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Abstract

Grassland ecosystem management primary influences soil biota interactions,
therefore all ecosystem services they can provide. Production in grassland is directly
influenced by soil fauna activity. One of the most important organisms is represented by
soil engineers known as earthworms. They act as environmental buffer due to their
metabolism activity. This paper aim is to assess the effect of earthworms on physical,
chemical and biological properties in grasslands.
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INTRODUCTION

Grasslands, natural or seeded
herbaceous ecosystems are mainly
defined by high turnover of root and
shoot biomass production and
composition  (BARGETT  and
SHINE, 1999.). Grassland soil
usually have large amount of
organic nitrogen and carbon and
small amounts of surface litter.
These properties result in a diverse
and abundant soil faunal community
(BALL et al., 2009).

Grassland management
directly and indirectly influences the
soil biota and their functions
(BARDGETT, 2005). Both older
grasslands and semi-natural
grasslands have in common that
they have been disturbance-free for
longer than young grasslands.
These, have had more time to
accumulate soil organic matter -

SOM (SONNEVELD and BOUMA,
2003) and to shift towards diverse
vegetation (De VRIES et al., 2006).

Soil biota plays an
important part in these processes
and in the provision of various
ecosystem services, such as supply
of nutrients, maintenance of soil
structure and water regulation
(BRUSSAARD et al., 1997; SWIFT
et al., 2004; MULDER, 2006;
KIBBLEWHITE et al., 2008).
Direct relations between soil biota
and ecosystem services were found.
But it is still extremely difficult to
disentangle cause and effect, due to
the interactive, cyclical and
complex nature of the plant-soil
system (SYERS and SPRINGETT,
1983). Relationships between soil
biota and ecosystem processes have
mostly been found in laboratory
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experiments (SANDOR and
SCHRADER, 2012) and rarely are
found in the field (KARBERG et
al., 2008).

In general, soil ecosystem
iIs numerically dominated by small
invertebrates and ecosystem
engineers that physically modify
their ~ surrounding  environment
through bioturbation.

In the 19" century,
earthworms, considered now the
ecosystem engineers were described
as soil pest. Nowadays, this view
has changed resulting in a high

EARTHWORMS ECOLOGY

Worldwide are known
more than 3000 species. These
organisms are hermaphrodite and
develop slowly. Earthworms live 2
to 8 years, depending on the species.
One generation with a maximum 12
cocoons (eggs) is produced every
year (FIBL, 2014).  Reproduction
usually take place in March-April
and also in September-October. In
the winter, the worms retreat to
frost-free portions of their burrows

THE ROLE OF EARTHWORMS IN
GRASSLAND ECOSYSTEMS

Earthworms should receive
more attention due to their general
role that increase sustainability of
grassland ecosystems (NEHER,
1999). They are classified as
ecosystem engineers, burrowers,
saprovores and geophages
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numbers of studies. The main
reason is the disappearance of
earthworms due to increasingly
heavy machines, intensive tillage
and intensive use of pesticides. In
contrast to this, in one hectare of
healthy soil of grassland, one to
three million earthworms can be
found (FIBL, 2014).

This paper aim is to (1)
assess the importance of
earthworms in sustainable
grasslands; (2) review earthworms
densities and biomass in grassland
ecosystems.

and their metabolism slows down to
minimum. Earthworms feed
primarily on organic material
provided by dead plant parts. They
are sensible to contact with
pesticides on (1) intraindividual
level by the changing gene-
expression and physiology; (2)
individual and population level,
affecting density and behavior and
(3) community level by modifing
earthworms biomass.

HAVLICEKAND and MITCHELL,
2014).
Physical changes

Earthworms change soil
structure, porosity, the hydric
regime and clay-humus complex
(BRUSSAARD, 2012.). The soil
structure is improvement by the
creation of biopores and aeration.
Biopores improve, as well, water
infiltration and water ballance in the
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grasslands soil. This new soil
structure  made Dby earthworms
activity is essential for traditional
grasslands because soil tillage is
absent. CLEMENTS et al. (1991)
showed that earthworms decrease
the soil bulk density.

High physiological activity
of earthworms was related to low
soil C/N ratio, high soil total N,
high relative abundance of endogeic
species, low relative abundance of
epigeic  species, and high
enchrytreaid biomass and
abundance (van EEKEREN et al.,
2007). Nitrogen input positively
affects the abundance and biomass
of earthworms in grassland soil.
They also change soil structure by
incorporating  organic _material
(CHRISTENSEN, 2001).

Chemical properties

An important role in the
circle of nutrients is played by
earthworms due to fragmentation
and transportation of plant residues
and other soil organic matter.

Earthworm activity may
contribute to improvement of
infiltration resulting in a reduced
runoff (van EEKEREN et al., 2007).
However, these effects on macro
pores formation can also lead to an
increased flow and greater leaching
of nutrients. (EDWARDS and
BOHLEN, 1996). Soil is enriched in
a natural way with help of
earthworms  activity  producing
excrements. These casts are rich
in N, P, K and other nutrients.
Therefore, nitrogen content and
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other elements concentration increse
due to the earthworms metabolism.
Parfitt et al. (2005) determined
relationships  between net N-
mineralization as a measure of soil
biological activity and N availability
in different pasture soils. They
explained the differences in crop
production. Also SAGGAR et al.
(2001) reported up to five times
greater potential N and C
mineralization rates in permanent
pastures compared to 34 years of
arable cropping.

Biological quality improvement

Biological  quality is
improved by the activity of
earthworms. They mix organic
materials with mineral particles. So
we can notice that soil organic
matter increasses as the number of
earthworms enlarges.

Their metabolism products

usually enhance microbial activity.
Examples of the earthworms effects
are provided by field experiments in
which earthworms were introduced
or removed.
For example, there was found an
increase in grass production of 9.7%
as well as an improved physical soil
fertility when earthworms are
present (HOOGERKAMP et al.,
1983).

By creating channels lined
with nutrients for plant roots,
earthworms improve root growth.
Because they turn soil over, may
reduce the incidence of disease by
bringing deeper soil to the surface
and burying organic matter.
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EARTHWORM POPULATION IN
GRASSLANDS

Number and diversity of
earthworms from the soil are
considered an important soil fertility
criterion. These contributes in many
ways to healty by improving and
mantaining physical and chemical
properties by kepping the soil
biologically active, thus providing
key soil functions and many
positive ecosystem service (van
EEKEREN et al., 2007).

It is well established that
grasslands (table 1) usually contains
more earthworms than arable land
(EDWARDS and BOHLEN, 1996).
In comparison with one field after
25 years of regular cultivation, the
numbers of earthworms  was
significantly decreased, only 10-
16% of those in old grasslands
(LOW, 1972).

EDWARDS and BOHLEN
(1996) mention two reasons for a
decreased number of earthworms,
besides the mechanical damage and
predation after cultivation, (1) the
loss of an insulating layer of
vegetation and (2) a decreased food
supply.

Earthworm biomass and
abundance is most clearly affected
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by cropping system.

In addition to the direct effects of
soil tillage (mechanical damage,
increased predation by birds, loss of
insulating vegetation layer),
decreased resource quantity and
quality in the arable phase are major
drivers of decreases in earthworm
abundance = (WARDLE,  1995;
EDWARDS and BOHLEN, 1996).

Cropping systems
significantly influenced earthworm
species composition.

In the long-term cropping
experiment, arable soil contained
primarily endogeic adults, whereas
permanent and temporary grassland
soil included both endogeic and
epigeic adults (EDWARDS and
BOHLEN, 1996).

Anecic adults were
dominant only in permanent
grassland.

Even higher abundances of
anecic species in no tillage systems
with a permanent clover crop was
found (SCHMIDT et al., 2003).

The combination of no
tillage and a stable food supply on
the soil surface provides an ideal
environment for anecic species.
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Table 1

Density and abundance of earthworms, class macrofauna, in grasslands and other type
of field management

Type of management Blomazs)s (gm Density (Ind/m) Source
In general 10-40 0-10° Neher, 1999
Grassland 80-100 100-150 Arnone and Zaller,
2014
140 (mineral

i input)

Grassland 400-500 230 (organic FIBL, 2014
input)
Grassland 400-600 40-180 Zaller ir;%gAmO”e’
Low-input pasture - 400-500 FIBL, 2014
Fertilized meadow - 200-300 FIBL, 2014
Hardwood forest - 150-250 FIBL, 2014
::ig;’é’"”p”t arable - 120-250 FIBL, 2014
Poor grassland - 30-40 FIBL, 2014
Spruce forest - 10-15 FIBL, 2014
CONCLUSIONS
Earthworms’ activity with N, P, K and other nutrients due

improves soil physical, chemical
and biological quality in grasslands.
The physical changes are
produced by creation of biopores,
aeration, water infiltration, water
ballance, decreasing bulk density,
increasing soil total N,
incorporating organic material and
creation of a new soil structure with
macro aggregates and casts.
Chemical properties are
enriched by a natural fertilization
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