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Abstract: The evolution of the agricultural sector around the world has generated positive and negative
externalities at social, economic and environmental levels. These impacts from the modernization of
agriculture would not be, themselves, problematic if the global balance were positive, in sustainable
development. However, in some cases, the negative externalities overlap the positive outcomes,
namely in soil pollution from the application of fertilizers and crop protection products. From this
perspective, the main objective of this study is to explore the relationships between the two following
topics: soil pollution and agricultural economics. For this a literature survey was performed from the
Web of Science platform based on these two topics put together. From the Web of Science, 45 studies
were found and were clustered and explored first through the software VOSviewer. The literature
explored with this software was clustered into three groups and shows that the studies related with
these topics highlight, namely, three aspects: the problem in question, the benefits and the losses.
After this network analysis, the several documents were studied deeper through literature review.
Agricultural policies, farmers perceptions, stakeholders’ involvement, farms’ multifunctionality,
sustainability and adjusted agricultural practices are all questions to be taken into account in the
feedback between soil pollution and agricultural economics.
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1. Introduction

Amongst the various farming factors of production; the soil, its quality and characteristics play
a determinant role for the performance of farms. However, nowadays soil pollution is a dramatic
reality, due to several causes such as, for example, the evolution of societies, the modernization of
the agricultural sector and the several policies designed for agriculture around the globe over recent
decades. In fact, soil pollution is not only a consequence derived from agricultural activities.

The problems related with soil pollution are not only caused by direct impacts upon the soil
quality, but also, from indirect implications on water quality and on human health, because of the
chemical residues which pass on to food. Populations are now better informed about the implications
of soil pollution (for example), namely due to health problems and, consequently, farmers search for
perceived healthier practices, such as organic farming, however there is still a long way to go on both
the sides of consumers and producers [1].

Of course, adjusted policies for all sectors having implications on soil quality should provide here
a crucial contribution. The Common Agricultural Policy (CAP) form the European Union, for example,
has several instruments in the first (more for the farmers’ income support, namely through subsidies)
and second (for the farm investment promotion, namely through structural financial support) Pillars,
however it seems that in certain cases there is not enough to prevent soil degradation. In any case,
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the agricultural policy context from the European Union, in an environmental perspective, is much
better today, than before the first CAP reform of 1992. This reform decoupled, namely, the subsidies
from the level of production in farms and introduced environmental concerns [2].

In agricultural activities, the intensive application of chemical fertilizers and crop protection
products seems to be the main causes of soil pollution, a solution for which appears to be difficult to
find. Indeed, the agricultural sector survives on small profit margins, where it is crucial to maximize
returns and minimize costs. In this difficult balance between incomes and costs, the options for
farmers are very limited, specifically in a sector where the producers’ prices are tend to already be low.
Economic returns have, indeed, a determinant weight upon farmers’ decisions [3].

This study may be an interesting contribution for the several stakeholders related with these
topics, because it explores the several relationships evidenced by the studied literature related with soil
pollution and agricultural economics (highlighted by the network visualization map). These insights
could provide important support for the farmers and policymakers’ (for example) decisions. On the
other hand, the literature review made, considering this previous network analysis, allows to better
explore the respective information behind, each document, by issue.

In this way, after this introduction, this study will be structured into five more main sections.
The next section will investigate the several networks between the documents analysed, in the third
part we will stress “what has been done and what has to be done”, in the fourth section there will be
a literature review to better explore the information behind the network analysis. In the fifth part good
practices for soil quality (and the inherent benefits) will be highlighted and finally in the sixth section
will be a presentation of the main insights.

2. Network Analysis about Literature Related with the Two Topics: Soil Pollution and
Agricultural Economics

In this context, the aim of this study is to explore the literature related with the relationships
between the two topics: soil pollution and agricultural economics. In order to do that, 45 scientific
studies found in 2018 from the Web of Science [4] for these topics (soil pollution and agricultural
economics) were analysed. These scientific studies were first explored and clustered through the
VOSviewer software [5], creating a map based on text data and considering 4 as the minimum number
of term occurrences. From here three clusters were found where the central terms (with greater
importance/weight) appears (from a subjective visualization of the figure) to be “problem”, “benefit”
and “loss”. Considering these clusters and the terms associated with each one, the several studies will
subsequently be explored deeper through a literature review.

By analysing 45 scientific documents related with the topics of soil pollution and agricultural
economics, considering the VOSviewer software, the map based on text data presented in Figure 1
was obtained.

In the VOSviewer software, for the network visualization, each item is represented by its label
and by a circle. The dimension of the label and the circle depends on the importance of the item
(number of occurrences in this study based on text data). The distance between two terms (relatedness)
is indicative of the number of co-occurrences in documents. Finally, a set of items interrelated included
in a map constitutes a cluster. Each item can belong to solely one cluster and the items of each cluster
have the same colour [6].

It is worth stressing that in this study, comparatively with Martinho [7], for example, in terms of
methodology, the information shown in each cluster has been exploited further, namely the idea of
central terms and the respective relatedness with other terms.

From this analysis it was possible to find 3 clusters, where the items related with each cluster are
the following:

• Cluster 1: benefit; biodiversity; combination; component; difference; economic incentive; efficiency;
environment; environmental pollution; eutrophication; farm income; knowledge; need; nitrogen;
objective; order; phosphorus; producer; productivity; term; yield.
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• Cluster 2: agricultural land; aquifer; case; change; country; economic return; food; groundwater;
increase; problem; process; purpose; range; region; response; solution; sustainability; time.

• Cluster 3: agricultural practice; agricultural production; erosion; evidence; example; field; land;
loss; nutrient; runoff; society; soil erosion; soil fertility; water quality.

Analysing deeper into Figure 1, in cluster 1 it appears to be the term “benefit” that interlinks with
the remaining terms, in cluster 2 it appears to be the term “problem” and in cluster 3 it appears to be
the term “loss”. These interrelationships will be explored deeper in the following subsections and
analysed further in Section 4.
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Figure 1. Map based on text data for 45 studies related with the topics: soil pollution and agricultural economics. 
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2.1. Exploring Interrelationships to Improve the Benefits from Interactions between Soil Pollution and
Agricultural Economics

Analysing Figure 2 and considering the term “benefit” as central in the several interconnections
inside cluster 1, this word is more interrelated with terms from the same cluster such as: efficiency,
objective and phosphorus (these terms are closer in the map). In a position which is not so close appear
terms from cluster 1 such as, for example: knowledge, nitrogen, eutrophication, biodiversity and farm
income. In a position, also, not so close, appear terms from cluster 2 such as, for instance, sustainability
and change, or from cluster 3 such as water quality and agricultural practice.

In the interrelationships between soil pollution and agricultural economics, efficiency plays
a determinant role here towards improving the benefits, as well as the definition of clear objectives
and the management of some nutrients such as phosphorus. With less relatedness with the term
benefits appear terms related with knowledge, farm income, sustainability, water quality and
agricultural practices.

This shows that there is a long way to go towards improving the perception of the several
stakeholders about the benefits of new technical and scientific insights and from sustainable plans
of agricultural development. Where the biodiversity may be preserved and the different resources
(including, for example, the water and nutrients) may be managed in a more adjusted way.
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Figure 2. Interrelationships with the term “benefit” from cluster 1. 
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2.2. Highlighting the Terms Related with Solutions for the Soil Pollution Problem, Namely in Terms of
Agricultural Economics

Considering the term “problem” as being central inside cluster 2, Figure 3 shows that the closest
terms in the map are words such as: case and sustainability. Not so close appear to be terms such as, for
example (from the same cluster): change, increase, response, solution, region, agricultural land, purpose
and process. Also, not so close, but from cluster 1 appear terms such as: environmental pollution.

These networks reveal that, across the several interrelations among soil pollution and agricultural
economics there is a problem of sustainability that seems to be more regional than national for which it
is important to find responses and solutions. In fact, there are changes needed, however the solutions
and the responses seem to have little relatedness with the problems, or in other words, the scientific
literature more frequently identifies problems within these interrelationships than highlight solutions
and responses. On the other hand, little attention has been given toward stressing environmental
pollution as a problem in the interrelationships between soil pollution and agricultural economics.
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2.3. Stressing the Networks for Reducing the Losses between Soil Pollution and Agricultural Economics

From Figure 4 and considering the term “loss” as the term with more weight (in terms of
occurrences), the closer terms in the map are society and evidence. Not so close appear terms such as,
for example: water quality, agricultural practices, erosion and runoff.

Considering these terms as being those which are closer with the term with more occurrences,
it would seem that the greater loss from the relationships between soil pollution and agricultural
economics is for society. On the other hand, the perception about the loss of water quality and from
erosion appears to be relatively weak, as well as the importance of agricultural practices to reduce
the losses. However, agricultural practices, here, provide a crucial contribution towards reducing
losses and improving benefits. In any case, the water quality and soil erosion look to be more related
with losses than with benefits. This reveals that, in general, the several stakeholders seem to be more
concentrated on the negative impacts from soil pollution in the water and soil quality than to highlight
the importance of healthy water and soil for e society. In fact, the negative effects from the soil pollution
in the human health, ecosystems and environment have implications upon the entire community.
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2.4. Final Remarks from Network Analysis

In conclusion, in the interrelationships between soil pollution and agricultural economics topics,
there is, indeed, a problem of sustainability, for which it is urgent to find responses and solutions.
However, the several stakeholders are more concentrated on the problems rather than on the solutions.
On the other hand, it is important that the several stakeholders understand that, sometimes, it is more
important to highlight the benefits from water and soil having high levels of quality than to stress,
again, the negative impacts on the ecosystem and the community from water and soil pollution.

Agricultural practices may play a fundamental role here in order to improve, namely, efficiency
and mitigate the main consequences, inclusively for society, on water quality and soil erosion. In fact,
the soil is one of the most important factors of production in the farming sector, having several
implications on the performance of agricultural economics. On the other hand, the options made by
the farmers, namely in terms of agricultural practices, influence the quality of this factor of production
which is interlinked with other factors such as water.

3. What Has Been Done and What Has to Be Done

Impacts on soil pollution from the agricultural sector, in all its dimensions, have been the main
focus for several studies performed around the world. In fact, much work has already been done
in these fields, stressing, for example, aspects related with environmental externalities, including
nonpoint source pollution [8], efficient soil nutrient management [9], water quality [10] and the roles of
the several stakeholders [11].

On the other hand, the great challenges for the future, in the issues related with implications of soil
pollution from agriculture, will be, for instance, to find a balanced coexistence between environmental
pollution management and ecological sustainability [12], the sustainable relationships among the
economic and environmental dimensions [13] and the role of genetically modified plants in order to
mitigate soil pollution [14].

However, considering the number of studies related with the several topics associated with soil
contamination, in this study special relevance was given to the relationships between soil pollution
and agricultural economics, constraining the focus from the scientific literature to these two fields.
In addition, for a sustainable development, the several approaches driven to the questions related with
the agricultural sector, including soil pollution, should take into account the economic dimensions,
considering its importance in the decisions and perceptions of the farmers.

In order to bring more insights about these two topics in the next section there will be a further
exploration into the different documents studied through network analysis on previous occasions.
The insights highlighted with this study will bring about relevant contributions for the perceptions of
the several stakeholders (including policymakers and researchers) about the relationships between soil
pollution and agricultural dynamics. For example, it was emphasized that the scientific documents
related with these two topics must give more relevance to solutions so as to mitigate the problems
related with soil pollution from farming activities.

4. Exploring Further Literature Associated with the Topics: Soil Pollution and Agricultural
Economics

Considering the cluster analysis outlined before, in this section the literature will be explored
even further, by taking into account the number of clusters identified and the respective terms which
are related with each one. From the 45 scientific studies in this section only 44 were analysed, because
it was difficult to find, beyond the title, at the very least, even an abstract for the study developed by
Willis [15]. There are another few cases where it was difficult to analyse the full papers, because they
either do not exist or are available only under special subscriptions.
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4.1. The Benefits from Agricultural Activities

Agricultural policies play a determining role to reduce the impacts from farming practices on soil
contamination, thus, improving sustainability and the interrelationships with the environment [16].
Agricultural policies, namely those from the Common Agricultural Policy (European Union), have
been addressing these concerns. In fact, the CAP, namely since its reform in 1992, introduced effective
instruments to improve the sustainability of the agricultural sector, specifically to promote, for example,
integrated agricultural production, organic farming and the preservation of traditional production
systems. The CAP also created, in 1992, incentives to maintain farmers in the mountainous and less
favoured regions, with social and environmental objectives [17]. The agricultural activities developed
through adjusted public plans may play an interesting contribution for sustainability, providing
positive externalities.

The combat against soil erosion is another question where the agricultural policies designed at
national and supranational level may support and give incentive for more environmental friendly
practices [18]. For an effective achievement of the goals intended, the policies should be well
designed and the related programs should be well managed [19]. In designing well-adjusted policies
it is important to characterize the several sources of pollution and the respective behaviour for
several strategies of mitigation [20,21]. The continuous assessment of policies is crucial for necessary
adjustments in order to adapt to new realities and contexts [22]. Another important question
about policy design is the involvement of the several stakeholders, namely the local communities.
The commitment of the several stakeholders allows for collecting local and sectorial information and
subsequently improving the implementation of the respective policy instruments [17]. This approach
of involvement of the several interested parties mitigates the design of unadjusted policies and the
resistance of the main addressees.

Productivity and efficiency are two important variables that should be maintained under control
in farms so as to obtain contexts which allow for positive incomes for farmers and positive impacts
on the several environmental dimensions [23]. Good performances for these variables in farms are
particularly crucial, especially when the reduction in pollution from agricultural activities could
result in farmers’ net income decreases [24]. However, it is important to persuade the farmers to use
sustainable practices to improve productivity and efficiency at medium and long-term scales [25].
In fact, sometimes, there is a lack of perception amongst farmers about the several implications from
soil pollution and about the importance of sustainable practices. These contexts become worse when
the dynamics in the farm is weak and the environment preservation implies reductions in the revenues
and increases in the costs. In some circumstances the farmers’ training and economic incentives may
have interesting positive effects on the reduction of negative impacts from chemical production factors
currently applied in farming [26]. The economic incentives from public institutions are completely
justified by the social benefits from sustainable agricultural practices implemented by farmers, namely
in terms of greater quality of water and for the agro-chain [27,28].

4.2. The Problems and Solutions within the Relationship between Soil Pollution and the Agricultural Sector

An important question to be taken into account, in these contexts related with the problems and
solutions in the interrelationships between agricultural economics and soil pollution, is about spreading
the awareness to the several stakeholders that bad practices today as an attempt to improve the net
farm profit, will have consequences on the revenues of the future [29]. It is important, also, that the
several stakeholders understand that it will be vital to highlight and focus more on the solutions than
on the problems and to greater stress the importance of good water and soil quality rather than the
negative effects which occur from water and soil pollution. On the other hand, the implementation of
strategies to mitigate the problems of context, such as erosion, is sometimes ignored, because of the
high associated costs [30].

Sometimes, soil pollution from agriculture is not always a consequence resulting, only, from the
use of chemical production factors (fertilizers, pesticides, . . . ), but, often, it is also a consequence of
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the options taken related to other activities located upstream or downstream of the said agricultural
activities, such as, for example, energy production [31]. In fact, it is important to refer that agricultural
activities do indeed provide substantial contributions towards soil pollution, but are not the only
parties who are guilty of this.

Never until today, has there existed so many solutions to the problems associated with the impact
on soil pollution from agricultural activities, mainly as a consequence of the research developed over
the last decades, namely by agricultural economists that explored the various subjects related with
farming frameworks [32]. In turn, the increased concerns with sustainability and new frameworks
brought about by innovation are feeding hopes to find new solutions for the problems related with
soil pollution.

However, it is important to be aware that the characteristics of farms and their respective external
conditions/environments diverge between countries, regions and locals [33]. On the other hand,
the perception and the importance given by the several stakeholders to the problems related with
sustainable agricultural development are not equal across the world’s countries, including differences
between even the European member-states [34,35]. Indeed, sometimes, the difficulties to find adjusted
solutions for soil pollution stems from the great diversity of realities around the world, including those
within the European Union.

One of the greatest environmental problems from agricultural activities is freshwater
contamination, namely in regions where there is greater scarcity and/or more demand [36,37]. The big
challenge for the future will be to improve the water quality [38], in contexts where there will be
pressure from economic contexts (it is important to grow more and more), social dimension (it is
expected, for example, that the population lives for longer) and environmental problems (global
warming and lack of available and sustainable resources). An optimized model for water management
in farms is fundamental to improve the farmers’ economic results and to deal with the several problems
related with water quality and availability [39].

Another important question is to be aware of the chemical pollutants’ lag time in the groundwater
context, namely in the case of nitrates and their potential long travel time [40]. Water is a fundamental
resource for all global life and its quality will be compromised if the current tendency of water and soil
pollution from several socioeconomic activities continues to go on in the future.

4.3. The Negative Impacts from Agricultural Practices

The ecological perspective of farms should be integrated jointly with the economic dimension in
the framework of the farmers’ decisions, namely in those related with agricultural practices [41,42].
The farmers’ training and the respective empowerment may bring about important outcomes for
agricultural sustainability, namely in regions where agriculture has less dynamics and performance,
sometimes because of contextual conditions. Adjusted farm management options may bring important
outcomes for sustainable agricultural practices and improve the balance between benefits and losses [43–
46].

One of the biggest challenges in the reduction of negative impacts from agricultural practices on
soil quality is the trade-off between the maximization of the net economic results and the preservation
of the environmental standards [47–50]. Vegetative buffer strips, for example, may be an interesting
practice towards maintaining the soil and water quality and improving farm incomes [51]. Another
alternative is reducing the levels of eutrophication from the phosphorus input, recycling the phosphorus
from the water or using algal as fertilizers or biofuel [52], or, even, using organic matter [53–55]. The use
of chemical products (fertilizers and crop protection products, for example) in the farming sector,
usually brings problems of soil and water pollution, amongst other negative implications. This may be
mitigated with more sustainable practices, namely increasing the use of more sustainable inputs.

However, the farmers’ decisions are influenced by several factors, including their real perception
of the consequences from bad agricultural practices on the environmental quality [56]. In any case,
the economic returns are often one of the most important factors that make the difference at the time of



Agriculture 2020, 10, 24 14 of 19

making decisions and for options chosen by farmers [3]. In fact, in a sector such as agriculture, where
the profit margins are often small, the net results between costs and revenues have a determinant
weight upon a farm’s management.

The multifunctionality of farms is often forgotten and, consequently, the agricultural development
is frequently associated with losses in biodiversity, human health and soil quality [57]. Bringing more
activities into farms is crucial in order to increase the farmers’ income whilst at same time allowing for
improvements in the contribution towards environmental preservation. The activities related with
tourism developed inside the farms (rural tourism and ecotourism), for example, reduce the length of
the agro chains with interesting contributions for the net economic results of the farmers and allow
for reductions in the carbon impacts (namely those related with the transportation of agricultural
products). The risks for human health from water and soil contamination, namely with heavy metals,
is a real concern these days [58]. The multidisciplinary approach of pollution realities from agriculture
could provide an interesting contribution to finding adjusted solutions for a tendency verified in these
modern times, as a consequence of agricultural transformations [59]. The future is coming and it
is important to find urgent solutions, where every science may provide interesting and significant
contributions towards the needed solutions.

5. Stressing the Need for Good Practices for Soil Quality and Their Respective Benefits

The good practices are always the best way to mitigate the soil pollution [60]. In some contexts,
such as in Brazil, where through the concept of agroforestry systems (crop-livestock-forest) and
adjusted good practices, it is possible to increase production with less input and less impact on the
environment and on society [61]. The incorporation of organic matter into the soil is one of the main
drivers to improving soil quality, namely in terms of structure and fertility. The incorporation of crop
residues provides an important contribution for the promotion of the levels of soil quality [62]. In fact,
the crop residues may repair damages in the soil structure, improve stability, promote water retention
and soil fertility [63].

On the other hand, green manure crops are another alternative towards improving the soil quality
through good practices having relevant impacts on agricultural contributions for entire sustainability.
These crops complemented with adjusted treatments (such as for example broadcasting before
harvesting and partial tillage seeding in rice production) may allow for increases in production without
compromising the environmental sustainability [64]. Animal manure and the biobased fertilizers may
be other relevant alternatives for soil quality improvement/preservation, comparatively to chemical
fertilizers [65].

In Europe and China the best agricultural management practices for soil quality are namely crop
rotation, manuring and composting, min-till, residue maintenance and Integrated pest and disease
management [66]. The diversification of activities within farms appears to be another adjusted good
practice for agricultural sustainability [67].

Taking advantage of the circular economy may also be an interesting approach to improve the
soil quality, namely by reintroducing algal biomass into agriculture, as a fertilizer, produced from the
nutrients lost by the agricultural activities for the freshwater and marine [68]. Of course, the topic
of circular economies and questions related to it need special attention and further investigation in
future studies. The tillage practices, also, influence the soil quality. In this way, zero tillage appears
as a motivating approach towards improving the soil structure with benefits for biological processes
and microbial biodiversity [69]. Biochar appears as another more sustainable fertilizer (by mitigating
greenhouse gas emissions) and is a promoter of good soil quality [70].

6. Conclusions

The main objective of this study was to explore the several interrelationships between the topics
soil pollution and agricultural economics in scientific literature, considering the scientific studies
available in the Web of Science platform. These studies were first analysed and clustered through
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the VOSviewer software (considering the occurrences of the several terms) and were subsequently
further explored through literature review. From the cluster analysis it was possible to find three
clusters where the terms with greater occurrences are respectively “problem”, “benefit” and “loss”.
Comparatively with other studies, the research here presented was developed around these three
central terms and the respective closeness (relatedness) with the other terms inside each cluster.

The literature review shows that agricultural policies have a determinant role towards improving
sustainability in the relationships between soil pollution and agricultural activities. Adjusted plans
of design and management of these policies and respective programs are crucial for an effective
implementation of these strategies and to achieve the desired objectives. For this, a permanent
assessment is essential, as it is equally essential to know the several sources of pollution and the
respective reactions to the different strategies of mitigation. Farmer training, empowerment and
economic incentives seem to be the preferred policies to improve sustainability in the farming sector.
This is important, namely to improve the farmers’ perception about the importance of adjusted practices
that preserve the environment in conciliation with the economic and social dimensions of the farms.
Through the involvement of the several stakeholders present in each region, and by then listening to
their opinions and perspectives, this may be a first step in the design of adjusted programs and policies.

Productivity and efficiency are important variables for more sustainable farms, because by
improving these two factors it is possible to think in the medium and long-term and consequently
reduce the environmental impact from agriculture without compromising the future of the farmers’
incomes. Good plans of management may provide an important contribution here, namely those that
put together the economic perspective in conjunction with the ecological dimension. Multifunctionality
and new more sustainable agricultural practices, could bring about some interesting outcomes, namely
those that allow us to reduce the length of the agro chains. The good news in these complex contexts is
that there has been a boon of scientific research developed over the last decades in issues related with
the several activities implemented in farms.

The main concerns about soil pollution from agricultural activities seem to be with water quality,
the soil erosion and the presence of heavy metals in the soil which represent serious risks for human
health. Another question is about the focus adopted by the several stakeholders on the relationships
between soil pollution and agricultural economics. In fact, it seems that the stakeholders, including
researchers, are more focussed upon the problems than on the solutions. It seems that the problems are
well identified, now it is important to increase the flow of information about the solutions. In turn,
the stakeholders seem to be more engrossed by the losses from soil pollution rather than by the benefits.
The populations like to be recognized for their contributions towards better welfare. It is important to
stress this and to highlight the benefits from good water and soil quality.

In any case, there are several solutions in order to improve the soil quality, namely in terms of
structure, fertilization, biological processes, organic matter and microbial biodiversity, such as, for
example: biochar, green manure crops, circular economy, the incorporation of crop residues, reducing
tillage practices, animal and biobased fertilizers, crop rotation, crop diversification, manuring and
composting, residue maintenance and Integrated pest and disease management. It is worth stressing,
however, that local realities around the world are different and the solutions to be adopted need to be
conveniently adapted to each case. The research developed over the last few years in this area may
and should give crucial insight and support.

Considering the contributions brought about by this study, it will be important to explore in
future work how the soil health influences the ecosystem services, considering their importance for an
integrated rural development. It will be important, also, to bring more insight about the multifunctional
dimensions inside the farms and their importance for sustainability within the agricultural sector and
the respective positive externalities for ecosystems and for society. It will be important to further
explore the topics related with solutions for soil pollution from agricultural practices, by stressing
questions related with the circular economy and assessments based on life cycle methodologies.
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Despite the restrictions imposed on this study, it brings to the fore interesting insights for the
several stakeholders, including farmers, policymakers and researchers. In fact, the main gaps from the
literature associated with the topics of soil pollution and agricultural were emphasized. On the other
hand, some considerations for policy adjustment were provided, as well as some suggestions for good
farming practices.
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