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      Presentation


      The agricultural use of areas with high natural vulnerability has intensified throughout Brazil, often yielding to pressure to expand the land used for agricultural purposes. These include the Guarani Aquifer recharge areas, which extend over approximately 104,000 km² in Brazil.


      This is a scenario which requires immediate intervention to prevent activities in these areas from compromising the groundwater, particularly in terms of its quality, with agriculture being one of the main activities which could cause such a process.


      It is a fact that water resources, in particular surface water resources, have undergone an accelerated process of degradation, which is why research needs to be done to propose measures for their preservation and protection. This is especially necessary for groundwater resources which are currently in a relatively good state of conservation, particularly in Brazil.


      Given this scenario, we present this study entitled Agricultural use of the Guarani Aquifer recharge areas in Brazil: Implications for groundwater and proposed agri-environmental schemes, edited by Embrapa Environment researcher Marco Antonio Ferreira Gomes, which provides an excellent approach to the issues involved in using fragile areas, such as the Guarani Aquifer recharge areas, focusing on possible implications for the environment, as well as proposing preventive and corrective measures for any possible adverse impacts which might occur.


      The study is broken into 20 chapters, of which 18 relate to research results obtained over the past 12 years working on a multi-institutional team, involving Embrapa Environment [Embrapa Meio Ambiente], Embrapa Soils [Embrapa Solos], the Biological Institute (IB) [Instituto Biológico] in Campinas and São Paulo, the University of São Paulo (USP) in Ribeirão Preto, the Agronomical Institute of Campinas (IAC) [Instituto Agronômico de Campinas], the Department of Analytical Chemistry at the University of Campinas – Unicamp, the Rural Extension Agency (Agenciarural) of Mineiros, GO, the Integrated Municipal Foundation of Higher Education (FIMES) [Fundação Integrada Municipal de Ensino Superior] of Mineiros, GO, as well as other contributors such as the University of Ribeirão Preto (Unaerp), the Water and Sewage Department of Ribeirão Preto (Daerp) [Departamento de Água e Esgoto de Ribeirão Preto], the Oréades Geoprocessing Center [Oréades – Núcleo de Geoprocessamento] in Mineiros, GO, and the Araguaia River Valley Farmers Cooperative (Comiva) [Cooperativa dos Produtores Rurais do Vale do Araguaia] in Mineiros, GO.


      In Part 1, written in its entirety by Marco Antonio Ferreira Gomes, the reader is shown the characteristics and potential of this aquifer in regards to its supply capacity, and some mechanisms that affect its water quality, based on reference information provided by hydrogeology professionals.


      Then in Part 2, which includes chapters written by various researchers at Embrapa Environment in partnership with other educational and research institutions, experiments and results obtained over several years are reported, focusing on the agricultural use of the Guarani Aquifer recharge areas and how this impacts groundwater quality.


      Finally, in Part 3, researchers at Embrapa Environment, along with co-authors at partner institutions, report on agri-environmental schemes which have been proposed for managing the recharge areas, as well as alternative methods for agricultural use and management; in this approach, two regions located in three states were considered: the Espraiado Creek Watershed, located in Ribeirão Preto in the State of São Paulo (SP); and the Headwaters of the Araguaia River, located in the Municipality of Mineiros in the State of Goiás (GO) and in the Municipality of Alto Taquari in the State of Mato Grosso (MT).


      Using technical language and taking a practical approach, this book is intended for technicians in the agricultural sector, researchers, teachers and students of higher education working in the environmental field and at the interface between agriculture and environment.


      This study brings together the results of combined efforts of a pioneering multi-institutional and interdisciplinary team which has developed a pioneering project addressing major environmental and agricultural issues for the Guarani Aquifer recharge areas in Brazilian territory.


      Cláudio Aparecido Spadotto


      Director-General of Embrapa Environment (2008)

    

  


  
    Foreword


    Water resources, mainly surface water resources, have undergone an accelerated process of degradation around the world. As there is a direct connection between surface and underground water resources, it is expected that at some point the latter will also suffer changes resulting from anthropogenic activities, as has been occurring with the former.


    In Brazil, this concern started to become evident only a little over a decade ago, because the prevailing belief had been that there was plenty of surface water. Today, however, there is now an awareness among the population of Brazil that groundwater in the country is also exposed to risk of degradation, in both quantitative and qualitative terms.


    Based on this apprehension on the part of the population in relation to groundwater, in 1994 Embrapa Environment began its work in the outcrop or direct recharge areas of the largest and most important aquifer of the Americas and one of the largest in the world – the Guarani Aquifer.


    The Guarani Aquifer is a groundwater source which covers parts of Brazil, Argentina, Paraguay and Uruguay, whose volume and quality make it strategic for future generations of the Southern Cone.


    From the standpoint of exposure, this aquifer is divided into confined and unconfined portions. In the first case, due to significant rock covering, the aquifer is protected for all practical purposes from possible anthropogenic polluting activities; in the second case, there is no rocky surface to protect it, exposing it directly to contamination risk. This portion of the aquifer, which is known as the outcrop zone or direct recharge area, and which is composed exclusively of sandy soils, especially medium textured Quartzarenic Neosols [US: Quartzipsamments] and Latosols [US: Oxisols], thus requires special attention, particularly with regard to its use, to avoid possible adverse impacts which could compromise its water quality.


    Against this backdrop of high natural vulnerability and risk, coupled with a broad effort conducted by researchers at Embrapa Environment to identify agricultural uses of the Guarani Aquifer’s recharge areas in Brazil, various projects have been developed to examine some potentially critical areas, which have been used to provide the information in Parts 2 and 3 of this book.


    First, however, in Part 1, the reader is presented with the characteristics and potential of this aquifer in regards to its supply capacity, and certain mechanisms impacting its water quality, based on reference information provided by hydrogeology professionals.


    In view of the characteristics of the Guarani Aquifer and the great diversity of agricultural uses in its outcrop areas in Brazil, this research work presents some current scenarios, along with proposed agricultural use and management alternatives for some of them, using as a case study three regions located in four states: the Espraiado Creek Watershed, located in Ribeirão Preto in the State of São Paulo (SP); the Headwaters of the Araguaia River, located in the Municipality of Mineiros in the State of Goiás (GO) and in the Municipality of Alto Taquari in the State of Mato Grosso (MT); and the Watershed of the Jacaguá Brook, located in the Alegrete region in the State of Rio Grande do Sul (RS).


    For the first two regions, proposals for agri-environmental schemes are also offered in Part 3 of the book, along with procedures to support the sustainability of these areas and, thus, of the Guarani Aquifer itself.


    For the purposes of carrying out this work over several years, Embrapa Environment has from the beginning worked in collaboration with teachers/researchers from the University of São Paulo (USP) in Ribeirão Preto (Faculty of Pharmaceutical Sciences), technicians from the Municipal Environmental Department of Ribeirão Preto, professors from the University of Ribeirão Preto (Unaerp), SP, and technicians from the Water and Sewage Department of Ribeirão Preto (Daerp) [Departamento de Água e Esgoto de Ribeirão Preto]; subsequently, partners from the Araguaia River Headwaters region became involved, such as the Integrated Municipal Foundation of Higher Education (FIMES) [Fundação Integrada Municipal de Ensino Superior] of Mineiros, GO, and the Rural Extension Agency (Agenciarural) of Mineiros, GO, as well as collaborators such as the Oréades Geoprocessing Center [Oréades Núcleo de Geoprocessamento] in Mineiros, GO; the City Hall of the Municipality of Mineiros, Goiás, and the Araguaia River Valley Farmers Cooperative (Comiva) [Cooperativa dos Produtores Rurais do Vale do Araguaia] in Mineiros, GO. Starting in 2000, researchers at the former Biological Institute of São Paulo, currently the São Paulo Agency of Agribusiness Technology (APTA) [Agência Paulista de Tecnologia dos Agronegócios] (at its São Paulo and Campinas regional locations), began to collaborate on this study. More recently, in 2002, a partnership was entered into with the Department of Analytical Chemistry at the University of Campinas – Unicamp.


    These partners and collaborators have been essential in order for the results obtained to be made available in this publication.


    It is thus hoped that this book will meet the expectations of the reader and, above all, will serve as a guide for professionals and technicians in the agricultural sector and other areas regarding the importance having a sustainable vision for managing and using the recharge areas of sedimentary aquifers such the Guarani, which represents a key source of water for the survival of the future generations of the Southern Cone.


    Marco Antonio Ferreira Gomes


    Technical Editor
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