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• Environmental Land Use Conflicts
(ELUC) relate to uses that ignore soil
capability.

• ELUCmay cause adecrease in soil's organ-
ic matter and exchangeable potassium.

• ELUC disrupt soil functions triggering a
cascade of environmental impacts.

• Conservation measures may be used as
tools to mitigate the impacts of ELUC.
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In the Uberaba River basin (state of Minas Gerais, Brazil), pastures for livestock production have invaded areas of
native vegetation (Cerrado biome), while already existing pastureswere invaded by crop agriculture, with an ex-
pansion of sugar cane plantations in the most recent years. In some areas of the basin, these land use changes
were classified as environmental land use conflicts because the new uses were not conforming to land capability,
i.e. the soil's natural use. Where the areas in conflict became dense, some soil properties have changed signifi-
cantly, namely the organicmatter content and the exchangeable potassium concentration,which have decreased
drastically (5 kg/m3 per 10% increase in the conflict area) threatening the fertility of soil. Besides, these changes
may have triggered a cascade of other environmental damages, specifically the increase of soil erosion and the
degradation of water quality with negative impacts on aquatic biodiversity, related to a disruption of soil organic
matter structural functions. Because half theUberaba catchment has been considered is a state of accentuated en-
vironmental degradation, not only caused by environmental land use conflicts, conservationmeasures have been
proposed and requested for immediate implementation across the watershed.
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1. Introduction
Environmental land use conflicts develop on soils that are used for
an activity not conforming to the soils' natural capability. The invasion
of forested areas by agriculture is an example of a severe conflict. The
concept of environmental land use conflict was introduced by Mello
Filho (1992) and developed by Valle Junior (2008). Since these precur-
sory studies, a considerable attention has been given to specific environ-
mental impacts resulting from the persistence of land use conflicts in a
region. A major effect of conflicts refers to the amplification of soil ero-
sion and reduction of retention processes, as reported in Pacheco et al.
(2014) and recognized by López et al. (2016), Perks et al. (2015),
Sánchez-Canales et al. (2015) or Vilmin et al. (2015). In the study of
Pacheco et al. (2014), soil losses in no conflict areas of a Portuguese
watershed (Meia Légua River basin) were found to be half the losses
in regions of severe conflict. According to Valle Junior et al. (2014a),
land use conflicts may become a critical threat to soil conservation. An-
other recent observation is that environmental land use conflicts may
impact the quality of surface water (Pacheco and Sanches Fernandes,
2016) as well as of groundwater (Valle Junior et al., 2014b). According
to these authors, the impact is expressed by increased concentrations
of nutrients (e.g. nitrogen or phosphorus) or other dissolved com-
pounds (e.g. calcium or bicarbonate), caused by enhanced leaching of
soils through runoff or infiltration. These findings have been quoted
by other authors, namely in the studies of Kellner and Hubbart (2016),
Mellander et al. (2016) or Meneses et al. (2015). Soil erosion and nutri-
ent leaching are known to potentially damage riverine ecosystems
through eutrophication and concomitant biodiversity decline. Thus, am-
plified erosion and/or nutrient leaching caused by land use conflicts are
expected to worsen these problems. In a study of a small catchment lo-
cated in northern Portugal (Sordo River basin), Valle Junior et al. (2015)
reported a significant impact of land use conflicts on soil erosion and
water quality, which had direct influence on the distribution of biota,
namely ofmacroinvertebrate assemblages. The highest impacts onmac-
roinvertebrates were chiefly associated to changes in water quality pa-
rameters such as temperature, oxygen saturation, turbidity, total
suspended solids, nitrates, phosphates and sulphates, conductivity and
dissolved oxygen. But they were also linked to hydromorphological
alterations driven by the total absence of riparian vegetation along
the streams, as a consequence of terrace building, agriculture and
the resectioning or reinforcement of river banks associated with local
viticulture. According to Guse et al. (2015), the distribution and compo-
sition of macroinvertebrates on the catchment scale are primarily af-
fected by water quality and land use change at the catchment scale.
Working in an urban area, Żelazna-Wieczorek and Nowicka-Krawczyk
(2015) pointed out on the conflict between land use policy and the
improvement of the ecological status of surface water ecosystems. Ac-
cording to these authors, the influence of the urban area in the ecosys-
tem could be minimized without site-scale restoration measures, if
proper management of the catchment was implemented through the
replanting of riparian vegetation along the water courses.

The aforementioned studies have clearly identified and sometimes
quantified a number of relevant impacts that land use conflicts exert
on the environment. But the underlying triggers of those impacts
remain poorly understood. As conflicts are disturbances of soil layers,
triggers are ought to relate with the transformation of soil properties
in the course of that perturbation. The objective of this study is therefore
to identify which soil properties are transformed as regions become
more densely covered by conflict areas. To accomplish this goal, a
small catchment in the Minas Gerais State of Brazil (Uberaba River
basin) has been extensively sampled and analyzed for soil properties
such as texture (percentages of sand, silt and clay), phosphorus and or-
ganic matter contents, pH and exchangeable cations (potassium, calci-
um and magnesium). Besides, actual land uses have been compared
with concomitant land capabilities set up by the ruggedness number
of Strahler (1952), and a map of land use conflicts has been derived
therefrom. Finally, correlation coefficients have been calculated be-
tween the soil properties and conflict areas around the sites of soil sam-
pling, to check whether or not soil properties are influenced by
variations in conflict area density. Having identified significant correla-
tions, a discussion on their role is presented and conclusions are taken in
conformity.
2. Study area

The hydrographic basin of Uberaba River occupies an area of approx-
imately 2419 km2, with a perimeter of 308 km, being located in the
Triângulo Mineiro region and Minas Gerais state of Brazil between the
following geographic coordinates: south latitude – 19°30′37″–20°07′
40″; west longitude – 47°39′02″–48°34′34″. The catchment is located
between the altitudes of 522 m and 1031 m (Fig. 1) and the region is
subject to different weather regimes in winter and summer seasons
(EMBRAPA, 1982). The winter season is cold and dry and lasts from Oc-
tober to April, while summer is hot and rainy and extends fromOctober
to April. Average precipitation in the basin is about 1584.2mm/year, but
most precipitation is concentrated in the months of December and Jan-
uary that can bring N540 mm/month of rainfall to the catchment (Silva
et al., 2007). Average temperature approaches 23.2 °C. In the hottest
months of summer (December and January) temperature can raise up
to 31.4 °C, whereas in the coldest months of winter (May to July) it
can drop down to 13.6 °C. According to the international classification
of Köppen, the climate in the Uberaba region is Tropical (Cruz, 2003).
A sector in the watershed headwaters (Fig. 1) is assumed to be a funda-
mental area for the protection of water resources, the riverine ecosys-
tem and the remnants of native vegetation, and for that reason has
been declared as Environmental Protection Area in 1999 (Minas Gerais
State Law 13,183/1999).

TheUberaba River basin is situated in theN/NE portion of the Parana
sedimentary basin, where Pre-Cambrian quartzites and micaschists
(Canastra Group) are overlaid by sandstones and basalts of São Bento
Group as well as by sandstones and conglomerates of Bauru Group.
Close to the streams, these sequences are covered by Cenozoic alluvial
and colluvial deposits. The outcropping rocks are solely those from the
Bauru Group (Valle Junior et al., 2010). Soils developed on these rocks
aremostly represented by latosols (Fig. 2)with average texture and var-
ious degrees of fertility (Valle Junior et al., 2013). These soils are partic-
ularly prone to erosion because field preparation for seeding (which
occurs from October to December) usually coincides with the occur-
rence of rather erosive rainfall events (Valle Junior et al., 2012).

The resident population of Uberaba municipality approaches
260,000 individuals (http://www.ibge.gov.br). Economic activity in
this region is mostly related to agriculture and livestock production,
being significant at the regional scale (Valle Junior, 2008). Farmlands
are mostly located in the southern half of the Uberaba River basin, the
northern half being used essentially for livestock pasturing. Apart from
these major uses, land occupation in the catchment is characterized by
spots of native vegetation in the Cerrado biome (Fig. 3). The landscape
has changed significantly after 1964. In those days, thenative vegetation
covered almost 40% of the basin area. This vegetation cover has been re-
moved in the following decades, being replaced by managed pastures
used for livestock production and to a smaller extent by areas used for
short-cycle agriculture (mostly corn and rice). More recently, large
areas in the southern part of the basin have been converted to a mono-
culture of sugar cane related to production of energy from ethanol
(Candido, 2008). In the municipality of Uberaba, the area cultivated
with sugar cane has exponentially increased in one decade, rising
from 1240 ha in 2003 to 90,791 ha in 2013, and a similar trend was ob-
served in the municipality of Conceição das Alagoas also located in the
Uberaba River basin. In both regions, the average production of
cane has stabilized in approximately 80 tons/ha (http://www.siamig.
com.br/).

http://www.ibge.gov.br
http://www.siamig.com.br
http://www.siamig.com.br


Fig. 1. Location and topography of Uberaba River basin.
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3. Materials and methods

3.1. Soil sampling and analysis

Afield campaignwas conducted in January 2008with the prime goal
of collecting a representative number of soil samples, evenly distributed
within the Uberaba river basin and encompassing regions affected by
environmental land use conflicts as well as regions unaffected by that
disturbance. The sampling sites are portrayed in Fig. 2. The soil samples
Fig. 2. Soilmap of Uberaba River basin, with identification of main soil types (shaded areas) and
sample identification codes (Nr) depicted in column 1 of Table 1. Modified after Cruz (2003).
were collected from a depth of 0–20 cm and stored in plastic bags to be
delivered into the laboratory for analyses. A specific set of physical,
chemical and organic parameters were selected for examination, with
the purpose of verifying if environmental land use conflicts would inter-
fere in their values.

The elected group of parameters was: the proportions of sand, silt
and clay; the pH; the soil's content in organic matter; the available
phosphorus and the exchangeable cations (potassium, magnesium
and calcium). The granulometric composition (fractions of sand, silt
soil sampling sites (labeled dots). The labels close to the sampling sites are in keepingwith



Fig. 3. Land use map of Uberaba River basin, with identification of main land uses (shaded areas). Modified after Candido (2008).
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and clay) was determined in deformed soil samples by dispersion in
NaOH (0.1 mol·L−1), following the pipette method (EMBRAPA, 1997).
For the separation of size fractions of sands, an adjustment was made
to the scale used in the Brazilian Society of Soil Science and the USDA,
as follows: very coarse sand (2.00–1.00 mm), coarse sand (1.00–
0.50 mm); medium sand (0.50–0.21 mm), fine sand (0.21–0.10 mm),
very fine sand (0.10–0.05 mm), silt (0.05–0.002 mm) and clay
(b0.002 mm). To perform the fractionation, a set of sieves was used
with mesh diameters ranging from 0.053 mm to 2 mm (Suguio,
1973). The content in organic matter was determined by a method re-
ported in EMBRAPA (1997). The active (pH CaCl2) and potential
(H+ Al) acidity were determined potentiometrically using a soil:CaCl2
relationship of 1:2.5, following the approach of Raij et al. (2001). The ex-
changeable bases calcium (Ca), magnesium (Mg) and potassium (K) as
well as the available phosphorous (P) were extracted using an ion-
exchange resin (Raij et al., 2001). The analytical results are summarized
in Table 1.

3.2. Environmental land use conflicts

Environmental land use conflicts are uses of the land that ignore soil
capability. In this study, land capability was assessed using a morpho-
metric analysis based on parameters such as topographic slope (Sl)
and drainage density (Dd; Horton, 1945), coupled as ruggedness num-
ber (RN = Sl × Dd; Strahler, 1952). The approach used to calculate the
RN, and hence land capability, is described in great detail in the studies
by Valle Junior et al. (2013, 2014b) and Rocha and Kurtz (2001), and
will not be reproduced here. Thismethodwas brought to textbook liter-
ature on land utilization, planning and development (Babar, 2005;
Kalwar, 2008;Mandal, 1982) because of its simplicity and effectiveness.
In brief, sectors of a watershed with a low RN are assumed capable for
the practicing of cropping agriculture as they correspond to undulated
low dissected areas. When the RN is high the sectors are found proper
for an occupation by forests because they are sloping and considerably
dismembered. Finally, sectors of the basin with intermediate RN are ad-
equate for livestock pasturing or for a mosaic of natural pastures and
forests. The boundaries of each RN class are set up as follows: (a) the
studied watershed is subdivided in a number of nested sub basins and
the RN of each sub-basin is calculated; (b) the highest (maxRN) and
lowest (minRN) RN among the sub-basins are evaluated and then the
RN amplitude (maxRN−minRN) is calculated and divided by a number
of pre-defined land capability classes. In this study, this number is
four, with the classes being defined as: 1 – agriculture, 2 – pastures for
livestock production, 3 – pastures for livestock production/forestry
and 4 – forestry; (c) finally, the sub-basins are allocated to the classes,
based on their individual RN scores, from which a land capability map
is prepared.

The environmental land use conflict is the divergence of an actual
use from a natural use determined by land capability. This conflict can
be graduated to express the departure between the natural and actual
land uses. The steps required to accomplish this goal were thoroughly
described in the studies of Valle Junior et al. (2013, 2014b) when
these authors were working in areas dominated by agriculture, forestry
and livestock production. Firstly, land capabilities and actual uses were
ranked in ascending order of their resemblance with agriculture, and
given the ranks 1 (agriculture), 2 (livestock production), 3 (mixed live-
stock production and forestry) and 4 (forestry). Secondly, the conflict
was equated to the difference between the codes of capability
(1 ≤ N ≤ 4) and actual land use (1 ≤ A ≤ 4). According to this method,
a) the no conflict areas are represented by regions where N − A ≤ 0,
with the negative values representing areaswith potential for a sustain-
able expansion of agriculture or livestock pasturing; b) areas where the
value of the difference between capability and actual use is equal to 1 or
2 are classified as Class 1 (N − A = 1) or Class 2 (N − A = 2) conflict
areas, respectively; c) areaswith potential for forestry (N=4) but occu-
piedwith a farm (A=1) are referred to as Class 3 (N− A=3). Accord-
ing to Valle Junior (2008), the risks and limitations allocated to conflict
classes 1 to 3 are: (Class 1) these lands represent a low risk for surface
water contamination and riverine ecosystem degradation when used
for annual crops or pastures. The attenuation of the risksmay be accom-
plished by the implementation of soil conservation measures resorting
to vegetative and(or) mechanical techniques; (Class 2) these lands rep-
resent a medium risk for surface water contamination and riverine eco-
systemdegradation andhence are incapable for the practice of intensive
cultivation, although being adapted for livestock pasturing, reforesta-
tion or environmental preservation; (Class 3) these lands represent a



Table 1
Analytical results of soil samples, as regards the proportions of sand, silt and clay in the sample; the contents in phosphorus (P) and organic matter (OM); the pH, the exchangeable con-
centrations of potassium (K), calcium (Ca) andmagnesium(Mg); and the soil's potential acidity (Al+H). Percentages of conflict areawithin buffers of 500m (B500), 1000m (B1000) and
3000m (B3000) around the soil's sampling site (1000m buffers are illustrated in Fig. 5). The sample's identification codes (Nr) are in keepingwith labels close to sampling sites plotted in
Fig. 2. The X and Y coordinates are expressed in the WGS 1984 UTM Zone 22S coordinate system. The samples have been collected in January 2008.

Nr X Y Sand Silt Clay P OM pH K Ca Mg H + Al B500 B1000 B3000

m m % ×10−3 kg/m3 kg/m3 mol/m3 %

1 849,320 7,822,637 20.9 9.7 69.4 9.0 40.0 5.0 0.8 24.0 5.0 52.0 0.0 0.0 13.1
2 849,142 7,821,751 18.3 21.8 59.9 9.0 24.0 6.5 1.6 53.0 10.0 13.0 0.0 0.0 5.4
3 847,900 7,821,220 18.6 4.8 76.6 20.0 24.0 5.4 0.3 27.0 20.0 28.0 59.2 54.3 18.5
4 846,836 7,820,688 14.9 8.2 76.9 6.0 29.0 5.0 0.6 19.0 4.0 42.0 77.9 56.7 17.6
5 846,481 7,820,157 21.1 13.6 65.3 14.0 44.0 4.8 1.0 25.0 9.0 58.0 51.0 31.8 5.6
6 842,756 7,818,563 41.8 9.7 48.5 5.0 6.0 4.6 0.8 6.0 2.0 18.0 80.2 80.0 36.8
7 842,046 7,818,208 59.8 11.4 28.8 13.0 29.0 5.5 3.0 35.0 30.0 25.0 85.2 30.1 3.9
8 840,982 7,818,031 60.4 20.8 18.8 220.0 5.0 6.6 2.9 680.0 200.0 8.0 17.3 14.0 6.0
9 816,499 7,818,031 57.4 22.9 19.7 270.0 6.0 7.7 2.8 420.0 120.0 7.0 63.3 46.2 14.0
10 816,499 7,819,094 55.6 19.9 24.5 28.0 18.0 7.1 2.2 300.0 30.0 8.0 3.3 0.2 0.0
11 815,967 7,820,865 63.3 6.9 29.8 7.0 25.0 5.3 1.2 9.0 3.0 25.0 0.0 0.0 0.3
12 815,542 7,821,477 40.2 17.2 42.6 5.0 30.0 5.7 1.3 19.0 8.0 25.0 0.0 0.0 1.3
13 815,061 7,822,440 58.5 10.3 31.2 5.0 20.0 5.3 3.4 8.0 5.0 20.0 0.0 0.0 0.5
14 814,274 7,824,891 71.1 2.1 26.8 5.0 12.0 4.9 0.4 3.0 1.0 18.0 0.0 0.0 0.9
15 813,705 7,825,242 82.1 1.2 16.7 6.0 18.0 5.1 1.3 18.0 15.0 20.0 0.0 0.0 1.3
16 813,399 7,826,073 80.7 1.5 17.8 5.0 24.0 4.3 0.5 4.0 2.0 38.0 0.0 0.0 3.0
17 812,656 7,828,131 77.6 3.0 19.4 10.0 22.0 5.2 0.5 17.0 9.0 22.0 61.0 32.9 4.0
18 812,297 7,829,004 73.7 3.7 22.6 22.0 20.0 5.4 0.8 37.0 7.0 22.0 11.2 7.7 1.0
19 811,517 7,831,403 76.3 3.8 19.9 9.0 9.0 4.5 0.7 11.0 6.0 31.0 0.0 0.2 1.8
20 813,517 7,812,558 79.5 3.9 16.6 13.0 17.0 5.2 0.7 15.0 9.0 18.0 0.0 2.1 0.5
21 811,993 7,812,877 72.4 9.9 17.7 5.0 16.0 4.6 1.0 6.0 4.0 22.0 0.1 0.1 1.1
22 809,088 7,812,983 73.6 4.2 22.2 8.0 22.0 4.7 1.2 8.0 5.0 31.0 3.9 7.0 0.9
23 807,289 7,812,973 70.9 4.4 24.7 5.0 21.0 5.3 1.6 12.0 8.0 20.0 0.0 0.0 0.0
24 806,353 7,813,031 75.1 3.2 21.7 4.0 17.0 4.3 1.0 3.0 1.0 34.0 0.0 0.0 0.1
25 803,546 7,812,856 81.5 3.9 14.6 8.0 14.0 5.6 0.7 19.0 8.0 15.0 0.0 0.0 0.0
26 801,908 7,812,505 80.6 2.0 17.4 3.0 16.0 4.5 1.1 5.0 2.0 25.0 0.0 0.0 0.0
27 799,726 7,812,792 77.1 4.2 18.7 4.0 12.0 4.4 1.0 5.0 3.0 25.0 0.0 0.0 0.0
28 797,470 7,813,183 82.1 2.7 15.2 4.0 14.0 4.7 1.2 5.0 3.0 22.0 0.0 0.0 0.2
29 796,342 7,813,530 78.6 3.3 18.1 6.0 15.0 6.0 0.8 28.0 6.0 12.0 0.0 1.2 0.5
30 794,737 7,814,440 79.4 2.9 17.7 5.0 16.0 4.3 0.6 3.0 1.0 31.0 1.4 3.4 0.3
31 792,503 7,814,721 75.8 5.3 18.9 23.0 27.0 6.6 1.9 69.0 12.0 11.0 0.0 0.6 0.2
32 790,759 7,814,582 82.7 1.5 15.8 3.0 11.0 4.4 0.7 5.0 1.0 22.0 2.9 1.0 0.0
33 789,205 7,814,600 64.3 11.4 24.3 9.0 10.0 6.1 2.5 38.0 10.0 15.0 0.0 0.0 0.2
34 787,596 7,815,716 75.2 5.8 19.0 3.0 12.0 4.5 0.6 7.0 3.0 31.0 0.0 0.0 1.2
35 786,579 7,817,325 79.9 2.3 17.8 5.0 11.0 4.4 0.5 10.0 3.0 28.0 2.1 6.2 7.4
36 786,645 7,817,686 27.4 22.5 50.1 3.0 24.0 5.1 0.8 10.0 4.0 28.0 15.8 3.1 1.6
37 786,271 7,818,320 22.0 28.6 49.4 8.0 8.0 5.5 1.7 12.0 7.0 20.0 7.3 6.8 6.0
38 785,581 7,819,250 28.6 16.6 54.8 6.0 30.0 5.2 6.5 10.0 7.0 25.0 30.6 24.3 9.6
39 784,382 7,820,480 90.7 0.7 8.6 3.0 8.0 4.7 0.5 5.0 2.0 15.0 44.6 53.5 13.1
40 783,004 7,821,770 82.1 0.5 17.4 57.0 18.0 6.0 1.6 32.0 24.0 11.0 33.7 43.2 18.5
41 781,385 7,823,719 80.7 1.3 18.0 4.0 14.0 4.6 1.0 8.0 3.0 25.0 76.4 61.0 16.2
42 780,546 7,824,019 81.2 4.3 14.5 15.0 8.0 4.6 0.7 10.0 2.0 28.0 32.9 37.5 3.4
43 778,658 7,823,659 82.7 1.9 15.4 4.0 12.0 5.0 1.1 12.0 4.0 20.0 0.2 9.2 6.1
44 777,848 7,822,819 82.6 4.6 12.8 15.0 12.0 5.3 1.1 12.0 3.0 16.0 0.0 0.1 14.6
45 776,200 7,821,950 82.8 0.7 16.5 22.0 15.0 5.1 0.7 10.0 3.0 20.0 34.3 41.3 28.8
46 774,463 7,822,766 82.9 0.3 16.8 5.0 10.0 5.1 0.8 8.0 2.0 18.0 57.1 56.3 21.9
47 772,508 7,824,108 77.9 2.8 19.3 5.0 14.0 4.3 0.6 6.0 3.0 31.0 21.8 47.0 24.4
48 772,041 7,824,283 77.7 2.6 19.7 6.0 8.0 4.7 0.6 3.0 1.0 18.0 29.4 12.5 5.4
49 787,708 7,813,160 78.1 5.4 16.5 4.0 15.0 4.2 0.5 11.0 5.0 38.0 0.0 0.8 0.0
50 788,597 7,813,160 79.5 4.8 15.7 5.0 15.0 4.8 0.7 8.0 2.0 25.0 0.0 0.0 0.0
51 784,059 7,812,953 81.4 2.1 16.5 4.0 15.0 4.2 1.3 10.0 5.0 34.0 0.0 0.2 0.0
52 781,858 7,812,983 77.3 1.7 21.0 6.0 18.0 4.1 0.7 6.0 3.0 38.0 0.2 0.1 0.8
53 780,168 7,813,316 79.6 1.3 19.1 5.0 15.0 4.4 0.6 4.0 2.0 38.0 2.1 4.8 4.9
54 778,455 7,812,850 65.7 6.5 27.8 8.0 18.0 6.2 1.2 53.0 18.0 11.0 6.2 2.4 0.8
55 777,076 7,812,095 22.7 15.3 62.0 7.0 31.0 4.8 2.8 30.0 18.0 58.0 0.0 0.0 0.0
56 775,363 7,811,562 42.0 26.4 31.6 24.0 8.0 5.2 1.0 33.0 13.0 34.0 1.0 0.3 0.0
57 773,494 7,810,874 25.6 26.6 47.8 10.0 10.0 5.7 1.5 16.0 4.0 22.0 0.5 0.2 0.1
58 774,161 7,810,867 36.8 14.9 48.3 26.0 12.0 5.0 1.2 22.0 9.0 34.0 2.8 0.8 0.1
59 767,591 7,810,650 72.8 0.7 26.5 42.0 8.0 5.7 0.6 16.0 5.0 16.0 2.4 1.0 0.1
60 769,855 7,809,069 81.0 0.4 18.6 4.0 15.0 4.6 0.7 6.0 2.0 28.0 0.0 0.0 0.0
61 770,140 7,808,072 81.7 2.5 15.8 4.0 12.0 4.7 0.9 9.0 7.0 18.0 0.0 0.0 0.0
62 770,237 7,807,046 77.6 2.6 19.8 5.0 15.0 4.6 0.9 23.0 10.0 31.0 0.0 0.0 0.0
63 770,504 7,805,842 79.3 0.4 20.3 5.0 16.0 4.2 0.5 3.0 1.0 34.0 0.0 0.0 0.2
64 770,459 7,805,174 78.3 2.7 19.0 33.0 15.0 5.3 1.2 16.0 6.0 18.0 0.0 0.2 0.1
65 770,370 7,803,881 35.7 13.2 51.1 34.0 24.0 5.2 2.6 26.0 9.0 31.0 1.6 2.0 0.0
66 770,237 7,802,588 41.6 10.3 48.1 47.0 22.0 5.5 2.7 24.0 7.0 22.0 5.7 1.7 0.0
67 769,881 7,801,874 45.3 11.0 43.7 48.0 23.0 6.5 1.0 47.0 12.0 12.0 0.4 0.0 0.0
68 769,970 7,801,072 23.8 23.8 52.4 42.0 27.0 5.7 1.9 35.0 10.0 22.0 0.0 0.0 0.0
69 770,860 7,799,957 18.4 23.2 58.4 126.0 28.0 5.2 2.6 17.0 4.0 34.0 0.0 0.0 0.1
70 771,368 7,798,754 31.7 14.5 53.8 59.0 25.0 5.5 1.5 37.0 7.0 25.0 0.3 0.2 0.2

(continued on next page)
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Table 1 (continued)

Nr X Y Sand Silt Clay P OM pH K Ca Mg H + Al B500 B1000 B3000

m m % ×10−3 kg/m3 kg/m3 mol/m3 %

71 772,193 7,798,073 36.3 15.3 48.4 31.0 25.0 5.7 1.1 29.0 8.0 22.0 0.0 0.0 0.4
72 774,985 7,792,356 56.5 9.2 34.3 4.0 26.0 5.0 0.6 13.0 3.0 34.0 0.0 0.3 0.4
73 774,453 7,791,537 69.4 1.9 28.7 12.0 21.0 5.1 1.0 20.0 6.0 28.0 0.0 0.1 0.0
74 772,940 7,791,210 63.3 6.2 30.5 50.0 29.0 6.1 2.0 56.0 18.0 15.0 0.0 0.7 0.0
75 771,735 7,790,872 66.1 6.2 27.7 18.0 22.0 6.6 0.8 530.0 30.0 10.0 1.0 0.5 0.0
76 769,487 7,789,497 63.1 3.8 33.1 40.0 21.0 6.1 1.9 46.0 19.0 15.0 0.1 0.2 0.1
77 767,059 7,790,004 66.7 3.8 29.5 6.0 16.0 4.3 0.4 3.0 2.0 38.0 0.0 0.1 7.0
78 765,028 7,790,546 23.4 23.1 53.5 62.0 17.0 5.8 3.3 42.0 19.0 20.0 0.1 2.6 8.0
79 764,086 7,790,257 31.3 22.9 45.8 57.0 62.0 4.7 2.8 52.0 40.0 72.0 0.0 2.0 8.8
80 762,273 7,790,366 32.4 21.0 46.6 39.0 40.0 6.6 10.0 70.0 20.0 12.0 28.6 25.8 0.7
81 760,932 7,789,569 50.4 17.5 32.1 23.0 27.0 6.4 1.8 250.0 25.0 10.0 0.9 9.9 2.6
82 758,540 7,788,628 35.2 15.6 49.2 6.0 24.0 5.8 3.9 17.0 8.0 18.0 0.0 0.0 0.0
83 757,815 7,787,470 25.8 26.9 47.3 70.0 30.0 6.2 5.0 50.0 19.0 16.0 0.0 0.0 2.1
84 778,197 7,792,063 68.2 4.6 27.2 26.0 22.0 5.6 0.8 36.0 9.0 22.0 0.0 0.0 0.0
85 780,876 7,790,230 33.3 19.4 47.3 17.0 15.0 5.8 0.7 27.0 12.0 18.0 0.0 0.0 0.0
Average 60.0 8.9 31.1 22.8 19.1 5.2 1.5 44.5 12.1 24.6 11.3 9.7 4.2
StdDev 22.7 8.1 16.7 40.4 9.3 0.8 1.4 106.7 25.2 11.5 22.2 18.5 7.3
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high risk for surfacewater contamination and riverine ecosystemdegra-
dation and therefore are not capable of being used for intensive
cropping or livestock pasturing; nonetheless, they are still capable of
being reforested or used for environmental preservation.
3.3. Statistical analysis

In order to evaluate the impact of land use conflicts on soil proper-
ties, a correlation analysis was made based on the following settings:
(1) three circular buffers were drawn around the sites where soils
have been sampled, with radii of 500 m 1000 m and 3000 m; (2) the
area of conflict within these buffers has been calculated, regardless the
conflict class (see Section 3.2), and converted into a percentage of the
buffer area (with the buffer area equated to πr2, where r is the buffer ra-
dius); (3) the Pearson correlation coefficient was calculated between
the aforementioned percentages and the soil parameters depicted in
Table 1. In a first run, all sampling sites (85) were included in the corre-
lation analysis. In subsequent runs, only the sites with a percentage of
conflict area ≥ j within the buffers have been used, with 5 ≤ j ≤ 25%.

The purpose of using a percentage of conflict area within a buffer
around the sampling site, instead of using a percentage of conflict area
at the sampling site, was to account for the effect of spatial heterogene-
ity of conflict area distribution on the correlation analysis. The purpose
of calculating the correlation coefficients with increasing conflict area
percentages (decreasing number of samples) was to verify at which
spatial density the conflicts may have an effect on soil properties. The
selected soil parameters are among the most commonly used physical
and chemical indicators of soil quality (Passos et al., 2015).
Table 2
Summary of datasets used for the identification of land uses and in the estimation of land capab
umns include references to data types and prime sources, their uses in the analysis, data owne

Data type and main data source Purpose and associated parameter

Digital Elevation Model (DEM) from “Brasil
em Relevo”

Calculation of terrain slope (Sl) with the pur
assessing the RN number (Section 3.2)
Preparation of a drainage network shapefile
Draw the Uberaba basin boundary

Shapefile with drainage network within
Uberaba River basin

Calculation of dranage density (Dd) with the
assessing the RN number (Section 3.2)

Orbital images CBERS-2, sensor CCD:
orbit/point 156/122 and 157/122,
obtained in 10/03/2007 and 02/04/2007

Preparation of a land use map for the Uberab
basin, with the purpose of evaluating the
environmental land use conflicts within the

Soil map from Minas Gerais State Study area characterization
3.4. Data sources and computational techniques

To execute the conflict analysis, a GIS (Geographic Information Sys-
tem) database had to be prepared and operated by appropriate soft-
ware. The database elements and associated literature sources, the
purpose of their use in the identification of conflict areas, the indication
of data ownership and a reference to the website Uniform Resource Lo-
cator (URL), are summarized in Table 2. The handling of spatial data
resorted to IDRISI Selva software (Eastman, 2012) developed by the
Clark Labs researchers working at the Geography Department of the
Clark University (http://www.clarklabs.org). Recent applications of
GIS computer packages are known to cover a wide range of environ-
mental problems, namely natural and human-induced pressures on
water quality and biodiversity (Pacheco and Van der Weijden, 2012a,
b, 2014a,b; Pacheco et al., 2013, 2015a,b; Santos et al., 2014, 2015a,b).

To perform the statistical analysis a spreadsheet was filled with
values for soil properties at the sampling sites and with conflict area
percentages within the above mentioned 500 m, 1000 m and 3000 m
buffers surrounding those sites (Section 3.3). The software used to
calculate the correlation coefficients between the properties and the
areas was STATISTICA version 7 software (Statsoft Inc., 2004).
4. Results

The results of soil analyses are depicted in Table 1. The percentages
of sand, silt and clay are on average 60%, 8.9% and 31.1%, while the con-
tents of phosphorus and organic matter are 22.8 g/m3 and 19.1 kg/m3,
respectively. The soils are acid (pH = 5.2) with relatively low
ilities and land use conflicts following the method presented in Section 3.2. The table col-
rship and internet availability.

Owner
institution

URL of internet website

pose of Empresa Brasileira de
Pesquisas
Agropecuárias
(EMBRAPA)

http://www.relevobr.cnpm.embrapa.br

purpose of

a River

basin

Instituto Nacional de
Pesquisas Espaciais
(INPE)

http://www.dgi.inpe.br/CDSR/

Fundação Estadual do
Meio Ambiente
(FEAM)

http://www.feam.br/noticias/1/949-mapas-de-
solo-do-estado-de-minas-gerais
http://www.dps.ufv.br/?page_id=742

http://www.clarklabs.org
http://www.relevobr.cnpm.embrapa.br
http://www.dgi.inpe.br/CDSR/
http://www.feam.br/noticias/1/949apase-oloostadoeinaserais
http://www.feam.br/noticias/1/949apase-oloostadoeinaserais


Fig. 4.Maps of terrain slope (A), drainage density (B) and land capability (C) of Uberaba River basin. Land capabilities were assessed by the method described in Section 3.2.
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concentrations of exchangeable cations. To assess land capability within
the Uberaba River basin using the ruggedness number concept
(Section 3.2), slope and drainage density maps (Fig. 4a,b) were drawn
from topographic and drainage network cartograms (e.g. Fig. 1). The
resulting land capability map is illustrated in Fig. 4c. To draw the areas
of land use conflict across the catchment, Fig. 4c was compared with
Fig. 3, which is the land use map of Uberaba River basin. The conflict
map is portrayed in Fig. 5. The percentages of conflict area within circu-
lar buffers of radii 500m, 1000mand3000mare summarized in Table 1
(last three columns), being extremely variable. The correlation coeffi-
cients between the conflict area percentages and the soil properties,
within the three buffers and for increasing percentages inside those re-
gions, are presented in Table 3. Marked correlations (boldface and un-
derline) are significant at p b 0.05. A thorough inspection of Table 3
reveals significant correlations solely between the percentage of conflict
area and the soil parameters organic matter and exchangeable potassi-
um, within the 1000m buffer and for percentages of conflict area ≥ 15%.
Although some coefficients are large for correlations based on the
3000 m buffer, they are not significant because the number of sites on
which they stand are small, and hence will not be further discussed.

5. Discussion

5.1. The impact of environmental land use conflicts on soil fertility and
related issues

The correlation analysis exposed significant associations between
increasing conflict area density and decreasing organic matter/
exchangeable potassium contents, within the 1000 m buffer and for
conflict area densities N 15% (Table 3). The scatter plots for organicmat-
ter versus conflict area density as well as for exchangeable potassium
versus conflict area density are portrayed in Fig. 6a and b, respectively.
According to Fig. 6a, organic matter in soils may decrease by some
5 kg/m3 as the conflict area density increases by 10%. Land use conflicts
in the Uberaba River basin were predominantly related to the settle-
ment of managed pastures in areas capable of being used for forestry,
in the northern part of the basin (East and West edges), and by
Fig. 5.Map of environmental land use conflicts of Uberaba River basin, as determined by the m
sites (Fig. 2), used for calculating thepercentage of conflict area inside the buffer (e.g., B1000 in T
purpose. The calculated percentages of conflict area were then used in the correlation analysis
conversions of land occupation from pastures to sugar cane plantations
and other types of crop agriculture, in the southern part of the basin. In
fact, the reduction of carbon stocks in the Triângulo Mineiro region has
initiated with the progressive clearance of native vegetation (Cerrado),
which has started in the 70′s of the 20th century. In a study of Resende
(2011), stocks of total carbon were reported to decrease from
1.75–0.86%, under the Cerrado, to 1.13–0.7% under a managed pasture
(15 years of continuous use) and to 0.64–0.43% under a degraded pas-
ture (40 years of continuous use). The conversion of pasture land to
sugar cane plantations has also been related to significant drops in the
carbon stocks of soils. For example, Mello et al. (2014) reported a 10%
decrease in the C stocks when land use changed from pasture to sugar
cane in various regions of Brazil, including the Minas Gerais state
where the study area is located. In a similar study also conducted in
Brazil, Franco et al. (2015) noted sparse variations in soil organic matter
levels in the first five years after the conversions from pasture to sugar
cane, but losses of 40% in the C stocks after N20 years of sugarcane
crop. In spite of the cause, degraded pasture lands are usually character-
ized by lower C stocks than productive pasture lands (Fonte et al., 2014).

Soil organic matter has many functions in the soil. Among the most
important purposes one can refer the reserve of nutrients for plants,
the formation of stable aggregates, the protection of soil surface, and
themaintenance of a vast array of biological functions including the im-
mobilization or release of nutrients, the provision of ion exchange
capacity, and the sequestration or emission of terrestrial carbon
(Craswell and Lefroy, 2001; Bationo et al., 2007). In the Uberaba River
basin, environmental land use conflicts brought organic matter down
from approximately 45 kg/m3, when the conflict area density was
around 25%, to a value about 5 kg/m3 when the conflict area density
approached 80% (Fig. 6a). Facing a drop of this magnitude, the soil's
capacity to retain potassium has been drastically reduced which result-
ed in the sharp decline of exchangeable K, from approximately
10 mol/m3 to residual values around 1 mol/m3 (Fig. 6b). The soil's re-
duced capacity to retain the potassium is expected to trigger an exces-
sive export of this (and other) nutrient(s) towards the water masses,
via surface runoff or infiltration, with consequences on water quality
and ecosystem integrity. Although this effect has not yet been
ethod described in Section 3.2. Overlay of 1000 m buffers drawn around the soil sampling
able 1). Buffers of 500mand 3000mwere also drawnaround the same siteswith the same
(description in Section 3.3, results in Table 3).



Table 3
Pearson correlation coefficients between the percentage of conflict area within 500, 1000 and 3000 m buffers (Fig. 5) and the analyzed soil parameters. The input data for the correlation
analysis are depicted in Table 1. In a first run, all buffers (n=85) were included in the study. In subsequent runs, only the buffers (n ≤ 85) with a percentage of conflict area greater and a
threshold jwere considered for the investigation (with 5 ≤ j ≤ 25). Symbols for the soil parameters: Sand, Silt, Clay – proportions of sand, silt and clay in the sample; P, OM – contents in
phosphorus and organic matter; pH – the sample's pH, K, Ca, Mg – exchangeable concentrations of potassium, calcium and magnesium, respectively; Al + H – the soil's potential acidity.
Coefficients significant at p b 0.005 are written in boldface and underlined.

Percent n Sand Silt Clay P OM pH K Ca Mg Al + H

Buffer 500 m
0 85 −0.08 −0.05 0.13 0.14 −0.02 0.03 0.05 0.07 0.16 −0.03
5 23 −0.02 −0.23 0.12 −0.03 0.08 −0.16 −0.15 −0.09 −0.06 0.24
10 20 −0.16 −0.13 0.24 −0.09 0.04 −0.08 −0.18 −0.16 −0.13 0.19
15 19 −0.12 −0.20 0.22 −0.11 0.06 −0.07 −0.23 −0.19 −0.17 0.19
20 17 −0.25 0.09 0.27 0.07 0.00 0.04 −0.27 0.14 0.19 0.14
25 16 −0.21 0.04 0.23 0.04 −0.04 −0.07 −0.34 0.12 0.16 0.22

Buffer 1000 m
0 85 −0.01 −0.11 0.07 0.11 −0.10 −0.02 0.00 0.04 0.12 −0.06
5 24 −0.06 −0.27 0.19 −0.03 −0.11 −0.15 −0.19 −0.18 −0.13 0.08
10 18 −0.01 −0.37 0.14 −0.24 −0.25 −0.30 −0.43 −0.34 −0.35 0.08
15 16 0.09 −0.38 0.02 −0.06 −0.61 −0.30 −0.56 −0.06 −0.12 −0.11
20 16 0.09 −0.38 0.02 −0.06 −0.61 −0.30 −0.56 −0.06 −0.12 −0.11
25 15 −0.02 −0.30 0.12 −0.10 −0.59 −0.33 −0.47 −0.10 −0.16 −0.12

Buffer 3000 m
0 85 0.20 −0.41 −0.08 −0.13 −0.21 −0.18 −0.29 −0.19 −0.20 −0.15
5 23 0.02 −0.29 0.10 −0.04 −0.32 −0.22 −0.30 −0.16 −0.12 −0.03
10 12 0.01 −0.14 0.02 −0.26 −0.33 −0.35 −0.26 −0.28 −0.29 −0.13
15 8 0.05 0.38 −0.11 −0.21 −0.67 −0.37 −0.13 −0.53 −0.42 −0.33
20 4 −0.88 0.86 0.89 0.09 −0.56 −0.20 0.34 −0.23 −0.24 −0.37
25 0 nd nd nd nd nd nd nd nd nd nd

Fig. 6. Plots of Organic matter (A) and exchangeable potassium (B) versus the percentage
of conflict area within the 1000 m buffers.
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documented for the Uberaba River basin, it has been observed else-
where (Pacheco and Sanches Fernandes, 2016; Valle Junior et al.,
2014b, 2015). The conflictsmay have affected other functions of organic
matter, namely the formation of stable aggregates, with direct conse-
quences on soil erosion. The impacts of environmental land use conflicts
on soil erosion were first recognized by Pacheco et al. (2014) and Valle
Junior et al. (2014a). In the Uberaba region, accelerated erosion process-
es have been triggered by vegetation clearance for cattle ranching
(Guerra et al., 2014), a land use change here classified as conflict. It is
worth noting, however, that the concentrated erosive rainfall regime
was also viewed by these authors as another factor that explains erosion
in the region, and that erosive processes in the Uberaba River basin are
amplified because field preparation for seeding usually coincides with
the occurrence of erosive rainfall events (Valle Junior et al., 2012). In a
region where managed pastures have expanded to intensify cattle
breading, consequences of pasture degradation on the process of carbon
sequestration or emission cannot ignore the recent debate about agri-
cultural greenhouse gas emissions and their relation to beef production
(Oliveira Silva et al., 2016). According to these authors, reduced live-
stock consumption leads to less productive beef systems, associated
with higher emissions intensities and total emissions, whereas in-
creased production leads tomore efficient systemswith boosted soil or-
ganic carbon stocks, reducing both per kilogram and total emissions. So,
in every region where a conflict is to be installed, which aims to replace
a well managed pasture for agriculture (e.g. sugar cane), carbon emis-
sions are likely to increase, due to decreased soil biomass, possibly rising
the greenhouse effect.

5.2. Overall environmental degradation and conservation measures

The settlement of land use conflicts are among critical human ac-
tions leading to environmental degradation (Rocha and Kurtz, 2001).
A recent study in the Uberaba River basin presented a methodology
to assess the overall degradation of a catchment based on a weighted
combination of various biophysical and socioeconomic parameters, in-
cluding the environmental land use conflicts (Candido et al., 2010).
The full list of parameters playing a role in environmental degradation
comprised the vegetation cover density, terrain slope, land capacity
for planting, soil's erosion potential, mechanization of agriculture (yes
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or no), actual land use (i.e., percentage of land occupied by agriculture),
population density, cattle breeding (yes or no) and land use conflicts.
The conclusions were dramatic because half the basin was considered
to be in a state of accentuated degradation, and it is clear that the
conflicts contributed significantly to this endpoint. The observed rela-
tionships between densification of conflict areas and organic matter/
exchangeable potassiumdecline, reported in the present study, are sup-
portive of Candido's results and are seen as alert for implementation of
conservation measures throughout the basin, without further delay.

A number of drainage basin management projects have been in
progress in Brazil since 1980 (Guerra et al., 2014), including in the re-
gion of Triângulo Mineiro. Among effective soil conservation practices
enumerated in those projects one can refer the increased extent and
density of vegetal cover, use of green manure, minimum tillage,
retaining harvest residues on topsoils, re-afforestation and particular
protection of riparian vegetation and erodible soils, contour cultivation,
vegetative buffers in agricultural areas, construction of small retention
basins in small depressions. In the Uberaba River basin, the areas poten-
tially sensitive to erosion and with erosive processes in progress have
also been identified and proposed for sustainable soil management,
namely through the recovery and preservation of the native vegetation
cover (Cruz et al., 2003). For the legally protected area located at the
basin headwaters, a specific management plan has been proposed,
with the prime objective of preserving the water resources, the riverine
ecosystem and the remnants of native vegetation (http://www.
uberaba.mg.gov.br/portal/acervo/meio_ambiente/APA). Irrespective of
all these initiatives, a strategic plan for the persistent implementation
of conservation measures across the entire watershed is lacking, while
such a plan is the route to follow if recovery of degraded areas is to be
taken seriously. In the absence of a firm reaction to environmental deg-
radation, some scenarios on land use evolution may become a reality,
which indicate a 70% decline in the remaining area occupied by native
vegetation in the Uberaba River basin until 2050 (Guidolini et al.,
2013). It is therefore urgent to act.

6. Conclusions

Environmental conflicts are critical consequences of human options
as regards land use. Every time a parcel of land is used for an activity not
respecting the soil's natural capability, a land use conflict may develop
causing a decrease in the soil organic matter. Because organic matter
is involved in many structural functions of the soil, namely the capacity
to form stable aggregates or retain nutrients, a marked decrease in this
constituentmay disrupt these functions triggering a number of environ-
mental impacts, like the increase in soil erosion and/or the deterioration
of water quality with consequences on riverine ecosystems. A situation
of this kind has been developed in the Uberaba River basin since the 70s
of the 20th century, when large areas of native vegetation (Cerrado
biome) have been invaded by pastures for cattle breading, and subse-
quently pastures have been replaced by crops, namely corn, rice and,
more recently, sugar cane. Where the land use changes corresponded
to a conflict and the changed area densitywas noteworthy, organicmat-
ter and the exchangeable potassium decreased significantly. Apart from
the conflicts, the Uberaba River basin is affected by other human pres-
sures, like population density, which as whole put in a risk of environ-
mental degradation almost half the basin area. Because the present
situation is preoccupying, a strategic plan comprising effective conser-
vation measures is proposed for urgent implementation across the
watershed.
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