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ABSTRACT 
 

Invertebrate species are predominant in the food webs and among the ecosystem engineers 
associated with agriculture. They have a major influence on productivity and therefore play a key 
role in food security. The objective of the present study is to evaluate the ecological role of soil 
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macro invertebrate diversity for maintenance of soil fertility in Shashogo District, Hadiya zone, 
Southern Ethiopia. Both field and laboratory work were applied during investigation of the study. 
Invertebrate’s diversity was identified and   Soil samples were collected from different sites and 
evaluated for soil fertility status. The physico-chemical analysis; organic carbon content, total 
nitrogen, available phosphorous, available K, soil pH, soil texture, sodium etc… was analyzed. The 
main soil macro invertebrates identified were Termites ( order Isoptera), Beetles (order Coleoptera), 
Wasps (Hymenoptera), Millipedes (order diplopoid), Centipedes (chilopoda), Ants (Hymenoptera) 
and Earthworm (order Opisthopora). The average selected chemical properties of the soil were Soil 
PH (5.60), Total Nitrogen (0.23), and Organic carbon (2.44), Phosphorus (2.63), Calcium (22.73), 
Potassium (0.376) and Sodium (0.096).  There is significant association between soil macro 
invertebrate groups and selected soil physical and chemical properties. To conserve soil resources, 
it needs highest attention of policy makers as well as land use planners to concentrate their efforts 
on land management strategies based on land use system. 
 

 
Keywords: Soil; macro invertebrate; diversity; soil fertility. 
 

1. INTRODUCTION 
 

“Agriculture in many developing countries is 
leading the economics activities for many years 
and serves as back bone for livelihoods of 
people. This is also true in our country Ethiopia 
when more than 85%of total populations are 
depending on agriculture. The majority of 
population of Ethiopia consists of farmers and 
there where reside in rural areas and whole life 
are almost entirely depends on agriculture and 
agricultural products. Agriculture is the main stay 
of major proportion of human population of the 
country, even though it is threatened by human 
induced degradation and climate factors” [1]. 
 
“Ethiopia is reported to have the highest rates of 
soil nutrient depletion in sub-Saharan Africa, with 
soil erosion estimated to average 42 tons per 
hectare per year on cultivated land and past 
studies have shown that the frequency and 
spatial coverage of droughts have increased over 
the past few decades. In addition to this, the 
combined effects of deforestation, overgrazing, 
expansion of cropland and unsustainable use of 
natural resources has contributed to land 
degradation” [2]. 
 
“Integrated management of soil fertility and plant 
nutrients is an important prerequisite for boosting 
up crop production and sustaining higher yield 
over a period of time. Future strategies for 
increasing agricultural production will have to 
focus on using available natural resources more 
efficiently, effectively and sustainably than in the 
past” [3]. “Since there is no scope to increase the 
net cultivable land, intensive cropping through 
integrated soil fertility and nutrient management 
could be one of the important means to further 
increase of crop production in Bangladesh. This 

system helps farmers to make a decision 
regarding proper way of farm management which 
enhances high crop yields and improves the soil 
fertility in the long run” [4]. 
 
“Soil biodiversity has been widely studied since 
the soil itself is the base for farming” [5]. “The 
conservation of biodiversity is necessary to 
maintain the sustainable functioning of soil. Soil 
invertebrates are important components of 
tropical ecosystems. Soil invertebrates perform 
important functions related to the growth 
conditions of plants. For example, ecosystem 
engineers such as termites and earthworms 
increase soil porosity and average pore size by 
tunnelling through the soil. These invertebrates 
ingest considerable amounts of soil and dead 
plant material, thereby contributing to the mixing 
of organic matter and mineral soil. This improves 
aggregate stability and increases the surface of 
organic material so that it is more readily 
colonised and decomposed by soil bacteria and 
fungi” [6]. “Examples have shown that soil fauna 
enhance nitrogen mineralization markedly by up 
to 25%. Soil invertebrates are the dominant 
animal group in many terrestrial ecosystems and 
may have higher biomass on an area basis than 
above-ground her-bivorous insects or 
vertebrates” [6].  
 
In 1881, Darwin was one of the first scientists 
who noted that the topsoil consisted mostly of 
earthworm castings, thus highlighting the 
importance of earthworms in pedogenesis 
processes (soil organo-mineral complex). For 
example, the earthworm population builds 
galleries and ingests large quantities of organic 
and mineral matter, thus modifying the porosity 
and aggregation of the soil. This earthworm 
bioturbation may subsequently be reflected in 
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soil profiles [7], for example: soil profile 
disturbance, soil structure modification, and 
vertical and horizontal redistribution of soil and 
organic matter (OM). “This redistribution of OM 
depends on the earthworm ecological groups. 
Endogeic earthworms keep moving inside the 
soil to feed on soil organic matter (SOM) while 
anecic ones feed on plant litter and organic 
residues at the soil surface and tend to stay in 
the same burrow” [6]. “Epigeic species, which 
consume considerable amounts of raw OM have 
a broad range of enzymatic capacities, probably 
mainly originating from ingested microflora” [8]. 
As discussed by Lavelle et al. [6], the soil 
biogenic structure (mixture of casts, burrows, 
OM, etc.) created by earthworms is commonly 
termed the “drilosphere” [9]. There is limited 
information in Ethiopia towards soil biodiversity 
for soil fertility and integrated soil management 
for improved crop production. Therefore, the 
present study fulfill gap by studying ecological 
role of soil macro invertebrate diversity for 
maintenance of soil fertility in Shashogo District, 
Hadiya zone, Southern Ethiopia. 
 

2. METHODOLOGY 
 

2.1 Description of the Study Area 
 
The study was conducted in Hadiya Zone, 
Shashogo District, which is 224 km far from the 
capital of Addis,117 km from Hawassa capital of 
Southern Nations, Nationalities and Peoples 
Region (SNNPR), 52 km from zonal capital 
Hossana at an elevation ranging from 1800 to 
2000 m above sea level. “The district contains 36 
kebeles (smallest administrative unit in Ethiopia) 
(34 rural and two urban) within an area of 32,310 
km

2
and it has a total population of 12, 7281,. 

Shashogo district has predominantlydry kola (hot 
low land) agro-ecology. The rainfall has a 
bimodal nature in which the months from March 
to May and June to September are marked by 
relatively higher rainfall records; while months 
from November to February are dry. The long 
rainy season in the area is between June and 
September, during which crop cultivation takes 
place in the area. The total annual rainfall 
reaches 1005.1 mm. The mean maximum 
temperature is 21.6 °C, occurred during 
February; while the mean minimum temperature 
is 18.5 °C occurred during July. Water bodies 
such as streams and rivers commonly exist in the 
area. There is also a lake which surrounds two of 
the kebeles” [10]. 
 

2.2 Study Site 
 
The experiments were carried out in three sites: 
site 1(farm land), site 2 (grass land) and site 3 
(Woody land).  

 
2.3 Soil Sampling and Sample 

Preparation 
 
Soil parameters were measured in each 
sampling plot. Soil was sampled from 0-20cm 
depth, sieved (2mm mesh size) and air-dried. 
Then samples were analyzed for different soil 
parameters in Araka Agricultural Research 
center. The soil physical parameters like soil 
texture and the soil chemical parameters like soil 
PH, organic carbon, total nitrogen, available 
phosphorus, available potassium, available 
calcium and sodium were analyzed (Table 1). 
 

2.4 Soil pH 
 
Soil pH was measured using a pH meter at the 
ratio of 1:2.5 soils: water as described by Mclean 
[11]. 

 
2.5 Total Nitrogen  
 
Total nitrogen was determined by micro-Kjeldahl 
digestion-distillation method as described by 
Bremner and Mulvaney [12]. “One g of soil 
digested with concentrated H2SO4 in presence 
of mixed catalyst (K2SO4, CuSO4 and selenium 
powder mixed in the ratio of 10:10:1 by weight). 
The digest was distilled in the presence of 40% 
NaOH. The ammonia liberated were collected in 
4% boric acid (with mixed indicator) and then 
titrated with standard H2SO4. The titre was used 
to calculate the total N of the soil sample” [12]. 
 

2.6 Phosphorus  
 
“Available P was extracted by the Bray-1 
procedure” [13]. “The extracting solution 
containing NH4F 0.025 HCl was used. A sample 
of 3 g air-dried soil were placed in a plastic 
bottle, with 25 ml of the extracting solution 
added, shaken for one minute and filtered. Five 
ml of the filtrate were pipetted and placed in 50 
cm3 volumetric flask with 20 ml distilled water. 
The P was determined in the filtrates by 
spectrophotometry at 884 nm following colour 
development by the molybdenum blue method” 
[14].
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Table 1. Parameters and methods adopted for the laboratory analysis 
 

Physical parameters Methods  
Soil texture Hydrometer  

Chemical Soil pH By PH meter. 
Organic carbon Wakley and Black method 
Total N micro- Kjeldahl digestion-distillation method 
Available P2O5 Bray-1 procedure  
Available K2O Ammonium acetate  
Available Ca EDTA Titration  

 

2.7 Organic Carbon  
 

The organic carbon was determined using 
Wakley and Black method [15]. “To a 1g soil 
sample, 10 ml of 1M K2Cr2O7 and 20 ml of 
concentrated H2SO4 were added to oxidize 
organic carbon. The amount of dichromate 
reduced was used to estimate the organic carbon 
content of the soil” [15]. 
 

2.8 Soil Invertebrate Sampling: Pilot 
Sampling  

 

Invertebrate community samples were collected 
from three different sampling sites (forest land, 
grass land, crop cultivated land). The sampling 
site were 50 cmx50cm plots for each sampling 
site and soil to a depth of 20 cm dug out using a 
metal frame as a guide. The soil were placed 
onto a plastic sheet and hand sorted for macro 
invertebrates [16]. The sample were in duplicate 
for each sampling site. 
 

2.9 Species Diversity 
 

The following formula was used to calculate 
Shannon diversity index as followed by Magurran 
[17], and Jarvis and Crook [18]. 
 

H′ = −Σpi * ln(pi)………………………….…… (1) 
 
Where 
H’ is Shannon-winner index, pi is estimated as 
ni/N, where ni is the proportion of the total 
population of the i

th
 species and 

N= -Σni. This use proportions rather than 
absolute abundance values to reduce the effects 
of order of magnitude deference in invertebrate 
numbers between species. This index provides a 
measure of `evenness' in the proportion of each 
species occurring within squares. 

 
J′ =H′/ln(S)…………………………..………… (2) 

 
Where 
J’ is Evenness index, H’ is Shannon winner index 
and used the formula one and S is species 
richness. 

 
Relative abundance (RA) (%) = n/N × 100, 
where n is the number of individuals of particular 
species recorded and N is the total number of 
individuals of the species [19]. 

 
2.10 Macro Invertebrate Identification 
 
Sampled invertebrates were washed twice in 
clean tap water and afterwards narcotised in 20 
% ethanol. Invertebrates were preserved in 
ethanol, clearly marked with labels and 
transported to the Wachemo University biology 
laboratory for further identification. 

 
2.11 Data Analysis 
 
Data was analyzed   by SPSS software version 
20 for windows.  The analyzed data were 
presented in the form of tables, graphs, text and 
etc. 
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Image 1. Field experiment 
 

4. RESULTS AND DISCUSSION 
 

4.1 Macro-invertebrate Community 
Composition 

 
Different macro invertebrate were identified             
from different sampling sites. The main            
macro invertebrates identified were Termites 
(order Isoptera), Beetles (order Coleoptera), 
Wasps (Hymenoptera), Millipedes (order 
diplopoid), Centipedes (chilopoda), Ants 

(Hymenoptera) and Earthworm (order 
Opisthopora) (Table 1). 
 

4.2 Relative Abundance of Soil 
Microfauna 

 

The relative abundance Soil macro inveretebrate 
from different land use sytem were identified. 
The most abundant taxa identified were Termites 
(order Isoptera), Beetles (order Coleoptera, 
Earthworm (order Opisthopora) and Ants 
(Hymenoptera) (Fig. 1). 

 
Table 2. Invertebrate macrofauna observed across different land use systems 

 

No Taxa Land use system 

Grass land Woody land Farm land 

1 Termites ( orderIsoptera) + + + 
2 Beetles (order Coleoptera) + + + 
3 Earthworm (order Opisthopora) + + + 
4 Millipedes (order diplopoid) + + + 
5 Centipedes (chilopoda) + + _ 
6 Ants (Hymenoptera) + + _ 
7 Wasps (Hymenoptera) + + _ 

 

 
 

Fig. 1. Relative abundance of soil macro invertebrates from different land use system 
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Table 3. Soil physical characteristics from different land use system 
 

No  No parameters Land use 

Grass Land 
(Average) 

Farm Land 
(Average) 

Woody Land 
(Average) 

1 Sand (%) 45.33 60.11 29.72 
2 Silt (%) 32.22 21.89 37.67 
3 Clay (%) 22.44 19 33.61 

 
Table 4. Soil chemical characteristics from different land use system 

 

No  parameters Grass Land  Farm Land  Woody Land  

1 Soil PH 5.7 5.21 5.91 
2 Total Nitrogen (%) 0.25 0.17 0.28 
3 Organic carbon (%) 2.65 1.67 3.16 
4 Phosphorus (g/Kg) 2.75 1.6 3.55 
5 Calcium (g/Kg) 24.56 17.2 26.43 
6 Sodium (g/Kg)   0.06 0.07 0.16 
7 Potassium (K) 0.43 0.3 0.4 

 

4.3 Soil Physical Characteristics from 
Different Land Use System 

 
The soil texture was examined from different land 
use system (grass land, farm land and woody 
land) presented in (Table 3). 
 

4.4 The Soil Chemical Parameters from 
Different Land Use System 

 
The soil chemical parameters were examined 
from different land use system (grass land, farm 
land and woody land) presented in (Table 4). 
 
“Organic materials in and on the soil are broken 
down and transformed –mainly by soil 
organisms– into nutrient elements, which are, in 
turn taken up by plants and micro-organisms. 
The macro-fauna densities recorded in this study 
is within the range of what has been observed in 
different studies”  [20,21]. “Individuals belonging 
to Termites order Isoptera, Earthworm (order 
Opisthopora), Beetles (order Coleoptera) and 
Ants (Hymenoptera) dominated these regions 
with high localized populations being observed. 
Our results are in accordance with previous 
studies which have documented the dominances 
of ants, termites and beetles larvae in Savannah 
regions” [22]. “Recent studies in other parts in 
Kenya have also documented high densities of 
Hymenoptera and Isoptera” [20]. 

 
Our study shows that soil macro-fauna were 
sensitive to land use and management. 
Forestland systems had higher abundance and 
diversity than any other type of land use. Our 

results are in support of other studies that have 
shown that land use can exert a strong influence 
on the overall abundance, diversity and 
community composition of soil macro-fauna [23]. 
as well as soil physical, chemical and biological 
properties and processes [24]. 
 

“Extremely low densities and species numbers 
were observed in farm land soil. Similarly, 
agriculture negatively altered macro-fauna 
communities by declining individual. Agriculture 
has previously been shown to negatively affect 
macro-fauna communities” [20]. “This loss of 
biodiversity can result in reduction in ecosystem 
services such as pest control, nutrient cycling 
and maintenance of soil structure. These 
changes are associated with destruction of 
nesting habitats, modification of soil micro-
climate within cultivated soils, removal of 
substrate, low diversity and availability of food as 
well as physical destructions of macro-fauna 
individuals with management practices such as 
use of agrochemicals. In addition, annual 
cropping systems decrease the diversity and 
abundance of soil fauna communities due to soil 
disturbance and the absence of a permanent soil 
cover” [23]. 
 

Soil physical properties were significantly 
influenced by different land use types. The mean 
values of soil texture of three land uses (woody, 
grass land and cultivated land) was different. 
Cultivated land had significantly high sand 
proportion and low silt and clay fraction (Table3). 
In contrast, woody and grass lands had lowest 
mean value of sand fraction and high silt and 
clay fraction. This might be due to soil texture 
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which is not easily changed as a result of 
conservation difference within short period of 

time. Jamala and Oke [25] also reported that “soil 

texture is intrinsic soil property, but intensive 
cultivation could contribute to the variations in 
particle size distribution at the surface horizon of 
cultivated and natural fallow land”. 
 
Soil pH value was significantly affected by land 
uses. Lowest mean pH value was observed in 
the farm land while the highest pH value was 
recorded in the woody and grass land (Table 4). 
The reason for lowest pH value in the cultivated 
land might be attributed to the excessive removal 
of basic cations. The results are in lined with 
Selassie et al. [26] who observed that “washing 
away of solutes and basic cations lowers pH 
value in the Zikre watershed North West 
Ethiopia”. The result agree with [27] who stated 
that, “H

+
 released by nitrification of NH4+from 

chemical fertilizer lowers the pH value of 
cultivated land as compared with non-cultivated 
land”. 
 
The result confirmed that “available Phosphors 
were significantly affected by land use types. 
farm land had significantly lower available 
phosphors. This could happen due to high 
erosion, low organic and inorganic fertilizer 
application and crop residue removal in the 
cultivated land as compared with other land use 
types” [28]. The average available phosphors of 
woodyland>grass land>farm land (Table 4).  
 
Organic carbon and total nitrogen also showed 
variation due to land uses and conservation 
difference. The average means value of organic 
carbon and total nitrogen of farm land<grass 
land>woody land. This could be due to soil 
erosion processes and different anthropogenic 
activities like land fragmentation and grazing 
intensity which is very high in the farm land [29]. 
also observed low soil organic matter in the farm 
land.  
 

5. CONCLUSION 
  
The present study demonstrates that quantitative 
changes in diversity and density of soil macro 
invertebrate communities were various for 
different land use systems. These changes in soil 
macro fauna were associated with different land 
management practices such as use of land for 
agriculture, for grass and plant cultivation (forest 
land). Such land use systems would have a 
favorable effect on the development of an 
abundant and diverse soil and macro-fauna, 

which in turn may assist in the conservation of 
soil fertility and productivity.The significant 
association between soil macro invertebrate 
groups with selected soil physical and chemical 
properties shows that, soil physical and chemical 
characteristics influenced by diversity and 
abundance  of  soil macro invertebrates. 
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