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Abstract

The expansion of agricultural activities in areas of high environmental sensitivity
results in negative effects on the environment. The objective of this work is to evaluate
by geo-technologies the agricultural aptitude of lands and the conflicts of use in Permanent
Preservation Areas (PPAs) along rivers and springs in the Ribeirdo Jacobina Basin in
Caceres municipality / Mato Grosso State. Using a Geographic Information System, it
was possible to intersect those maps referring to soil classes, relief, agricultural aptitude,
land use/land cover. The Brazilian Forest Code and its determinations were used as
basis for the evaluation of land use conflicts in PPAs. It was verified that 67.47% of the
territory of the basin is suitable for livestock/agricultural activities. There are conflicts of
land use in areas with occurrence of Humic Cambisols, Haplic Luvisols and Litholic Neosols
in hilly relief with predominance of livestock. Land use/land cover within the APPs,
demonstrated that 1,802 hectares of the basin correspond to areas of water resources
protection, and from this total, 459 hectares are being used for livestock activities and
23 hectares for reforestation, and there are conflicts between current use and current
legislation. It was concluded that work is needed to recover PPAs in the basin, aiming at
maintaining water quality and availability.

Key words: Remote Sensing. Land use/Land cover. Environmental conservation.
Pantanal. Landscape.
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Resumo

Aptidao agricola das terras e usos conflitantes nas areas de preservacgao
permanente da Bacia Ribeirdo Jacobina em Caceres/MT, Brasil

A expansdo das atividades agricolas em areas de alta sensibilidade ambiental
resulta em efeitos negativos para todo ambiente. O objetivo deste trabalho é avaliar,
por meio das geotecnologias, a aptiddo agricola das terras e os conflitos de uso em
Areas de Preservagao Permanentes (APPs) de rios e nascentes na Bacia Ribeirdo Jacobina
em Caceres/MT. O Sistema de Informacgdes Geograficas possibilitou a intersecgao dos
mapas referentes as classes de solo, relevo, aptiddo agricola e uso e cobertura da
terra. Para avaliacdao dos conflitos de uso em (APPs) foi utilizado como base o Cddigo
Florestal brasileiro e suas determinagfes. Verificou-se que 67,47% da extensdo territorial
da bacia é apta para atividades agropecuarias. Ha conflitos de uso da terra em areas
com ocorréncia de Cambissolos Humicos, Luvissolos Haplicos e Neossolos Litdlicos em
relevo acidentado com predominadncia da pecuaria. O uso e cobertura das APPs
demonstraram que 1.802 hectares da bacia correspondem as areas de protegdo de
recursos hidricos, e desse total, 459 hectares estdo sendo destinados as atividades
pecuarias e 23 hectares para reflorestamento, havendo conflitos entre o uso atual e a
legislagdo vigente. Concluiu-se que sdo necessarios trabalhos de recuperagdo das APPs
na bacia, visando a manutencdo da qualidade e disponibilidade da agua.

Palavras-chave: Sensoriamento Remoto. Uso e cobertura da terra. Conservagao
ambiental. Pantanal. Paisagem.

INTRODUCAO

The expansion of agricultural activities in the SW planning region of Mato Grosso
State (MT) reflects the need for a rational land use planning to promote the recovery,
conservation and sustainable exploitation of the natural elements from the landscape.
Pereira e Lombardi Neto (2004) corroborate this issue discussing on the relevance to
adopt methodologies which provide more precise and adequate planning and decision
making, with a more effective view on the incorporation of the environmental
component in the process taking place.

The development of human activities in Mato Grosso State has affected the
constituent landscape elements of the hydrographic basins, which are natural
hydrological entities allowing the superficial water flow to a specific drainage channel,
stream or river at a particular point (CHOPRA et al., 2005). According to Pinto et al.
(2005) the characterization of the physical environment from a river basin allows the
identification of critical areas for the water maintenance, and it is also a basic condition
for successful planning of water conservation.

Several studies contribute to land use planning on watersheds, using the System
for Agricultural Aptitude Assessment (SAAT), elaborated by Ramalho Filho and Beek
(1995), for the evaluation of land use in Brazil, considering many detailed levels and
adaptations. According to Silva et al. (2010), Geo-Technologies and Geographic
Information Systems (GIS) are tools which provide promising results to assess the
agricultural suitability of land, because they allow the generation, manipulation, analysis
and integration of spatial information.

The application of agricultural aptitude analysis in watersheds allows the
identification of restrictive constraints, differentiating suitable areas for natural pastures,
forestry, areas of ecological interest and underutilized land, since these lands could be
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occupied with high quality pasture and an improved support capacity or with annual
cultures with a fast capital return (MARQUES et al., 2012; GOMES et al., 2007).

The need to monitor the conservation status of the vegetation around rivers
and springs is supported by the Brazilian Law Nr. 12.651/2012 (BRASIL, 2012), which
is the legal basis considered for the definition of Permanent Preservation Areas (PPAs).
Its function is to protect the landscape, biodiversity, geological stability, facilitate the
genetic flow of fauna and flora, as well as to protect the soil, reducing erosion and
compaction processes. However, several studies have shown that the inadequate use
of PPAs results in areas with conflicting uses, and there is no adequate protection of
water sources (CHAUD et al.,, 2015, FERRARI et al., 2015, SANTOS et al., 2015).

The conservation of the floodplain within the Upper Paraguay Basin is directly
related to the human activities developed on the adjacent Plateau areas. In this context,
geo-technologies baes on satellite data can help to identify those areas presenting
land use conflicts (PESSOA et al., 2013), as well as at the occupation of environmentally
fragile areas, and contributing to the economic development in consonance with
environmental conservation.

In this frame, the objective of this study is to evaluate the agricultural aptitude
and land use conflicts in PPAs along the tributaries and water sources of Ribeirdo
Jacobina basin, in the municipality of Caceres, Mato Grosso State, using geo-
technologies.

MATERIAL AND METHODS

Area under study

The Ribeirdo Jacobina basin, with an extension of 44475 hectares, is located in
the municipality of Caceres, Mato Grosso State (Figure 1). Its main river, the Ribeirdo
Jacobina, is a tributary of the left margin from the Paraguay River, the largest one
from the Upper Paraguay basin (BAP).

Within this basin, the following geomorphologic units occur: Mountainous Province
and Caceres Wetland, one of the sub-units from the so-called Pantanal Matogrossense
(SILVA e ABDON, 1998), as well as the biomes Cerrado (Savanna) and Pantanal. Here
the wetland environment predominates. The climate in the municipality is hot and
humid with a dry winter season (NEVES et al.,, 2011).
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Figure 1 - Ribeirdao Jacobina basin within Mato Grosso State,
BAP and Caceres municipality

Source: LabGeo Unemat, 2016.

Methodological procedures

Initially a survey was made on thematic mapping performed by public institutions
(SEPLAN/MT, SEMA/MT, IBGE, MMA, INPE and ANA). Data of interest were compiled,
made compatible and organized in a Geographic Databank (GDB) in the ArcGIS 10.5
environment from ESRI (2017).

The Soils map was obtained from Mato Grosso State Secretary for Planning
(MATO GROSSO, 2006) and its nomenclature upgraded according to Brasil (2013).
The topographic map (LS) was generated from SRTM (Shuttle Radar Topography Mission)
scenes of the Digital Elevation Model (DEM), band C, spatial resolution 30 x 30 m. The
images were mosaicked and clipped for the area under study (mask), resulting in the
DEM mentioned. Map projection WGS 84 was converted to SIRGAS 2000 UTM, using
ArcToolbox of ArcGIS. From the DEM raster file and computer techniques, declivity
and slope were generated. These maps were reclassified and combined to generate a
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map of homogeneous ramps, from which values on the average slope and height of
these ramps were obtained according to the methodology from Fornelos e Neves
(2007).

The relief was classified according to Brasil (2007), where the slope conditions,
length of ramps and surficial terrain configuration are qualified. The relief features are
defined as follows: slope 0 to 3% - flat relief; 3.1 to 8% gentle rolling relief; 8.1 to
20% rolling relief; 20.1 to 34% strong rolling relief; 45.1 to 75% mountainous relief
and >75% scarped relief.

The evaluation of the agricultural aptitude of lands in the area under study was
done based on the System for Agricultural Aptitude Assessment (SAAT) proposed by
Ramalho Filho e Beek (1995). Aptitude groups 1, 2 and 3 identify land whose most
intensive use is tillage; Group 4 represents land whose type of intensive use is planted
pasture; In group 5 are land whose most intensive use is limited to forestry and
natural pasture; Group 6 covers areas of land considered unfit for any of the above-
mentioned agricultural activities, and their occupation is conditioned to the preservation
of fauna and flora.

The classes are divided as follows: (a) - restricted aptitude class for management
level A; a- regular fitness class for management level A; b - regular class for
management level B; (b) - class restricted for management level B; c - regular class
for management level C; p - regular class for pastures planted at management level
B; N - good class for natural pasture at management level A; S - good class for
forestry at management level B; f - class restricted by agro-environmental conditions
(relief and/or soil and/or climate), indicated for the preservation of fauna and flora.

For the elaboration of the land use/land cover map, images of Sentinel 2A
satellite, with a resolution of 10 m from July 2016, obtained on the website of ESA
(https://sentinels.copernicus.eu/web/sentinel / Sentinel-data-access) were used. A
Geographic Database (BDG) was developed on SPRING software, version 5.2.6 from
INPE (CAMARA et al., 1996), using the UTM system, 21S and SIRGAS 2000 Datum.
Following bands 2 (0.560 um), 4 (0.665 um) and 8 (0.842 um) were imported and
used to perform the mosaic and masking of the area under study. The segmentation
method was carried out using the region growth procedure, with both similarity and
pixel area at 100. For the definition of land use and land use cover, the technical land
use manual was used (BRASIL, 2013).

The map of land use conflicts was elaborated from the combination of Agricultural
Aptitude maps Land use/land cover maps, according to Pedron et al. (2016), classifying
the areas of this Basin as high, medium and low.

To perform the delimitation of water bodies and springs within the basin, RapidEye
satellite images were used, which were delivered by the Ministry for Environment.
Using the buffer tool from ArcGIS information on vegetation cover from the surroundings
of water bodies and springs were extracted. Permanent Preservation Areas (PPAs)
were delimited according to Law No. 12.651/2012 (Brazilian Forest Code): the PPAs
must have a minimum radius of 50 m around the springs and perennial water sources
and a minimum width of 30 m along water courses, at least 10 m wide (BRASIL,
2012).

During the verification of land use conflict at the PPAs, the above mentioned
Law was taken into account, specifically regarding its Article 4, referring to those
areas where there was no native vegetation left around rivers and springs, disregarding
clearly the legal limits for its preservation. A field survey was done to validate the
cartographic product generated, aiming to obtain the ground truth.

A field survey was done in August 2016 to check the ground truth, as well as to
evaluate land use conflicts in PPAs of rivers and springs in the area under study. Using
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a GPS the coordinates of places visited were obtained, which were registered with a
camera at geo-referenced places.

RESULTS AND DISCUSSION

The predominant soil type within the basin is Litholic Neosols (Table 1 and Figure
2) covering the rolling to strongly rolling relief (Figure 3), which is important for the
conservation of the native vegetation to avoid increase of erosion processes. Cutrim
e Campos (2010) report the occurrence of Litholic Neosols in sections of Rio Vermelho
basin, within the domains of the Pantanal from MT, in Rondondpolis (MT). These authors
emphasize the importance of the vegetation in these areas, considering the rock
outcrops, small depth of soils and presence of stone covered sections.

Table 1 - Soils within the Ribeirao Jacobina basin
in the municipality of Caceres/MT

Soil classes Area (ha) %
Humic Cambisols 147 0.33
Red Yellow

o 7,454 16.7
Red Oxisols 10,902 24.5
Haplic Luvisols 11,595 26.27
Fluvic Arenosols 391 0.79
Litholic

Pt 13,986 31.41
Total 44,475 100

The Haplic Luvisols occur under gentle rolling relief (Table 1 and Figures 2, 3)
and advocates conservationist practices for soil management, since it is apt for perennial
cultures or agro-forestry systems, to keep the conservation of physical, chemical and
biological soil qualities. According to Brasil (2013) these qualities include: mineral
soils, with textural B horizon with high activity clay, shallow to low depth, highly
susceptible to erosion processes, due to the big difference among A and B horizons.

The Red Oxisols are situated in areas with flat to gentle rolling relief (Figures 2
and 3). According to Nunes e Cassol (2008) they present a high aggregate stability,
being resistant to the impact of raindrops and to the action of surface flow, contributing
to its resistance to environmental impacts. The Oxisols present favorable physical
attributes for the agriculture, being little susceptible to erosion processes, contributing
to the adequate tillage of annual cultures.

In the area under study there are 5 relief types and among them the gentle
rolling one, which covers 32.4% of the territory and the flat terrain occupying 25.73%.
Both relief types are mainly covered by Oxisols. According to Lepsch et al. (2015)
those areas with declivity between 0 and 6% (Flat to Gentle rolling) are destined for
the plantation of annual cultures, using simple soil conservation practices. To control
erosion processes it is suggested to execute tillage considering the contour lines.
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Around 13,986 ha from the basin are destined to the preservation of vegetation,
due to steep relief and rivers, being classified as 6f f regarding agricultural aptitude
(Figure 4). The impact of inadequate land use results in the degradation of PPAs along
rivers and springs at the Pantanal biome, acting negatively on the regional hydric
dynamics and interfering in the inundation pulse of the floodplain (LORENZON).

The agricultural aptitude class 2(a)(b) occupies 26.27% of Ribeirdo Jacobina
basin, constituting adequate areas for agriculture and pasture. According to SILVEIRA
et al. (2015), terrains subject to soil and relief limitations need the implementation of
high management technology to adapt the land use to aptitude recommendations.

The agricultural aptitude class 1(a)bc occurs on 24.5% of the basin, whose
lands are considered as adequate for annual cultures and pasture. Areas with this
classification are characterized by well drained soils, which allow the development of
a root system as well as retention and supply of nutrients for cultures. The flat relief of
this area allows the expansion of mechanization processes with the necessary
technology to increase the annual cultures planted. Sakamoto et al.(2012), based on
studies from the impact of the agricultural expansion in the Pantanal biome found out
that the hydric dynamics (flood and drought periods) of the ecosystem mobilizes
chemical elements in the soil originated from agro-toxics and fertilizers of the agriculture,
suggesting the fragility of this environment under intensive human use conditions.

Livestock is the predominant land use in the basin under study (Figure 5), and
in some places the native vegetation was eliminated in the PPAs. (Figure 6). Along
rivers and around springs, where pastures were identified, a fast intervention is
necessary, with conservationist and recovery practices, due to earlier occupation
processes without planning.
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Agriculture in the area under study is done on deep and well drained soils (Red
Oxisols) and flat relief (Table 3), and there are no inadequacies regarding aptitude of
soils. According to Harris et al. (2006), the increase of areas directed to agriculture in
the Pantanal is restricted to the surrounding plateaus of the big floodplain at the
municipalities from the Upper Paraguay basin. The results are high deforestation rates,
mainly on the plateau area. Being so, there is a conversion of native in agriculture
areas, which is an important vector of environmental degradation, with an important
silting of sediments in rivers and springs (Figure 7). Similarly Santos et al. (2011)
report that the systematic deforestation occurring on the plateau adjacent to the
Pantanal generates impacts of different magnitude in this huge floodplain.

Along the Ribeirdo Jacobina basin 33 ha in extension were identified for limestone
mining. It is of fundamental importance to monitor the expansion of degraded areas
by mining, taking into account that mineral production and the subsequent changes in
the natural vegetation generate, environmental, social and economic impacts for the
Caceres municipality. According to Cardozo et al. (2016, p.101) remote sensing and
GIS technologies deliver information and statistical data for “the evaluation of land
use change while the mining is active. These data can be used to perform policies and
directives for its management after the end of the activities”, considering the need for
environmental recovery of them, and possible socio-economic alternatives for the
reinsertion of the area in the productive process.

A strong conflict on land use was found out in areas with Humic Cambisols on
rolling relief, representing 147 ha from the basin area, presenting exotic pasture (Table
2), which contributes to accelerate the degradation of these soils. These results were
also reported by Amaral et al. (2004), concluding that Humic Cambisols on the medium
part of slopes, affecting all soil and environmental attributes, such as effective soil
depth, internal drainage of the profile and surface erosion.
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Figure 6 - Pasture areas
surrounding a water body in the
Ribeirdao Jacobina basin
in Caceres/MT

Figure 7 - Sediment accumulation in
the Ribeirdo Jacobina in Caceres/MT

Table 2 - Agriculture aptitude classes of soils in the

Ribeirdao Jacobina basin, Caceres/MT

Soil Relief Agriculture Land use / land Conflict Area
Classes types aptitude Classes cover of soil on use (ha)
Humic Gentle 5 S - Without ; o
Cambisols Rolling to agriculture aptitude, leestoc_k (42.62%) + High 147
R Vegetation (57.38%)
Rolling regular for forestry
Red-Yellow Flat to 2(a)bc - Regular for  Livestock (48.63%) +
Oxisols tillage, apt for Vegetation (51.33%)
Gentle . f 5 Low 7,444
Rolling pasture; apt for + Water (0.04%)
pasture
A(m)be - Apt for Livestock (56.56%) +
Red FlSGto:  dHillags with Vegetation(31.46%)
: gentle conservationist ) ’ Low 10,912
Oxisols R + Agriculture
Rolling management, apt for (11.98%)
pasture i
Livestock (32.57%) +
Vegetation (60.87%)
i )
) Gentle 2(a)(b) - Regular + Agriculture (0.07%)
Haplie Rolling to  for tillage and i Deerateiarcas by i L 5oG
Luvisols Rolli?r astureg mining (0.27%) + !
9 P Reforestation (6.17%)
+ Water (0.07%)
5NS - Without :
. : : Vegetation (98.28%)
Fluvic Flat agriculture aptitude, + Water (1.72%) o 391
Arenosols regular for natural
pasture and forestry
6ff - Destined f | jvestock (18.57%) +
Litholic Rolling to preservation' Ith Vegetation (80.48%)
I strongly [r)estrictions d’ue - + Agriculture (0.32%) Medium 13,986
rolling ; + Reforestry (0.63%)
agro-environmental
conditions
Total 44,475
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The average conflict on land use was identified in areas of Haplic Luvisols and
Litholic Arenosols, representing 25,581 ha, with predominantly native vegetation (Figure
8). Nevertheless, there are areas destined to livestock, agriculture and mining activities
under these soils. The inadequacy of land use with the soil aptitude are aggravating
factors for soil degradation and reduction of the native forest. Cardoso et al. (2011)
mention the negative effects from land use change in the Pantanal. Among them
should be mentioned: habitat fragmentation, invasion of exotic species, pollution of
aquifers, reduction of the soils quality and ecosystems degradation. In this sense, the
adequacy of land use tends to promote the restauration of native areas in the basin,
aiming to the reduction of these conflicts.
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Figure 8 - Land use conflict in the Ribeirdao Jacobina basin -
Caceres/MT

The low conflict on land use was identified on places where agriculture was the
dominant use on Latosols and vegetation covered the Fluvic Arenosols with an extension
of 18,747 ha (Figure 8). The expansion of agriculture within the basin, particularly
soybeans, configures the first steps of pasture elimination for the insertion of agriculture
with a high technological level. According to Santos e Sano (2015), changes occurring
on the profile of livestock production, demand capital and technological investments in
the field, with modern agriculture, and consequently also with an intensive use of
chemical inputs. The phyto-patologic management of pests and diseases at soybean
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plantations is made by an excessive application of pesticides, resulting in the
contamination, by toxic elements, of rivers and soils. In this context, Calheiros et al.,
(2010), analyzing water samples in monoculture areas, especially soybeans at the
Upper Paraguay basin (UPB) verified the presence of residues of pesticides in the
water, considering the sub-lethal effects, which non-target organisms on the long run,
such as the aquatic flora, including algae, compromising the base of the food chain in
the Pantanal.

It was verified that 1,802 ha from the basin correspond to protected areas of
water resources - PPAs (Figure 9) - and that from this amount 459 ha are destined to
livestock activities and 23 ha for reforestation. There are conflicts, because the present
legislation does not allow the use of these spaces (Table 3).

Table 3 - Land use classes and vegetation of PPAs of rivers and
springs in the basin of Ribeirdao Jacobina, Caceres / MT

Land use classes and vegetation ?l'::? % Conflict
Livestock 459 25.47 Existing
Reforestation 23 1.28 Existing
Vegetation 1320 7325 Absent
Total 1802 100

Pessoa et al, (2013) verified that in the Medium Rio Paraguay basin, the expansion
of the planted pastures in the surroundings of the water courses increased constantly
till 2011, deflagrating the need to recover the lowland forests. One must consider that
a lowland forest acts in the reduction of the speed from the sediment flow, acting as a
filter. In those areas with crossing of animals related to pastures, there is an increase
of sediment, that are transported to the rivers. PAIVA et al. (2014), studying land use
conflicts in the PPAs of Ribeirdo Jacobina basin with LANDSAT 8 images from 2013,
verified the presence of conflicts, mainly due to livestock activities within the PPAs,
corroborating with the results from this work. Considering the importance of this basin
for the maintenance of the inundation pulse from the Pantanal, recovery works are
needed at the degraded PPAs, as well as control actions to identify the inadequacies
from governmental side, to avoid that the owners use the land in disagreement with
the legislation.

The use of reforestation for the recovery of PPAs is ruled by Resolution No. 429
(BRASIL, 2011), which considers that reforestation must be made with planted native
species, conduction of natural regeneration and, under some circumstances, recovery
with exotic species is allowed, considering that article 66 of the Forest Code (BRASIL,
2012) which establishes that plantations of exotic species must be combined with
regional occurring native species and that the area of exotic species cannot exceed
50% of the total area to be recovered.

Nevertheless the area identified as reforestation within the basin under study
refers to na area with Teca (Tectona Grandis) plantation, which constitutes a conflict
when it is localized in a PPA surrounding hydric resources. Several authors report on
the advantages of forestry over agriculture and livestock for water quality and
conservation but, when compared to the native vegetation, its performance is lower
(FREITAS et al., 2013; BUENO et al., 2005), emphasizing the importance of revegetation
with native species in PPAs of rivers and springs. Kreitlow et al., (2014) identified apt
and inapt areas for Teca plantations in Caceres, Mato Grosso State, corroborating with
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this study when classifying those areas of the municipality as inapt for Teca plantations,
considering the preservation of this hydrographic net for flooding of land within the
Pantanal.
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Figure 9 - Land use classes identified in PPAs of the
Ribeirdo Jacobina basin, in Caceres / MT

The association of factors such as soils, declivity, land use/land cover proposed
by Ramalho Filho e Beek (1995), allowed the verification of the need of planning
policies to sponsor a territorial occupation in accordance with the support capacity of
the environment in the Ribeirdo Jacobina basin, and the geo-technologies are extremely
important tools for the fast identification and low costs of areas with conflicting uses.

CONCLUSIONS

In the Ribeirdo Jacobina basin a medium conflict class of land use predominates,
due to the predominant livestock activities within environmentally sensitive areas.
There is a need to adequate land use to the agricultural aptitude.
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The geo-technologies allowed the visualization of soybean expansion in the
basin. Because it is an annual culture, it is not indicated for soils with low aptitude,
mainly Neossolos, which have an effectively low depth.

Monitoring of the conservation status from PPAs in the Ribeirdo Jacobina basin
is necessary to keep the quality and availability of water, as well as for the indispensable
recovery and control activities at the degraded PPAs.
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