteaker. The
content of each beaker was stirred with a gless rod
intermittently, every five minutes, for about thirty
minutes. This enable? the air to escape more rapidly. The
soil solution was allowed to stand for another thirty
minutes, while waiting the pH meter was standardised with
buffer solution of pH4, pH7,and pH9. After thirty minutes,
the electrode was washed with distilled water, snd immersed

in the solution so that it touches the scil. The pH of the

soil sample was then reasd from the pH meter. The procedure

was repeated for the second time and the average recorded,

3¢5.2. CETERMINATION OF PFRCFNTAG™ SOIL MOISTURE CONTENT

The percentare moisture content wf the three tyres of
s0il samples was determined, by weighing thirty grams
each soil sample in accrucible, and left in an electric
oven, set at 10500, for twenty four hours, after which they
were removecd, cooled and reweighed. The Aifference in
weight was the amount of water in the soil sewnle. The

percentare soil moisture was calculated as follows:
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% Percentage moisture contente

= Initial weight - Final weight x 100
-1

Initial weight of the soil.

= Losd of weight at 105°C x 100
weight ol oven ary eoil 7

This procedure was repeated for the seccnd time,

and the average recorded.

3.5.3, DET"RMINATION OF SOIL ORGANIC CONTWNT

The orgenic content of the three types of soil
sampleg was determined. “hirty grams of the soil
sample was put in a crucible, and dried for 24 hours
in an oven set at 105°C, It was removed after 24hours,
then cooled and re-weighed. The remains of the soil
sample was kept in a furnace, and burnt overnight to
ashes. The furnace was then swidbched off, and the
scil sample, remained until it cooled down and re-weighed.
The differences in weight between the oven dry weight
and that of furnasce gave the crgenic matter content of
the soil sample, This was repeated for the second time,
The percentage organic matter was calculated as follows:

Initial weight—- Final weight of the soilx 100
1

Initial weipght of the go0il
Comparison were then made between the three 503l

samples.
3.5.4. TETFRMINATION OF SOIL T"MPEELTURE

The s0il temperature of the three types of swil

samples was determined by inserting a thermometer five
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centimeters (Sem) deep below the soil surface, and the
reading recorded. The procedure was repeated twice for

each soil sample and the gversge recorded.

3¢5.5. DETERMINATION OF POROSITY OF SOIL FEFORE AND
AFTER THE FXPERIMENTS.

The porosity of the three types of soil samples was
determined before and after the experiments. The bulk
density of the soil sample was first determined by using §
~cove -3amplar to obtain soil, the soil was then transferred
in®* & erucible, end dried in an oven. The bulk density
was obtained by dividing mass of dry scil, by volume

of dry soil.

Db = Bulk Density & Cm™> (1)

~ Mass of oven dry scil P

L

volume of dry soil cm

Volume of dry soile Volume of the core sampler
=---'Tr2 G 7

r = radius of the core sampler

L = Length of the core sampler

s gg

After obtaining the bulk density, the porosity of

the scil was then determined as follows:

F = Porosity of the soil (2)
= 100 - (_Db x 100 )
~To
= 1t -

-

= 1 = Bulk Density

Particle Density.
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Tp = Particle density is a constant, the internatioral
accepted particle density of soil ranges between

2.6- 2.7, but the mean is taken = 2.65(Hillel,1980)

Porosity of soil is normally in percentages

HIS 1= ’100 %.

3.6.0, PHYSICAL PARAMETERS QF THE EARTHWORM:

Z.6.1, FOI'Y WEICHT OF THE BARTHWORM

The fresh body weight of the earthworm was measured
in grems using an flectric top loading balance
(Metler balance). The weight was measured twice, to be
certain of the measurement. Body weight of each
earthworm was messured, and the initial stocking weight
of adult earthwormg in each experimental and control
group, as well as the final body weight of filty
randomly selected earthworms during harvesting was

recorded for each scil sample.

2,6.2. CONTRACTED LINGTH

The length of the earthworms were measured in
centimeter using a measuring board, znd a thirty
centvimeter ruler. The contracted length of adult
esrthworms were recorded when they were not moving.
This was repeated, three times for each earthworm, and

the average recorded.

2.6,5%, FYTENTED LENGTH

The extended length of the adult earthworm was
taken, when it was moving. Few drops of sodium

chloride solution was applied to tcuch its posterior
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end, thus inéucing quick movement »f the earthworm.
This wes repeated three times, and the mean extended

length for each werm was calculated.

3.7.0. CULTURE METHOD
3.7.1. CULTIVATION OF EARTHWORM USING THREE TYPFS OF

8031 o FIE T 1A

Two experiments were get up . Experiment group A
is the control group and experiment group B is the
experimental group. Three types of soils were used as
culture media, namely loany, sandy snd clsyey soils,
The soil was seived using 2mm mesh size seive, to remove
the debris- materials. In the control group, twelve
pots were used (Plate 1). Four pots for each soil
gsample media designated A, Ag, Cq Cq Loamy soil ,
A2 Ag, ce Cg sendy soil end A5 A; 03 C; clayey s=oil.
Fach pot was filled with 9500g of soil semples, to a depth
of 25cm, Ten earthworms vere introduce to top of each pot,
end allow to burrow down. The bottom of each pot with
a hcle, was lined with a lsyer of stones to allow free
drainage of water, and the content sprinkled with the
same amount of water (750 cma) every three days, sSc as
to keep the culture medium moistened, but not saturated
(plate 2) . They were kept in a cool place.

The gecond experimentel group B, was set up as in

group A, Twelve pote were used. Four pots for each soil,

4

sarmple medium designatel B, Bq D, Dy loamy scil,
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KEY TO TR PLATE 1 ’

CONTROL GRQUP -7 EXPERIMFNTAL GROUP
M - LOAMY SOIL Bl = TOAMY 30IL
] = LOANY s0ID | nq = TOAMY SOTL
A2 = SANDY SOTT . B = SANDY SOIL
A - CANDY SOTL . g1 = SANDY SOTL

2 - 2 '
A3 = CLAYEY €OTL "B3 = CLAYEY SOTL
A; - CLAYEY €0IL iBg - CLAYEY £0IL
i = TOAMY SOIL D1 - LOAMY SOTI
o] = IOAMY €0IL Dy = DOAMY SOIL
co = SANTY SOTL D2 = SANDY £OIL
c; - SANTY 0T o 'Dg = BANDY S0IL
C3 = CLAYBY $01L - D3 = CLAYEY SOIL
c; - CLAYFY 35OIT 1Y = CLAYEY soIL.
i s |

12 POTS ON THE LEFT CONTAINED THE CONTROL
SOII. SAMPLES WITHOUT ORGANIC MATTER, AND
THE OTHEE 12 ON THE RIGHT CONTAINED THE
EXPERIMENTAL SOIL SAMITES TREATED WITH
ORGANIC MATTER (COW DUﬁG).
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L 3

L - 1
B2 Bg D2 Dg Sandy soll snd B3 B% D3 D3 clayey soil

(plate 1). However deegyed leaves and cowdung were
introduced into the experimental group as food. The
decayed leaves were mixed with the so0il at the beginning
of the culture while three hundred grams »~f cowdung

were spread on top ¢of the culture medium every week, and
covered with about one centimeter cof the scil sample.
Thus the experimental group contained orgenic matter.
The culturing lasted for a period of ten weekg, after
which the earthworme were harvested from each pot.

Their nuabers, length and weight were taken. Comparison
were then made between loamy scil 'treated with organic
matter., And clayey s0il trested with organic matter, and
clayey s0il not treated with organic matter. Comparison
were also made between different soil samples to which
organic matters were added. The earthworms harvested

were bottled and preserved in 5% PFormalin

5.8.0., STATISTICAL ANALYGIS

The mean length, number and weight of the earthworms
in each pot were calculated. The standare desiinti.n(SD),

standard error(S8E), analysis of variance{(ANOVA) and
goefficient of correlation of the length and weight

of the earthworms were also determined for each seil

sample.
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3.8+1. ANALYSIS OF VARIANCE(ANOVA)

The analysis of varisnce (F-ratio test) was used
to test the differences in growth in the three soil
samples. ‘he significant level was set at 95% confidence

level (0.05).

2.8.2. COEFFICIENT OF CORRELATION(r)

The coefficient of correlation(r) was used to
compare the two means of the weight and length of the

earthworms (Appendix 9,10,11).
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CHAPTER FOUR

4.0. RESULTS

4.1, COST SURVEY OF FARTHENWARE POTS, PLASTIC LUNCHEON

BOXFS , PLASTIC BUCKETS, AN KLINER GLASS JAR.

The result (Table 1) of the cost survey of three
different sizes of earthenware pots, plastic luncheon
boxes, plastic buckets and kilner glass Jjars, shows
that the earthenware pots were the least costly of
all, and were easily obtained., It was also easier to
request for a particular eize of earthenware pot from
the menufacturer than the plastic luncheon boxes,
plastic buckets and kilner glase jers. Plate 3,4,5
and & show the three different sizes of each container,
And the esrthenware pots were eventually chosen for

the present study.

4,2. SIZE AN DIMENSION OF THT® EARTHENWARE POTE USED

FOR THE FXPERIVENTS,

The size snd dimensmtons of the pots were indicated
in Fig 5,, which shows the elevation and plans of the

culturing pot at various posgitions.

4. 4,0, PHYSICAL PARAMETTRS

4.4.1. EOIL 3H
The result obtained for pE , for both experimental
and control soil samples were all basic (Table 2 ).

There was no significant difference in the pH of zach
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TABLE 1°

WMBER | EARTHsNWAKE POTS| PLASTIC LUNCHEON BOXTE] PLASTIC EUCKETS, KILNER GLASS JARS
L i - -
|SIZE(cm)| PRICE | s1zE(en) | PRICE .} SIZF(em) | PRICE 175 \(hm) | prrcE
L L. B H L D | L D
16 ¥5:00 |14 9 6 N15:00 | 24 22| B25:00 ©.5 7.5 |N104:
- | J :
W
2. 18 t B7:00 {22 16 14 | M22:00 ' | 26 24 | ¥35:00 15 7.5 ‘H201:
.w i
A I .
w
% 22 ¥10:00 {35 20 16 ¥35:00 28 26 |N50:00 |18.5 7.5 |NeSO:
i }
_ i
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PLATE 3: THREE DIFFERFNT SIZFS OF FARTHENWARE POTS PRICED

PLATF

&z

AT SAMARU MARKET,

THEET DIFFERENT SIZFS OF PLASTIC LUNCHFON BOXFS
PRIC¥D AT SAMARU MARKET.



PLATF S; THRFE DIPPFRENT SIZPS OF PLACTIC BUCKETE Pi
AT CAMARU MARKET,.
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TABLE 2

MEAN SOTL PARAMETFRS FOR THF THREE SOIL SAMPLES DURT!

S
“n,
= |

'URES

PYRIOD

. &

SO 1Lt

LOAMY SOIL

€2

CANDY 30IL

QLAYEY SOIL

PARAMETER. — | CONTROL .

IEXPERIMENTAL.

CONTROL

EXPERIMENTAL.

CONTROL

EXPERIMENTAL

MEIAN SOIL pH | 8.3 + 0,19

8.8 « 0,21

8.3 + 0,18

8.9 + 0.21

7.6 +

O- Wm

8.6 + 0.25

o — e w  am

Mean % Soil
Moisture con-
tent 26.39+ 1,€E4

7.59+ 4.36

7« 56+

— -

34.29+ 13.05

16.53+

1.08

40.30+ 9.44

.*v.:. -
#

tean & Orga
Orzsnic Con-
itent

_

4

.

! _

R !
_ 13,52+ 1.02

0.86+

12.48+ 3.89

2414+

15.08+ 3.08

- m—

- — o —— ——— —
lﬂl _— — q
W@I m+ O.m W

|Mean oil
Tempersature

26.7+ 0.82

26.5

I+

27 + 0.82

—_

26,6 +

27+ 0.67

-
Mean ¥ Zo0il |
Porocity 1=
after expe- |
riment,

78+ 2.38

51

|+

67+

3.09

45

|+

62+ 2.16

FE -

Mean % Soil
Porosity
Pefore expe-
riment

47

43
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soil sample in both experimental snd control soil samples

during the culture period (Appendix 1)

4.,4,2, PERCENTAGE SOIL MOISTURE CONTENT

The percentage moisture content of the soil samples
varied considerably in the experimental soil sample,
during the study period , while in the con*rol soil
samples , the variation in moisture ir not significant
The mean value is highest for the loamy soil, followed
by clayey and lastly sandy soil respectively. The
result shows a significant difference(P 0.05), In the
percentage moisture content between the experimentsl
and the control soil sample with the experimental soil
sampler having the highest values(Table 2,fig.6 and
Appendix 2 ).

4.4.,3. PTRCENTAGE ORG/NIC CONTTNT

The percentage organic content varied with the soil
types in both experimental and control soil samples
Table 2, fig.7 and Appendix 3). The mean value was
highest for the Losmy, followed by clayey 2nd lastly a
sandy soil types in both experimental and control soil
samples.

4.4.4, SOIL TEMPFRATURE

The mean soil temperature recorded for the soil
types in both experimental and control secil samples
showed no significant difference(Table 2) Also the tempera-

ture recorded for each soil type in both experimental and

11
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control soil samples were relatively constant,

throughout the period (Appendix &)

4.4,5. PERCENTAGE £OIL POROSITY

The percentare so0il porosity varied with the soil

types in both experimental and control soil samples,

and within the period of the experiment i.e. before and
after the culture period., The mean percentage porosity
after the experiment was highest for the loamy soil,
followed by sendy and lastly clayey (Teble 2 and
appendix 7.

4,5.0 CULTURING FXPFRIMENT

4,5.1. EARTHWORMS HARVESTED* FROM THFE THREE SOIL SAMPLE

Table 4 showed a sisnificant difference (P 0.05),
between the population of earthworms harvested from the
the three soil types, with the Loamy scil having the 4
highest number of earthworms, followed by sand and
lastly the clayey soil. There was also & significent
difference(P 0.05) between the number of earthworms
harvested in the control and experimental eroup for the
soil types( Table 3, and sppendix 8). The length of
the earthworms harvested varied with the soil types,
with the clayey soil having the longest length of the
earthworms, followed by losmy and lestly the sandy soil,
However, earthworms harvested from the experimental

soil, were longer than those of the control(Table 3
Appendix 10 and 11) .
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There 4as & significent difference (P 0.05), between
the mean weipht of the earthworms harvested from the soil
samnles,with the clayey soil having the largest weight,

followed by loamy and sandy soils respectively(Table 3).

4.5.2. EARTHWORM CAETF

It was observed that earthworms burrowed into the
soil immediately they were introduced onteo the culture
surface, They started producing casts the second day of
the experiment . More earthworm cests were noticed on
the experimental soils treated with cowdung, compare

with those of the control
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DISCUSEION

5.0.

5.1, BYDROGFN TON CONCENTRATION EFFECTS

The pH of the =-il sarples obrained in this study
showed that the basic pH served as a good condition for
the survival of the earthworms., This result is in
agreement with similar observeticons made by £™tchell
(1955), Reynold (1955) and Wallwork (1970), who reported
that earthworme were found in slirhtly besic soils,.

They further concluded thst although earthworm tolerance
to pH varied from species to species Madge (1969)
reported that optimum pH for Hyperi lrilus africanus
was between 5.2. and 9,2, indicating that this species
can survive in acidic and basic soilz. However, the
basic pH recorded in the present study 4did not sgree
with the findinps of FE_.chelier '1963) and Angbashim
(1991), who reported acidic pH condition of 4,5-4.7
and 6.3 for Megascolex sp and Lumbricus rubellys
respectively. This differences might be due to
environmental condition during the period of the study.

5.2. COWDUNG TFF"CT

Tre orgenic matter content of the exnerimental
80il samples were greater than those of the contrel
soil samples, probably thie was becsuse cowdung was
introduced into the experimental scils. This could
explain why there was a sipnificant difference
(P 0.05) between the populastion of earthworms in

the experimental, and control soil samples.
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Also, the loamy soil sample, had the highest population
of earthworms , then the clayey and sandy, ané this
could be attributed to the fact that the loamy soil
contained more organic metter, than the clayey and
sendy soils. These results were in agreement with
Fdward and Lofty(1972), who reported that soils that
were poor in orranic matter diéd not usually support
large number of eerthworms, Duweini snd Ghabbour
(1965) observed that incresse in the orgenic content

of the soil were associate? with increese in numbers

of earthworms. Angbashim (1991), obtained a similasr
result using decayed leaves as a source of organic
matter. However, the result of the present study, reveesled
that earthworms grow well when cowdung was introduced
as a source of orgsnic matter, than when decayed

leaves were introduced by Angbashim (1991). 2636

earthworms of "“lirilus eugeniae were harvested from
the present study, using cowdung as e source of
organic matter, while 67 earthworms of Lumbricus
rubellus were obtained by Angbashim (1991) , using
decayed leaves as orgenic matter content. The
differences misht be due to two different species of
earthworms used and also differences in the conditions
during the period of eyperiments. This is in agreement
with earlier report of Guild(~7955), that all species

of earthworms prefer dungs to leaves. Earley (1959)
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feeding individuals of Allolobophora caliginosa on
different diets, reported that they grew at different

ratecs on these diets , growing fastest on dung.

5.3, o0IL MOISTURE EFFFCT

The result indicated that the loamy coil had more
moisture than the sandy and clayey soil samples., *~osmy
soil supported the highest population of earthworms,
becsuse it provided more favoursble conditicn for their
growth end survival, This result does not agree with
that of Angbashim (1991), who reported that clayey soil
samples contained more mositure than loamy anc¢ sandy
soils, but supported less population of earthworms than
the loamy soil. This waes attributed to the fact that
the clayey scil sample had few air speces filled with
water, and also the kilner glass Jjer container used
by Angbashim (1991) did not have holes to allow free
drainage of water, thus the clayey soil became water
logged, and this condition did not favour earthworm
activities, thus resulting in fewer vpopulations observed,

S.4., TEMPERATURE EFFECT

The tempersture recorded for the activities of the
earthworms in the scoil sanples during the culture period
was between 26.5-27°C , as opposed to 10.5%¢C reported
by Kollmann sperger(1955), Satchell (1967) and 21.9°C
reported by Angbashim (1991), However the result of
the present study , agreed with thet of Madge(1969),

who recorded 23%,9°C- 31,5°C as prefered tewperature for



-48-
Hyperiodrilus africanus, Duweini end Ghablour (1965) .

recorded 26-35°C and 24-26"C as prefered temperature for

Pheretima california and Alma sp regpectively.

5.5. PORCSITY EFFECT

The porosity of the snils after the experiment was
greater than the porosity before the experiment, due to
the incresse in number and aetiwvities of the esrthworms,
during the culbure period. This result is in line with
those obtained by Teotia et al. (1950), who reported that
earthworm activities increased the pcrosity of two soils
frem 27.5% to 31.6% and 58.8% to 61,.8% respectively.
Guild (1952) reported that scils with earthworms drained
four to ten times faster than soils without earthworms.

5.6. EARTHWORM POPULATION HARVESTED FROM SOIL SAMPLES

The highest population of esrthworms were hsrvested
from the loamy soil, followed by the sandy and lastly
the clayey soil samples. The result of Guild(1948)
agreed with the present study, when he reported that light
and medium lcamy soils had higher total population of
earthworms, than heavier clayey and more open gravelly
sand. These results can be attributed to the soil
structure, which infTuenced ability of the earthworms
to penetrate into the s0il successfully. Thus toc
compact soils like clay hinder earthwnrm penetrstion,
while too iz¢s. s01ls as sand, maske the burrows unable
to retain their shape, 2nd the earthworms may suffoeate
due to inacequate mercticn (Madpe end Sherme  49gg)
Therefore they prefer the loamy soil to either sandy or

clayey scil. The difference in the population of
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earthworms obtained in the present study and that of
Angbashim £1991) may be due to the fact that earthenware
pots used in the present study may be better for culturing
earthworms than the kilner glass jar used by Angbashim
(1991). Also the differences may be due to differences in
species of earthworms used and the number that can be
housed by the containers used., The larger sized earthenware
pot had more spece to accommodate morc earthworms and
their sctivities, Alsc, there were holes at the bottom
of the earthenware pot, which provided free drainage,
preventing waterloging condition in the culture compared
to kilner glass Jjars that had no outlet., end would
therefore require periodic turning over to avoid waterlogine,
Thus Ashby (1976) stateé that when considering the type of
container to be used in earthwerm culture, it is important
to bear in mwind the necessity of providing sufficient
aeration. FEdward and Lofty (1972), recommended the* a

stock of earthworms cruld be kept in large earthew"erer

boté; about- 12cm ;n diameter and 30cm deep. The pots used
in this study met this recommendation for they were easily
accesible , and can be obtained at less cost then kilner

glass jar and plastic luncheon boxes.

5¢7. BODY WEIGHT AND LENGTH O THF EARTHWORM

The difference in weight and length of the esrthworms
could be attributed to the available organic matter in
form of cowdung. The orgsnic mztter promoted their
growth and multiplication. The results were in line with

observation of Angbashim‘1991), whec used leaves as erganic
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matter. PRarley(1959) also reported fast growth of
earthworms fed with dungs. From the available literature,
earthworms bulk-feed by taking in earth in the absence
of leaves and dungs (“White, 1975). This might be
responsible for the survival of the earthworms in the
control soil samples without organic matter content,
and therefore they possessed smaller weight due to
lack of adequate nutrition to promote proper growth.
The earthworms from the clayey soil samples recorded
the highest weight compared tc sandy and loamy soil
samples, probably because of the few pcpulation of
worms in clayey soil sample there was more space and
less competition for the available food.

58 EARTHWORM CASTS

Farthworm casts were more in the experimental
soil treated with cowdung than in the control,
probably because of the increase in number and
activities of earthworms i the experimental soil
sampler, than the control scoil samples. This result
was in line with the observaticn of Evans (1948), who
reported that the presence cf casts was a good

indication of the amount of earthworms activity.

5.9. CONCLUSION

The species of earthworm Fudrilus eugeniae was

found to prefer lcamy to the clayey and sandy soil,
The loamy soil with a pH of 8.8+ 0,21 seemed to offer
the most favourable conditirns also included an organic

matter content of 19.80+ 2.71%, & soil moisture of
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47,59+ 4.36% ond soil temperature of 26.7°Cs+ 0.82.
Apart from using Loamy soil, cowdungs could be used

as a source of organic matter while earthenw,re pots
had the advantage of being spacious and could be
constructed with drainage hcles at the bottom, thereby
making them more suitable than either the smaller
plastic luncheon boxes or kilner jars which are very
expensive and more difficult to cobtain.

Earthwarms could thus be cultivated in the laboratory
to provide ready live specimens for demcnstration,
teaching and research and for introduction into infertile
lands., Thus reducing the dependency on preserved
specimens for these purposes. This means that constant
supply of the worms could be maintained throughout the
year even during the cold and dry seesons when they may
not be easily procured from the wild. Alsc, the
earthworms could be bred for feeding to fish in ponds,
hence meking the upkeep of fish ponds easier especially
during the dry seasons, when there is usually general
food scareity. Cultivated earthworms could also be
exported to countries such as Japan, that relish

them as special items of human food.
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APPFNT IX 1
WEEKLY MWAN SOIL pH
KLY _ LOAMY_£OIL SANDY SOIL CLAYEY SOIL.
CCITRCI . |EXPFRINTUTAL. CONTROL. =XPERIM™NTAL. ﬂn,!ﬂﬁb. TRIMENTAL

1 8.4, 8.4. 8.4 8.6 7.4 8.2
m- D.lhr m.ﬂ m»lm. n.woo 1M-m mohr
e 8.1 8.6 8.5 8.6 2.7 8.7
4 B.2 8.7 8.4 8s7 75 8.7
mo UDW @-O ..Moﬁ,u \.mln.. mlm,. G-O
6 3.6 8.9. 8.4 8.9 8.2 8.9
_V D.,-W, moﬂ mwﬂm_ Aﬂl\_ ‘M.m, _mtm
8 8.5 9.0 8.5 2.2 746 8.8
9 5 9.1 8.3 9.0 76 8D
\__O mo,” .m.-u m.m ml\d .,Nlﬂ mip
2 8.7 8.8 8.5 8.9 76 B.€
g 0eCh 0.05 0.03 0.05 0,12 0.06
S.D 0.19 0.21 0.18 0.21 0.35 0.25
S.E. 0.06 C.C?7 0.06 0.07 011 0.08
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APPENDIX 2
PFRCENTAGE MOISTURE CONTENT

WEEK o LO:MY SOIL SAND SCIL CTAYEY

CONTROL J EXPFRIMFNTAL.] CONTROL. FXPFRIMFNTAL.,] CONMTROL . FX
1¢ 52.52 41,70 6.4 10,82 14,64
2, 35,25 41,76 7.09 16,90 15,13
3 35.53 42,48 7.29 23.63 15,80
" 7575 46.13 7.4 32.84 16.31
15 1 35,95 48,04 2399 27229 16,57
| 6 3€ o 11 49,19 776 38,20 16.93
| 7 3¢ « 80 50.83% 7,88 43,94 16.93
b 3% o 48 51,10 7.99 44,02 17,30
S 3E o 40 51,15 799 47,0 17.72
(e 1_39.20 53. 56 8.27 47.96 17.98
X 36.39 47.59 726 34,29 16.53
5° 2.69 18.98 0.29 170, 18 1,17
S.D, 1.64 4,36 0.54 13.05 1.08
S.E, 0.52 1.58 0.17 4.15 O« 34




APPENDIX 3

PERCENTAGE SOIL ORGANIC CONTENT

WEFK  J LOAY SOIT SANTY SOIL CLAYEY SOIL
CONTRUL | EXPERIMENTAL. ([CONTROL. | EXPERINENTAL. , CONTROL XPERIMENTA
1, 12,25 18, 41 0.60 4,30 2.99 | 7.81
2 12,83 4 17.68 0,72 7,04 3,02 12, 40
: 12,74 15.89 0+58 11, 34 2,78 14,92
4 14,90 17,30 C,82 13,73 % 1) 15,02
T A 23,0 0,69 16,67 3,14 15,22
& 2322 ). 2344 0.81 15, 3 z.17 16.14
¥/ 2 15.25 3,70 0,72 13,72 3,40 16, 3€
£ 12,98 _ 20,79 8.7 14, 43 2.98 16,94
9 13,22 18,14 1.1.09 13,67 2.15 16,97
10 14,9 1 20,29 1.89 14,46 3469 18,99
! 13,52 19,80 0,86 12,48 3.4 15,08
g® 1,05 2234 0.15 15,12 0. 0 9.46
S.D. 1,02 _2.71, 0,39 3,89 0,25 3,08
S.E. 0.32 0.86 0412 1,23 0,08 0,97
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APPENDIX 4

REATING DURING THF CULTURE PERIOT

DAY
APRIL MAY JUNE
1 - 32°%C 28°¢
2 - 32°C 28°¢
3 @ 30 26
4 - 30 50
S - 29 29
6. - 30 28
7 - %0 28
8 - %2 28
9 - 30 28
10 - 30 28
11 - 31 29
12 - 30 29
13 - 30 28
14 - 32 28
15 - 32 28
16 32°% 33 28
17 339¢ 21 28
18 32 29 28
19 32 27 28
20 32 31 29
21 32 30 29
22 32 30 28
23 29 28 28
24 33 29 29
25 29 32 -
26 21 30 -
27 39 29 -
28 32 29 -
29 32 29 -
%0 32 o8 -
34 - 28 -
) 32 30 28
S 0.92 1.96 0.54
S.D 0.96 1.39 0. 74
S.E 0.25 0.25 0.15
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APPENDIX 5

WEZKLY MEAN ATMOSFHERIC TPMPERATURE RUADTNG DURING
THE CULTURE PERIOD

WEEK ATMOSPHERIC THEMPERATURE,
4. i 329
2, ! 31°¢
o 20
4, 30

5, 31
6. 30

o8
25
9 26

10 28
; 29.60

g° 2.27

Se D, 1.59

€.E. 0.48




—62-

VIEKI Y MEAN

u.,.__\._HHu

APFPENDIX 6

T*MPTR/TURF RVADING DURING

myT

CUT,TURE I'ERIOD

—t+

LOA Y SOIL

SENTY SOIL

CLAYFY SOIL

WEEK CONTHUL. JIXPERIMENTAL | CONTROL | FXPERIMENTAL | CONTROL | EXPERIMENTAL

1 28 28 27 28 27 27

[ ..mm 27 27 27 27 27

b 2 27 27 27 27 27

4 2z 28 27 28 27 28

2 2/ _ .} .28 __ 27| 28 27 27 I.
6 25 27 _ %6 | 20 22 V=
Z 26, 27 26 _ 26 26 26

8 _ 261 26 6 . 26 26 26

2

-~

&

26¢5

- - : .
£° 0,40 __| 0.67 0,28 ' 0,67 0,27 0, 46
S.D. 0.69 _ | _o0.82 o.mw_ 0,82 0,52 0,67
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APPENDIX 7
POROSITY OF SOIL BEFORE AND AFTER EXPERIMENT

PORCSITY B FORF THE POROSITY AFTER., THE EXPERIMENT

EXPERIMENT., 'RIMENTAL GROUP] CONTROL GROUP

Loemy Sandy | CL.YEY Loamy Sandy Clayey Loanmy Sandy Clayey
Scil, Scil, [Scil, Soil Soil, Soil. Snil Soil Soil

68%  |47% 43% B, = 80% mmnm:m muummm A1=70% A,=52% pwupqm

66 |u7% | 43 B = 758 8]« |pleeog | alemng 2] 514 2 enog

or \_ M m.w .aA ZM w

y - =30¢

- - - m Hﬂ@ﬂ H..U =67% . u.lm@ﬂ O\._ﬂw_ug _,m.l.._w\-ﬁn OH 4

< # -
1 1 nt 1 1 1 4%

- of - ._._u\_ nﬂ@& Um Nmmm WHGPR OA‘QJ* OMNWQ* ﬁ.u \*
X=67% W% 4x% 78% 7% 52% 71% 51% 45%
mm..m.o,J a a 5,7 9,58 +.67 0.33 0.25 19,67

8, fglat1d - - 2.38 3,09 2,16 0.58 0.50 4,43
...,.\.._M_m_...\_co Jl - \“l\_@ \_—tmm v;—.om \“q' OOB O.mw m.mm
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APPENDIX 8

ANALYSIS OF VARIANCE (ANOVA) OF MFAN POPULATION OF

EARTHWORMS HARVFETED IN THT THREE

SOIL SAMPLES

B (e & e
MFAN POFULATION OF FARTHWORMS IN ANOVA REMARK
SO0IL SAMPLES COMPARED, RESULT
m
Sample 4 Vs Sample 2 F-147,98 Significantly
Sandy experimental Sand Contfol ar(1,6) different
'180.0) (12,75) P 0,05
Sample 3 Vs Sample 4 F=106, 44 Significantly
Loamy experimental Loamy Control |df (1,6) different.
348,25 27.0 P 0,05
|
Sample 5 Vs Sample 6 F= 55.67 Sienificantly
Clayey experimental Clayey Control | df=(1,6) different
(65.50 (17:,25) P 0,05
Sample 1 Vs Sample 3 F=24,77 Significantly
Sandy experimental Loamy experimenpdf=(1,6) different
(180.0) tal P 0.05
(348.25)
Sample 1 VS Sample 4 F=128,9 Significantly
Sandy experimental Loamy Control |df (1,6 different.
(180.0) (2740 P 0.05
Sample I Vs Sample 5 Fe 60,11 ok il
. — ) Significantly
Loamy experimental Clay experiment|df (1,6) different.
i (65.50)
I
Sample 3 VS ) Sadple 5° F= 79.45 Significantly
Loary expr >imental Clay experimen-|éf (1,6) different.
tal. P 0.05
(348.25 (65.50)
Sample % Vs Sample 4 FP= 106,44 Significantly
Loamy experimental Loamy contrcl {4t (1,6) different,
(348.25) (27.0) P 0.05
Sample 1 Vs Sample 6 F= 148,75 Significently
Sandy experimental Clay control |4f£(1,6) different
(180.0) (172.25 P 0.05
Sample 2 Vs Carple3 P= 113,07 fignificantly
Sandy control Doamy experimentaldf(1,6) different
(172:75) (%48.25 P 0.05
Sample 2 Vs Cample 4 F=16,90 d?gnificantly
Sandy control Toamy control [df(1,6) different
(12.75 (27.0) P _0.05
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ANOVA REVARK

S0TL SAMPLES COMPARED RESULT

Sample 2 Vs Sample 5B F= 54,74 Significanfly
Sandy Control Clay experimentald &f{(1,6) different
(172,75 27.02 ? 0,05

Sample 4 Vs fample 5 F= 32,75 Significantly
Loamy control Clay experimental)] d4f(4,6) different
(27.0) (65.50) E___0.05

Sample 4 Vs Sarple 6 F= 18,17 Significantly
Loamy Control Clay Control af(1,6) different
(27.0) (17.25) P 0,05

Bample 2 Vs Sample & F= 0.9 Not Significantly
Sandy Control Clay Control as( 1,6 difference
(17.75) (17.25) P 0.05
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APPENDIX 9
CORRELATION COEFFICIERT()
Weight . Length
No X x° Y ¥ Xy

(i) Variance of X = 'X2-§ ng
N

N-7
(ii) Variance of Y = You{ ¥)°
N~

(iii)YVariance of XY= x¥- X. Y
_ N

N -1

However, XY- £_§_§2
. , N1
r= \/{* XQ -~ { X)E YZ-S Y!E

N="1

N=1

The calculate 'r' value is then compared with the
table value to determine the kind of relationship.

{(Po further confirm the result of the association t-test
was used)
That iz t= T

S =2

N- 2
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SR APPENDIX 10 . A

THE CORRELATION COEFRICIUNT ANVALYSIS DETWREEN PODY WEIGHT
AND THE CONTRACTED LENGTH OF THF EARTHWORMS.

PUT“ Y WEIG X2 u%ﬁ%légglh]) ¥R XX
NC. X (Y

1. 0.39 0.15 781 60.99] 3.05
2 0.48 0.23% 8,27 68.39] 3.97
%, 0. 46 0.2 9,68 93,70| 4.45
b 0.50 0.25 10,76 115,78, 5,38
S 1.09 1.19 10.46 109.41f 11,40
6. 0.57 0.32 10,90 118.81] 6.21
Vi 0.47 i 0.22 | 8.64 4,65 4,06
8 0.42 ) 0.18 | 8.86 78.49¢ 3,72
9 0.38 0. 14 7.99 63.841 3.04
10 0.43 0.18 | 8,05 64.80| 3.46
11 0.48 0.2% 8.19 67,081 3.93
12 4.02 1,04 | 9437 87.79( 9.56
1% Q.28 0.08 7.34 5%.88| 2.06
14, 0.35 0,12 6. 84 46.791 2.39
15, 0.3 0,09 6.22 38,69 1.93
16. 0,719 0.04 5.15 26.521 0.98
17 0.34 0.12 | 6.17 38.07 | 2.09
18 0.35 0.12 | 6,27 39.31| 2.19
19 0.28 0.08 5.4 29,27 | 1.51
20 0,27 0,07 6,46 UN.73 1 1.74
21 0.25 0,06 | 4,42 19,54 1 1.11
e O. 24 0. 06 4,93 2l . 30 1.18
23 0.3 0.09 5.56 20 .91 | .72
24 Do A2 0,10 5e 57 41,02 1. 78
10,18 5.2, 179.32 14-23,76 | 82,91

r= + 0.73. The calculaka '»' value (+0.73) is grerter than
the able value 0.3% at 5% level of sipnificance and thus
the correlation is significant. Similar result was obtained
when t-test was conducted (t=5,10) compare to table value

2.069 at P= 0,5% level of significant:,
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THE CORRYLATION COEFFICIENT /NATYSIS FETWEEY BODY
WEIGHT AND THE EXTWN"ED LENGTH CF THI' WARTHWORNS,

por | sory micmd. ¥2 | mrworn|  ¥2 XY
LENGTH
NO X (Y)
1 0.39 .15 8.84 78,15 3 45
2. 0.48 0.23 9.48 | 89.87 4,55
3. 0,46 0,21 | 11,10 123.21 ! 5411
4, 0.50 0.25 12.78 148,35 6.09
5 1.0 | 199 1 159 3e33 | 12.63
6. 0.57 0.32 11.96 143,04 6,82
7 0.47 0.22 9.68 9%.70 4,55
8 0.42 0.18 10,07 101.40 4,23
9 0.38 0.1 9.48 86.87 3.60
10 0.4% 0.18 9.39 88.17 4,04
11 0.48 0.23 9.16 83,91 4,39
12 1.02 1.04 10,45 109.20 10.66
13 0.28 0.08 8.38 70,22 2.35
14 0.35 0.12 72.80 61.15 2.74
15 6.31 0.09 7.02 49,28 2.18
16 0,91 0.83 5.95 55.40 5.41
17 0.34 0,12 6.93 48,02 2.36
18 0.35 0,12 7. 04 49,56 2.46
19 0.28 0.08 6,46 41,73 1.81
20 0.27 0.07 732 53.58 1.98
21 0.25 0.06 Se29 27.98 1.32
22 0.24 0.06 5.80 33,64 1.39
23 U.31 0.09 6.7 45,02 2.08
24 0.32 0.10 7,05 49,70 2.26
10.90 6316 | 205.15 184848 98,46

r= 4+0,49. The calculated 'r' value(+0.49) is rreater than the
table value (0.396) at 0.5% Level of sienificance, and thus the
correlation is significant. C£imila* result was obtained with
t~test (t=2.69 greater than table value 2,069 af 23) at 0,5%
level of significance, thus the correlation is significant.
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APPENDIY ‘e

IPENTIFTC TION TFATURTS

Fudrilus >v-enise

Clittellum commencing in front of the 45 segment.
Setae arrangement is lumbricus

Dorsal pore lacking

Inter segmental furrows visible on clittelum
Length 90 - 185 mm

Colour- Dorsal surface cnly red



