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ABSTRACT. The lack of planning and feasibility of controlling actions over land use and land cover lead to relationship 
problems between the support capacity that environmental systems present and their current use. The goal of this study is to 
figure out how much land can be used based on its natural and physical features and to find problems that come up because 
of the heavy use in the Formoso River watershed. It is one of the most recognized Brazilian watersheds, due to its turistic, 
karst, and environmental characteristics. The methodology consists in handling and generating data in a GIS environment by 
performing a synthesis map, as well as adopting geoprocessing criteria and techniques in the field to validate the collected 
data. The results indicate that the watershed presents large areas without conflicts due to its numerous conservation units. 
However, major conflicts are identified in other areas, affecting the balance and dynamics of the landscape and its water 
resources. Such conflicts arise because soybean crops advance in fragile and karst areas. The highest concentration of confit 
is only 1.61%, particularly near the Formoso River marsh. Therefore, the present work considers a methodology that assesses 
the capacity of use through a method that has produced a summary document that is applicable and compatible with the 
karst system
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INTRODUCTION

 Karst systems offer considerable potential for various 
uses and activities, including limestone mining, tourism, 
and monoculture agriculture. This is due to the presence of 
carbonate rocks, which create fertile soils and relatively flat 
landscapes. Karst’s potential for such activities is undeniable, 
but their use can trigger impacts and processes that lead 
to environmental damage. In short, medium, and long 
terms, significant damages occur, such as sinkholes and 
landslides caused by rocks depleted by the karst process, 
contamination of aquifers (Tavares; Vieira and Uagoda 
2023), degradation of speleological assets, and impacts on 
the quality of surface waters. The karst is affected in a big 
way when its weaknesses are ignored in order to support 
the development bias of public and private bodies and 

documents (like ecological-economic zoning and master 
plans). Van Beynen, Brinkmann and Van Beynen (2012) 
highlight the mining activity as the cause for karst damage, 
whereas Ford and Williams (2007) and Silva and Morais 
(2011) indicate that monoculture is an activity that stands 
out in terms of causing karst implications, contributing to 
losses in this type of landscape. In both economic activities, 
sediments and residues transported by rainwater generate 
impacts that are often irreversible in a karst system. Parise, 
De Waele and Gutierrez (2009) and Parise (2012) state that 
the process of transporting sediments from agriculture 
and mining causes changes in groundwater flow and the 
quality of surface waters. Therefore, the environmental 
impacts arising from anthropic actions occur due to the 
lack of knowledge and comprehension on the relevance of 
land use, land cover, and the vegetative canopy that covers 
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the soil in these environments. We highlight here anthropic 
actions, such as degradation of slopes and valleys, the 
obliteration of sinkholes, pollution of reservoirs and karst 
aquifers, the constant use of aquifers for irrigation, and its 
consequent loss of natural replenishment capacity (Burri et 
al. 1999). All forms of occupation in a karst watershed must 
consider its capacity of use in order to cause minimum 
conflicts with regard to its current use. Lepsch et al. (1991) 
define capacity of use as possibilities and limitations 
of use, suitable or not for certain purposes according to 
the physical environment conditions. Leal (1995) defines 
capacity as the type of use exercised in a given landscape 
unit without causing environmental changes or modifying 
the intrinsic dynamics of the units. 
 According to Ochieng Odhiambo (2000), Castro and 
Nielsen (2001) and Hilson (2002) conflicts over natural 
resources are concerning and debilitating; environmental 
degradation affects the entire society. The dynamics of land 
use and land cover are critical watershed management 
issues, yet the cumulative impacts of these changes are 
difficult to discern and manage in the typical practice of 
land use planning (Erickson 1995). Therefore, evaluating 
the current use and occupation is essential for the 
territorial and environmental management of watersheds. 
In addition to providing subsidies for urban and regional 
planning, it enables a rational relationship between the 
anthropic advance of land and natural resources (Wilson 
2014). The fact that this relationship may be analyzed on a 
local and regional scale and on a temporal scale brings up 
the possibility of becoming an environmental monitoring 
instrument (Angel et al. 2005; Cohen 2006). Suitable forms 
of land use and land cover for environmental purposes 
become effective since the existing interactions between 
the components of the landscape are evaluated, their 
weaknesses and potentialities, as well as the internal and 
external influences that affect the system. Thus, negative 
impacts of use are minimized.
 Identifying such contexts in the region of Bonito is a 
challenge due to the imminent use of its lands for soybean 
monoculture, which causes recurrent clouding of scenic 
rivers (Ribeiro 2018; Brugnolli et al. 2022), and damages to 
its fragile and still preserved karst features. Boggiani et al. 
(2002) and Sallun Filho, Karmann and Boggiani (2004) point 
out that the karst characteristics in Bonito, more precisely 
on Serra da Bodoquena, bring several environmental 
concerns due to the rapid occupation of the area. The 
process increases the removal of forest vegetation to allow 
monocultures and pastures to enter. The mountain karst 
and its surroundings are extremely vulnerable, and their 
use requires restrictions. Therefore, the assessment of the 
system’s capacity for use and actual use contributes to 
watershed management. The present work adopted the 
Formoso River Watershed as its study area because it is the 
largest and most significant watershed in Bonito; it has a 
municipal dimension but is of global relevance, given its 
potential and recognition as a tourist destination. Large 
extensions of native forests (Serra da Bodoquena) and 
soybean crops can be seen in the upper and mid-course 
of the river. The way land has been used without adequate 
management, added to other existing anthropic activities, 
such as cattle confinement areas, limestone extraction, 
extensive livestock, and tourism, leads to environmental 
disturbances. In addition, it generates pressure on surface 
waters that depend directly on the conservation and 
maintenance of the watershed balance. Evaluating the 
support capacity brings a technical document with data 
to assist in a balanced use that may be a conditioning 
factor for planning and managing the development 

on a sustainable basis (Narendra et al. 2021). Although 
seeking the balance between anthropic actions and the 
environment is complex, the performance of documents 
like the one proposed by this work may guide actions and 
recommendations to reconcile the needs of society with 
the territory capacity of support. 
 In addition, some areas have high erosive potential 
due to their steep slopes. Brugnolli (2023) describes 
methodologies that assess this potential by analyzing 
slope, horizontal, and vertical dissection to gauge the 
likelihood of morphogenetic processes occurring. This 
approach generates a document that summarizes the 
terrain’s characteristics. The analysis is based on General 
Systems Theory, which focuses on understanding the 
interconnected and systemic relationships between 
different elements. Recognizing that vegetation is essential 
for minimizing erosion potential, it is concerning that there 
is little native vegetation outside conservation units. Much 
of the land not designated for primary vegetation has 
already lost its ecological balance and is moving towards 
critical levels of degradation.
 It is relevant to highlight the lack of studies and federal, 
state, and local laws that take karst and its unique dynamics 
into account. Thus, such a diagnosis in the municipality 
of Bonito, precisely in the Formoso River Watershed, was 
carried out aiming to assess the capacity of use and its 
real use, identifying land use conflicts by following a 
congruence between capacity, environmental fragility, and 
the current intensity of use. The Formoso River Watershed 
(FRW) is located southwest of the state of Mato Grosso do 
Sul (Fig. 1), in an area of 1,324.67 km². Its spring is located 
in the Serra da Bodoquena, while its mouth is located mid-
course on the left bank of the Miranda River.

Materials and Methods

 The methodology consists of investigating the 
components of the landscape, identifying the capacity 
of use, current use, and the conflicts involved in this 
relationship. The starting point was the lithology of rocks 
that was carried out with the support of GIS ArcGis 10® 
using the geological map provided by the Geological 
Survey of Brazil (Serviço Geológico do Brasil – SGB). A more 
detailed study was performed using satellite images and 
field trips to visualize the outcrops and handle rocks along 
local highways, banks of water sources, and in the midst 
of pastures and vegetation throughout the Formoso River 
Watershed. The rainfall was linked to the mapping carried 
out by Zavattini (1992), which discusses the distribution 
of precipitation with a climatic regionalization due to the 
influences of air masses and rainfall in the state of Mato 
Grosso do Sul. For the relief, we carried out slope and 
erosive potential energy analysis of the relief, following the 
methodologies of Brugnolli (2020) and Brugnolli (2024). For 
the slope analysis, we imported the Digital Elevation Model 
(DEM/SRTM) based on the classes of the Brazilian Soil 
Classification System (Sistema Brasileiro de Classificação 
de Solos – SIBCS 2018), Lepsch et al. (1991) and Ramalho 
Filho and Beek (1995) for the relief classifications and their 
facilities, and land use limitations. The erosive potential 
energy of the relief is defined as the potential erosion 
capacity or the amount of soil loss that the watershed is 
capable of promoting. We identified horizontal and vertical 
dissections with declivity in agreement with a synthesis 
product described by Mendes (1993) and Brugnolli, 
Berezuk and Silva (2019). The procedure consists of data 
interpolation in GIS ArcGis10®, in the Spatial Analyst Tools > 
Overlay > Weighted Overlay module. The module proposes 
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the interaction of data equally through the weights 
inserted in each variable. The horizontal and vertical 
dissections result from the delimitation of all sub-basins 
and micro-basins supported by the SRTM/DEM (Shuttle 
Radar Topography Mission/Digital Elevation Model)
methodology. The contour lines and the delimitations of 
the basins of ephemeral, intermittent, and perennial water 
resources were traced. Thus, a horizontal line was defined 
in straight lines, which form a 90º angle between the 
thalweg and the interfluve. The distance corresponds to 
the terrain slopes in meters (length). In addition, vertical 
lines are traced for each thalweg until reaching the ridge 
lines (interfluve), and each of these classes corresponds 

to vertical intervals in meters (amplitude). The Brazilian 
Agricultural Research Corporation (Empresa Brasileira de 
Pesquisa Agropecuária, EMBRAPA) provided data on the 
soils, and a pedological detailing with the reality of the land 
was done. The pedological detailing with the terrestrial 
reality was required once conflicts in the spatialization of 
soils in some locations were identified during our field 
work. Then, some corrections were defined in the initial 
mapping aided by satellite images. The detailing was 
supported by the  Brazilian System of Soil Classification 
(Sistema Brasileiro de Classificação de Solos – SIBCS 2018). 
In mapping land use and land cover, we used GIS Spring 
5.2.7 to handle and process CBERS 4A (China–Brazil Earth 

Fig. 1. Location of the Formoso River Watershed, Bonito/MS
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Resources Satellite) program satellite images from the 
year 2023, which underwent supervised classification 
with 99% accuracy. The method used in this research was 
unsupervised in GIS Spring 5.2.7, creating a categorization 
by the histogram classifier. The categorization focuses 
on differentiating different themes through a region 
clustering algorithm, which uses a method that computes 
the distinction between histograms. The method abstracts 
nearby themes (each theme presents a behavior of targets), 
according to their spectral signatures. Therefore, we 
selected fifty themes aiming to provide relevant detailing, 
reduce conflict between themes, and assist in the final 
classification and visualization. Eventually, we carried out 
the reclassification to adjust the classes in each region and 
change those that presented variations in the spectral 
signatures, textures, patterns, geometry, and location of 
the surface targets. The adjustment occurred during field 
trips to investigate.
 Using the data, we investigated the environmental 
fragility resulting from the interaction of physical 
environment and anthropic use, providing significant 
results that pionted out the most fragile locations in the 
face of erosional processes. The weights were defined 
according to the degree of environmental fragility 
represented by the classes, very low (1), low (2), medium 
(3), high (4), and very high (5). Therefore, when working 
with the aforementioned components, criteria previously 
established were adopted to search for a satisfactory index 
that shows the environmental fragility of the components.

 Regarding the rocks, we studied the geological 
time, fragility, and degree of cohesion of the rocks to 
morphogenesis and their mineralogical compositions. 
The precipitation analysis followed the rainfall indices of 
Zavattini (1992). Although Latin American countries are 
known for their high spatial variability in rainfall, the unique 
rainfall values in the Formoso River basin are attributed to 
its location within the same Zavattini zone. At this scale 
of analysis, the landscape remains relatively unchanged, 
and rainfall variations are minimal. In the erosive potential 
energy of the relief, issues related to the inclination of the 
slopes (declivity), their length (horizontal dissection), and 
the amplitude (vertical dissection) were worked. In soils, 
issues such as porosity, texture, depth, and maturity were 
observed. In terms of land use and land cover, we evaluated 
the size of vegetation cover, soil protection, and vegetation 
density.
  The last stage of the methodology focused on providing 
significant data about existing land use conflicts. Such 
conflicts were identified in the relationship between the 
ability to use the land through the physical components, 
and its current use. Thus, we need to understand whether 
it may cause environmental impacts and whether it 
interferes with the resources of the Formoso River 
Watershed. Therefore, methods and criteria were applied 
to define the indices and intervals established in each class. 
Relevant characteristics were identified (Fig. 2) making 
evident the relationship between the index intervals and 
the characteristics of the study area.

Fig. 2. Methodology for defining classes of land use conflict in the Formoso River Watershed, Bonito/MS
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 It is important to note that the intervals were 
established based on terrestrial validation, field visits, and 
the researchers’ expertise in the subject and study area. 
After defining these intervals, the landscape elements 
within each were reviewed and adjusted as needed, 
drawing on the work of Lepsch et al. (1991), Dibieso (2013), 
Brugnolli (2020), and Brugnolli et al. (2022). The weights 
used are the same as those established in the analysis of 
environmental fragility, in which several tests were carried 
out using the averages. However, the method that brought 
greater veracity according to the physical components 
and their relationships with current use and terrestrial 
reality was the Weighted Sum Module (WSM) inserted 
in the ArcGis 10® GIS. Thus, the interpretation of these 
relationships, the empirical knowledge of the research 
area, and the environmental components addressed 
congruence classes, highlighting the conflict between 
capacity and current use. The classes were defined as 
congruent, minimal incongruity, low incongruity, medium 
incongruity, high incongruity, and maximum incongruity.

Results and Discussions: conflicts between land use 
capacity and the current use of the Formoso River 
Watershed

 Working with the relationship between potential use 
(Fig. 3), (capacity of use through its physical components) 
and actual land use (current anthropic use), we present 
an analysis of existing conflicts and potential adaptation 
strategies. Several studies identify the capacity of use, 
such as Lepsch et al. (1991), Fernandes et al. (2010), 
Silveira et al. (2013), Silva et al. (2013), among others. The 
preceding authors worked with the determination of land 
use capacity subclasses, seeking land use planning and 
practices of soil conservation. According to Dibieso (2013, 
p. 230), the capacity is expressed by “susceptibility to the 
development of erosive processes and pollution of waters”. 
The aim is to support decision-making, organize the use of 
land according to its capacity, and, therefore, reduce the 
development of erosion, increase productivity, and mitigate 
environmental damages.
 By contextualizing the classes of capacity of use 
and correlating them with their intensity, Dibieso (2013) 
highlights that it seeks to draw a parallel between the 
physical environment and its current use, identify conflicts, 
and define levels for such conflicts. As a result, the 
adjustments between the current use and the dynamics 
of the study unit were characterized as compatible or 
congruent, as described in this research. They concern a 
conformity between the weaknesses and potentialities 
of the components (rock, climate, relief, and soils), and 
current use. Therefore, an intimate relationship is identified 
between the incongruities in land use and environmental 
disturbances in watersheds. Even if not currently visible, 
in the medium and long term, the susceptibility to the 
occurrence of environmental damages will be undeniable. 
Given the incongruities identified in the process of analysis, 
the conservation practices adopted must be according to 
the levels of these incongruities. The levels of incongruity 
were verified based on the specificities of environmental 
fragility, fragility of rocks, soils, climate, relief, and land use. 
The methodology applied revealed variations in the levels 
of incongruity in the relationship between capacity and 
current use. The levels vary according to their potential and 
the intensity of current land use. The variation goes from 
a congruent relationship (when the use is within what is 
compatible), to the levels of minimal, low, medium, high, 
and maximum incongruity (Fig. 4).

 The existence of few karst areas in Brazil means that these 
regions host endemic species. As monocultures advance, 
they fragment habitats, pollute, and contaminate both 
surface and groundwater. Monocultures typically deplete 
soil nutrients, increasing dependence on agrochemicals, 
and often result in the deforestation of forests and other 
natural habitats. This hinders the survival of many species 
and reduces regional biodiversity (D’Ettorre, Liso and 
Parise 2024). Thus, we identified a relationship between 
conflicts with their (in)congruences and the environmental 
disturbances that occur in a watershed. However, according 
to Dibieso (2012), a unit may exhibit high incompatibility, 
even presenting techniques for mitigating possible 
disturbances that favor the maintenance of current use. 
On the other hand, a unit may present low incompatibility, 
but given specific characteristics and inefficiency of 
conservation practices, it can lead to serious environmental 
disturbances (Fig. 5).
 Identifying conflicts in the relationship between 
capacity of use versus current use aims to promote 
preservation, conservation, and recovery. The focus is on 
fragile areas, areas of native vegetation still intact, alluvial 
plains, the Formoso River wetland (refuge of biodiversity, 
which acts as a sediment filter for the waters of the upper 
course of the watershed), steep slopes with strong relief 
energy, among other sectors that require conservation 
to maintain the ecological balance and water resources, 
reducing the occurrence of damaging environmental 
impacts in the Formoso River Watershed. Based on this 
premise the analysis of conflicts started with the Maximum 
Incongruence class, characterized by high and very high 
fragility, mainly formed by carbonate rocks and fragile 
soils, such as gleisols, chernosols, and neosols. The regions 
represent 21.39 km² or 1.61% of the watershed, which is a 
rlatively small area compared to the overall scope of the 
watershed. However, the regions require attention due to 
the inappropriate use associated with high fragility. The use 
of these lands varies from crops, pastures, and urbanized 
areas to exposed soil and mining, presenting intensive use 
capable of causing environmental damages. The regions 
demand concern due to the rocky substrate formed by 
limestone tufas and travertines (Xaraiés Formation), as well 
as carbonate rocks (Cerradinho and Bocaina Formations). In 
the first case, they present recent river deposits, naturally 
eroded and extremely fragile. In the second case, the 
fragility occurs due to the chemical dissolution capacity 
of limestone in relation to the percolation of water in rock 
cracks, which may result in disruptions. Moreover, they are 
located close to native forests in the upper course of the 
Mimoso River, in the alluvial plain of the upper and middle 
course of the Formoso River, sub-basin of the Córrego Alegre 
(upper course), and close to the Formoso River wetland. The 
Formoso River wetland suffers significant environmental 
damage from intensive use in karst and fragile alluvial plains. 
The analysis identified risk areas related to the slope and 
type of land use. Fig. 6(A) represents an area of exposed soil 
and the beginning of a steep slope. Additionally, the soils 
in the location favor their high fragility (shallow and stony). 
Given the characteristics, we highlight the presence of the 
Bonito-controlled landfill, which reinforces its classification 
and incongruity. Fig. 6(B and C) shows the loss of soil due 
to linear ravinement erosion. It is a fragile area due to its 
high slope (varies in slopes greater than 45%, which by law 
are Permanent Preservation Areas - PPAs), and lack of major 
vegetation to protect the soil. These sectors and their current 
conditions characterize them as maximum incongruity, due 
to the residual hills taken over by pastures and the absence 
of land management to contain or eliminate erosion.



90

GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY 2024

Fig. 3. Land Use Capacity of the Formoso River Watershed, Bonito/MS
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Fig. 4. Land Use Conflicts in the Formoso River Watershed, Bonito/MS
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Fig. 5. Land Use Conflicts of the Formoso River Watershed, Bonito/MS, with their respective descriptions and 
representative points
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 Thus, all these regions present themselves suitable 
for the re-establishment of forest vegetation, as they are 
not suitable for pasture and/or crops due to their fragility. 
The inadequate use of soil, added to its greater exposure 
(exposed soil), makes these places susceptible to erosion, 
whether due to the dragging of soil particles by rainwater as 
well as the coarse texture of soils (neosol). Plant restoration 
is recommended for soil maintenance and protection, 
benefiting the development of native species of fauna and 
flora in the vicinity of the Formoso River wetland. In this 
matter, the aim is to increase the water infiltration capacity 
in the soil and reduce erosion processes and river damming 
(an increasingly recurrent problem in the watershed). 
Lepsch et al. (1991) highlight the issues, stating that the 
areas are subject to permanent limitations, unsuitable 
for crops, and restricted to pasture. Plant restoration with 
appropriate care is required, as it may be susceptible 
to damage. The definition of the incongruity classes 
that indicated the limitations determined the frequent 
environmental changes and how limitations are sustained 
by the capacity of use. The areas with high incongruity are 
located throughout the entire Formoso River Watershed, 
mainly in the upper and middle courses, where carbonate 
rocks, i.e., karst environments, are prominent. Thus, we 
studied its characteristics and weaknesses, pastures, 
and crops as its main uses. The study performed field 
activities and used satellite images to define the demand 
for conservation practices. Practices that may aid in 
reducing sediment carryover and the control of various 
linear and laminar erosions, adequate management, soil 
preparation, and planting of forage vegetation in pastures. 
Yet, a large part of pastures is compacted, due to cattle 
trampling and the absence of land management. The 
high incongruity class covers a total area of 163.42 km², 
or 12.33%. It presents significant extension and denotes 
reliefs ranging from flat to strongly undulating, formed 
by neosols, chernosols, gleisols, or nitisols, overlapping in 
terrigenous and karst terrains. In addition to the exposed 
weaknesses inherent to the physical components of the 
watershed, the presence of cattle was identified, making 

them prone to the development of erosive processes. 
Thus, the implementation of fences may prevent animals 
from entering these regions, as illustrated in Fig. 7.
 The slope alone does not determine a legal need for 
plant restoration or vegetation preservation. However, 
the other components increase the fragility of the areas, 
compromising the capacity of use (whether for the rocks 
of the Tamengo Formation with calcitic limestones, which 
present high fragility, or due to the average relief energy 
and its fragile soils, such as chernosol and gleisol). Such 
factors determine the high fragility in the aforementioned 
areas of the Formoso River Watershed, where the land used 
for pasture has brought high incongruity. However, by 
applying a set of intensive conservation practices that act in 
reducing surface runoff and improving and maintaining soil 
fertility, the areas may become suitable for such uses. As for 
crops, a series of other restrictions are exhibited, requiring 
the practices mentioned as well as crop rotation, especially 
in fragile soils and steep relief, terracing, and containment 
basins with the purpose of dissipating sediment transport. 
In Fig. 7 (B, C), the slope varies from 0% to 8% (foreground), 
and may reach up to 45% (background). The sector shows 
erosion due to rainfall and lack of vegetation. The sector 
demands actions to recover the local vegetation cover 
and/or erosion containment. Such actions may occur 
through the application of techniques, such as the creation 
of contour lines and/or containment basins to contain the 
advancement of soil loss, since no type of land management 
is indicated in the area. The analyses show that areas with 
maximum incongruity and high incongruity present a 
high risk of erosion due to the high fragility of the lands, 
in addition to the steep slope that favors surface runoff. 
In smaller proportions, the medium incongruity class 
portrays varied characteristics of the physical environment; 
however, when unified, it brings certain weaknesses to the 
system. The areas are spread over 229.23 km² or 17.29% of 
the total area, identified in all regions of the Formoso River 
Watershed, especially in the upper and middle courses, in 
gently undulating to undulating locations, and soils that 
present good drainage, such as latosol and nitisol. The 

Fig. 6. Controlled landfill in areas of maximum incongruity (A), and linear erosion triggered by poor land use (B, C), in the 
mid-course of the Formoso River Watershed
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average incongruity reveals factors that make it susceptible 
to erosion, such as pastures and crops in karst areas. The 
sector requires significant care and maintenance, due to 
the high degree of dissolution and risk of disruptions. The 
units are suitable for various uses, but with limitations for 
crops, as they require intensive agricultural practices and 
mechanization/modernization of agriculture. However, as it 
already represents an intermediate class of incompatibility, 
conservation practices are required, such as terracing on 
steep slopes, contour lines in all crops and pastures, and 
retention boxes on roads. The practice prevents the effect 
of erosive potential energy of the relief highlighted, in some 
areas, for medium to mildly strong classes, during soybean 
harvest. The harvest period leaves the soil exposed to more 
intense precipitation, the main cause for “river damming”. 
Areas of low incongruity face small conflicts, that is, regions 
where land uses partially correspond to their capacity of 
use. The class is spread over 140.20 km² or 10.57% of the 
total watershed, predominantly located in the mid- and 
lower courses of the watershed. The low incongruity class 
exhibited a variety of characteristics, always pointing to low 
and medium weaknesses. The pedogenetic realities aids to 
reduce erosion, as this class (low incongruity) is located in 
terrains of latosols, nitosols, and plinthosols that present 
good to medium drainage, deep/evolved, and medium 
to sandy texture. Even with improvements in soils capacity, 
the class deserves concern because pastures and/or crops 
predominate its lands. Despite being units recommended for 
various uses, they require extensive agricultural practices to 
verify the fragility of environmental components. The sectors 
with minimal incongruity are spread over 146.87 km² or 
11.08%, and show unique characteristics. One concerning 
characteristic is that all uses are located on a substrate of 
terrigenous rocks of the Puga and Cuiabá Group Formations 
(Psammitic, Pelitic, and Conglomeratic) showing low 
fragility. Moreover, the soils formed by nitosols, plinthosols, 
and latosols favor improvement in the land capacity of 
use as well as reducing surface runoff, as they present 
good to medium drainage. Thus, these units are suitable 
for all uses, such as extensive pasture and agriculture, as 

long as they meet the capacity/restrictions expressed in 
the environmental components. The units require simple 
conservation practices, such as alternation of paddocks 
for livestock and contour lines. According to Lepsch et 
al. (1991), areas that present minimal use limitations may 
be used for annual and perennial crops, pastures, and/or 
plant restoration, as they pose few environmental disturbs 
and require common practices to improve and maintain 
soil fertility and crop rotation. Thus, we highlight that 
even the sectors with minimal incongruity may present 
risks for erosive processes, as they depend on the way in 
which pasture management is carried out (137.87 km² or 
91.09% of the total for the class), crops (8.93 km² or 6.08%), 
and forestry (0.07 km² or 0.05%). As a result, the minimum 
incongruity class still receives special attention in the 
Formoso River Watershed, focusing on the management 
employed rather than the capacity of use. In the sectors of 
minimum incongruity, a great part of pastures in the lower 
course of the river present an absence of land management. 
It becomes a motivating differential for the development 
of erosion processes, as well as for the development of 
environmental damages related to poorly planned dams, 
and the current situation of local roads (extensive erosion) 
(Fig. 8).
 The congruent class does not present conflicts between 
capacity and current use. It concerns all forest remnants, 
even if the class presents high fragility and, consequently, 
low capacity of use. Whem native vegetation occurs, 
it becomes congruent/compatible, protecting the soil 
against rainfall and anthropic actions. The class becomes 
unsuitable for anthropic use because it is only suitable 
for preservation, protection of wild fauna and flora, and 
water storage (dams and dams). According to Lepsch et al. 
(1991), the class is unsuitable for commercial forests, such 
as silviculture, or for the production of any other form of 
permanent vegetation with economic value. Furthermore, 
the preservation of vegetation maintains the hydrological 
cycle, thereby reducing erosion processes.. It allows water 
to infiltrate the soil and supplies the Formoso River wetland, 
being essential during periods of drought.  

Fig. 7. Cattle grazing in steep areas (A) with pastures on the hills where erosion processes are observed (B and C), in the 
middle course of the Formoso River Watershed
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Fig. 8. Examples of the FRW’s environmental problems are collapsed dams and erosion on unpaved roads
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 Thus, the congruent class points to approximately 
624.63 km² of the total area, or 47.12%. The high values 
mask some situations. Actually, 152.12 km² of the total area 
(around 25% of remnant native vegetation) is encompassed 
by Serra da Bodoquena National Park. According to Brazil 
(2000), it allows for the preservation of natural ecosystems 
of great ecological relevance and scenic beauty, scientific 
research and development of environmental education 
and interpretation activities, recreation with nature, and 
ecological tourism. The legal aspects protect the area, 
and its steep slopes pose restrictions on anthropic use. 
Other areas are worth highlighting, such as the State 
Natural Monuments and Private Natural Heritage Reserves 
( Monumentos Naturais Estaduais - MNEs and Reserva 
Particular do Patrimônio Natural – RPPNs), which cover 
8.57 km² (about 1.84% of native vegetation remnants). 
Thus, 452.06 km² of forest remnants remain scattered 
throughout all regions of the Formoso River Watershed, 
particularly in steep areas of the upper and mid-course and 
in the alluvial plains. Yet, residual hills in the Mimoso River 
sub-basin and the southeastern portion, which present 
relatively preserved portions, also exist.
 It is noteworthy that the Formoso River Watershed, 
compared to other watersheds in the state of Mato Grosso 
do Sul, presents significant preserved and conserved 
areas (Miguel et al. 2013; Braz et al. 2020; Alves, Silva and 
Brugnolli 2022)  due to the fact that a great part of the forest 
remnants are legally restricted areas and the steep slope 
does not favor deforestation. Even though deforestation 
and environmental impacts have occurred in the mid-
course of the Mimoso River. 

CONCLUSIONS

 The Formoso River Watershed’s landscape, with its 
significant changes, contradicts the municipality of Bonito’s 
commitment to conservation and preservation of natural 

resources. The current scenario shows environmental 
issues and water resources under threat due to clouding 
and closures of attractions. The economic model acting in 
Mato Grosso do Sul and throughout the central region of 
Brazil has contributed to it. 
 Defining measurements to maintain the use, recovery, 
conservation and preservation of native vegetation 
minimizes negative impacts and ensures respect for the 
environmental legislation as well as the environmental 
conditions with their strengths and weaknesses. The 
present research has generated proposals and suggestions 
to improve environmental quality and increase 
environmental resilience. Yet, it proposes mitigation actions 
to handle the conflicts and incongruities identified, as well 
as the negative environmental disturbances existing in the 
Formoso River Watershed. The geotechnologies allowed us 
to provide a synthesis document that coherently portrays 
the environmental characteristics of the watershed, and its 
negative aspects. We conclude that:
 • the native remnants (Cerrado and Atlantic Forest) 
in congruent areas demand maintanance to keep the 
biodiversity and environmental balance, since the sources 
of Bonito’s main springs are located there;
 • there is a need to reforest areas with the greatest 
incongruity, using species native to the Cerrado and the 
Atlantic Forest. This will help maintain geoecological 
balance and promote increased biodiversity.
 • surface runoff may be reduced by implementing soil, 
vegetative and mechanical conservation practices in crops 
and pastures of the watershed;
 We emphasize that genuine appreciation of the 
Formoso River Watershed may address potential 
environmental issues in the municipality of Bonito. 
However, the municipality’s scientific, geological, 
hydrological, tourist, speleological, economic, and social 
potential continues to grow.
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