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01
 One of the main challenges of today's agriculture is to improve crop quality
and yields while avoiding any undesirable effects on the environment.
However, the use of pesticides is sti l l  widespread and their use implies the
generation of a residue. From an agronomic point of view, these compounds
should ideally persist for as long as possible to combat pests and diseases
affecting crops. But as the exposure time increases, the risk of environmental
contamination increases.

 Pesticide residues cause diffuse pollution problems due to their permanence
and accumulation in the soil,  their mobil ity in water, soil and air,  their
degradation products and the possibil ity of causing toxicological disorders in
l iving organisms.

 In summary, pesticide residues in soil can cause negative effects on human
health and the environment. Economic impacts such as the devaluation of
contaminated land or economic losses due to their presence on crops can also
be caused, seriously contributing to the silent problem of soil contamination.

 The first actions taken to combat soil contamination focused on the isolation
of affected areas and containment barriers to avoid possible leaks, which may
be effective in preventing the spread of contaminants but fails to act on the
source of contamination. The demand of a society increasingly aware of the
need to preserve natural resources has, in recent decades, driven the
development of technologies for the decontamination and reuse of
contaminated soils, the so-called remediation techniques (environmental
clean-up), which encompass a series of operations that modify the structure of
the pollutants in such a way as to reduce the toxicity, mobil ity or volume of the
contaminated material.  Although a variety of physico-chemical, thermal and
biological techniques are currently available to remove these harmful
compounds, the inherent complexity of both the matrix to be cleaned (soil
composition and structure) and the contaminants (pesticide characteristics and
concentration) makes it very diff icult to predict the outcome of the treatment
applied. The selection of one technique or another depends on different
factors such as the nature of the pesticide (physical-chemical properties,
concentration and toxicity), the characteristics of the soil to be treated
(particle size, porosity, permeabil ity, heterogeneity, pH, temperature, humidity
and organic matter content), environmental characteristics (geography,
demography, hydrology and ecology of the contaminated area) or the cost of
the technique to be applied. In general, we can say that most physical
techniques are quite expensive, while biological techniques are more
economical.

The solution proposed by AGREMSOIL is based on the combination of two
techniques, ozonation and solarization, which attempt to avoid the main
disadvantages of some of the current remediation technologies, such as
the need to move the soil to another location to carry out the treatment,
the high costs or the time required for the elimination of the pollutant.

CONTEXT AND BACKGROUND
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 Ozonation is an advanced oxidation
process that contributes to the
degradation of organic pollutants, due to
the high oxidising power of ozone. This
reagent has been widely used for its ability
to effectively remove a wide range of
organic pollutants. Ozone can act directly
(molecular ozone, E  = 2.07 V) or indirectly,
through highly reactive transient species
generated during its decomposition
(hydroxyl radicals, E = 2.8 V). These
radicals are capable of attacking and
destroying any organic molecule until their
complete mineralisation, i.e. their
conversion to carbon dioxide, water and
mineral salts. In both cases there are two
modes of action, on the one hand they can
directly attack the organic pollutants, or
they can attack the organic matter in the
soil, thus releasing retained pollutants and
allowing their degradation. 

 Soil solarization  is a cheap and
simple hydrothermal method of
disinfection that does not involve
the use of toxic materials. It is
based on covering the soil with a
polyethylene plastic that is
impermeable and transparent to
solar radiation. This treatment is
mainly carried out during the
summer months, when the
temperature and solar radiation are
more intense. Under these
conditions, the changes in soil
environment favor the destruction of
pathogens, mites, nematodes and
weed seeds, reducing crop diseases
and increasing yields. In addition to
these recognised effects, it has
been shown that solarization can
also accelerate the degradation of
pesticide residues in the soil .
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02 OBJECTIVES

Demonstrate an alternative technology to degrade pesticide
residues in agricultural soils under commercial farming
conditions, with innovative on-farm equipment, contributing to
the solution of a global problem.

Evaluate the impact of AGREMSOIL technology on soil
biodiversity, its effectiveness in controlling nematode
populations and its influence on crop yield and quality.

To boost the application possibilities of the system through
contributions to governance and technology transfer in the
Mediterranean area.
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 First, the different variables were optimised and the
feasibil ity of the ozonation process was tested at
laboratory scale. Then, once the optimal conditions
were selected, the technology was validated at pilot
scale to ensure the efficiency of the treatment on an
experimental farm. 

03 ACTIONS
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Outline of the
laboratory scale
trials (Phase I)

Schematic
representation of

experimental farm-
scale tr ials 

(Phase I I )



 The AGREMSOIL system is based on the combination of solarization
and ozonation techniques applied through the development of
equipment that is installed on the farms themselves. The AGREMSOIL
prototype comprises ozone production equipment, an ozone
destructor, a water conditioning system, ozone transfer systems,
storage tanks and distribution systems and a cover of impermeable
material.  The application of ozone is carried out in gaseous mode
during the period between the end of one crop and the planting of the
next (without crop); or dissolved in the irr igation water, when it is
carried out throughout the crop (with crop).

Demonstration in commercial operation (Phase
II Ia, ozone gas without cultivation)

Commercial farm demonstration (Phase I I Ib, ozone dissolved in irr igation water during
the growing season)
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Finally, the applicabil ity of
the process at commercial
farm scale was
demonstrated. The selected
commercial farm is located
in the municipality of Águilas
and has been dedicated to
tomato cultivation in its
different production
processes for decades. This
crop is one of the most
representative of the Region
of Murcia and the entire
Mediterranean area.



04 RESULTS  

Solarization treatment and ozone gas application phase without crop 

 Nematodes of the genus Meloidogyne
are obligate endoparasites of more
than 5500 plant species. Some species
are responsible for large economic
losses due to their high multiplication
rate as they have several generations
per year in warm and temperate
climates. Meloidogyne incognita is
considered the main phytoparasit ic
nematode worldwide and is, together
with M. javanica and M. arenaria, the
predominant species in Spain. They
damage the root system of the plants
with the appearance of nodules due to
the bites of the juveniles. This damage
to the roots results in yellowing of the
aerial part, reduction of vegetative
development, reduction of production
and, in extreme cases, death of the
plants.

 The combination of the techniques
applied by means of the AGREMSOIL
equipment demonstrated its usefulness
for decontaminating in situ the residual
levels of pesticides in agricultural soils
produced after phytosanitary
treatments. The results obtained on
commercial farms after 40 days of
exposure to the solarization and
ozonation treatment showed average
degradation percentages between 57
and 63%, while the elimination of these
pesticide residues on the plot without
remediation treatment showed an
average degradation of around 15%.

 The nematode population was controlled by bioassays to estimate the viabil ity of
juveniles and egg masses (capable of infesting plant roots). The treatment
achieved 100% elimination of juveniles and non-viabil ity of eggs.
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 Soil is an ecosystem that harbours a great variety
of microorganisms, which constitute a
fundamental component for the maintenance of
ecosystem services, preserving its ferti l ity and
sustainabil ity. Moreover, they play a crucial role in
the regulation of biogeochemical cycles, so the
maintenance of soil microbial diversity must be
ensured in any action carried out on the soil .  

 The influence of AGREMSOIL technology in soil microbiota was
estimated by measuring the main physico-chemical (pH, electrical
conductivity, total nitrogen and organic carbon content, etc.),
biochemical (dehydrogenase activity, urease, alkaline phosphatase
and β-glucosidase) and microbiological (microbial biomass and
diversity) parameters of the soil .  The results indicated that
ozonation does not modify the activity of micro-organisms, which
are essential for plant development and a key component of soil
ferti l ity.
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Application phase of dissolved ozone in the irrigation water during the
growing season

  The application of ozone dissolved in irr igation water did not show any
decontaminating effect on pesticide residues content in the soil .  

 Regarding nematode control, irr igation with ozonated water during
cultivation did not show an added effect compared to the biosolarisation
treatment (manure plus solarization) usually used by farmers.

 The results at soil level show that irr igation with ozonated water had
effects on the physico-chemical, biochemical and microbiological
properties of the soil,  favouring microbial biomass and the activity of
enzymes related to the supply of nutrients to the plant.

 In addition, irr igation with ozonated water affected the physiology and
yield of tomato plants: for example, fruit quality was slightly higher in
plants irr igated with ozonated water than in controls.
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Demonstration on 

2 commercial farms 
dedicated to tomato cultivation

under greenhouse and under net.

2000 m  of
decontaminated soil

Waste from 

34 active
substances 

detected in soil have been
degraded

9 mg/kg 
of pesticides found in soil

Eliminated 

57-63% 
of pesticide residues in soil 
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 There is growing social concern about the negative effects of pesticide
use on agricultural soils. Soil remediation techniques have been
developed in recent years, although their application is not mandatory for
farmers. Moreover, the available techniques have not been adapted to
agricultural soil conditions on a commercial scale. 

 The use of ozone is currently not allowed in agriculture mainly due to its
hazardousness and toxicity, however AGREMSOIL has proven to be a
promising technology for the decontamination of pesticide residues in
soils. The widespread adoption of a new technique requires the
corresponding socio-economic and environmental impact studies.

 With this premise, the corresponding economic study and Life Cycle
Analysis were carried out, both applied to the demonstration farm.
Different scenarios of use were considered, concluding that some of
them, such as a change from conventional to organic production or a
process of land use change (abandonment of agricultural use) would
bring together the best conditions for the application of AGREMSOIL
equipment and technology.

For these cases, the total cost of the decontamination treatment
amounts to 862.32 €/ha. This f igure represents an increase of only 1.2%
of the total annual cost of a hectare of tomatoes under glass. The
additional cost per kilo produced would be around 0.5 euro cents
depending on the size of the equipment used. The environmental cost
from a l ife cycle perspective also represents a low increase of 1.17%.

05 SOCIO-ECONOMIC AND 
ENVIRONMENTAL ASSESSMENT
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 In other scenarios of periodic decontamination the additional cost is
higher, but sti l l  low in relation to the total cost of production, around 2.8
euro cents per kilo of tomato produced. These figures are similar for other
greenhouse crops such as peppers and courgettes. In terms of carbon
footprint, the values for the different treatment options vary from 0.138 to
0.156 kg CO -eq per kg of tomato produced, which are stil l  low values in
relation to those obtained for tomato cultivation in other production areas.

 In relation to the work on the farm due to the use of the AGREMSOIL
equipment, we can affirm that it is a process that requires very l ittle
manpower. Thus, we found that the working time of an operator is only a
few minutes, related to the coordination of the operation of the equipment.
Maintenance work represents a very low percentage of the total cost of
applying the treatment per hectare (around 5%). 
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06 COMMUNICACITION AND 
DISSEMINATION
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Several communication activit ies were carried out over the course of the
project in order to increase dissemination and transfer of results to end
users and groups of interest.

Web: www.agremso3il.eu

Videos:  
            3 Promotional videos
            2 workshops videos
            5 interview videos

Newsletters: 5 malings over 1.000 registered users

Post: 56 news items published on our website

LIFE AgRemSO3il video

What is LIFE AgRemSO3il project? Life+ AgRemso3il Illustration -
Food and Feed Products
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Events
18 scientific and technical congresses

11 networking activities
7 national and international tradeshows

News
15 project news 

14 news items related to the project
6 media articles



Scientif ic Publications

MARCH 2021
Combined ozonation and solarization for the removal
of pesticides from soil:  Effects on soil microbial
communities
Marta Díaz-López, Emil io Nicolás, Rubén López-
Mondéjar, Lucas Galera,  Isabel Garrido,  José Fenoll,
Felipe Bastida

NOVEMBER 2021
The effects of ozone treatments on the agro-
physiological parameters of tomato plants and the soil
microbial community
Marta Díaz-López , José A. Siles, Caridad Ros, Felipe
Bastida, Emil io Nicolás 

FEBRUARY 2022 
Remediation of triazole, anilinopyrimidine, strobilurin
and neonicotinoid pesticides in polluted soil using
ozonation and solarization
C.M.Martínez-Escudero, I .Garrido, P.Flores, P.Hell ín,
F.Contreras-López, J.Fenoll

MAY 2022
Ozonation for remediation of pesticide-contaminated
soils at field scale
C.M.Martínez, I .Garrido, P.Flores, P.Hell ín, F.Contreras,
J.Fenoll

Layman's Report                                                                                                                                                                         Page 16



07 CONCLUSSIONS

The AGREMSOIL system shows high performance in the degradation
of pesticides on a commercial scale.

The AGREMSOIL system has advantages over other remediation
techniques: in situ application, depth efficacy and short treatment
time (soil availabil ity).

Adaptation of the system to a larger soil surface and to other
contaminants needs to be developed and evaluated both technically
and economically.

The AGREMSOIL system should be used in protected environments
such as greenhouse floors to avoid possible atmospheric
interference in open areas.

The use of ozone in agriculture is not allowed and its use as a
remediation system should be considered by the competent
administrations. Potential applications include land use change and
accelerating the conversion process from conventional to organic
farming at an affordable cost.

The use of the AGREMSOIL system is recommended as a contracted
service for farmers.
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