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ABSTRACT

The contribution of the introduced species Amynthas gracilis (Kinberg, 1867) and
Octolasion cyaneum (Savigny, 1826) to the physical stability of the soil was evaluated in
a mesocosm experiment. Pore formation and stable aggregates were measured; as well
as changes in bulk density, porosity, and soil moisture. Mesocosm pots were organized
into three treatments: 1- soil + Amynthas gracilis, 2- soil + Octolasion cyaneum and 3- soil
(control containers). The experiment ran for 13 weeks and it was conducted in controlled
conditions in a greenhouse. At the end of the experiment both treatments with earth-
worms had higher number of pores and stable aggregates at the two considered depths
(0-5cmand5 - 10 cm). The presence of both earthworm species favors the formation
of a significantly higher proportion of stable aggregates larger than 5 mm (60%), when
compared to the control without worms. These structures helped maintaining bulk
density and porosity and improved water circulation. The results show that when
compared to the control, both treatments had a lower loss of pore space, lower bulk
density, and higher soil moisture, all attributable to earthworm presence. It is concluded
that, despite both being introduced species, in intensive agricultural systems, A. gracilis
and O. cyaneum can contribute to the maintenance of soil physical stability thus helping
to preserve the sustainability of agro-ecosystems, even if native species became rare or
locally extinct.
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RESUMEN

En un experimento de mesocosmos se evalud la contribuciéon a la estabilidad
fisica del suelo de las especies introducidas Amynthas gracilis (Kinberg, 1867) y
Octolasion cyaneum (Savigni, 1826). Se midid la formaciéon de poros y de agregados
estables, asi como cambios en la densidad aparente, porosidad y humedad del suelo.
Los contenedores de los mesocosmos fueron organizados en tres tratamientos: 1- suelo
+ A. gracilis, 2. Soil + 0. cyaneum, and 3. Soil (contenedores control). El experimento se
realizd a lo largo de 13 semanas en condiciones controladas en invernaculo. Al final del
experimento los tratamientos con ambas especies generaron poros y mostraron mayor
proporcién de agregados estables a las dos profundidades consideradas (0 - 5 cm y 5
- 10 cm). Ambas especies de lombrices facilitaron la generaciéon de una proporcién
significativamente mayor de agregados mayores a 5 mm (60%), en comparacién con los
controles sin lombrices. Estas estructuras ayudaron a mantener la densidad aparente y la
porosidad y mejoraron la circulacién de agua. Los resultados muestran que, comparados
con el control, ambos tratamientos tuvieron una menor pérdida de espacio de poros,
menor densidad aparente y mayor humedad de suelo, todos atribuibles a la presencia de
las lombrices. Se concluy6 que, a pesar de ser ambas especies introducidas, en sistemas
agricolas intensivos A. gracilis y O. cyaneum pueden contribuir al mantenimiento de la
estabilidad del suelo, ayudando asi a preservar la sustentabilidad de los agroecosistemas,
aun cuando las especies nativas puedan convertirse en raras o localmente extintas.

Palabras clave

poros ¢ estabilidad fisica del suelo » estabilidad de agregados  especies introducidas e
lombrices

INTRODUCTION

The main influence earthworms have
on soil is the modification of soil structure

and land use history (25). Aggregate's
formation is the result of soil particle

through the creation of burrows and the
production of casts. It is thus generally
claimed that earthworms can contribute
to the regeneration of compacted zones
and this has been demonstrated under
laboratory conditions (10). Earthworms
create soil biogenic aggregates with very
particular physical, chemical, and micro-
biological properties (29).

However, the overall effects of earth-
worms on soil and ecosystem functioning
are not uniform, concerning aggregate
formation in particular, which may vary
according to their ecological categories, the
particular species involved (4, 14, 26, 29),
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reordering, flocculation, and cementing,
and it is known to be mediated by soil
organic carbon, biota activity, ionic bridge,
and clay and carbonates (7).

The increase in land-use intensity
results in a decline of soil biodiversity
(11, 21, 25, 30, 32, 41). Earthworms have
been shown to be sensitive to the changes
introduced by agricultural management
(crop type, mineral nitrogen input,
organic nitrogen input, mechanical field
operations, and pesticide applications),
which lead to the disappearance of native
species or to their replacement by intro-
duced species.
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These changes have an impact on the
ability of the soil to provide ecosystem
services (3, 7, 12, 38). It is therefore
important to know the contribution made
by different earthworm species (4, 5, 26, 32).
In this context it also becomes relevant to
know the effects introduced species have in
replacing native ones under changing condi-
tions. Because most introduced species can
tolerate a wide range of soil and environ-
mental conditions, they have been often
considered as the predominant earthworm
fauna in anthropic tropical ecosystems (22),
and to be important in maintaining the
fertility of agricultural lands (31).

Amynthas gracilis (Kinberg, 1867)
(Megascolecidae) and Octolasion cyaneum
(Savigny, 1826) (Lumbricidae) are two
peregrine introduced species sharing
environments in Argiudoll soils of the
rolling Pampas in Argentina. They have
been successful in colonizing disturbed
environments (18, 20, 35, 36, 37). Due
to their wide distribution, it is important
to know whether these two particular
species, have a significant impact on soil
physical properties. According to the
classification by Bouché (1977), A. gracilis
is an epi-endogeic species associated with
litter (19), while O. cyaneum is an endogeic
species living within the soil feeding on a
mixture of organic matter and mineral soil.

This study focuses on evaluating
changes in soil physical variables, brought
about by the presence of these two
earthworm species, comparing each one of
them with the control. A temporal analysis
of each treatment was also performed.

The working hypothesis was that
A. gracilis and O. cyaneum presence
contributes to soil physical stability. In
this context, the objective of this work
was to evaluate A. gracilis and O. cyaneum
activity, through their effects in the
generation of pores, number of stable
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aggregates, and its effects on soil bulk
density, porosity, and soil moisture. The
study also expected to find differences in
the action of A. gracilis and O. cyaneum.

MATERIALS AND METHODS

Adult earthworms and soil were collected
from cattle-grazing fields, on typical Argiudoll
soils (18.6% clay, 63% silt, 18.4% sand, 3.6%
organic matter, and 2.12% organic carbon).

The soil was sieved through a 2 mm
mesh, to remove structure, homogenize
the soil, and to extract all roots, and then
dried at 30°C to constant mass. Sixty three
mesocosm pots were each filled with 600 g
of soil and were slowly irrigated. After
24 hours, they were further irrigated to
saturation, left to drain to field capacity
and weighed again. Thus, at the start of the
experiment each container presented the
same amount of soil and moisture condition.
Each container within a treatment was then
considered a replicate. The mesocosm pots
were arranged in a greenhouse into three
treatments: 1- soil + Amynthas gracilis, 2-
soil + Octolasion cyaneum and 3- soil without
earthworms (control treatment).

One adult of either one of the species
was placed in each one of the 21 containers
per treatment, and 50 g of manure was
added as food. The control containers were
processed in the same way but without
earthworms. Throughout the experiment,
temperature was monitored (23°C £ 2°C)
and the containers were irrigated with
120 ml distilled water three times a week
to keep them close to field capacity.

On each sampling date (30 and
90 days) seven random mesocosm pots per
treatment were removed and dried in an
oven at 30°C. In each container, the number
and size (diameter) of the pores generated
by each of the species was determined.
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In order to do this, once the containers
had been removed from the oven and
their weight registered, a longitudinal cut
was performed on the soil clod, and the
diameter of each pore was measured with
a caliper over one of its faces.

The wet method recommended by
Ester and van Rozen (2012) was used to
evaluate the stability of soil aggregates at
two depths: from surface to 5 cm and from
5to 10 cm. The wet procedure consisted
in a continuous water flow from a shower
tap on to a metal sieve column (5, 4,
and 2 mm mesh diameters) filled with a
200 g soil sample. The rate of water flow
was equalized for each replicate, and the
samples remained for 2 min under the
tap. The remaining material on the sieve
was considered to be stable aggregates,
expressed as the percentage by weight of
the original sample. The aggregate sizes
tested were > 5 mm; > 4mm, and > 2 mm.

At 0, 30, and 90 days, bulk density
was determined according to Porta's
methodology (42); total porosity was
calculated from bulk density data.

Particle density was considered to be
equal to the theoretical value for quartz
(2.65 g/cm?), quartz being one of the most
common soil mineral components. Soil
moisture was evaluated through gravi-
metric humidity, calculated as the ratio of
the mass of the liquid fraction to the mass
of the solid fraction Gh (g of water * g of
soil 1) = wet weight - dry weight) / dry
weight) following Gil (2002).

To test for significant differences and
due to the non-normal distribution of the
data, Kruskal -Wallis ANOVA was used to
analyze the data. To identify which group
or groups were significantly different, the
Mann-Whitney test was used.
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RESULTS AND DISCUSSION

Pore number and size

Given the conditions under which the
test was developed (dried and sieved soil),
all pores observed in the pots are part of
the galleries created by earthworms. The
statistical analysis shows that the number
and size of pores varied between treat-
ments (p< 0.05), (table 1, page 119) and
the number of pores clearly reflected
earthworm activity.

Furthermore, A. gracilis had higher
activity than O.cyaneum, as shown by the
higher number of pores produced by this
species (p <0.05), (table 1, page 119).
A. gracilis differed from O. cyaneum
not only in the amount of pores
(greater in both periods), but also in their
size distribution. Significant differences
were found for 3, 4 and 5 mm pores. While
the number of pores indicates movement
in the container, the diameter of the pores
reflects earthworm body size. Most of the
pores built by A. gracilis ranged from 3 to
4 mm in diameter, (p<0.05) while most of
the pores built by 0. cyaneum were 2 mm
in diameter (table 1, page 119). These
differences were maintained throughout
the experience.

The existence of these biopores, largely
regulates soil hydraulic properties and
affect soil organic matter turnover (29).
Macroporosity (pore diameter greater
than 1 mm), promotes water infiltration
into the soil allowing for a fast flow of
gravitational water (35). All the pores
found in this study were larger than 1 mm
in diameter, which facilitates the process
of incorporating water into the soil, and
enhancing soil moisture.
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Aggregate formation

Because of its role in the retention
of organic carbon and moisture, soil
aggregation is an important factor for
sustainable land management (1), and
earthworms are facilitators in the process
of soil aggregation production and mainte-
nance. Earthworm mixing of organic
matter with mineral soil has significant
effects on the production of aggregates
and on their properties (1, 8).

The data gathered show significant
differences on stable aggregates' found
(p<0.05) between the treatments with earth-
worms and the control (table 1, page 119)
during the whole experiment. This result
supports the notion that organic input and
earthworm activity play a significant role in
promoting soil aggregation (2). This study
is in agreement with the results obtained by
Mummey et al. (2006), working with Aporrec-
todea caliginosa, and those by Bossuyt et al
(2006) with A. caliginosa and L. rubellus.

After 30 days, the treatments with both
A. gracilis and O. cyaneum showed a large
proportion of stable aggregates (50% and
60% respectively).

However, by day 90 the increase in
aggregate found was lower (for a total of
60% for the treatment with A. gracilis and
70% for the treatment with O. cyneum),
with no significant increase in the amount
of aggregate formation in either treatment.

In this regard, Al-Maliki and
Scullion (2013), reported that their
treatment with Lumbricus terrestris

showed significantly more aggregates up
to day 40, and that earthworm induced
increases in stable aggregates were not
significant from day 40 to day 80.

However, these authors also found
that the differences between treatments
and the control were lost, while the ones
presented in this study remained the same
until the end of the experiment.

120

There were also significant differ-
ences in the number of stable aggregates
between the treatments with the two
species. The treatment with A. gracilis,
showed a higher proportion of stable
aggregates larger than 5 mm at both
depths analyzed (0- 5 cm and 5 -10 cm)
and the relationships between aggregate
sizes (5 mm> 2 mm> 4 mm) also remained
the same (p < 0.05). The amount of larger
aggregates in the first 5 cm increased from
day 30 to day 90 at the expense of the
smaller ones (p < 0.05).

The treatment with O. cyaneum also
showed a higher proportion of aggregates
larger than 5 mm, and it was also higher
than that of >2 to >4 mm (p<0.05). At
day 30, > 5mm aggregates were at the 10
cm (p <0.05). By the end of the experiment,
the proportion of these stable aggregates
was the same at both depths. However, it is
interesting to note that, while the proportion
of larger aggregates increased with time
(p<0.05), that of smaller ones decreased.

The low proportion of small aggregates
at the end of the experiment, suggests
that some of the smaller aggregates were
incorporated into the larger ones. This was
evident for the treatment with O. cyaneum,
that by the end of the experiment showed
anincrease in aggregates larger than 5 mm
and a decrease in smaller ones. Working
with Metaphire posthuma, Jouquet et al.
(2013) found a clear relationship
between the sizes of the aggregates and
the abundance of bacteria and fungi
within them.

Mummey et al. (2006), found that
microbial communities within aggregates,
especially larger ones, varied depending
on the presence of earthworms and
that, within micro-aggregates formed
by earthworms, micro-organisms were
largely inactive due to the rapid occlusion
of organic materials.
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The results presented here provide
evidence that the presence of A. gracilis
and especially O. cyaneum promotes the
formation of such larger aggregates.

Mummey et al. (2006), also showed
that the abundance of bacteria and fungi
in casts increased with the size of the
aggregate and that the opposite trend was
observed for the control. In laboratory
experiments, Bossuyt et al. (2006), found
that stable microaggregates were formed
within 12 days of incubation in the
presence of earthwormes.

Hedde et al. (2013), found that, the
structural stability of large aggregates was
strongly influenced by the type of soil and
earthworm species.

In the control treatment, aggregates
were also formed, in this case the most
frequent size was less than 2 mm (p<0.05).
Other studies found similar results, calling
them physicogenic aggregates (23, 27).

Malik and Scullion (2013), associate
the formation of these aggregates to the
activity of microorganisms (especially
fungi); Jouquet et al. (2013), found that
the intervention of bacteria and fungi was
important in the formation of these physi-
cogenic aggregates.

Jouquet (28) proposed that their
formation is the result of both abiotic (till
age processes, wetting and drying cycles)
and biotic (microbial activity associated
with root exudation and degradation but
not soil macrofauna activity) processes.

Inside the aggregates, natural drying
and time make the link between organic
matter, minerals and mucus more
resistant, leading to an increase in their
stability (9, 44).

Shipitalo and Protz (1989) describe how
earthworms directly promote the formation
of organic matter-cored microaggregates.

Shaw and Pawluk (1986) and Shipitalo
and Protz (1988) state that the proportion
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of aggregates of different sizes and their
stability strongly depend on earthworm
species and soil type.

Both A. gracilis and O. cyaneum
promote stable aggregate formation of
equal size and in similar proportions in
the entire volume of the containers. No
differences were found for the two depths
(0-5and 5 to 10 cm).

In agreement with the data obtained
in this study, Scullion and Malik (2000)
found (for Lumbricus terrestris, L. Rubellus,
Aporrectodea longa, A. caliginosa and
A. chlorotica), both in microcosms and field
studies, that aggregates are generally found
between 0 and 20 cm deep, they range in
size from 2 to 6.3 mm and that furthermore,
these formations are more stable than
other aggregates of non- biological origin.

Regarding the stability of biological
aggregates, Marinissen and Dexter
(1990); Marinissen (1994) and Shipitalo
and Protz (1989) indicate that aggregates
are unstable while fresh, but that they
are more stable than non-biological soil
aggregates once dry. This is reflected in
the number of stable aggregates found in
this study.

Both earthworm treatments had a
significantly higher proportion of aggre-
gates when compared to the control
(p<0.05), and no differences were found
between the size of the aggregates
produced by each one of them.

Jouquet et al (2008) state that
aggregation is a major component
of soil fertility, controlling porosity,
water storage and oxygen diffusion,
and therefore the mineralization or
sequestration of soil organic matter
(SOM) and the retention or the leaching of
mineral nutrients. These studies showed
that the presence of some of these species
acted in favor of the system's stability.
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Bulk density

The results show that the earthworm
activity can maintain or change bulk
density as well. In this study, density values
measured at days 0, 30, and 90 of the exper-
iment were compared (table 2, page 123).

Both earthworm species differ from
the control (p<0.05) in which density had
increased by 40% at the end of the exper-
iment. These differences can be attributed
to earthworm movement inside the
container, organic matter incorporation,
mixing it with the soil, casts production,
and the formation of gallery systems and
thus, reducing soil compaction.

No differences in bulk density were
observed for A. gracilis or for O. cyaneum
between dates. Regarding the control,
bulk density increased (p <0.05) by the
end of the experiment with no differences
between the values between day 30 and
day 90.

It is interesting to note that by day 30,
the highest proportion of aggregates
larger than 5 mm found in the O. cyaneum
treatment were found at 5-10 cm, while
for the A. gracilis treatment their distri-
bution was homogenous for both depths.
This difference in the location of the aggre-
gates in each treatment could determine
the differences in this variable, since by
the end of the study both earthworm
treatments had equal proportion and
distribution of aggregates and the same
response for the bulk density value.

These results also show that organic
matter presence on the surface did not,
by itself, ensure that the initial conditions
were maintained. Irrigation determined a
particle reorganization which generated
a loss of porosity. Riley et al (2008)
mentions the same increase in density
and the reduction of soil moisture in the
absence of earthworms.
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Doran and Parkin (1994) suggest that
bulk density may be included among the
minimum indicators used to measure soil
quality. The results of this study indicate
that, by maintaining bulk density, these
two introduced earthworm species
contribute to the preservation of soil
stability.

Porosity and soil moisture

Preventing the loss of soil pore space
ensures the maintenance of air and water
flows as well as the soil's water retention
capacity and rainwater reservoir (39).

The data gathered in this work indicate
that, at the end of the study, the presence
of A. gracilis or O. cyaneum prevented
compaction, and differed from the control
(p<0.05) (table 2, page 123).

Data shows that at day 30, only
A. gracilis kept the porosity in the
mesocosm. By that date, the O. cyaneum
treatment, as well the as control, showed
a porosity reduction and differed signifi-
cantly to that of A. gracilis (p <0.05).

However, after 90 days, O. cyaneum
increased the value of porosity, matching
A. gracilis (62%), while the control reduced
the value of this parameter even more
(51%). The control treatment showed a
significant 7% reduction in porosity by
day 30 (p <0.05) and an additional 8%
reduction by day 90.

Jouquet et al. (2012) and citations
thereof, agree that by creating burrows
and egesting casts, earthworms modify
soil porosity. Hedde et al. (2013) found
that their activity increases incorporation
of plant residues into soil aggregates, and
enhance soil porosity and stable aggre-
gates formation through the soil profile.
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The results presented here indicate
that porosity is influenced by the presence
of aggregates and pores. The control
showed a lower proportion of aggregates
when compared with both treatments
(table 1, page 119), albeit not enough to
avoid compaction and loss of pore space.
In the case of the A. gracilis treatment,
the combination of aggregates found both
in number and in size, and the higher
number of pores by day 30, allowed for
a significant effect in the maintenance of
soil porosity, a condition that remained
high until the end of the trial.

In the case of the O. cyaneum treatment,
the low amount of pores and a lower
proportion of aggregates larger than 5 mm
may be the reason for the loss of porosity
observed by day 30. However after
90 days, the higher proportion of large
aggregates lead to the observed increase
in porosity at the end of the experiment.

Even though earthworm burrows make
up a small portion of the total soil porosity
(14, 30), their relatively large size and
connectivity make them important conduits
for water and air movement (30), and can
alter soil hydraulic conductivity (15, 28).

Regarding soil humidity, both
mesocosms with earthworms showed
higher water content when compared to
the control (p <0.05) throughout the entire
study. No differences were found when
comparing the treatments with A. gracilis
and O. cyaneum (table 2, page 123).

Soil humidity in each treatment also
varied over time for both earthworm
treatments, with no change for the control.
The mesocosm with A. gracilis, showed
significant differences between dates.
Up to day 30, the water content signifi-
cantly increased from 0.22 g of water per
gram of soil to 0.42 g of water per gram
of soil (p<0.05) and then decreased to
0.34 grams of water per gram of soil by
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day 90, but still remained higher than at
day 0 (p<0.05). O. cyaneum, also increased
the water content after 30 days, from
0.23 to 0.39 grams of water per gram of
soil (p<0.05), with no further significant
change by day. In the treatment without
earthworms soil humidity showed
no change throughout the 90 days of
the study.

These results differ from those found
by Eltaif and Gharaibeh (2009) who found
a reduced hydraulic capacity in experi-
ments with Aporrectodea caliginosa in
mesocosm conditions. This supports the
idea that an earthworm effect on soil
properties is species-dependant, and
related to behavior and life strategy.

CONCLUSIONS

This study showed significant changes in
soil physical variables brought about by the
presence of these two earthworm species.
The results presented support the working
hypothesis that A. gracilis and O. cyaneum
presence contributes to soil physical
stability. The presence of both species had
significant effects in the generation of pores,
number of stable aggregates, soil bulk
density, porosity, and soil moisture. There
were also significant differences in the
action of A. gracilis and O. cyaneum.

The results of this study show the
important effects that both A. gracilis
and O. cyaneum have on the formation
of aggregates and pores, with significant
effects on soil structure through the
variables measured.

Through its effects in the mesocosm in
the generation of pores and the promotion
in the formation of aggregates of different
sizes that were located at both depths,
Amynthas gracilis showed a positive effect
on the measured variables. The resulting
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structure allowed for the maintenance of a
higher porosity and a resulting lower bulk
density. These effects of A. gracilis behavior
remained until the end of the study. For O.
cyaneum the positive effect was observed
at the end of the study (day 90), preventing
compaction and loss of pore space.

The differences found between both
earthworm treatments suggests that the
location of the aggregates has significant
effects on bulk density and porosity.

In agreement with the cited literature,
it can be concluded that small amount of
aggregate formation in the control was the
result of particle reorganization, cementation,
and participation of microorganisms.
However, the significantly higher aggregate
formation and higher porosity in the treat-
ments with either earthworm species, as
well as the lower resulting bulk density and
higher soil humidity, all highlight the impor-
tance of these earthworm species.

REFERENCES

Therefore, the presence of these intro-
duced species is shown to contribute to
the maintenance of soil stability.

The results presented in this work
mean that, in environments in which one
or both of earthworm species are present,
compaction processes will not show, even
if native species became rare or locally
extinct. As these two species are intro-
duced to the region, this is a particularly
important result, showing that intro-
ductions need not be detrimental to
the system.

Understanding the contributions
made by each species individually, gives
us a tool to use not only as an indicator
of environmental conditions but also for
the development and implementation of
soil recovery systems. Carrying out field
experiments may help to corroborate
the results obtained in this study under
laboratory conditions.

1. Al-Maliki, S.; Scullion, J. 2013. Interactions between earthworms and residues of differing quality
affecting aggregate stability and microbial dynamics. Applied Soil Ecology. 64: 56-62.

2. Ayuke, F; Brussaard, L.; Vanlauwe, B.; Six, J.; Lelei, D.; Kibunja, C.; Pulleman, M. 2011. Soil fertility
management: impacts on soil macrofauna, soil aggregation and soil organic matter

allocation. Appl. Soil Ecol. 48: 53-62.

3.Bautista-Cruz, A.; Cruz Dominguez, G.; Rodriguez Mendoza, M. de las N.; Pérez Pacheco, R.; Robles,
C. 2014. Effect of compost and slow-release fertilizers addition on soil biochemistry
and yield of maize (Zea mays L.) in Oaxaca, Mexico. Revista de la Facultad de Ciencias
Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 46(1): 181-193.

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

5. Bossuyt, H.; Six, J.; Hendrix, P. 2006. Interactive effects of functionally different earthworm
species on aggregation and incorporation and decomposition of newly added residue

carbon. Geoderma. 130: 14-25.

6. Bouche, M. B. 1977. Stratégies lombriciennes. In: Lohm, U.; Persson, T. (Eds.), Soil Organisms as
Components of Ecosystems. Ecological Bulletin, Stockholm. p. 122-132.

7. Bradford, M. A,; Tordoff, G. M.; Black, H. L. ].; Cook, R.; Eggers, T.; Garnett, M. H.; Grayston, S. J.;
Hutcheson, K. A,; Ineson, P; Newington, ]. E.; Ostle, N.; Sleep, D.; Stott, A.; Jones, T. H.
2007. Carbon Dynamics in a model grassland with functionally different soil
communities. Functional Ecology. 21: 290-697.

8. Bronick C. ],; Lal, R. 2005. Soil structure and management: a review. Geoderma. 124:3-22

9. Brown, G.; James, S. W,; Pasini, A.; Nunes, D.; Norton, P. B.; Trigo Martins, P; Sautter, K. 2006.
Exotic, peregrine, and invasive earthworms in Brazil: diversity, distribution, and effects
on soils and plants. Caribbean Journal of Science. 42(3): 339-358.

Tomo 48 « N°1 e 2016

125



L. Falco, C. Coviella

10. Capowiez, Y.; Samartino, S.; Cadoux, S.; Bouchant, P; Richard, G.; Boizard, H. 2012. Role of
earthworms in regenerating soil structure after compaction in reduced tillage systems.
Soil Biology & Biochemistry. 55: 93-103.

11.Carnovale, D.; Baker, G.; Bissett, A.; Thrall, P. 2015. Earthworm composition, diversity and biomass
under three land use systems in south-eastern Australia. Applied Soil Ecology. 88 : 32-40.

12. Di Ciocco, C. A;; Sandler, R. V;; Falco, L. B;; Coviella, C. E. 2014. Actividad microbioldgica de un suelo
sometido a distintos usos y su relacién con variables fisico- quimicas. Revista de la Facultad
de Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 46(1): 73-85.

13. Doran, ]. W,; Parkin, B. T. 1994. Defining soil quality for a sustainable environment. Soil science
society of America, Inc. Special Publication. Number 35. Madison, Wisconsin, USA.

14. Edwards, C. A.; Lofty, J. R. 1977. Biology of earthworms, in: Chapman and Hall, CA, (Eds.)
Earthworm Ecology. Boca Raton: St. Lucie Press. p. 213-29.

15. Edwards, W. M.; Shipitalo, M. ].; Traina, S. J.; Edwards, C. A.; Owens, L. B. 1992. Role of
Lumbricus terrestris (L.) burrows on quality of infiltrating water. Soil Biology &
Biochemistry. 24: 1555-1561.

16. Eltaif, N. I; Gharaibeh, M. A. 2009. Aggregation of undisturbed soil mesoscoms inoculated by
earthworm after different cultivation-tillage systems. Soil & Tillage Research. 106: 104-106.

17. Ester, A.; van Rozen, K. 2002. Earthworms (Aporrectodea spp.; Lumbricidae) cause soil structure
problems in young Dutch polders. European Journal of Soil Biology. 38: 181-185.

18. Falco, L. B.; Momo, E R;; Craig, E. B. 1995. Asociaciones de lombrices de tierra y su relaciéon con la
cobertura vegetal en suelos forestados. Revista Chilena de Historia Natural. 68: 523-528.

19. Falco, L.; Momo, F; Mischis, C. 2007. Ecologia y Biogeografia de las lombrices de tierra en la
Argentina. In Minhocas na América Latina: Biodiversidade e Ecologia. Ed. G.G. Brown e
C. Fragoso. Londrina EMBRAPA SOJA. Brasil. ISBN 978-85-7033-019-2. 545 p.

20. Falco, L.; Momo, F. 2010. Seleccién de Habitat: efecto de la cobertura y tipo de suelo en
lombrices de tierra. Acta Zoolégica Mexicana. Nro. Especial. 2: 179-187.

21.Felten, D.; Emmerling, C.2011. Effects of bioenergy crop cultivation on earthworm communities-
A comparative study of perennial (Miscanthus) and annual crops with consideration of
graded land-use intensity. Applied Soil Ecology. 49: 167-177.

22.Fragoso, C.; Brown, G.; Patrén, J. C.; Blanchart, E.; Lavelle, P; Pashanasi, B.; Senapati, B.; Kumar, T.
1997. Agricultural intensification, soil biodiversity and agroecosystem function in the
tropics: the role of earthworms. Applied Soil Ecology. 6 : 17-35.

23. Giannopoulos, G.; Pulleman, M.; Van Groenigen, J. W. 2010. Interactions between residue
placement and earthworm ecological strategy affect aggregate turnover and N20
dynamics in agricultural soil. Soil Biology & Biochemistry. 42: 618-625.

24. Gil, R. 2002. Algunos criterios para la cuantificacién y diagnéstico del comportamiento estructural del
suelo, y surelacién conla dinamica del aguaylaproduccién delos cultivos. El Comportamiento
Fisico-Funcional de los Suelos. Proyecto Nacional Agricultura de Precision. INTA Manfredi.

25. Hedde, M.; Bureau, F; Delporte, P; Cécillon, L.; Decaéns, T. 2013. The effects of earthworm species
on soil behaviour depend on land use. Soil Biology & Biochemistry. 65: 264-273.

26. Jouquet, P; Bottinelli, N.; Podwojewski, P;; Hallaire, V.; Toan Tran, Duc. 2008. Chemical and
physical properties of earthworm casts as compared to bulk soil under a range of
different land-use systems in Vietnam. Geoderma. 146: 231-238.

27.Jouquet, P; Zangerlé, A.; Rumpel, C.; Brunet, D.; Bottinelli, N.; Tran Duc, T. 2009. Relevance of the
biogenic and physicogenic classification. A comparison of approaches to discriminate
the origin of soil aggregates. European Journal of Soil Science. 60: 1117-1125.

28. Jouquet, P; Huchet, G.; Bottinelli, N.; Doan Thu, T; Tran Duc, T. 2012. Does the influence of
earthworms on water infiltration, nitrogen leaching and soil respiration depend on the
initialsoil bulk density? A mesocosm experiment with the endogeic species Metaphire
posthuma. Biol Fertil Soils. 48: 561-567.

29. Jouquet, P; Bottinelli, N.; Kerneis, G.; Henry-des-Tureaux, T.; Thuy Thu, Doan; Planchon, O,;
Toan Duc, Tran. 2013. Surface casting of the tropical Metaphire posthuma increases soil
erosion and nitrate leaching in a laboratory experiment. Geoderma. 204-205: 10-14.

126 Revista de la Facultad de Ciencias Agrarias



30

31

32.

33.

.Lee, K. E. 1985. Earthworms. Their ecology and relationships with soils and land use. Academic
Press, London. p. 411.

Lee, K. E. 1987. Peregrine species of earthworms. In On Earthworms. A. M. Bonvicini Pagliai, P.
Omodeo (Eds.), Mucchi Editore, Modena. p. 315-328.

Liiri, M.; Hasa, M.; Haimi, J.; Setdld, H. 2012. History of land-use intensity can modify the
relationship between functional complexity of soil fauna and soil ecosystem services.
A microcosm study. Applied Soil Ecology. 55: 53-61.

Marinissen, J. C. Y. 1994. Earthworm populations and stability of soil structure in a silt loam soil of
areclaimed polder in the Netherlands. Agriculture, Ecosystems & Environment. 51: 75-87.

34. Marinissen, J. C. Y.; Dexter, A. R. 1990. Mechanisms of stabilization of earthworm casts and

35.

36.

37.

38.

39
40

41.

42.

43.

artificial casts. Biology and Fertility of Soils. 9: 163-167.

Mischis, C. 2004. Las lombrices de tierra de Argentina: aspectos faunisticos y biogeograficos.
In: Avances en taxonomia de lombrices de tierra. Ed. Moreno, A. y Borges, S. Editorial
Complutense S.A. Madrid.

Momo, F. R.; Giovanetti, C. M.; Malacalza, L. 1993. Relacién entre la abundancia de distintas
especies de lombrices de tierra (Annelida: Oligochaeta) y algunos pardmetros
fisicoquimicos en un suelo tipico de la estepa pampeana. Ecologia Austral. 3: 7-14.

Momo, F; Falco, L. B.; Craig, E. B. 2003. Las lombrices de tierra como indicadoras del deterioro
del suelo. Revista de Ciencia y Tecnologia Serie Cientifica. 8: 55-63.

Moreno Reséndez, A.; Rodriguez Dimas, N.; Reyes Carrillo, J. L.; Marquez-Quiroz, C.; Reyes
Gonzalez, J. 2014. Comportamiento del chile Hingaro (Capsicum annuum) en mezclas
de vermicompost- arena bajo condiciones protegidas. Revista de la Facultad de
Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 46(2): 97-111.

. Morras, H. 2008. El suelo, la delgada piel del planeta. Ciencia Hoy. (18)103: 22-27.

. Mummey, D. L, Rillig,M,; Six, ]. 2006. Endogeic earthworms differentially influence bacterial communities
associated with different soil aggregate size fractions. Soil Biol. Biochem. 38: 1608-1614.

Pérés, G.; Bellido, A.; Curmi, P; Marmonier. P; Cluzeau, D. 2010. Relationships between
earthworm communities and burrow numbers under different land use systems.
Pedobiologia. 54: 37-44.

Porta, J.; Lopez Acevedo, M.; Roquero, C. 1999. Edafologia. Para la Agricultura y el Medio
Ambiente. 22 Edicién. Mundi-Prensa.

Riley, H.; Pommeresche, R.; Ragnar, E.; Sissel, H.; Korsaeth, A. 2008. 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. 124: 275-284.

44. Satchell, ]. E. 1967. Lumbricidae. In: Soil biology. Burges, A., Raw, F. (Eds) Academic Press.

45.

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

46. Shaw, C.; Pawluk, S. 1986 b. The development of soil structure by Octolasion tyrtaeum,

Aporrectodea turgida and Lumbricus terrestris in parent materials belonging to
different textural classes. Pedobiologia. 29: 327-339.

47. Shipitalo, M. ].; Protz, R. 1988. Factors influencing the dispersibility of clay in worm casts. Soil

Science Society of America Journal. 52: 764-769.

48. Shipitalo, M. ].; Protz, R. 1989. Chemistry and micromorphology of aggregation in earthworm

casts. Geoderma. 45: 357-374.

ACKNOWLEDGEMENTS

The author wishes to acknowledge the collaboration of students Agustina Ansa and Loreta
Gimenez for their lab assistance.

The help of Martin Gerry in the revision of the English of the last draft of this manuscript is also

greatly appreciated. This research was funded by Universidad Nacional de Lujan.
The comments by two anonymous reviewers greatly improved the final version of this work.

Tomo 48 « N°1 e 2016 127



