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Introduction

This chapter presents an overview of anthropogenic pressures on water resources
and their ecosystems, some strategies for conserving these resources for water
production, as well as a picture of Embrapa’s actions with the potential to
contribute to the achievement of the target 6.6 of the SDG 6: protect and restore
water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers
and lakes by 2020.

The technological solutions that Embrapa research has generated are related to
the reduction of the erosive processes and the sedimentation of the water bodies;
planning, monitoring and valuation of ecosystem services, with emphasis on
water resources; to conservation practices with consequences for maintaining the
quantity and quality of water, among others.

This chapter exposes society the results of research that have greatly contributed
to improving the quality of life of men in the field, as well as being a vehicle for
attracting new partners that can strengthen these actions.

Water shortage and pressures on
hydrological ecosystem services

Although it has large fresh water reserves, including a majority of the world’s
largest aquifer — Aquifer Guarani (70%) -, Brazil is subject to water distribution
in an inhomogeneous way, both in space (North region 68.5%, Midwest region
15.7%, South region 6.5%, Southeast region 6.0% and Northeast region 3.3%) and
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in time (some regions have their rainfall regime concentrated in a few months,
followed by long drought and intermittent rivers). Population concentration and
water demand are also differentiated. Income distribution, water management,
the amount of investments in infrastructure and human resources and other
socioeconomic aspects may also influence the availability of water resources.
These natural and social differences are partly responsible for the situation of
water scarcity in some regions of the country (Prado et al., 2017).

Hydrological ecosystem services are defined as the benefits offered by freshwater
and terrestrial ecosystems, which include fresh water supply, water quality
regulation, flood mitigation, erosion control and water-related cultural services
(Brauman et al., 2007; Terrado et al., 2009).

The main anthropogenic pressures on ecosystem services are related to the
dynamics of land use and cover, changesin biogeochemical cycles, the destruction
and fragmentation of environments, the introduction of new species and the
interference of human activities in natural resources and climate (Sala et al., 2000).
In Brazil, losses of natural environments would be 15% to 18% in the Amazon
biome, 50% in the Cerrado, Pampas and Caatinga biomes and 88% in the Atlantic
Forest (Relatdrio..., 2012). It is also worth mentioning the deforestation of Areas de
Preservacao Permanente (Permanent Preservation Areas — PPAs), the inadequate
construction of roads, the management of lands without the conservationist
care that revert to pressures on water resources (Sparovek et al., 2010; Soares-
Filho et al., 2014). As a consequence, annual soil losses in Brazil are of the order
of 500 million tons by erosion, causing the average loss of storage capacity of the
reservoirs very high, in the order of 0.5% per year, which has contributed to many
rivers reach the sea with a very low flow due to sedimentation, as is the case of the
Paraiba do Sul and Séao Francisco Rivers, essential for the water supply of a large
part of the Brazilian population (Prado et al., 2017).

Sources of pollutants are also a threat to water resources, in the form of domestic
and industrial sewage (punctual) and residues from agriculture (nonpuctual). As
a result, contamination and diminution of aquatic biodiversity occurs, leading to
negative impacts on human health and water supply. Anthropogenic pressures
and climatic changes in water resources may be transboundary and there may
even be influence of one biome in another, as shown in the recent study by
Bergier et al. (2018) regarding the influence of the Amazon in the control of rains
in the Pantanal.
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Strategies for conservation of
ecosystems for water production

Tropical forests are in environments rich in natural resources and are influenced
by a range of biophysical factors that contribute to the provision of various
ecosystem services. It is possible that forests are the environments that most
benefit humanity, since these benefits are also systemic, with synergies between
them (Locatelli et al, 2014). Protecting forests, the protection of ecosystem
services is assured (Arriagada; Perrings, 2009).

Despite the pressures arising from land use and its cover by agriculture and
livestock on ecosystem services (Ferreira et al., 2014; Lapola et al, 2014)
(Figure 1), Brazil has excelled in measures, policies and legislation related to
conservation of ecosystems. As an example of laws and policies, the law of
protection of native vegetation (Brasil, 2012), which establishes the preservation
of permanent areas such as riparian forests and a legal reserve on rural properties,
can be highlighted. In addition, the Sistema Nacional de Unidades de Conservacao
(National System of Conservation Units - SNUC) (Brasil, 2000) establishes a set
of federal, state and municipal conservation units, covering about 20% of the
national territory (Hassler, 2005).

The Ecological ICMS is an example of a financial mechanism to encourage
conservation at the municipal level. It consists of a tax mechanism that allows
municipalities to access parcels — greater than those to which they are already
entitled - from the financial resources collected by the states, through the
Imposto sobre Circulacdo de Mercadorias e Servicos (Tax on Circulation of Goods
and Services — ICMS), due to the environmental criteria established in state laws
(Novion; Vale, 2009; Mattos; Hercowitz, 2011). It is also worth mentioning some
methods of logging, fishing, fiber and fruit in a sustainable way in the different
Brazilian biomes, with emphasis on the Amazon (Becker, 2006; Gariglio et al.,
2010), adding value to the production of small-scale farmers. With regard to water
resources, Law 9,433/1997 established the Politica Nacional de Recursos Hidricos
(National Water Resources Policy — PNRH), providing for various instruments for
integrated and participatory management within the framework of river basin
committees.

Although soil conservation was not been considered a priority in government
agendas in the past (Guerra et al., 2014), many agricultural production systems
have been developed by Embrapa, focused on soil conservation, which are
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Figure 1. Land use dynamics on ecosystem services.

currently in use in Brazil, such as the no-till system, integrated crop-livestock
system (ILP) and integrated crop-livestock-forest system (ILPF) (Machado; Silva,
2001).

Brazil made a voluntary commitment during the 75th Conference of the Parties
(COP-15) in 2009 to reduce greenhouse gas (GHG) emissions from the agricultural
sector by 2020. To do so, it stablished the Politica Nacional sobre Mudancas do
Clima (National Policy on Climate) (Brasil, 2009), which resulted in the Plano
Setorial de Mitigacao e de Adaptacao as Mudancas Climaticas para Consolidagao
de uma Economia e Agricultura de Baixa Emissao de Carbono (Sectorial Plan
for Mitigation and Adaptation to Climate Change to Consolidate a Low Carbon
Economy and Agriculture — Plano ABC). In the Brazilian agricultural sector, new
integrated ecologically based systems have been encouraged, such as organic
agriculture, agroecology and agroforestry systems (Martinelli et al., 2010; Porro;
Miccolis, 2011), which allow greater sustainability of the rural landscape, income
support to small-scale farmers, increased food security maintenance of ecosystem
service. The adoption of soil and water conservation technologies at the farm
level tends to reduce erosive processes and sedimentation of water bodies and
contribute to reducing the use of fertilizers and pesticides in agroecosystems.
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However, there are many challenges for policies and laws to be effective and for
the scale of soil and water conservation programs be expanded in order to cover
the great territorial extensions of Brazil (Sparovek et al., 2010; Grisa; Schneider,
2015).

Technological solutions and potential impacts

Embrapa’s mission is to contribute, through the results of its research, to
the development of agriculture, but also to ensure the sustainability of
the environment. Thus, Embrapa technologies and solutions aimed at the
conservation of ecosystems and water production are many, being generated,
validated, disseminated and adopted by different sectors of society. Some of them
are presented in the sequence, but far from exhausting the list of technological
solutions focused on the theme of this chapter.

Barraginha

Barraginha (mini-dam) is a technology developed by Embrapa Maize & Sorghum
with the objective of capturing rainwater, eliminating floods and providing
gradual infiltration of this water throughout the rural property, which contributes
to soften the negative effects of drought and enables planting of crops. It is a
small basin dug (Figure 2) that fills and empties several times throughout the
rainy season. It usually measures 16 m in diameter, and can vary according to
the type of soil (Barros; Ribeiro, 2009). Several barraginhas must be opened in
several places of the property, where significant floods occur, in the pastures and
plantations. The set of barraginhas provokes the elevation of the groundwater,
increasing the availability of water, which can be perceived by the elevation of the
water level in cisterns cacimbdo-type (Figure 3), by the wetting of the lowlands,
giving rise to springs and the revitalization of streams and rivers.

Biomonitoring in aquatic systems

In the last 14 years, Embrapa Environment has been working on biomonitoring
with benthic macroinvertebrates in natural ecosystems (rivers and lakes) (Silveira
etal,, 2005) and aquaculture production systems (tanks in reservoirs and excavated
fishponds) (Silva et al., 2016). Benthic macroinvertebrates are aquatic organisms
that live in the bottom of rivers and lakes, that is, they inhabit the bottom of rivers
and lakes attached to stones, gravel and leaves, or buried in mud or sand (Queiroz
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Figure 3. Elevation of water level in cacimbé&o-type cisterns.

et al, 2008 ). They are organisms that are sensitive to pollution or degradation
of aquatic ecosystems (Figure 4), so they are able to reflect in an integrated way
the impacts occurring in the water and surrounding environment, for a longer
period than the routinely measured physical and chemical variables. Among
the compartments of the aquatic ecosystem, pond sediments and fish farms are
often the ones that accumulate most organic matter and other pollutants, and
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Figure 4. Fresh water ecosystems.

the last (local) repository of anthropogenic contaminants (human action) (Batley;
Maher, 2001). It is important that partnerships be established with aquaculture
producers to disseminate the method and so that they can - albeit superficially —
make a diagnosis of the quality of their water at a lower cost. A tool widely used
in natural ecosystems and being tested in the fish culture of excavated fishponds
is biomonitoring with samplers with artificial substrate, whose methodology of
preparation and application is detailed in Silva et al. (2012). In aquaculture, good
quality water means a healthy end product, as well as minimizing impacts on
water outside the enterprise. The challenges encountered are mainly to know
the colonizing benthic fauna of the water bodies associated to the aquaculture
system, and to identify the expected changes in the structure of this aquatic
community in case of implantation of the activity.

Monitoring of soil and water in conservationist production systems

Embrapa, in a participatory manner with technicians and farmers, has carried
out research on the monitoring of parameters of water quality, climate, soils and
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the carbon stock in reference areas and in farming systems, with the adoption
of soil conservation practices and of water in the state of Rio de Janeiro. These
researches are allowing the identification of a set of environmental indicators
capable of assessing and monitoring the impacts of these systems on soils and
water resources in microcatchments, through the correlation between land use
and cover and agricultural production systems. The information generated may
support agro-environmental planning and the formulation of public policies,
as well as generate information for compensation programs for environmental
services (Monteiro et al., 2017).

Tools for evaluation and valuation of water ecosystem services

The identification and measurement of ecosystem services (SEs) and ecosystem
disservices (DEs) allow to translate the welfare benefits and losses into monetary
metrics (Zhang et al., 2007; Costanza et al., 2014). This is possible because SEs
have a positive value for society, and DEs represent a loss (negative cost), and
therefore both are valuables. However, it is not always possible to present the
result of the valuation in the monetary metric. Therefore, biophysical identification
or measurement of SEs and DEs is a step forward in terms of the information
available for decision-making. Embrapa Forests and the Federal University of
Parana (UFPR) developed two tools, one to evaluate SEs in productive systems
and another to evaluate monetary metrics. The first uses radar-type graphics. For
this, it is necessary to previously have a database containing the values of SEs in
the same unit of area and/or time. Each system is represented on a graph where
the indicators of the SEs are compared to each other. For this to occur, the values
for each axis are relative to the maximum values for each service evaluated. A
complete axis of the graph represents the maximum provision of services in the
system, while a smaller portion represents a reduction in the provision of SEs
relative to that provided by another system (Syswerda; Robertson, 2014). The
systems in which there is a higher provision of SEs associated to water resources,
such as soil water infiltration rate, soil, water and nitrate losses, surface runoff
volume, erosion reduction (which directly affect water quality and increase of
water flows) are perceived as being more sustainable. The economic valuation
tool is a spreadsheet designed to calculate the value of non-measurable goods
in the economic market. The value is the product of the quantity of SEs at their
respective price. The evaluation of the losses of soil, water and nitrate, volume of
surface runoff, as well as erosion reduction is performed based on the replacement
cost method (Garcia et al., 2015). The method consists of estimating the economic
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costs of replenishing soil nutrients in productive areas, and the purpose of
valuation is to reverse soil degradation and its effects on water resources. The
limitations of the tool can be the low values of the indicators evaluated and the
obtaining of the market prices of the inputs.

Manual for payment for water environmental services

The manual is available, in accessible language, aiming at

[...] deepen knowledge, promote the identification of priority
areas for intervention, selection of indicators and guidelines
for monitoring, and thus contribute to a more appropriate
environment for the application of Payment for Environmental
Services (PES), identifying how and when to use it with security
and guarantee, the effectiveness of its use. (Santos, 2017 cited
by Fidalgo et al., 2017, p. 12, our translation).

Rotational system for family farming in the Amazon

Embrapa’s research in the Eastern Amazon confirms the gain in productivity and
environmental advantages when the traditional system in family farming with
the preparation of planting area by the fallow-and-burning of fallow vegetation
(capoeiras/secondary vegetation) is replaced by the preparation of area by
choping-and-mulching biomass above ground (Davidson et al., 2008; Figueiredo
et al., 2013). In this rotational system based on the use of secondary vegetation
(capoeira), the permanence of the roots in the soil promotes the formation of
“protective nets”, reducing the leaching of nutrients, avoiding their loss and the
contamination of the neighboring water bodies (Sommer et al., 2004).

Watershed assessments indicated that this situation is also detected at the
landscape level and potentiated by the presence of riparian vegetation along the
streams (Amazonian streams) (Figure 5), avoiding larger transfer of nutrients and
sediments to the watercourses. When comparing a catchment area with slash-
and-burn with another one with chop-and-mulch, the hydrological evaluations
concludedthat thislast microbasin had a lower variation of the static level between
rainy and dry periods, and, consequently, a greater capacity of underground
recharge (Wickel, 2004). Consequently, the flows are larger in the igarapé (stream)
in mulched area compared to the igarapé in burned area, since the discharge is
are mainly regulated by the underground water stored. In addition, significant
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Figure 5. Riparian vegetation along the Amazonian streams.

changes were observed in the chemical composition of fluvial waters in the
watershed with burned areas, with significant calcium and magnesium inputs from
the ash into the igarapé waters, thus altering the physico-chemical characteristics
of this ecosystem and their functions (Comte et al., 2012, 2013). Due to these
results, the following are recommended as tools for sustainable agriculture and
management of the basins in the region: the conservation of riparian vegetation,
nowadays mostly secondary vegetation; the substitution of practices such as the
use of fire by sustainable production techniques; and care regarding the use of
agrochemicals (Figueiredo, 2009).

Final considerations

Many measures (laws and policies) have been established in recent decades with
ecosystem conservation in mind, but the pace of degradation is high and efforts
are needed to bring laws and policies into practice. It is important to emphasize
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that it is important to increase the perception of all sectors of society that the
services that ecosystems provide to man are exhaustible.

Embrapa, with its research focused on the sustainability of agriculture, plays an
extremely important role in this scenario, and can contribute with its various
technological solutions, to reverse the degradation of ecosystem services,
especially watershed services, to a more conscious and sustainable agriculture,
with gains also environmental and social, as well as economic. To this end, it is
necessary to join the different public and private sectors to further advance low
cost and easy to apply solutions.
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