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ABSTRACT 
 

Earthworms which inhabit soils and litter layers in agro-ecosystems play significant roles that 
regulate soil ecosystem services supporting agriculture. Through their feeding, burrowing and 
casting activities, earthworms redistribute organic material within the soil, increases soil 
penetrability, and influence soil organic matter decomposition and nutrient cycling. These activities 
modify plant root distribution, increase soil microbial activity and influence the supply of plant 
nutrients. Because earthworms respond quickly to land use changes, farm management practices 
affect their diversity, abundance and biomasses. While cultivation and use of acidic fertilizers and 
chemicals reduce earthworm numbers, management practices that enhance the supply of 
earthworm food such as fertilization and manure application increase their numbers. This article 
reviews the beneficial earthworm facilitated biotic interactions that enhance nutrient use efficiency 
in agro-ecosystems. First, earthworm identification, distribution, and ecology together with factors 
that determine their populations in agro-ecosystems are discussed. It shows that agricultural 
practices affect earthworms directly and that farm management can be manipulated to encourage 
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practices that favour earthworms. Secondly, beneficial biotic initiated ecosystem services resulting 
from earthworm activities are presented highlighting the significant roles they play in influencing soil 
processes. Finally, the review ends with recommendations for future research. Overall, this review 
shows that earthworms are an important resource to be managed for nutrient use efficiency in 
agro-ecosystems. It also demonstrates the need for further research that links the physical, 
chemical and biological effects of earthworm activities to plant nutrient supply. It is necessary to 
develop suitable farm management practices that optimise these beneficial roles.  
 

 
Keywords: Earthworms; biotic mediated ecosystem services; farming efficiency; agro-ecology; 

sustainable agriculture; agro-ecosystems. 
 
1. INTRODUCTION 
 
Protection of the soil habitat is the first step 
towards sustainable management that determine 
its long-term quality and productivity. However, 
very little is known about the organisms that live 
in the soil and their roles in the functioning of the 
soil ecosystem. The role of earthworms in soil 
fertility is known since 1881, when Darwin 
(1809–1882) published his scientific book entitled 
“The formation of vegetable mould through the 
action of worms with observations on their 
habits’’. Since then, several studies have been 
undertaken to highlight the contribution of soil 
organisms in ecosystem functioning [1]. 
Earthworms are a major component of the soil 
fauna community in most natural ecosystems 
and comprise a large proportion of the 
macrofaunal biomass [2]. In cultivated soils, 
where organic matter is frequently related to 
fertility and productivity, the invertebrate 
community especially earthworms play an 
important role in soil organic matter dynamics by 
regulating the mineralization and humification 
processes [3,4].  
 
Earthworms are divided into three ecological 
categories based on their colour; body size and 
shape; location within the soil habitat; burrowing 
ability and food preference [5,6, Table 1]. The 
anecic species that build permanent vertical 
burrows into the deep mineral layers of soil; the 
endogeic species that build extensive horizontal 
but non-permanent burrows in the upper mineral 
layer of soil and the epigeic species that live on 
the soil surface where they ingest litter and 
humus [7,8]. In the majority of habitats and 
ecosystems, it is usually a combination of these 
ecological categories which together or 
individually are responsible for maintaining the 
fertility of soils [9]. 
 
 
 

The ecosystem services of earthworms include: 
soil formation, nutrient cycling, crop production, 
carbon sequestration, detoxification, protection of 
plants against pests, water infiltration and 
storage [10-14]. Earthworms traditionally have 
been considered convenient indicators of land 
use and soil fertility. Their relatively large size, 
ranging from 1 to 80 cm or longer, slow 
displacement in soil and re-colonization make 
them easy to capture and sort. These features 
render them attractive as bioindicators [15]. 
Agricultural management practices such as 
tillage, crop rotation, stubble retention, drainage, 
irrigation, lime, fertilizer and slurry application, 
pesticide use and stocking rate can influence 
Oligochaeta communities [6,16,17]. 
 

In agriculture, the beneficial effects of 
earthworms could help to overcome major issues 
like compaction by alleviating soil structure 
degradation. When organic amendments are 
applied, earthworms could boost organic matter 
mineralization thereby improving nutrient 
availability. Moreover, nutrient release due to 
earthworm activity is temporally and spatially 
synchronized with plant activity [18]. Indeed, 
through the creation of earthworm casts enriched 
in mineral nutrients, they could contribute to 
enhanced nutrient use efficiency and decrease 
the risks of nutrient leaching. Integrating 
earthworm activities with the functioning of above 
ground systems will increase the farming 
efficiency of agro-ecosystems for continued 
human well-being [19,12]. This review discusses 
at first the identification, ecology and farm 
management impact on earthworm communities. 
It then discusses the ecosystem services 
provided by earthworms in agro-ecosystems that 
enhance agricultural sustainability and 
productivity. These discussions are based on 
examples rather than an exhaustive review of 
literature. 
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Table 1. General behavioural and morphological characteristics of earthworm functional 
groups 

 
Characteristic Epigeic earthworms Endogeic earthworms Anecic earthworms 
Habitat Surface dwellers Upper organic rich soils Deep burrowing 
Main food source Plant litter and humus 

material at surface 
Organic mineral soil Plant litter at surface and 

soil 
Burrow formation Remain active in the 

surface  
Horizontal burrows  Vertical burrows 

Microbial communities in 
burrows 

Not applicable Evidence of relationships 
available 

Positive relationships 

Cocoon production Highest Moderate  Low  
Life cycle Short Moderate  Long  
Body length at maturity ≥ 100 mm 50 – 100  mm ≤ 150 mm 
pigmentation Highly pigmented  Un-pigmented Anterodorsal 

pigmentation 
Main activities Facilitate litter 

comminution and the 
breakdown of organic 
material at the surface 

key role in soil aggregate 
formation 

influence decomposition 
and nutrient cycling by 
incorporating surface 
litter into the soil profile 

Examples Dendrobaena octeadra 
(Savigny, 1826) and 
Lumbricus rubellus 
(Hoffmeister, 1843). 

Aporrectodea calignosa 
(Savigny, 1826), and 
Octolasion cyaneum 
(Savigny, 1826). 

Lumbricus terrestris 
(Linnaeus, 1758) and 
Aporrectodea longa 
(Ude, 1885). 

 
2. EARTHWORM IDENTIFICATION, 

DISTRIBUTION AND ECOLOGY 
 
About 3000 species of earthworms are found 
worldwide. Major families are found particularly in 
specific continents. Adult earthworms are 
identified based mainly on the clitella position, 
shape, setae and internal organs. Different 
countries have manuals for earthworm 
identification (e.g. [20] for France, [21] for Italy, 
[22], for United Kingdom, [23] for New Zealand 
and [24] for India). Earthworms vary greatly in 
length [viz., Microscolex phosphoreus (Duges, 
1837) and Dendrobaena octaedra (Savigny, 
1826) are around 20 mm long, while Drawida 
grandis (Bourne, 1894) may be one meter in 
length and Megascolides australis (McCoy, 
1878) can grow up to three meters. Asiatic 
species from Mekong depositions can be several 
meters long [25]]. 
 
The most effective field techniques for earthworm 
collection and enumeration are hand sorting, 
heat extraction with kempson apparatus and wet 
sieving of soil [26,27]. Another method is the use 
of chemical extractions such as formalin or 
mustard oil [28]. This method is efficient for 
sampling anecic species with burrows opening 
directly to the surface. It is not suitable for 
collecting endogeics species that don’t surface 
easily or epigeic species that can move laterally 
away from the sampling area in response to the 

chemical [29,30]. Finally, electrical extraction 
which requires specialised equipment [31] with 
the advantage of causing minimal disturbance to 
the soil [32] can be used.  
 
Earthworms inhabit diverse niches. Majority of 
earthworm species live in the soil, except some 
species like Pontodrilus burmudensis (Beddard, 
1891) which lives in estuarine water. Besides, 
they are also found in organic materials like 
manures, litter, compost, hydrophilic 
environments near fresh and brackish water and 
also in snowy patches. Most earthworms are 
omnivorous; although some species such as 
Agastrodrilus genus from the Ivory Coast of 
Africa (e.g. Agastrodrilus multivesiculatus 
(Omodeo and Vaillaud, 1967) has been reported 
to feed upon other earthworms of the family 
Eudrilidae [33].  
 
3. AGRO-ECOSYSTEMS AND MANAGE-

MENT OF EARTHWORM ACTIVITIES  
 
Agricultural intensification leads to the loss of 
biological diversity and the associated natural 
services they provide [34]. This results in 
ecosystems that require addition of external 
inputs for their maintenance. Example is the 
alteration of the decomposition process as a 
result of plant harvesting leading to the 
maintenance of soil fertility not through nutrient 
cycling but fertilizer application [35]. The 
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challenge is to develop ways of increasing farm 
productivity that benefit farmers while conserving 
and regenerating the natural resource base                
[36]. Earthworm activities influence soil-based 
processes which promote soil ecosystem 
services, nutrient use efficiency and agricultural 
productivity [7,37-39]. Therefore, incorporating 
these activities into agro-ecosystem 
management can provide key ecological 
strategies for their sustainability and nutrient use 
efficiency. For this to be realised, it is necessary 
to understand the structural modifications in 
earthworm communities arising from agricultural 
practices.  
 
Earthworm abundance is determined by food 
supply, therefore, agricultural practices which 
affect the nature and type of organic material 
returned into soil, determine their density and 
biomasses [16,40-42, Table 2]. Similarly, 
landscape transformations may lead to changes 
in earthworm distribution and abundance [43-45]. 
Their optimum existence and survival depends 
on adequate soil moisture, temperature, texture, 
pH, electrolyte concentration, and sufficient                
food sources [46-48]. Creating conducive 
environments at landscape and plot level can 
enhance them and the ecosystem services they 
provide. Highlighted below are some of the 
activities that affect earthworms in agro-
ecosystems. 
 
3.1 Tillage 
 
Unlike reduced or no tillage systems that provide 
stable environments, the physical disturbance 
associated with tillage disrupts the soil habitat 
[49,50], thereby reducing soil organisms 
including earthworms. Predation by ravens, sea 
gulls and other vertebrates during and after 
tillage may worsen these population decline [51]. 
Conversely, crop residue left on the soil surface 
of non-tilled fields reduce runoff, increases soil 
organic matter content, improves aggregate 
stability, provide earthworms with food and 
insulate them from desiccation and predation 
[44,52,53]. Fields under no-tillage exhibit higher 
earthworm numbers than tilled fields (Table 3). 
Tillage physically destroys earthworm burrows, 
cocoons, and the earthworms themselves. The 
large burrowing species such as Lumbricus 
terrestris (Linnaeus, 1758), Aporrectodea longa 
(Ude, 1885), Octodrilus spp. and the surface 
dwellers are the most affected. Nevertheless, 
restricting tillage to the uppermost part of the soil 
can preserve earthworm populations [54]. The 

effects of drastic reduction of numbers is felt after 
repeated tillage events (Table 3). 
 

3.2 Fertilization and Organic Inputs 
 
Application of organic material such as animal 
manure and sewage wastes onto soils increases 
earthworm abundance and activity [5,16,55,56]. 
Nonetheless, applying high quantities of liquid 
manure such as pig slurry negatively affect 
earthworm densities in both grassland and 
cultivated soils [55,57]. Mulching supports a 
higher population of earthworms by providing 
nutrients and a conducive micro climate [58]. 
This affects mostly the surface feeding 
earthworms. For example [59] demonstrated that 
in the absence of mulch, soil froze much faster 
and increased earthworm mortality because of 
their inability to adjust to the decreasing 
temperatures. 
 
The use of inorganic fertilizers lead to disruptions 
of normal soil functioning because they change 
the energy, nutrient cycling and storage in soils 
[60]. With an increase in nutrient availability, 
earthworm numbers and biomass too increase 
[61,62]. This increase is attributed to enhanced 
organic residues resulting from increased plant 
biomass production [63,64]. For example, 
earthworm numbers reported in meadows 
receiving inorganic fertilizer were almost twice as 
those in unfertilized meadows on a Georgia 
piedmont [65]. Nevertheless, very high 
fertilization impacts negatively on earthworms 
[63,66], especially when soils become acidic    
[40].  
 
3.3 Direct Inoculation 
 
Earthworm populations can be increased by 
direct introduction of live worms or cocoons to 
maintain their populations and to benefit soil 
productivity. Here, care must be taken to ensure 
their establishment after the inoculation e.g. from 
limited food availability, emigration or competition 
from other soil organisms. Earthworm 
dissemination has been implemented in order to 
improve productivity in New Zealand and 
Australia [67], and in reclaiming polders in the 
Netherlands [68]. In fact earthworms can be 
introduced into new ecosystems. Prior to these 
introductions, their effects to natural ecosystems 
should be established because introduced 
earthworms can have deleterious effects on 
indigenous ecosystems [69,70]. For example, the 
introduction of an anecic species into Australia, 
from France, has been highly criticized [71] while 
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earthworm invasion has resulted in the reduction 
of the thickness, heterogeneity and organic 
matter content of in forest soils [72,73]. 
 
3.4 Chemicals e.g. Pesticides and 

Herbicides 
 
Chemicals are harmful to earthworms when 
applied either directly to the soil or indirectly from 
treated plants [74,75]. Herbicides have a less 

direct impact on earthworms [64] although some 
can be highly toxic [76] resulting in a negative 
impact on earthworms due to reduced vegetation 
cover. Fungicides such as copper and zinc 
residues from copper sulphate and carbamates, 
organophosphates and many fumigants and 
contact nematicides are highly toxic to 
earthworms [74,75,77]. Earthworms are however 
not impacted by natural and synthetic pyrethroids 
[74,78].  

 
Table 2. Agricultural management practices that influence earthworm densities and biomasses 
 
Remarks  References 
Greater numbers found in organic farms than in conventional farms. [79, 80, 81]. 
Greater numbers found in no-till fields. [82, 83]. 
Alley cropping increases field earthworms numbers [84]. 
Vegetative field margins (windbreaks, shelter beds, or hedgerows), serve as refuges 
to maintain high earthworm numbers in nearby fields. 

[85, 86]. 

Cover crops, especially legume, or legume-grass rotations increase earthworm 
populations. 

[80]. 
 

Intercropping systems, especially legume-based intercrops increase earthworm 
populations. 

[87]. 

Compost, fertilizer and manure applications increase earthworm numbers. [15,16, 56, 88] 
Crop rotations restore earthworm numbers after production of root crops requiring 
deep cultivation. 

[88]. 

Higher earthworm numbers in irrigated fields.  [16, 17, 42, 89]. 
Higher earthworm numbers in mulched fields.  59 
Chemical applications to soil harm earthworms. [74, 75]. 
Direct introduction of life worms or cocoons increases earthworm populations.  [67, 68]. 
Grassland or pasture systems contain greater earthworm abundances than 
croplands. 

[90, 91]. 

Urbanization, intensive conventional agriculture and unsustainable forestry practices 
reduce earthworm diversity and abundance. 

[92, 93]. 

Higher abundances and biomass in fertilized pasture than unfertilized native 
pasture. 

[94]. 

Reduced worm numbers in high stocking densities. [95]. 
 

Table 3. Research findings on earthworm measurements following field tillage 
 
Remarks Reference 
Non-tilled soils have higher earthworm densities than tilled fields  [83]  
Ploughs that restrict tillage to the uppermost part of the soil preserve earthworm 
populations than mouldboard ploughs 

[54] 

Earthworms reduced by 70% after five years of soil tillage [64] 
Earthworms were 11-16% of the original grass field after 25 years of conventional 
tillage 

[64] 

When compared with tilled fields, there were 30 times more earthworms in no till 
fields  

[63] 

2400 earthworm casts m-2 in no till fields while there were only 100 casts m-2 under 
conventional tillage 

[96] 

967 earthworms m-2 in no till against 149 earthworms m-2 in conventionally tilled 
fields 

[97] 
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3.5 Heavy Metals 
 
Heavy metals enter the soil from different 
sources such as fertilizers, pesticides, organic 
and inorganic amendments, wastes and sludge 
residues. Once in the soil, they affect 
earthworms both in their abundance and species 
responses. For example [98] observed that 
treatment of orchards and vineyards with copper 
sulphate strongly affected earthworm density and 
biomass.  
 
3.6 Land Use Change 
  
Urbanization, intensive conventional agriculture 
and unsustainable forestry practices are 
examples of land use changes that can have 
effects on earthworm diversity and abundance. 
As the intensity of soil disturbance increases, the 
abundance of earthworms decreases [92]. For 
example, in slash and burn practices where trees 
are replaced with a monoculture, vegetation 
cover loss corresponds to a similar loss in soil 
fauna [93,99].  
 
3.7 Other Activities and Factors 
 
Changes that affect the soil habitat directly can 
consequently affect earthworm diversity and 
abundance. These include trampling [100], which 
compacts soil thereby altering its hydrology and 
biotic composition and invasive species that 
affect soil chemical and physical parameters and 
consequently the abundance and distribution of 
earthworms [101]. Other factors that disrupt                
soils and affect earthworms either directly or 
indirectly include: soil erosion, crop rotation, 
direct and indirect interactions with plants and 
soil physical and chemical properties 
[44,88,102,103].  
 

4. ECOSYSTEM SERVICES PROVIDED 
BY EARTHWORMS IN AGRO-
ECOSYSTEMS 

 
Soil-based processes are grouped into four 
categories: (i) decomposition of organic matter 
(ii) nutrient cycling (iii) maintenance of soil 
structure and (iv) suppression of soil-borne 
diseases and pests [104,105]. Maintaining and 
improving these soil processes is necessary for 
the sustainability of agro-ecosystems [106]. 
Through their actions on the physical, chemical 
and biological constituents of soil, earthworms 
play significant roles that drive these processes 
[107-109]. In agricultural systems, these 
processes play key roles in mediating soil 
ecosystem services that have positive effects on 

nutrient use efficiency and agricultural 
productivity. These ecosystem services are 
summarised in Table 4 and include: 
 
4.1 Nutrient Cycling 
 
When earthworms crush and grind litter, they 
activate soil microbial activities [110] and 
enhance the mineralisation and humification of 
soil organic substrates and organic matter 
incorporation into the soil [111-116]. Earthworms 
also produce substances such as root exudates, 
earthworm mucus and saliva [117] that have an 
effect on microbial selection [118].  
 
Earthworms play a role in soil carbon 
stabilization by creating soil aggregates that bind 
and contain carbon [39,114] which is made 
unavailable for further decomposition [119]. This 
conversion of carbon sources into stable and 
resistant forms that decompose less, slows down 
the release of CO2 into the atmosphere [119]. 
Further, the biogenic structures created by 
earthworms may act as incubators of microbial 
activities for carbon and nutrient sequestration 
[112]. Earthworms also take away the easily 
available carbon from microorganisms thereby 
increasing the effectiveness of nitrogen and 
phosphorus mobilisation [39,120]. 
 
In spite of these positive roles of earthworms in 
nutrient cycling, a reduction of the total carbon 
content in plots inoculated with the earthworm 
Pontoscolex corethrurus (Muller, 1856) has been 
observed [121,122]. Other studies have 
demonstrated an increase in phosphorus 
leaching and decrease in phosphorus availability 
[123,124] and reduced total carbon and nitrogen 
[17] on plots dominated by Lumbricus rubellus. 
This species lives and feeds at the soil surface 
[6] where it can potentially enhance litter 
decomposition and mineralization thereby 
accelerating nutrient losses. 
 
Another potentially detrimental effect of 
earthworm presence is their contribution to 
emissions of greenhouse gases. Earthworms 
have a capacity to fragment and mix soil organic 
matter, mineral particles and soil organisms 
[41,125]. This enhances the mineralization 
process that transforms organic compounds                   
into inorganic ones facilitating nutrient losses in 
the form of CO2 and N2O [126-130]. The 
earthworm gut also offer an ideal microclimate 
for N2O producing microorganisms by providing 
abundant substrate, anaerobic conditions, 
suitable pH and a high moisture content 
[131,132]. 
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Table 4. Potential influence of earthworms in regulating soil processes for ecosystem functioning 
 

Key soil process Earthworm activity Remark References 

Soil formation Burrowing, feeding  and 
casting 

Earthworms breakdown primary minerals and incorporate organic 
matter into the soil. 

[133,134]. 

Soil structure  Burrowing, feeding and 
casting 

The interaction of soil water, organic matter, and earthworm activities 
determine how soil particles and pore spaces are arranged. 
Earthworms remove dead material, loosens soil, provides an enriched 
layer of cast soil, and recycles organic wastes and nutrients. 

[37,135,136,137,138]. 

Soil porosity and 
Water regulation 

Burrowing  Macro pores created by earthworms can modify soil porosity and 
thereby affect water regulation. 

[139,140]. 

Erosion control Burrowing Increased infiltration rate associated with earthworm burrows 
decrease soil erosion and minimise surface runoff. 

[141,142]. 

Nutrient cycling Feeding, burrowing, 
casting, activation of 
microbial activity and 
enhanced mineralisation 
and humification of 
organic substrates 

Earthworms accelerate rates of organic matter breakdown and 
stabilisation, increase soluble nutrient content and shift the same into 
deeper soil layers; thus they contribute to nutrient turnover. 

[119,143,144,145]. 

Earthworms take away easily available carbon from microorganisms 
thereby increasing the effectiveness of nitrogen and phosphorus 
mobilisation. 

[120] 

 

Earthworms chemically alter microbial substrates during the 
decomposition process thereby enhancing microbial activity. 

[107,109]. 

Physically 
transforming the soil 
environment 

Burrowing When earthworms feed on the soil substrate, they: (i) transform it 
physically; (ii) maintain and improve its structural porosity, 
aggregation, drainage, aeration, water infiltration and retention; (iii) 
enhance root growth and penetration and; (iv) bring deeper soil to the 
surface. These activities are important in restoring degraded soils and 
ameliorating effects of soil compaction and improving soil structure 

[17,114,119,146,147,148,149,150, 
151,152]. 
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Table 4 continued.... 
 

Key soil process Earthworm activity Remark References 

Primary production Decomposition, 
burrowing, feeding and 
casting 

Earthworms have been related with significant increases in primary 
production. 

[38,67,153,154]. 

Facilitation Feeding, burrowing, 
decomposition and 
relationships with other 
soil fauna 

Earthworms: (i) transport soil microbes and other materials within the soil 
matrix; (ii) modify soil organic matter, microbial and invertebrate 
communities e.g. increase of beneficial mycorrhiza populations; (iii) are 
an important food source for other organisms; (iv) provide plant 
protection against pests and diseases (v) enhance plant succession (vi) 
produce exudates, mucus and saliva; activities that affect soil carbon and 
nitrogen dynamics, contribute towards a rich soil food-web and impact 
soil microbial selection in the soil. 

[37,117,118,129]. 

Carbon sequestration Decomposition, 
burrowing 

Earthworms conversion of carbon sources into stable and resistant forms 
that decompose less slow CO2 release into the atmosphere. The 
biogenic structures they create act as act as incubators of microbial 
activities for carbon and nutrient sequestration. 

[119,155,156]. 

Soil stability Casting Earthworms ingestion of large amounts of soil and organic residues 
create stable soil aggregates. 

[157]. 

Decomposition Burrowing, feeding, 
and interactions with 
soil microbes 

Earthworms break down and incorporate organic residues into the soil by 
fragmenting soil organic matter, stimulating microbial activity and 
transforming organic compounds into inorganic ones that are assimilated 
by plants. 

[113,114,115,116,158,159].  

Impact on soil 
parameters 

Feeding, burrowing 
and decomposition 

These earthworm activities lead to changes in soil chemistry, microflora, 
microarthropods and vegetation. 

[69,70,160]. 

Seed dispersal Feeding and burrowing Earthworms promote plant regeneration by ingesting viable seeds which 
they later deposit in their casts. 

[161,162]. 
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4.2 Plant Growth and Productivity 
 
Earthworm activities on plant production and 
their impact on soil seed banks and seedling 
recruitment [162] have a potential of increasing 
the sustainability of agro-ecosystems 
[6,153,163,164]. For example, by ingesting and 
depositing viable seeds in their casts within the 
soil profile or at the surface, earthworms promote 
plant regeneration [161]. Thus, they play a role in 
vertical seed movements; may alter the 
composition of the soil seed bank or constitute a 
regeneration niche for these plant species [165].  
 
4.3 Soil Formation and Physical 

Characteristics 
 
The physical transformation of soil by 
earthworms [166] through burrowing and casting 
activities maintain and improve its structural 
porosity [60,146] and aggregation [148,167]. 
These activities improve nutrient cycling and 
availability, soil drainage and aeration, water 
infiltration and retention, root penetration and soil 
formation [160,168,169,170,171]. Their effect on 
surface roughness decreases surface runoff but 
enhances water infiltration [172] while their pores 
allow soils to store much water [147]. These 
earthworm activities on soil water, air and root 
dynamics play important roles in regulating soil 
processes and nutrient cycling [173] that can 
modify microbial and soil invertebrate 
communities at different scales [174,170]. 
Despite these positive earthworm effects on soil 
structural properties, the endogeic earthworm 
Pontoscolex corethrurus, has been claimed to be 
responsible for soil compaction in potato cultures 
[175] maize fields [176], and in Amazonian 
pastures [177].  
 
5. EARTHWORMS AS SOIL QUALITY 

INDICATORS 
 
Earthworms are important soil organisms that      
are sensitive to ecosystem changes and 
rehabilitation [87,178,179,180]. Because of their 
large size (1 to 80 cm or larger [181]), limited 
movement, straight forward taxonomy and slow 
re-colonisation, they are easy to collect and 
measure. This makes them attractive as potential 
tools for ecosystem monitoring [6,52,64]. Simple 
evaluation of numbers or biomass can give 
useful and sufficient information aimed at 
detecting soil quality trends in time and space 
[182]. In fact a biological soil quality index (QBS-
e) based on earthworms, has been developed to 

compare environmental quality [183]. This is 
done by determining: (i) their abundance, 
biomass and species composition; (ii) their 
behaviour when in contact with the soil substrate; 
(iii) chemical accumulation in their bodies and (iv) 
their biochemical and cytological stress 
biomarkers in relation to land use. Earthworm 
casts and the amount produced can give an 
index of assessing earthworm activity while                    
the presence or absence of the sensitive   
species can serve as an indicator of 
environmental degradation or rehabilitation. 
Studies on the pressures on earthworms by 
human activities have shown that earthworms 
are best indicators of heavy metals, toxic 
pollutants, and anthropogenic changes in soil 
[162,184-190].  
 
6. RECOMMENDATION FOR FURTHER 

RESEARCH 
 
This review has shown that incorporating the 
functional roles of earthworms in agro-ecosystem 
management is key to sustainable agriculture.  
There is need for research that links earthworm 
activity, their ecological functions and ecosystem 
services they provide in agro-ecosystems. These 
research should emphasise on technological 
developments that optimise earthworm functional 
roles in agro-ecosystems more so those that 
connect earthworm activity and plant productivity. 
It should focus on the management and 
monitoring of earthworms and knowledge of 
these linkages to farm management initiatives 
and policies. The challenge is to develop tools 
that; (i) illuminate earthworm roles; (ii) integrate 
above ground and below ground systems; (iii) 
match farmers' goals, aspirations and 
constraints, and (iv) offer opportunities for 
application.   
 
Earthworm measurements offer valuable 
information to assess management effects. 
However, appropriate monitoring tools that link 
earthworm data to soil processes are missing. 
Experimental research is necessary to develop 
these tools, provide information on the 
monitoring and valuation of ecosystem services 
in agro-ecosystems and which groups could be 
nurtured to provide specific ecosystem services. 
These requires in-depth research to understand 
their functional roles in the assessment of 
nutrient dynamics relative to earthworm 
measurements. The technology should be 
applicable to farmlands for increased nutrient use 
efficiency. The direct and indirect effects on 
earthworm communities from agro-ecosystem 
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alterations due to climate change and land 
management practices should be established. 
 
New research should integrate new and existing 
methodological approaches that link earthworm 
roles with soil processes under field conditions 
and conceptualise the same under different 
scales. These cases call for the development of 
agro-ecological technologies which emphasize 
the conservation and regeneration of earthworm 
diversity that meet the contemporary 
socioeconomic and environmental challenges. 
 
7. CONCLUSION 
 
The linkages between earthworm activity and 
agricultural productivity are numerous, 
interrelated, and in many cases result in 
ecosystem service provision. With their peculiar 
habits of feeding, burrowing, casting, etc., 
earthworms provide opportunities that can be 
utilised to enhance nutrient use efficiency in 
agro-ecosystems. Thus, earthworms have a 
potential to contribute to the management of soil 
fertility for plant growth, enhanced farming 
efficiency and agricultural sustainability. For this 
to be realised, it is important to understand the 
roles they play in driving soil based processes, 
their biology and ecology. 
 
COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 
REFERENCES 
 
1. Wardle DA. Communities and ecosystems: 

Linking the aboveground and belowground 
components. Princeton University Press, 
Oxford, UK; 2002. 

2. Lavelle P, Chauvel A, Fragoso C. Faunal 
activity in acid soils, in Plant-Soil 
Interactions at Low pH: Principles and 
Management, Date RA, Ed. Kluwer 
Academic Publishers, Amsterdam, The 
Netherlands. 1995;201–211. 

3. Lavelle P, Martin A. Small-scale and large-
scale effects of endogeic earthworms on 
soil organic matter dynamics in soils of the 
humid tropics. Soil Biology and 
Biochemistry. 1992;24(12):1491–1498.  

4. Bouché BM. “Statégies lombriciennes,” in 
soil organisms as component of 
ecosystems, Lohm U, Persson T, Eds. 
Ecological Bulletin, Stockholm, Sweden. 
1997;122–132.  

5. Curry JP. Grassland invertebrates. 
Chapman & Hall, London. 1994;437. 

6. Lee KE. Earthworms: Their ecology and 
relationships with soils and land use. 
Academic Press, Sydney. 1985;411. 

7. Jones CG, Lawton JH, Shachak M. 
Organisms as ecosystem engineers. 
Oikos. 1994;69:373–386. 

8. McLean MA, Parkinson D. Impacts of the 
epigeic earthworm Dendrobaena octaedra 
on oribatid mite community diversity and 
microarthropod abundances in pine forest 
floor: A mesocosm study. Applied Soil 
Ecology. 1998;7(2):125–136. 

9. Bhadauria T, Ramakrishnan PS, 
Srivastava KN. Population dynamics of 
earthworms during crop rotation under 
rainfed agriculture in central Himalayas, 
India. Applied Soil Ecology. 1997;6(3): 
205–215.  

10. Wall DH. Sustaining biodiversity and 
ecosystem services in soils and 
sediments. Island Press. Washington, 
D.C., USA; 2004. 

11. Decaëns T, Jimenez JJ, Gioia C, Measey 
GJ, Lavelle P. The values of soil animals 
for conservation biology. European Journal 
of Soil Biology. 2006;42:S23–S38. 

12. Barrios E. Soil biota, ecosystem services 
and land productivity. Ecological 
Economics. 2007;64:269–285. 

13. Woodward FI, Bardgett RD, Raven JA, 
Hetherington AM. Biological approaches to 
global environment change mitigation and 
remediation. Current Biology. 2009;19: 
R615–R623. 

14. Dominati E, Patterson M, Mackay A. A 
framework for classifying and quantifying 
the natural capital and ecosystem services 
of soils. Ecological Economics. 2010;69: 
1858–1868. 

15. Paoletti MG. The role of earthworms for 
assessment of sustainability and as 
bioindicators. Agriculture, Ecosystems and 
Environment. 1999;74:137–155. 

16. Manono BO, Moller H. Effects of stock 
type, irrigation and effluent dispersal on 
earthworm species composition, densities 
and biomasses in New Zealand pastures. 
Pedobiologia. 2015;58(5):187-193.  

17. Manono BO, Moller H, Morgan R. Effects 
of irrigation, dairy effluent dispersal and 
stocking on soil properties of the Waimate 
District, New Zealand.  Geoderma 
Regional. 2016;7:59–66.     

18. Bertrand M,  Barot S, Blouin M, Whalen J, 
Oliveira T, Estrade JR. Earthworm 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
11 

 

services for cropping systems. A review. 
Agron. Sustain. Dev; 2014.  
DOI: 10.1007/s13593-014-0269-7 

19. Millennium Ecosystem Assessment. 
Ecosystems and human well being: 
Synthesis. Island Press. Washington D.C., 
USA; 2005. 

20. Bouché MB. Lombriciens de France. 
Ecologie et Systematique, Institut National 
de la Recherche Agronomique; 1972. 

21. Paoletti MG, Gradenigo C, Lombri Cd-
ROM. An easy identification key for Italian 
earthworms. Padova University, Lapis, 
Padova; 1996. 

22. Sims RW, Gerald BM. Earthworms: 
Synopsis of British fauna. Natural History 
Museum, London. 1985;31:1–171. 

23. Lee KE. A key for the identification of New 
Zealand earthworms Timaru, New 
Zealand: Timaru Herard Print; 1959. 

24. Julka JM. A new genus and species of 
earthworm (Octochaetidae: Oligochaeta) 
from South India. Geobioscience New 
Reports. 1983;2:48–50. 

25. Blakemore, RJ, Csuzdi C, Ito MT, Kaneko 
N, Paoletti MG, Spiridonov SE, Uchida T, 
Van Praagh BD. Megascolex 
(Promegascolex) mekongianus Cognetti, 
1922 – its extent, ecology and allocation to 
Amynthas (Clitellata/Oligochaeta: 
Megascolecidae). Opuscola Zoologica, 
Budapest. 2006;36:1–12.   

26. ISO. ISO 23611-1:2006 Soil quality - 
Sampling of soil invertebrates - Part 1: 
Hand-sorting and formalin extraction of 
earthworms. International Organisation of 
Standardisation, Geneva; 2006. 

27. Čoja T, Zehetner K, Bruckner A, Watzinger 
A, Meyer E. Efficacy and side effects of 
five sampling methods for soil earthworms 
(Annelida, Lumbricidae). Ecotoxicology 
and Environmental Safety. 2008;71(2): 
552–565. 

28. Pelosi C, Bertrand M. Capowiez Y, Boizard 
H, Roger-Estrade J. Earthworm collection 
from agricultural fields: Comparisons of 
selected expellants in presence/absence 
of hand-sorting. European Journal of Soil 
Biology. 2009;45(2):176–183. 

29. Chan KY, Munro K. Evaluating mustard 
extracts for earthworm sampling. 
Pedobiologia. 2001;45(3):272–278. 

30. Bartlett MD, Harris JA, James IT, Ritz K. 
Inefficiency of mustard extraction 
technique for assessing size and structure 
of earthworm communities in UK pasture. 

Soil Biology and Biochemistry. 2006;38(9): 
2990–2992. 

31. Weyers SL, Schomberg HH, Hendrix PF, 
Spokas KA, Endale DM. Construction of an 
electrical device for sampling earthworm 
populations in the field. Applied 
Engineering in Agriculture. 2008;24(3):391-
397. 

32. Schmidt O. Appraisal of the electrical octet 
method for estimating earthworm 
populations in arable land. Annals of 
Applied Biology. 2001;138(2):231–241. 

33. Lavelle P. Agastrodrilus omodeo 
(Vaillaud), a genus of carnivorous 
earthworm from the Ivory coast. In: 
Satchell JE, Ed. Earthworm Ecology from 
Darwin to Vermiculture, Chapman and 
Hall, New York and London. 1983;425-
429. 

34. Moller H, Macleod CJ, Haggerty J, Rosin 
C, Blackwell G, Perley C, et al. 
Intensification of New Zealand agriculture: 
Implications for biodiversity. New Zealand 
Journal of Agricultural Research. 2008; 
51(3):253–263. 

35. Cox GW, Atkins MD. Agricultural ecology. 
Freeman, San Francisco, CA. 1979;721. 

36. Altieri MA. Agroecology: The science of 
sustainable agriculture. Westview Press, 
Boulder, CO. 1995;433. 

37. Jouquet P, Daube R, Lagerlof J, Lavelle P, 
Lepage M. Soil invertebrates as ecosystem 
engineers: Intended and accidental effects 
on soil and feedback loops. Applied Soil 
Ecology. 2006;131:153–164. 

38. Eisenhauer N, Scheu S. Earthworms as 
drivers of the competition between grasses 
and legumes. Soil Biology and 
Biochemistry. 2008;40(10):2650–2659. 

39. Bhadauria T, Saxena KG. Role of 
earthworms in soil fertility maintainance 
through the production of biogenic 
structures. Applied and Environmental Soil 
Science; 2010. Article ID: 816073. 

40. Curry JP. Factors affecting the abundance 
of earthworms in soils. In: Edwards CA, 
(Ed.). Earthworm ecology. 2nd edition. 
CRC Press LLC, Boca Raton. 2004;263–
286. 

41. Curry JP, Schimdt O. The feeding ecology 
of earthworms – A review. Pedobiologia. 
2007;50:463–477. 

42. Keplin B, Broll G. Earthworm coenoses in 
wet grassland of Northwest-Germany. 
Effects of restoration management on a 
histosol and a gleysol. Wetlands in Central 
Europe. Soil organisms. Soil Ecological 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
12 

 

Processes and Trace Gas Emission. 
2010;11–34.  

43. Yeates GW. Impact of historical changes 
of land use on the soil fauna. New Zealand 
Journal of Ecology. 1991;15:99–106. 

44. Bhadauria T, Ramakrishnan PS. Impact of 
Land-use-Land use cover change on 
earthworm community structure in India. 
Soil Biodiversity, Ecological Processes     
and Landscape Management, (eds) 
Ramaskrishnan PS, Saxena KG, Swift MJ, 
Rao KS, Maikhuri RK; 2005. 

45. Manono BO. Effects of irrigation, effluent 
dispersal and organic farming on earth-
worms and soil microbes in New Zealand 
dairy farms. PhD Dissertation, University of 
Otago, Dunedin, New Zealand; 2014. 

46. Nordström S, Rundgren S. Environmental 
factors and Lumbricid associations in 
Southern Sweden. Pedobiologia. 1974;13: 
301–326. 

47. Karmegam N, Daniel T. Effect of physico-
chemical parameters on earthworm 
abundance: A quantitative approach. 
Journal of Applied Sciences Research. 
2007;3:1369–1376. 

48. Briones MJI, Ostle NJ, Mcnamara NR, 
Poskitt J. Functional shifts of grassland soil 
communities in response to soil warming. 
Soil Biology and Biochemistry. 2009;41: 
315–322. 

49. Stinner BR, House GJ. Arthropods and 
other invertebrates in conservation-tillage 
agriculture. Annual Review of Entomology. 
1990;35(1):299–318. 

50. Holland JM. The environmental conse-
quences of adopting conservation tillage in 
Europe: Reviewing the evidence. 
Agriculture, Ecosystems and Environment. 
2004;103(1):1–25. 

51. Cuendet, Some aspects of the ecology of 
earthworms in the Alps. In Bonvicini Pagliai 
AM, Pmodeo P. (Eds.). On Earthworms, 
Mucchi, Modena. 1987;251–263. 

52. Paoletti MG, Bressan M. Soil invertebrates 
as bioindicators of human disturbance. 
Critical Reviews in Plant Sciences. 
1996;15(1):21–62. 

53. Franzluebbers AJ. Soil organic matter 
stratification ratio as an indicator of soil 
quality. Soil and Tillage Research. 
2002;66(2):95–106. 

54. El Titi X, Ipach U. Soil fauna in 
suastainable agriculture: Results of an 
integrated farming system at Lautenbach, 
FRG. Agriculture Ecosystems and 
Environment. 1989;27:561–572. 

55. Paoletti MG. Soil invertebrates in cultivated 
and uncultivated soils in North-East Italy. 
Redia. 1988;71:501–563. 

56. Doran  JW, Werner MR. Management and 
soil biology. In Francis CA, Flora CB, King 
LD, (Eds.), Sustainable Agriculture in 
Temperate Zones. Wiley, New York. 
1990;205–230. 

57. Anderson C. The influence of farmyard 
manure and slurry on the earthworm 
population (Lumbricidae) in arable soil. 
Proc. VIIth Int. Soil Zool. Colloq., 
Syracuse, NY, USA. 1980;325–335. 

58. Cherr CM, Scholberg JMS, McSorley R. 
Green manure approaches to crop 
production. Agronomy Journal. 2006;98(2): 
302–319. 

59. Davies N. A guide to the study of soil 
ecology. Andrews WA, (Ed.), Prentice Hall, 
Englewood Cliffs, NJ. 1973;198. 

60. Pagiola S, Kellenberg J, Vidaeus L, 
Srivastava J. Mainstreaming biodiversity in 
agricultural development. Finance and 
Development. 1998;35(1):38–41. 

61. Edwards CA, Lofty JR. Nitrogenous 
fertilizers and earthworm populations in 
agricultural soils. Soil Biology and 
Biochemistry. 1982;14(5):515–521. 

62. Hansen S, Engelstad F. Earthworm 
populations in a cool and wet district as 
affected by tractor traffic and fertilisation. 
Applied Soil Ecology. 1999;13(3):237–250. 

63. Edwards CA, Bohlen PJ, Linden DR, 
Subler S. Earthworms in agroecosystems. 
In Hendrix PF, (ed.) Earthworm ecology 
and biogeography. Lewis, Boca Raton, FL. 
1995;185–206. 

64. Edwards CA, Bohlen PJ. Biology and 
ecology of earthworms. 3rd Edn., 
Chapman and Hall, London, UK. 
1996;426. ISBN-13: 9780412561603,  

65. Hendrix PF, Mueller BR, Bruce RR, 
Langdale GW, Parmelee RW. Abundance 
and distribution of earthworms in relation 
to landscape factors on the Georgia 
Piedmont, USA. Soil Biology and 
Biochemistry. 1992;24(12):1357–1361. 

66. Haynes RJ, Naidu R. Influence of lime, 
fertilizer and manure applications on soil 
organic matter content and soil physical 
conditions: A review. Nutrient Cycling in 
Agroecosystems. 1998;51(2):123–137. 

67. Stockdill S. Effects of introduced 
earthworms on the productivity of New 
Zealand pastures. Pedobiologia. 1982; 
24(1):29–35. 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
13 

 

68. Hoogerkamp M. Effect of earthworms on 
the productivity of grassland, an 
evaluation. In: Bonvicini Pagliai AM, 
Omodeo P, (Eds.), On Earthworms, 
Mucchi, Modena. 1987;485–495. 

69. Bohlen PJ, Groffman PM, Fahey TJ, Fisk 
MC, Suárez E, Pelletier DM, Fahey RT. 
Ecosystem consequences of exotic 
earthworm invasion of north temperate 
forests. Ecosystems. 2004;7(1):1–12. 

70. Eisenhauer N, Partsch S, Parkinson D, 
Scheu S. Invasion of a deciduous forest by 
earthworms: Changes in soil chemistry, 
microflora, microarthropods and vege-
tation. Soil Biology and Biochemistry. 
2007;39(5):1099–1110. 

71. Blakemore RJ, Paoletti MG. Australian 
earthworms as a natural agroecological 
resource. Annals of Arid Zone. 2006;             
45(3–4):309–330. 

72. Alban DH, Berry EC. Effects of earthworm 
invasion on morphology, carbon and 
nitrogen of a forest soil. Applied Soil 
Ecology. 1994;1:243–249. 

73. Burtelow AE, Bohlen PJ, Groffman PM. 
Influence of exotic earthworm invasion on 
soil organic matter, microbial biomass and 
denitrification potential in forest soils of the 
northeastern United States. Applied Soil 
Ecology. 1998;9:197–202. 

74. Edwards CA, Bohlen PJ. The effects of 
toxic chemicals on earthworms. Reviews of 
Environmental Contamination and Toxi-
cology. 1992;125:23–99. 

75. Slimax KM. Avoidance response as 
sublethal effect of pesticides on Lumbricus 
terrestris (Oligochaeta). Soil Biology and 
Biochemistry. 1997;29(3–4):713–715. 

76. Springett JA, Gray RAJ. Effect of repeated 
low doses of biocides on the earthworm 
Aporrectodea caliginosa in laboratory 
culture. Soil Biology and Biochemistry. 
1992;24(12):1739–1744. 

77. Paoletti MG, Sommaggio D, Favretto MR, 
Petruzzelli G, Pezzarossa B, Barbafieri M. 
Earthworms as useful bioindicators of 
agroecosystem sustainability in different 
input orchards. Applied Soil Ecology. 
1998;10:137–150. 

78. Bhadauria T, Kumar P, Kumar R, Maikuri 
RK, Rao KS, Saxena KG. Earthworm 
populations in a traditional village 
landscape in Central Himalaya, India. 
Applied Soil Ecology. 2012;53:83–93. 

79. Hansen B, Hugo FA, Erik SK. Approaches 
to assess the environmental impact of 
organic farming with particular regard to 

Denmark. Agriculture, Ecosystems & 
Environment. 2001;83:11–26. 

80. Riley H, Pommeresche R, Eltun R, Hansen 
S, Korsaeth A. Soil structure, organic 
matter and earthworm activity in a 
comparison of cropping systems with 
contrasting tillage, rotations, fertilizer levels 
and manure use. Agriculture, Ecosystems 
and Environment. 2008;124:275–284. 

81. Carey PL, Benge JR, Haynes. Comparison 
of soil quality and nutrient budgets 
between organic and conventional kiwifruit 
orchards. Agriculture, Ecosystems and 
Environment. 2009;132:7–15. 

82. Denton HP, Tyler DD. Making no-till 
“conventional” in Tennessee. Pp. 53-58. In: 
Edzard van Santen (Ed.). Making Conser-
vation Tillage Conventional: Building a 
Future on 25 Years of Research. Proc. of 
25th Annual Southern Conservation Tillage 
Conference for Sustainable Agriculture, 
Auburn, AL, USA, 24-26 June. 2002;427. 

83. Miura F, Nakamoto T, Kaneda S, Okano S, 
Nakajima M, Murakami T. Dynamics of soil 
biota at different depths under two 
contrasting tillage practices. Soil Biology 
and Biochemistry. 2008;40:406–414. 

84. Kang BT. Alley cropping- Soil productivity 
and nutrient recycling. Forest Ecology and 
Management. 1997;1:75–82. 

85. Lagerlo FJ, Goffre B, Vincent C. The 
importance of field boundaries for 
earthworms (Lumbricidae) in the Swedish 
agricultural landscape. Agriculture, 
Ecosystems and Environment. 2002;89: 
91–103. 

86. Smith J, Potts S, Eggleton P. The value of 
sown grass margins for enhancing soil 
macrofaunal biodiversity in arable systems. 
Agriculture, Ecosystems and Environment. 
2008;127:119–125. 

87. Schmidt O, Clements RO, Donaldson G. 
Why do cereal– Legume intercrops support 
large earthworm populations? Applied Soil 
Ecology. 2003;22:181–190. 

88. Nelson KL, Lynch DH, Boiteau G. 
Assessment of changes in soil health 
throughout organic potato rotation 
sequences. Agriculture, Ecosystems & 
Environment. 2009;131:220–228. 

89. Fraser PM, Schon NL, Piercy JE, Mackay 
AD, Minor MA. Influence of summer 
irrigation on soil invertebrate populations in 
a long-term sheep irrigation trial at 
Winchmore (Canterbury). New Zealand 
Journal of Agricultural Research. 2012; 
55(2):165–180. 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
14 

 

90. Rutgers M, Schouten AJ, Bloem J, van 
Eekeren N, de Goede RGM, Jagers op 
Akkerhuis GAJM, van der Wal A, Mulder 
C, Brussard L, Breure AM. Biological 
measurements in a nationwide soil 
monitoring network. European Journal of 
Soil Science. 2009;60:820–832. 

91. Schmidt O, Keith AM, Arroyo J, Bolger T, 
Boots B, Breen J, Clipson N, Doohan FM, 
Griffin CT, Hazard C, Niechoj R. CréBeo – 
Baseline data, response to pressures, 
functions and conservation of keystone 
micro- and macro-organisms in Irish soils. 
(2005-SLS-8) STRIVE Report 67, 
Environmental Protection Agency, 
Wexford, Ireland; 2011. 

92. Malmstrom A, Persson T, Ahlstrom K, 
Gongalsky KB, Bengtsson J. Dynamics of 
soil meso- and macrofauna during a 5-year 
period after clear-cut burning in a boreal 
forest. Applied Soil Ecology. 2009;43:61–
74. 

93. Rossi JP, Celini LP, Mora J, Mathieu E, 
Lapied J, Nahmani JF, Ponge, et al. 
Decreasing fallow duration in tropical 
slash-and-burn agriculture alters soil 
macro invertebrate diversity: A case study 
in southern French Guiana. Agriculture 
Ecosystems and Environment. 2010;135: 
148–154. 

94. King KL, Hutchinson KJ. Pasture and 
grazing land: Assessment of sustainability 
using invertebrate bioindicators. Animal 
Production Science. 2007;47(4):392–403. 

95. Byers RA, Barker GM. Soil dwelling 
macro-invertebrates in intensively grazed 
dairy pastures in Pennsylvania, New York 
and Vermont. Grass and Forage Science. 
2000;55(3):253–270. 

96. Edwards CA, Lofty JR. Biology of 
earthworms. Chapman & Hall, London; 
1977. 

97. Coleman DC, Crossley DA. Fundamentals 
of soil ecology. Academic Press, San 
Diego, CA; 1996. 

98. Paoletti MG, Schweigl U, Favretto MR. Soil 
microinvertebrates, heavy metals, heavy 
metals and organochlorines in low and 
high input apple orchards and coppiced 
woodland. Pedobiologia. 1995;39:20–33. 

99. Bhadauria T, Ramakrishnan PS, 
Srivastave KN. Diversity and distribution of 
endemic and exotic earthworms in natural 
and regenerating ecosystems in the 
central Himalayas, India. Soil Biology and 
Biochemistry. 2000;32(14):2045–2054. 

100. Willatt S, Pullar D. Changes in soil physical 
properties under grazed pastures. 
Astralian Journal of Soil Research. 
1984;22(3):343–348. 

101. Hendrix PF, Callaham MA, Drake JM, 
Huang C, James SW, Snyder BA, Zhang 
W. Pandora’s box contained bait: The 
global problem of introduced earthworms. 
Annual Review of Ecology, Evolution, and 
Systematics. 2008;39:593–613. 

102. Sarlo M. Individual tree species effect on 
earthworm biomass in a tropical plantation 
panama. Caribbean Journal of Science. 
2006;43:419–427. 

103. Timmerman A, Bos D, Ouwehand J, 
Goede RG. Long-term effects of 
fertilization regime on earthworm 
abundance in a semi-natural grassland 
area. Pedobiologia. 2006;50:427–432. 

104. Brussard L. Biodiversity and ecosystem 
functioning in soil. Ambio. 1997;26:563–
570. 

105. Kibblewhite MG, Ritz K, Swift MJ. Soil 
health in agricultural systems. Philo-
sophical Transactions of the Royal Society. 
2008;363:685–701. 

106. Pretty J. Agricultural sustainability: 
concepts, principles and evidence. 
Philosophical Transactions of the Royal 
Society. 2008;363:447–465. 

107. Ayres E, Steltzer H, Berg S, Wall DH. Soil 
biota accelerate decomposition in high-
elevation forests by specializing in the 
breakdown of litter produced by the plant 
species above them. Journal of Ecology. 
2009;97:901–912. 

108. Mackay AD, Gray R, Schon N, Tuck R, 
Palmer A. Do I have the required soil 
bioengineers? Proceedings of the New 
Zealand Grasslands Association. 2010;72: 
159–164. 

109. Nielsen UN, Ayres E, Wall DH, Bardgett 
RD. Soil biodiversity and carbon cycling: A 
synthesis of studies examining diversity – 
Function relationships. European Journal 
of Soil Science. 2011;62:105–116. 

110. Swift MJ, Heal OW, Anderson JM. 
Decomposition in terrestrial ecosystems. 
Blackwell Scientific, Oxford; 1979. 

111. Syers J, Springett J. Earthworms and soil 
fertility. Plant and Soil. 1984;76(1):93–104. 

112. Blanchart E, Albrecht A, Alegre J, 
Duboisset A, Pashanasi B, Lavelle P, et al. 
Effects of earthworms on soil structure and 
physical properties, in: Lavelle P. 
Brussaard L. and Hendrix P. (Eds.), 
Earthworm management in tropical 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
15 

 

agroecosystems, CAB International, 
Wallingford, UK. 1999;139–162. 

113. Scullion J, Malik A. Earthworm activity 
affecting organic matter, aggregation and 
microbial activity in soils restored after 
opencast mining for coal. Soil Biology and 
Biochemistry. 2000;32:119–126. 

114. Bossuyt H, Six J, Hendrix PF. Protection of 
soil carbon by microaggregates within 
earthworm casts. Soil Biology and 
Biochemistry. 2005;37:251–258. 

115. Pulleman MM, Six J, Breemen NV, 
Jongmans AG. Soil organic matter 
distribution and microaggregate charac-
teristics as affected by agricultural 
management and earthworm activity. 
European Journal of Soil Science. 
2005a;56:453–467. 

116. Pulleman MM, Six J, Uyl A, Marinissen 
JCY, Jongmans AG. Earthworms and 
management affect organic matter incor-
poration and microaggregate formation in 
agricultural soils. Applied Soil Ecology. 
2005b;29:1–15. 

117. Lavelle P, Spain AV. Soil ecology, 2nd ed. 
Amsterdam: Kluwer Scientific Publications, 
Amsterdam; 2006. 

118. Lavelle P, Rouland C, Binet F, Diouf M, 
Kersanté A. Regulation of microbial 
activities by roots and soil invertebrates, in: 
Buscot F, Varma A, (Eds.), Microorga-
nisms in soils: roles in genesis and 
functions. Soil Biology Series. 2005;3:291–
305. 

119. Lavelle P, Decaëns T, Aubert M, Barot S, 
Blouin M, Bureau F, Margerie F, Mora P, 
Rossi JP. Soil invertebrates and 
ecosystem services. European Journal of 
Soil Biology. 2006;42:S3–S15. 

120. Tiunov AV, Scheu S. Carbon availability 
controls the growth of detritivores 
(Lumbricidae) and their effect on nitrogen 
mineralization. Oecologia. 2004;138(1):83–
90. 

121. Lachnich SL, Parmelee RW, McCartney D, 
Allen M. Characteristics of macroporosity 
in a reduced tillage agroecosystem with 
manipulated earthworm populations: 
implications for infiltration and nutrient 
transport. Soil Biology and Biochemistry. 
1997;29(3–4):493–498. 

122. Desjardins T, Charpentier F, Pashanasi B, 
Pando-Bahuon A, Lavelle P, Mariotti A. 
Effects of earthworm inoculation on soil 
organic matter dynamics of a cultivated 
ultisol: The 7th international symposium on 

earthworm ecology. Cardiff. Wales. 
2002. Pedobiologia. 2003;47(5):835-841. 

123. Suárez ER, Pelletier DM, Fahey TJ, 
Groffman PM, Bohlen PJ, Fisk MC. Effects 
of exotic earthworms on soil phosphorus 
cycling in two broadleaf temperate 
forests. Ecosystems. 2004;7(1):28–44. 

124. Hale CM, Frelich LE, Reich PB. Effects of 
European earthworm invasion on soil 
characteristics in northern hardwood 
forests of Minnesota. Ecosystems. 
2005;8(8):911–927. 

125. Parmelee RW, Bohlen PJ, Blair JM. 
Earthworms and nutrient cycling pro-
cesses: Integrating across the ecological 
hierarchy. In: Edwards C., ed. Earthworm 
ecology. Boca Raton, FL, USA: CRC 
Press. 1998;179–211. 

126. Scheu S. There is an earthworm 
mobilizable nitrogen pool in soil. 
Pedobiologia. 1993;37:243–249. 

127. Parkin TB, Berry EC. Microbial nitrogen 
transformations in earthworm burrows. Soil 
Biology and Biochememistry. 1999;31: 
1765–1771. 

128. Marhan S, Scheu S. The influence of 
mineral and organic fertilisers on the 
growth of the endogeic earthworm 
Octalasion tyrtaeum (Savigny). 
Pedobiologia. 2005;49:239–249. 

129. Rizhiya E, Bertora C, van Vliet PCJ, 
Kuikman PJ, Faber JH, van Groenigen JW. 
Earthworm activity as a determinant for 
N2O emission from crop residue. Soil 
Biology and Biochemistry. 2007;39:2058–
69. 

130. Lubbers IM, van Groenigen KJ, Fonte SJ, 
Six J, Brussaard L, van Groenigen JW. 
Greenhouse-gas emissions from soils 
increased by earthworms. Nature Climate 
Change. 2013;3(3):187–194.  

131. Horn MA, Schramm A, Drake HL. The 
earthworm gut: An ideal habitat for 
ingested N2O producing microorganisms. 
Appl. Environ. Microbiol. 2003;69(3):1662–
1669.  

132. Drake HL, Horn MA. As the worm turns: 
The earthworm gut as a transient habitat 
for soil microbial biomes. Annu. Rev. 
Microbiol. 2007;61:169–189. 

133. Feller C, Brown GG, Blanchart E, 
Deleporte P, Chernyanskii SS. Charles 
Darwin, earthworms and the natural 
sciences: various lessons from past to 
future. Agriculture, Ecosystems and 
Environment. 2003;99(1):29–49. 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
16 

 

134. Carpenter D, Hodson ME, Eggleton P, Kirk 
C. Earthworm induced mineral weathering: 
Preliminary results. European Journal of 
Soil Biology. 2007;43:S176–S183. 

135. Blanchart E, Marilleau N, Chotte JL, 
Drogoul A, Perrier E, Cambier C. SWORM: 
An agent-based model to simulate the 
effect of earthworms on soil structure. 
European Journal of Soil Science. 
2009;60(1):13–21. 

136. Milleret R, Le Bayon RC, Gobat JM. Root, 
mycorrhiza and earthworm interactions: 
Their effects on soil structuring processes, 
plant and soil nutrient concentration and 
plant biomass. Plant and Soil. 2009;           
316(1-2):1–12. 

137. Fonte SJ, Six J. Earthworms and litter 
management contributions to ecosystem 
services in a tropical agroforestry system. 
Ecological Applications. 2010;20(4):1061–
1073. 

138. Blouin M, Hodson ME, Delgado EA, Baker 
G, Brussaard L, Butt KR, Brun JJ. A review 
of earthworm impact on soil function and 
ecosystem services. European Journal of 
Soil Science. 2013;64(2):161–182. 

139. Blanchart E, Albrecht A, Brown G, 
Decaens T, Duboisset A, Lavelle P, 
Mariani L, Roose E. Effects of tropical 
endogeic earthworms on soil erosion. 
Agriculture, Ecosystems and Environment. 
2004;104:303–315. 

140. Jouquet P, Bottinelli N, Podwojewski P, 
Hallaire V, Duc TT. Chemical and physical 
properties of earthworm casts as com-
pared to bulk soil under a range of different 
land-use systems in Vietnam. Geoderma. 
2008;146(1):231–238. 

141. Chan KY. Impact of tillage practices and 
burrows of a native Australian anecic 
earthworm on soil hydrology. Applied Soil 
Ecology. 2004;27:89–96. 

142. Le Bayon RC, Binet F. Earthworms 
change the distribution and availability of 
phosphorous in organic substrates. Soil 
Biology and Biochemistry. 
2006;38(2):235–246. 

143. Ouédraogo E, Lijbert B, Mando A, 
Stroosnijder L. Organic resources and 
earthworms affect phosphorus availability 
to sorghum after phosphate rock addition 
in semi- arid West Africa. Biology and 
Fertility of Soils. 2005;41:458–465. 

144. Eriksen-Hamel NS, Whalen JK. Impacts of 
earthworms on soil nutrients and plant 

growth in soybean and maize 
agroecosystems. Agriculture, Ecosystems 
and Environment. 2007;120(2):442–448. 

145. Cécillon L, Cassagne N, Czarnes S, Gros 
R, Brun JJ. Variable selection in near 
infrared spectra for the biological 
characterization of soil and earthworm 
casts. Soil Biology and Biochemistry. 
2008;40(7):1975–1979. 

146. Lavelle P, Bignell D, Lepage M. Soil 
function in a changing world: the role of 
invertebrate ecosystem engineers. 
European Journal of Soil Biology. 1997;33: 
159–193. 

147. Shipitalo MJ, Butt KR. Occupancy and 
geometrical properties of Lumbricus 
terrestris L. burrows affecting infiltration. 
Pedobiologia. 1999;43(6):782–794. 

148. Fraser PM, Beare MH, Butler RC, 
Harrison-Kirk T, Piercy JE. Interactions 
between earthworms (Aporrectodea 
caliginosa), plants and crop residues for 
restoring properties of a degraded arable 
soil. Pedobiologia. 2003;47(5-6):870–876.  

149. Jongmans AG, Pulleman MM, Balabane 
M, van Oort F, Marinissen JCY. Soil 
structure and characteristics of organic 
matter in two orchards differing in 
earthworm activity. Applied Soil Ecology. 
2003;24:219–232. 

150. Marashi ARA, Scullion J. Earthworm casts 
form stable aggregates in physically 
degraded soils. Biology and Fertility of 
Soils. 2003;37:375–380. 

151. Pietola LM. Root growth dynamics of 
spring cereals with discontinuation of 
mouldboard ploughing. Soil and Tillage 
Research. 2005;80(1):103–114. 

152. Peigné J, Ball BC, Roger-Estrade J, David 
C. Is conservation tillage suitable for 
organic farming? A review. Soil Use and 
Management. 2007;23(2):129–144. 

153. Scheu S. Effects of earthworms on plant 
growth: Patterns and perspectives. 
Pedobiologia. 2003;47:846–856. 

154. Arancon NQ, Edwards CA. The use of 
vermicomposts as soil amendments for 
production of field crops. Vermiculture 
Technology: Earthworms, Organic Wastes, 
and Environmental Management. 2011; 
129–151. 

155. Whalen JK, Luis S, Tahir W. Quantifying 
surface and subsurface cast production by 
earthworms under controlled laboratory 
conditions. Biology and Fertility of Soils. 
2004;39:287–291. 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
17 

 

156. Pan X, Song W, Zhang D. Earthworms 
(Eisenia foetida, Savigny) mucus 
ascomplexing ligand for imidacloprid. 
Biology and Fertility of Soils. 2010;46(8): 
845-850. 

157. Zhang X, Jing W, Hongtu X, Jingkuan W, 
Wolfgang Z. Comparison of organic 
compounds in the particle-size fractions of 
earthworm casts and surrounding soil in 
humid Laos. Applied Soil Ecology. 
2003;23:147–153. 

158. Araujo Y, Luizão FJ, Barros E. Effect of 
earthworm addition on soil nitrogen 
availability, microbial biomass and litter 
decomposition in mesocosms. Biology and 
Fertility of Soils. 2004;39(3):146–152. 

159. Bardgett RD. The biology of soil: A 
community and ecosystem approach. 
Oxford University Press; 2005.  

160. Barros E, Curmi P, Hallaire V, Chauvel A, 
Lavelle P. The role of macrofauna in the 
transformation and reversibility of soil 
structure of an oxisol in the process of 
forest to pasture conversion. Geoderma. 
2001;100:1193–1213. 

161. Decaëns T, Mariani L, Betancourt N, 
Jiménez JJ. Seed dispersion by surface 
casting activities of earthworms in 
Colombian grasslands. Acta Oecologica. 
2003;24:175–185. 

162. Milcu A, Schumacher J, Scheu S. 
Earthworms (Lumbricus terrestris) affect 
plant seedling recruitment and 
microhabitat heterogeneity. Functional 
Ecology. 2006; 20:261–268. 

163. Lavelle P, Pashanasi B, Charpentier F, 
Gilot C, Rossi JP, Derouard L, Andre J, 
Ponge JP, Bernier N Large-scale effects of 
earthworms on soil organic matter and 
nutrient dynamics. In Earthworm Ecology. 
Ed. Edwards CA. 1998;103–122. St. 
Lucies Press, Boca Raton. 

164. Brown G, Pashanasi B, Gilot-Villenave C, 
Patron JC, Senapati BK, Giri S, Barois I, 
Lavelle P, Blanchart E, Blakemore RJ, 
Spain AV, Boyer J. Effects of earthworms 
on plant growth in the tropics. In 
Earthworm Management in Tropical 
Agroecosytems, Lavelle P, Brussaard L, 
Hendrix P, Eds. Wallingford, UK: CAB 
International. 1999;87–148. 

165. Willems JH, Huijsmans KGA. Vertical seed 
dispersal by earthworms: A quantitative 
approach. Ecography. 1994;17:124–130. 

166. Frelich LE, Hale CM, Scheu S, Holdsworth 
AR, Heneghan L, Bohlen P, Reich PB. 
Earthworm invasion into previously 
earthworm-free temperate and boreal 
forests. Biological Invasions. 2006;8:1235–
1245. 

167. Norgrove L, Hauser S. Effect of earthworm 
surface casts upon maize growth. 
Pedobiologia. 1991;43(6):720–723. 

168. Edwards CA, Lofty JR. The influence of 
arthropods and earthworms upon root 
growth of direct drilled cereals. Journal of 
Applied Ecology. 1978;15(3):789–795. 

169. McLean MA, Parkinson D. Field evidence 
of the effects of the epigenic earthworm 
Dendrobaena octaedra on the microfungal 
community in pine forest floor. Soil Biology 
and Biochemistry. 2000;32:351–360. 

170. Li XY, Fisk MC, Fahey TJ, Bohlen PJ. 
Influence of earthworm invasion on soil 
microbial biomass and activity in a 
Northern hardwood forest. Soil Biology and 
Biochemistry. 2002;34:1929–1937. 

171. Fisk MG, Fahey TJ, Groffman PM, Bohlen 
PJ. Earthworm invasion, fine-root 
distributions, and soil respiration in North 
temperate forests. Ecosystems (NY, Print). 
2004;7:55–62. 

172. Le Bayon RC, Binet F. Rainfall effects on 
erosion of earthworm casts and 
phosphorus transfers by water runoff. 
Biology and Fertilty of  Soils. 1999;30:7–
13. 

173. Callaham MA, Hendrix PF. Impact of 
earthworms (Diplocardia: Megascolecidae) 
on cycling and uptake of nitrogen in 
coastal plain forest soils from northwest 
Florida, USA. Applied Soil Ecology. 
1998;9(1-3):233–239.  

174. Decaëns T, Mariani L, Lavelle P. Soil 
surface macrofaunal communities asso-
ciated with earthworm casts in grasslands 
of the Eastern Plains of Colombia. Applied 
Soil Ecology. 1999;13:87–100. 

175. Rose CJ, Wood AW. Some environmental 
factors affecting earthworm populations 
and sweet potato production in the Tari 
Basin, Papua New Guinea highlands. 
Papua New Guinea Agricultural Journal. 
1980;31:1-4,1-13. 

176. Hallaire V, Curmi P, Duboisset A, Lavelle 
P, Pashanasi B. Soil structure changes 
induced by the tropical earthworm 
Pontoscolex corethrurus and organic 
inputs in a Peruvian ultisol. European 
Journal of Soil Biology. 2000;36:35–44. 



 
 
 
 

Manono; JAERI, 8(1): 1-18, 2016; Article no.JAERI.24517 
 
 

 
18 

 

177. Chauvel A, Grimaldi M, Barros E, 
Blanchart E, Desjardins T, Sarrazin M, 
Lavelle P. Pasture degradation by an 
Amazonian earthworm. Nature. 1999;389: 
32–33. 

178. Ortiz-Ceballos IA, Fragoso C. Earthworm 
populations under tropical maize 
cultivation: The effect of mulching with 
velvet- bean. Biology and Fertility of  Soils. 
2004;39:438–445. 

179. Hole GD, Perkins JA, Wilson DJ, 
Alexander HI, Grice VP, Evans DA. Does 
organic farming benefit biodiversity? 
Biological Conservation. 2005;122(1):113–
130. 

180. Sepp K, Ivask M, Kaasik A, Mikk M, 
Peepson A. Soil biota indicators for 
monitoring the Estonian agri-environmental 
programme. Agriculture, Ecosystems and 
Environment. 2005;108:264–273. 

181. Pop VV, Postolache T. Giant earthworms 
build up vermic mountain rendzinas. In 
Bonvicini Pagliai A, Omodeo P, (Ed.), On 
Earthworms. Mucchi, Modena. 1987;141–
150. 

182. Markert BA, Breure AM, Zechmeister HG. 
Definition, strategies and principles for 
bioindication/biomonitoring of the 
environment. In: Markert et al. (eds) 
Bioindicators & biomonitors. Trace metals 
and other contaminants in the environment 
6. Elsevier, Amsterdam. 2003;3–40. 

183. Paoletti MG, Sommaggio D, Fusaro S. 
Proposta di Indice di Qualità Biologica del 
Suolo (QBS-e) basato sui Lombrichi e 
applicato agli Agroecosistemi. Biologia 
Ambientale. 2013;27(2):25–43. 

184. Callaham MA, Richter Jr DD, Coleman DC, 
Hofmockel M. Long-term land-use effects 
on soil invertebrate communities in 
Southern Piedmont soils. European 
Journal Soil Biology. 2006;42:S150–S156. 

185. Villenave C, Viallatoux A, Barthès B, 
Girardin C, Azontonde A, Feller C. Long-
term effect of a legume cover crop 
(Mucuna pruriens var. utilis) on the 
communities of soil macrofauna and 
nematofauna, under maize cultivation, in 
Southern Benin. European Journal of Soil 
Biology. 2006;42:S136–S144. 

186. Zhiping C, Yuhui CQ, Baoqing W, Quin X. 
Influence of agricultural intensification on 
the earthworm community in arable 
farmland in the North China Plain. 
European Journal of Soil Biology. 2006;42: 
S362–S366. 

187. Tondoh JE, Molim LM, Tiho S, Csuzdi C. 
Can earthworms be used as bio indicators 
of land use petubations in semi deciduous 
forest? Biology and Fertility of Soils. 
2007;43(5): 585–592. 

188. Iwai CB, Yupin P, Noller BN. Earthworm: 
Potential bioindicator for monitoring diffuse 
pollution by agrochemical residues in 
Thailand. KKU Research Journal. 2008; 
139:1081–1088. 

189. Mahmoud HM. Earthworm (Lumbricus 
terrestris) as indicator of heavy metals in 
soils. Online Journal of Veterinary 
Research. 2008;11:23–37. 

190. Sizmur T, Hodson ME. Do earthworms 
impact metal mobility and availability in 
soil? - A review.  Environmental Pollution. 
2009;157(7):1981–1989. 

_______________________________________________________________________________ 
© 2016 Manono; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/14405 


