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Effect of Earthworm Activity on Soil Properties in Different Land Use Systems in
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Abstract: A study was carried to determine the effect of earthworm activity on soil properties in four
different land use systems comprising , alley cropping system, forest, fallow and continuous cropping lands
in Abakaliki, Ebonyi State, Nigeria. Earthworm casts and their dry weights were highest in the forest than
in any of the other land use systems. Casting activity changed the soil particle size distribution towards
a higher silt content than in the non-ingested soils in the forest soils. The soil bulk density was lowest
in the forest soil (1.18 g M-3) and 1.04 g M-3 in the casts from the forest soils relative to the non-ingested
soil in 2007 and 2008 respectively. Total porosity, water-stable aggregates and soil moisture content were
highest in the earthworm casts than in the non-ingested soils. Water- stable aggregates were linked to the
organic matter content. In 2008, the casts from the forest with the highest organic matter had 23%
increase in water-stable aggregate over the levels in the non-ingested soils. Infiltration processes were
highest in those land use systems with higher number of earthworm casts. Organic matter increased in the
casts with time in the forest, fallow, and alley cropping system but decreased in the continuous cropping.
Soil pH in the casts of the alley cropping system remained moderately acid in 2007 and 2008 (pH 5.7
and 5.8) but in the casts of the forest and the continuous cropping it remained very strongly acid and
extremely acid respectively. Available P was in the order of alley cropping > fallow > forest > continuous
cropping soils. In all, soil nutrients content were highest in those land use systems with the greatest
number of earthworm casts.  

Key words: Alley cropping system, forest, fallow, continuous cropping, earthworm cast, and non-
ingested soil.

INTRODUCTION

Increasing attention is now being paid to the use
of earthworms to soil improvement in the tropics[18].
Studies have shown that earthworms dominate the
biomass of soil micro fauna in the humid tropics  and
that earthworm casts are higher in nutrients and soil
organic matter than non- ingested soil[10,19]. Depending
upon the type of ecosystem and the existing population
in the soil earthworm population numbers can be
adjusted either by direct inoculations or by
manipulation of local populations. Soil organic matter
has been considered the most representative index of
soil fertility in the tropics[32] and it is clear that the
decomposition of earthworm casts improves soil
organic matter[19].

Earthworms affect the soil by burrowing through
the substrate, either by pushing soil aside or by
ingesting soil and egesting it as casts. Thus formed
burrows, which can vary in shape and stability, may
provide preferential flow paths for water and solutes.
The ingested and egested soil is changed through the
passage in the intestine. The alterations are reflected in
the function of the processed soil. Their contribution to

soil formation depends on the burrowing behaviour[4]

and food selection[19] of the different species.
In order to understand earthworm effects on the

fabric, it is essential to combine soil physical and soil
morphological properties. In several field studies the
earthworm activity was correlated with higher
infiltration rates[11,12]. Direct contribution of earthworm
channels to the water movement under natural
conditions have  been proved by several authors[9,32].
Earthworms create relatively stable voids and deep
channels. Depending on the specific behaviour of the
earthworm species the burrows are maintained open or
partly refilled with porous excrements. Earthworm
burrows promote infiltrability[5,24,9,28] gas exchange[23]

and root growth[10,15] at times and depths where the use
of agricultural implements is restricted. Earthworm
burrows often present the most important part of the
macro-porosity in arable sub soils[16].

Relatively no work on the earthworm activity has
been done in Abakaliki agro-ecological zone. It was on
the basis of this that this study was carried out with
the aim of comparing the effect of earthworm activity
on soil properties in different land use systems.
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MATERIALS AND METHODS

This study was conducted in four different land
use systems located within the Faculty of Agriculture
and Natural Resource Management, Ebonyi State
University, Abakaliki (latitude 06 041 N and longitude
080 651 E in the southeast agro-ecological zone of
Nigeria). It has a pseudo-bimodal rainfall pattern from
April to November, where August rainfall decline is
pronounced. Annual rainfall is about 1800 mm. The
area receives abundant and constant insulations. Cloud
cover, rainfall and harmattan haze affects the amount
received. The maximum mean daily temperature is
about 21-310C. Humidity is quite high, but very low
during the dry season and highest in the rainy season.

The land use systems include alley cropping
system, forest land, fallow land and continuous
cropping land.
C Alley cropping system was established in 1992

with three legume hedgerow trees established in a
randomized complete block design and replicated
four times. The legume hedgerow trees are
Leucaena leucocephala, Gliricidia sepium and
Cajanus cajan. At the time of study the alley
cropping system was cropped with maize.

C Forest was established in 1964 by the then Eastern
Nigeria Ministry of Agriculture and Forestry. The
forest was dominated by Gmelina arborea. Few
neem trees were growing as introduced tree
species.

C Fallow land, which is four old with predominant
grasses like Imperiata cylindrical, Panicum
maximum, Tridax spp. etc, interspaced with
Crotolleria spp.

C Continuous cropping farm with cassava as main
crop intercropped with maize.

The study began in the second week of May and
ended in October of both 2007 and 2008. An area of
50 m x 50 m was mapped out in each land use
systems and left undisturbed in the forest and fallow
lands, while cultivation took place in the alley cropping
system and the continuous cropping land. A quadrat
measuring 50 cm x 50 cm was thrown randomly 5
times in each land use system and fresh cast numbers
were counted every two weeks. Ten undisturbed core
samples were taken at a depth of 0-20 cm from the
five points where the quadrat landed in both the
earthworm casts dominated and the non-ingested soil
areas, for the determination of soil bulk density and
moisture content. 20 auger soil samples were taken at
the depth of 0-20 cm in the earthworm casts dominated
area and in the non-ingested (no cast) area. Soil
samples were mixed thoroughly to form composite
sample and both the soil and the earthworm casts were

air dried, at room temperature, sieved with a 2 mm
sieve and analysed for soil pH, organic C, total N,
available P and exchangeable K, Mg and Ca. particle
size distribution was also determined. Water infiltration
was determined in the different land use systems under
earth worm cast dominated area and the non-ingested
soil. Earthworm casts were scrapped and collected in
polyethylene bags from the five quadrat throws every
month. The earthworm casts were dried at 105 0C for
24 hours.

Soil Analytical Methods: The air-dried soil and casts
were separately passed through a  2m sieve. Soil pH
was analysed in a 1:2 soil-water suspension. The
Walkley-Back method was used to determine soil
organic C[1]. Total N was obtained using the modified
Kjeldahl methods[7]. Soil organic matter was obtained
from organic C by multiplying with 1.724. C/N ratio of
both casts and non-ingested soilS were calculated to
establish whether the evaluation of the soil organic
matter after passing through the earthworm gut, was
towards low C/N ratio or humification (high C/N ratio).
Available P was determined on sensitive colorimeter
involving molybdophosphoric blue colour method in
sulphuric acid system[21]  and the exchangeable K, Mg
and Ca were determined[21]. Soil bulk density (Bd) was
assessed using undisturbed core method[2]. Total
porosity (Tp) was obtained from soil bulk density
values with an assumed particle density (Pd  value of
2.65 g cm-3:

Tp = 100 (1-Bd/Pd).

Soil water content at 10 kPa was determined using
a pressure plate[29]. Samples collected from the
treatments were passed through a 2 mm sieve and
placed on rubber retaining rings arranged on a ceramic
plate. The samples were saturated for 24 h, mounted on
the extractor and appropirate pressure applied after the
extractor lid had been properly tightened. At the end of
each run the samples were quickly transferred to the
moisture cans and weighed. Moisture content was
determined by drying to constant weight at 105 0C and
expressed as percent moisture content (volume basis).
Water infiltration into the earthworm casts and non-
ingested soils was determined[6]. In this method, double
ring cylindrical metals of diameters 30 cm and 40 cm
for the inner and outer rings, respectively and a height
of 30 cm were driven 10 cm into the soil. Water was
pounded at constant depth inside the two rings(10 cm)
and the rate at which water moved into the soil was
determined. The cumulative infiltration (ci), final
infiltration (fi) and time to reach final infiltration (ti)
were determined.
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Analysis of data was done using SAS procedure
[25]. Means were separated using LSD and significant
difference obtained at p < 0.05 confidence level.

RESULTS AND DISCUSSION

In terms of earthworm casts, the order of
occurrence were as follows: forest > fallow >Alley
cropping > continuous cropping lands (Table 1).
Readily available vegetative material from continuous
leaf fall, less land disturbance, lower soil bulk density
(Table 4) and enabling climatic conditions may be
responsible for the  highest number of earthworm casts
obtained in the forest land. The reduction in earthworm
activity included reduced vegetative cover, changes in
micro-climatic conditions and decrease in nutrients[13].
Fallow land was next in the number of earthworm casts
in the two years of study. The high level of earthworm
casts in the fallow land could be attributed the level of
organic matter content (Table 6). The lowest earthworm
casts occurred in the continuous cropping land,
probably because of low nutrient levels (Table 6), low
organic matter and continuous ploughing. Studies have
shown that ploughing and low organic matter have the
greatest impact on earthworm population and activities
[19,18]. Also, in addition to ploughing activity in the
continuous cropping land, the absence of shade led to
reduced earthworm casts in this land use system. This
result has been collaborated in the works of  Broussard
et al.[8] in which the  highest casting activity was found 
in shaded plots, and the lowest was in light and bare
plots. However, the number of earthworm casts
decreased in all the land use systems with increasing
sampling time.

Cast dry weight over time followed similar trend
with casts number. The highest number of casts
observed in the forest soil was similarly followed with
the highest dry weight (Table 4). The dry weight of
casts obtained was 66 kg ha-1 in 2007 and 67 kg ha-1

in 2008 in the forest soil in contrast to 7.0 kg ha-1 and
6.0 kg ha-1 in 2007 and 2008 respectively in the
continuous cropping soil. The dry cast weight increased
in the forest by 40% and 34% in 2007 and 2008
respectively relative to the values obtained from the
alley cropping systems, 22% and 33% in 2007 and
2008 respectively relative to the fallow soil, 90% and
92% above the casts weight from the continuous
cropping soils. Therefore, the high cast production in
the forest appeared to be promising and may contribute
to soil formation.

Soil physical properties: Table 4 shows the result  of
some selected physical properties of the earthworm
casts and non-ingested soils. The casting activity led to
a change in the particle size distribution towards a

higher silt content in the forest soils compared with the
non-ingested soil. Also in the earthworm casts the
increase in the silt content in the forest was relatively
higher than in the earthworm casts of the other three
land use systems. The increased silt content has a
beneficial effect on the physical properties because a
more continuous pore size distribution, higher plant
available water capacity and higher unsaturated
conductivity can be expected. The soil bulk density
varied considerably, with the lowest soil bulk density
of 1.18 g M-3 in the earthworm casts and 1.22 g M-3 in
the non-ingested soils (2007) of the forest. In 2008, the
soil bulk density further decreased in the forest to 1.04
g M-3 in the earthworm casts and 1.17 g M-3 in the
non-ingested soil. However, in the continuous cropping
soil, the soil bulk density in the earthworm cast was
1.56 g M-3 in 2007 and 1.60g M-3 in 2008. In the non-
ingested soil of the same land use system, the soil bulk
density was 1.62 g M-3 and 1.69 g M-3 in the two
years respectively. Soil bulk densities in the continuous
cropping soils were significantly different (p < 0.05) in
both the earthworm casts and non-ingested soil relative
to the soil bulk densities of the other land use systems.
Accordingly the number of earthworm casts on the soil
surface were significantly higher at low soil bulk
densities. It has been reported that at low soil bulk
densities, earthworms can burrow and form more casts
on the top soil[14]. But Schrader et al.[26] observed that
at high soil bulk densities, earthworms “eat” their way
through the soil producing casts which are either
deposited at the surface or inside the soil in pores or
older burrows, leading to lower number of casts.

Total porosity, water-stable aggregates and soil
moisture content were considerably higher in the
earthworm casts than in the non-ingested soils. Total
porosity was significantly different (p < 0.05) in both
the forest and fallow soils relative to the alley cropping
system and continuous cropping soils in the earthworm
casts (2007) but in 2008, total porosity of earthworm
casts in the alley cropping system was significantly
different (p < 0.05) to the fallow. Water-stable
aggregates increased  in the earthworm casts by 21%
in the alley cropping system, 12% in the forest, 19%
in the fallow and 16% in the continuous cropping over
the non-ingested soils in the first year of study. In the
second year, the water-stable aggregates in the
earthworm casts differed from the non-ingested soil by
19% in the alley cropping system, 23% in the forest,
17% in the fallow and 14% in the continuous cropping.
The water-stable aggregates were found to be related to
the level of organic matter in the soils of the different
land use systems. It has been observed that the stability
of aggregates depends primarily on the amount and
deposition of organic matter[32]. In the first year of
study, the highest increase in water-stable aggregates
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occurred in the earthworm casts of the fallow and this
was in line with the organic matter content (Table 6)
but in the second year in  the forest earthworm casts
with the highest organic matter content had 23%
increase in the water-stable aggregates over the non-
ingested soil. Although the water-stable aggregates
increased in both the earthworm casts and the non-
ingested soils of the alley cropping system the values
obtained decreased by 4% from the first year value.
This decrease may be attributed to ploughing.
Ploughing is known to destroy the linkages between
soil particles to a greater extent. The moisture content
varied in the two years of study. In the first year, the
highest moisture content of 58% was obtained in the
earthworm casts in the fallow and 56% in the forest in
the second year. The moisture content of the
earthworm casts were consistently higher than in the
non-ingested soils. The increase in the moisture content
of the earthworm casts was related to the organic
matter and water-stable aggregates. Similarly Mulongoy
and Bedoret[20] found that there was improved water-
holding capacity with organic matter content and a
higher aggregate stability in casts than in the
surrounding soil. The soil moisture content was low in
the continuous cropping soil in both the earthworm
casts and non-ingested soil. But the moisture content in
both the earthworm casts and non-ingested soils of the
alley cropping system, the forest and the fallow were
significantly different (p < 0.05) relative to the values
obtained in the continuous cropping. Ploughing did not
affect moisture content in the alley cropping system
when compared to the continuous cropping soils. This
may be due to the application of pruning.

Table 5 shows the results of the earthworm
activities on cumulative infiltration, final infiltration and
time to reach final infiltration. The highest cumulative
and final infiltration occurred in the forest. The results
from the forest  were significantly different (p < 0.05)
for the two infiltration processes relative to the other
land use systems in the earthworm infested soils. The
high values obtained in the two infiltration processes in
the forest were found to be related to the number of
the earthworm casts. Also other land systems on this
study with very high numbers of earthworm casts
equally had the highest cumulative and final
infiltration. The surface casting by earthworms in this
study improved the total porosity of soils. Thus the
number of casts also determined the number of burrows
available for water infiltration. Burrows formed during
cast formation provided preferential by-pass  paths for
water. Earthworm activity was found to be correlated
with higher infiltration rates[11]. Direct contribution of
earthworm channels to water movements under natural
conditions have been proved[9,32]. In the non-ingested
soils, infiltration differed in the different land use

systems. There were better infiltration results obtained
in the alley cropping system which were significantly
different (p < 0.05) relative to the other land use
systems. This could be attributed to the incorporation
of prunings. It took lesser time to reach final
infiltration in the forest and fallow. However, in the
continuous cropping it took more time (99 min. in
2007 and 120 min. in 2008) for infiltration to be
completed. In the non-ingested soils it took more time
for final infiltration relative to the time it took in the
earthworm infested soils.

Soil chemical properties: The chemical properties of
the casts and non-ingested soils in the different land
use systems are presented in Table 6. The soil pH of
the casts ranged from extremely acid to moderately
acid. In the non-ingested soils the soil pH ranged
between extremely acid to strongly acid. The soil pH
of the casts in the alley cropping systems were
moderately acid (pH 5.7 and 5.8 in 2007 and 2008
respectively). The pH of the casts in the forest soil was
very strongly acid and in the continuous cropping it
was extremely acid. However, in the non- ingested soil
of the two land use systems the pH was strongly acid. 
The organic C and total N content of the casts were
higher than that obtained in the non-ingested soils.
However, the C/N ratios did not show similar trend for
the casts and non-ingested soils. The C/N ratio was
lowest in the alley cropping system (6.58% in 2007
and 5.96% in 2008) relative to the other land use
systems. A comparison of the C/N ratios of the casts
and the non-ingested soils, showed that the C/N ratio
in the non-ingested soils increased by 23% in 2007 and
12% in 2008 over that of the casts. The low C/N ratios
observed in the casts have advantageous effect on
mineralization. It has been suggested that high cast C/N
are attributable mainly to the feeding of  earthworms
on plant material and to their high demand for N[19].

Organic matter content of the casts clearly
increased with time in the alley cropping system,
forest, and fallow but decreased in the continuous
cropping soils. This result did not agree with previous
works and propositions that mutual relationship
between earthworm and microflora in terms of
digestion of soil organic matter is stronger when soils
are poor in organic matter[2,17]. In this study earthworm
activity in terms of cast production was favoured by
high organic matter. Total N showed similar trend with
organic matter level. More N accumulated in the casts
than in the non-ingested soils particularly in the alley
cropping system. The high N level in the casts in the
alley cropping system was due to the incorporation of
pruning from the legume hedgerow trees. The increased
N values of both the casts and non-ingested soils in the
alley cropping system and the corresponding low C/N 
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Table 1: Number of fresh earthworm casts in different land use system
Sites weeks 

2 4 6 8 10 12 14 16 20
2007

Alley 199 183 176 165 152 132 102 86 69
Forest 265 247 238 231 212 208 189 189 128
Fallow 202 190 185 179 167 161 146 121 94
Cont. crop. 107 91 86 74 61 44 42 36 30
LSD (0.05) 14.84 12.08 11.37 10.91 10.52 8.74 7.92 7.22 6.89

2008
Alley 194 188 176 170 152 126 108  97 82
Forest 276 268 243 237 226 218 192 140 137
Fallow 219 190 162 138 112 105 97  80 69
Cont. crop. 105 90 85 79 66 57 48 41 38
LSD (0.05) 15.02 13.66 12.85 12.06 11.27 10.38 8.51 7.64 6.92
Cont. crop. = continuous cropping 

Table 2: Dry weight of earthworm casts obtained   from the different land use systems.
Sites Months (Kgha-1)

1 2 3 4 5 Total
--------------------- ------------------- ---------------------- ---------------------- --------------------- ----------------------------
a b a b a b a b a b a b

Alley 8.6 10.3 7.1 8.0 5.7 7.2 4.6 5.7 2.7 1.8 28.5 33         
Forest 18.1 19.8 17.4 15.9 12.5 11.4 9.2 13.2 8.4 6.7 66 67
Fallow 13.9 14.5 9.6 7.3 7.8 5.1 6.9 4.5 4.1 2.3 42.5 33.5
Cont. crop. 2.4 2.0 1.8 1.5 1.3 1.1 1.2 0.9 0.7 0.3 7.0 6.0
LSD (0.05) 1.14 1.21 1.02 1.0 0.92 0.73 0.61  0.82 0.56 0.41 2.74 2.52
a= 2007, b= 2008 Cont. crop. = continuous cropping.

Table 3: Particle size distribution of the earthworm casts and non-ingested soils in the different land use systems.
Sites Sand (%) Silt (%) Clay (%) Tex. Class

------------------------------------ -------------------------------------- --------------------------------- -------------------------------------
EC NI EC NI EC NI EC NI
--------------- -------------- ---------------- ---------------- -------------- --------------- --------------- -----------------
a b a b a b a b a b a b a b a b

Alley 68 68 70 70 19 19 13 13 13 13 17 17 Sl Sl Sl Sl
Forest 61 61 70 70 22 22 17 17 17 17 13 13 Sl Sl Sl Sl
Fallow 70 70 72 72 18 18 15 15 12 12 13 13 Sl Sl Sl Sl
Cont. crop. 72 72 74 74 16 16 14 14 12 12 12 12 Sl Sl Sl SL  
a= 2007, b= 2008, EC = Earthworm cast, NI = Non- ingested, Sl = Sandy loam, Tex. = Texture 

Table 4: Effect of earthworm activity on soil physically properties
Sites Bd (gcm3) TP (%) MC (%) WSA (%)

---------------------------- ------------------------------ ---------------------------- -------------------------------------
EC NI EC NI EC NI EC NI

2007
Alley 1.31 1.34 50.6 49.4 41.8 33.9 63.8 41.4
Forest 1.18 1.22 55.5 54.0 45.7 36.6 64.1 50.6
Fallow 1.26 1.43 52.4 46.1 58.9 40.1 70.7 46.3
Cont. crop. 1.56 1.62 41.1 38.9 21.2 16.4 30.5 21.9
LSD (0.05) 0.16 0.21 2.43 2.18 2.37 1.62 4.13 2.70
2008
Alley 1.09 1.19 58.9 55.1 48.9 36.7 70.4 48.2           
Forest 1.04 1.17 60.8 55.8 56.4 42.4 88.6 55.1
Fallow 1.12 1.21 57,7 54.3 50.1 41.6 72.3 52.4
Cont.crop. 1.61 1.69 39.2 36.2 22.3 18.3 35.7 26.8
LSD (0.05) 0.09 0.13 2.72 2.53 1.92 1.71 5.42 2.91
BD = Bulk density, TP = Total Porosity, MC = Moisture content, WSA = Water – Stable aggregate.
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Table 5: Effect of earthworm activity on cumulative infiltration (ci) final infiltration (fi)  and time (ti)
sites ci (cm) fi (mm h-1) ti (min) 

------------------------------------------------ ------------------------------------------------- ---------------------------------------------------
EC  NI EC NI EC NI
-------------------- ---------------------- ---------------------- ---------------------- --------------------- -----------------------
a b a b a b a b a b a b

Alley 290 320 200 290 701 870 737 906 58 62 87 82
Forest 350 510 160 130 1778 1830 614 661 33 46 93 116
Fallow 270 390 140 110 958 1140 569 592 48 55 103 121
Cont. crop. 110 85 70 67 416 370 411 406 99 130 149 154
LSD (0.05) 14.9 19.2 12.8 10.8 26.8 33.8 21.9 18.5 7.5 9.6 15.1 17.2

Table 6: Soil chemical properties of the earthworm casts   and non-ingested soils in the different land use systems.
Sites pH OrgC OM Total N C/N Avl.P

---------------------- --------------------- ---------------------- -------------------- -------------------- -----------------------
(H20) % % g kg -1 % mg kg-1

---------------------- --------------------- ---------------------- -------------------- --------------------- -----------------------
EC NI EC NI EC NI EC NI EC NI EC NI

2007
Alley 5.7 5.4 1.32 1.25 2.28 2.16 0.36 0.19 3.67 6.58 18.71 13.66
Forest 4.8 4.3 1.48 1.36 2.55 2.35 0.15 0.10 9.87 13.80 11.28 8.45
Fallow 5.5 4.1 1.67 1.48 2.88 2.55 0.18 0.15 9.28 9.87 13.21 10.22
Cont.crop. 4.5 4.2 0.92 0.74 1.59 1.28 0.08 0.04 11.50 18.51 8.76 6.39
LSD (0.05) NS NS 0.07 0.04 0.28 0.21 0.06 0.01 1.41 1.75 1.98 1.81
2008
Alley 5.8 5.4 1.45 1.37 2.47 2.36 0.58 0.23 2.50 5.96 23.62 16.91 
Forest 4.7 4.2 1.57 1.52 2.71 2.62 0.21 0.14 7.48 10.86 13.29 9.24 
Fallow 5.6 4.7 1.77 1.49 3.05 2.57 0.25 0.19 9.32 7.84 17.44 10.05
Cont.crop. 4.3 4.2 0.76 0.58 1.31 0.99 0.05 0.04 15.20 14.50 5.69 3.53
LSD (0.05) NS NS 0.09 0.06 0.31 0.27 0.07 0.04 1.51 1.81 2.04 1.99 

Table 7: Exchangeable K, Mg, Ca and total acidity of earthworm casts and non- ingested soils. 
Sites K Mg Ca (Al3+ +H+) CEC

------------------------- ---------------------------- ------------------------ ------------------------- ---------------------------
cmolkg-1

------------------------- ---------------------------- ------------------------ -------------------------- ---------------------------
EC NI EC NI EC NI EC NI EC NI

2007
Alley 0.65 0.41 1.61 1.02 2.67 1.54 2.15 2.89 4.93 2.97
Forest 0.52 0.30 1.02 0.76 1.97 1.20 3.66 3.98 3.51 2.26
Fallow 0.59 0.40 1.43 0.95 2.11 1.39 2.97 3.01 4.13 2.74 
Cont. crop. 0.42 023 0.84 0.62 1.03 0.65 3.04 3.36 2.29 1.50
LSD (0.05) NS NS 0.05 0.02 0.24 0.14 0.41 0.53 0.87 0.65
2008
Alley 0.88 0.69 1.92 1.37 3.16 1.92 2.05 2.31 5.96 3.98
Forest 0.60 0.41 1.21 1.05 2.09 1.50 3.94 4.04 3.90 2.96     
Fallow 0.70 0.57 1.65 1.22 2.98 1.61 2.65 3.29 5.33 3.40 
Cont.crop. 0.34 0.18 0.63 0.56 1.34 0.75 3.28 3.84 2.31 1.49 
LSD (0.05) 0.04 0.01 0.06 0.04 0.96 0.23 0.67 0.71 1.04 0.82

ratios show that some of the pruning have been
transformed by the micro-organisms in the earthworm
gut. Available P followed similar trend like the total N
and soil organic matter. More P occurred  in the casts
than in the non-ingested soils. Available P was in the
order of alley cropping > fallow > forest > continuous
cropping for both casts and non-ingested soils. The
values obtained in the alley cropping system showed
significant different (p < 0.05) relative to the other land
use systems. Similarly, exchangeable K, Mg and Ca
followed the same trend (Table 7) in the cast relative
to the non-ingested soils. The exchangeable bases were
low in both the forest and continuous cropping soils.

This was responsible for the low pH observed in the
two land use systems. The low exchangeable bases in 
the forest could have been leached, while in the
continuous cropping, it could be due to either crop
absorption or leaching. More exchangeable acidity was
recorded in the forest (3.94 c mol kg-1). The non-
ingested soil had the highest exchangeable acidity (4.04
c mol kg-1). In the different land use systems, the
lowest exchangeable acidity occurred in the alley
cropping system. CEC was a reverse of the
exchangeable acidity in the land use system but
followed similar trend with the exchangeable bases,
total  N,  available  P  and  soil organic matter. The 
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highest CEC occurred in the earthworm cast from the
alley cropping system (4.93 c mol kg-1 in 2007 and
5.96 c mol kg-1 in 2008 ). These values were
significantly different (p < 0.05) relative to the CEC
values obtained in the casts from the forest and
continuous cropping. However, between the casts and
non-ingested soils, the CEC increased by 25% in the
casts of the alley cropping system over the same in the
non-ingested soils. Similarly it was 22% in the forest,
20% in the fallow and 21% in the continuous cropping
in 2007. In 2008, the difference was 20% in the alley
cropping system, 14% in the forest, 22% in the fallow
and 22% in the continuous cropping relative to the
non-ingested soils in the respective land use system.

Conclusion: This study disclosed the differences in the
activities of earthworms under different land use
systems. It demonstrated the extent and significance
earthworms could have on  soil properties, particularly
the positive effect in improving the soil water
movement and reduction of soil compatibility through
decrease in soil bulk density. Also the increase in
organic matter and soil nutrient content including
changes in soil pH indicates that fertility of tropical
soils could be regenerated through earthworm activities.
On the other hand the high amount of casts in the
forest and fallow soils shows that the population of
earthworm and its activity decreases with higher tillage
intensity as shown in the continuous cropping soils.
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