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Abstract
This work aimed to identify and map the pedological restrictions of the lands in the middle course of the Paraíba River. For 
this, GIS SPRING, digital soil map, and the Agricultural Zoning of the State of Paraíba information were used. From these, 
pedological data were extracted to classify the soils based on salinity/sodicity, effective depth, stoniness, fertility, erosion, 
drainage, and texture. Data were interpreted and classified according to soil-restricting factors (null, light, moderate, strong, 
very strong, and extremely strong). It was observed that the most common land use restriction factors in the strong class 
were texture, effective depth, and stoniness; in the moderate class, erodibility, slope, and fertility; in the light class, slope; 
and in the null class, salinity and drainage.

Keywords: Geotechnologies. Soils. Restriction of Use.

Introduction

Due to the increasing need for adequate and 
sustainable planning of human activities, the 
understanding of ecosystems and especially the 
provision of environmental services have become 
imperative (SANCHEZ et al., 2009).

Knowledge of natural resources (soils, 
climate, vegetation, and relief) is part of the 
essential basis for assessing land use potential. 
This information, combined with social, economic 
and cultural contexts, leads to the possibility 
of analyzing the opportunities, restrictions and 
impacts linked to land use. Therefore, it is 
possible to identify areas with greater or lesser 
aptitude for the most diverse activities, whether 
agricultural or not, considering aspects of equity, 
social justice and responsibility in the use of 
natural resources, aiming to achieve collective 
benefits (BENEDETTI et al., 2008).

Agriculture is an economic activity that 
largely depends on the physical environment. 
In a region, there are several sub-regions with 
different soil and climate conditions, therefore, 
with different aptitudes to produce different 
agricultural goods (GLERIANI, 2000). Proper 
land use is the first step towards sustainable 
agriculture. For this, soils must be managed 
according to their carrying capacity and economic 
productivity (HUDSON, 1971).

The knowledge of land suitability is a factor 
of great importance to indicate the adequate 
use of the environmental offer and, above all, to 
avoid the possible overuse of natural resources 
(EMBRAPA, 2006). Such interpretations 
presume the availability of a certain amount 
of prior information, which has to be provided 
by appropriate surveys of the area or by pre-
existing pedological studies. For the information 
contained in the soil surveys to be better used, it 
is necessary that from these data, interpretative 
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thematic maps are composed, based on the 
criteria of the technical classification system 
used (RAMALHO FILHO; BEEK, 1995).

Pedological maps at generalized scales, 
encompassing a significant portion of the 
territory, allow the visualization of large areas, 
covering the spatial distribution and the existing 
variation in soils, represent important documents 
in the characterization of resources and in the 
orientation of regional land use planning (ROSSI; 
OLIVEIRA, 2000). Maps are indispensable 
supports for planning, not only ordering the 
effective use of land resources, but also serving 
as a visual instrument of human perception and a 
means of recording and analyzing the landscape 
(LIMA et al., 2007).

Technical classifications, also called 
interpretative, are characterized by using a small 
number of attributes to separate individuals into 
classes in order to meet a certain objective. The 
technical or interpretative classification for land 
use and management consists of predicting the 
response of soils, under specific managements 
and under certain environmental conditions 
(PEREIRA; LOMBARDI NETO, 2004). It is 
normally based on interpretation of basic soils 
studies (taxonomic surveys) (CAMARGO et al., 
1987; EMBRAPA, 1999).

In Brazil, the most known and used technical 
classification systems for the purpose of surveying 
the land use potential are land agricultural 
suitability (RAMALHO FILHO; BEEK, 1995) 
and land use capacity, originally developed in 
the United States and adapted to the Brazilian 
conditions (LEPSCH et al., 1991). In agronomic 
terms, the interpretative criteria for land 
groupings are based on agricultural suitability 
for certain crops; according to erosion risk; the 
need for liming; irrigation or drainage needs; and 
depending on the maximum capacity of use. For 
other purposes, these classifications are also very 
useful, such as: geotechnics, airport construction, 
sanitary engineering, taxation, road and railway 

engineering (RAMALHO FILHO; BEEK, 1995; 
LEPSCH et al., 1991; FREIRE, 1984).

According to Cobra et al. (2019), a large 
number of qualified georeferenced information 
allows Geographic Information Systems (GIS) to 
spatialize this data and generate products that 
support planning and decision making (VALLE 
JUNIOR et al., 2013; ZANELLA et al., 2013; 
CESSA et al., 2014; ANGELO; MORAIS, 2017; 
MACHADO et al., 2017). By using GIS it is 
possible to perform complex analyses, integrate 
data from different sources, create georeferenced 
databases and automate map production maps 
(ELSHEIKH et al., 2013; LEITE; FERREIRA, 
2013; SILVEIRA et al., 2013; NUNES; ROIG, 
2015; POELKING et al., 2015; SILVA et al., 
2015; SILVEIRA et al., 2015; SOUZA, 2015; 
SOUZA; SILVA, 2016).

The use of GIS and georeferenced information 
are essential for land evaluation for agricultural 
purposes, in which the soil survey becomes the 
basis for this analysis. In this way, GIS provides 
a faster and less subjective assessment, enabling 
the crossing of different information plans to 
generate valuable maps for land evaluation 
(ARAÚJO FILHO et al., 2013; FRANCISCO 
et al., 2015; SILVA et al., 2015; ROCHA FILHO 
et al., 2016; SILVA, 2016).

State that any work of statistical analysis 
begins with the descriptive analysis of data 
(ANDRADE; OGLIARI, 2013) which summarize 
and describe data (KAZMIER, 1998). This analysis 
consists of a set of methods for organizing and 
describing data through synthetic or summary 
indicators (SILVESTRE, 2007). According 
to Fonseca and Martins (1996), descriptive 
statistics is a set of techniques used to describe, 
analyze and interpret the numerical data of a 
sample. Montgomery and Runger (2013) argue 
that it serves to organize and summarize data 
in a way that facilitates their interpretation and 
subsequent analysis.



3

Revista Agrogeoambiental, v.14, e20221694 , 2022

Revista Agrogeoambiental, v.14, e20221694 , 2022

This study was developed with the 
objective of identifying, classifying and mapping 
some land restrictive factors in the middle 
course of the Paraíba River, using Geographic 
Information System.

Material and methods

The study area comprises the region of 
the middle course of the Paraíba River, with 
an area of 379,406.37 ha located in the state 
of Paraíba, comprised by the municipalities 
of Aroeiras, Alcantil, Barra de Santana, Boa 
Vista, Boqueirão, Barra of São Miguel, Caturité, 
Campina Grande, Fagundes, Gado Bravo, Itatuba, 
Natuba, Pocinhos, Puxinanã, Queimadas, Riacho 
de Santo Antônio, Santa Cecília and Umbuzeiro 
(Figure 1).

According to Francisco et al. (2012), the 
study area encompasses the eastern slope of the 
Borborema Plateau, the eastern portion of the 
basin, with the type As’ – Hot and Humid Tropical 
climate with autumn-winter rains, according 

to the Köppen’s classification. In this region, 
the rains are formed by the Atlantic masses 
brought by the southeast trade winds and the 
altitude is around 600 m a.s.l. in the highest 
points of the Plateau foothills. Precipitation 
decreases from the coast towards the interior of 
the region (600 mm year-1) mainly due to the 
depression of the relief. In the western portion 
of the basin, the climate type is BSh– hot semi-
arid, with precipitation predominantly below 
600 mm year-1 and lower temperatures due to 
the altitude effect (400 to 700 m).

According to Francisco et al. (2012), the 
vegetation representative of the study area is 
of the hyperxerophilous caatinga type. The 
predominant soils in the study area, according 
to Paraíba (1978), are the Non-calcic Bruno and 
the Eutrophic Litholics, distributed throughout the 
basin area, as well as the Vertisols, with greater 
occurrence in the center of the basin, closer to 
the Epitácio Pessoa Dam and Solonetz Solodized 
in the Campina Grande region. According to the 
new Brazilian Soil Classification System, by 

Figure 1. Study area location and slope.

Source: Adapted from Francisco et al. (2012); PARAÍBA (2006); IBGE (2009).
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Campos and Queiroz (2006), these soil types 
were reclassified, respectively, as Typical Orthic 
Chromic Luvisoil, Typical Eutrophic Litholic 
Neosols, Typical Orthic ChromicVertisol and 
Typical Orthic Natric Planosol (Figure 2).

Francisco et al. (2015) state that the soil 
types differ by geological, pedological, and 
geomorphological diversity, also taking into 
account a diversity of soil attributes related to 
morphology, color, texture, structure, slope, 
stoniness, and other characteristics. The 
differentiation is justified by the fact that in the 
semiarid region the type of soil determines the 
dynamics of water in terms of drainage, retention, 
or availability, thus conditioning agricultural 
production systems.

For the development of this work, a digital 
file from the region of the middle course of the 
Paraíba river was used. It was provided by the 
Executive Agency for Water Management of the 
State of Paraíba (AESA), and imported into the 

SPRING 5.4 program, in a database in the UTM/
SAD69, where maps were prepared and their 
respective areas were calculated.

In this study, the main database used was 
the Agricultural Zoning of the State of Paraíba 
(PARAÍBA, 1978) and the soil map of the State 
Water Resources Plan (PARAÍBA, 2006), at a 
scale of 1:200,000, representing the area of 
study and the occurrence and distribution of the 
predominant soil classes in the State of Paraíba

Using the Agricultural Zoning of the State 
of Paraíba (PARAÍBA, 1978), soil pedological 
information was extracted and a table was created 
to classify salinity/sodicity, effective depth, 
stoniness, fertility, erosion, drainage, and texture 
attributes and generate their maps (Table 1). The 
data were interpreted and classified according to 
the soil restrictive factors (null, light, moderate, 
strong, very strong, and extremely strong) and 
manually introduced in SPRING, generating 
thematic maps.

Figure 2. Soil map of the study area.

Source: adapted from Paraíba (2006).
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The classification of soil polygons on the 
map was based on the key of the basic formula 
of the land use capacity class contained in 
the Agricultural Zoning of the State of Paraíba 
(PARAÍBA, 1978), where the soil units 
were interpreted.

The slope map used was from Francisco et al. 
(2012) and Francisco et al. (2014), generated 
from the contour map using a modeling process. 
Then, a refinement of the areas was carried out 
in order to eliminate those areas smaller than 
3 km2, due to the scale of work.

To identify the restricting factors, the areas 
were calculated using the GIS option “measure 
of classes”, and a spreadsheet was created 
emphasizing the differences between the 
territorial extensions.

Results and discussion

In the salinity/sodicity map (Figure 3a), it is 
observed that most of the area has 71.58% in the 
null class overall restriction factor, representing 
271,583.37 ha (Table 2). These areas are 
constituted by the Typical Orthic Chromic Luvisol 
and the Typical Orthic Hypochromic Luvisol 
located mostly in the inner zone of the basin, 

as well as by the Typical Orthic Quartzarenic 
Neosol, Latosolic Dystrophic Yellow Argisol, and 
Typical Eutrophic Haplic Cambisol with high-
activity clay, distributed in north, southwest and 
south regions of the basin area.

The moderate class restriction factor, which 
covers 12,228.00 ha, has 3.22% of the area 
comprised by the Solodic Eutrophic Haplic 
Planosol. The area classified in the strong class 
restriction factor has 95,595.00 ha (25.20% of 
the whole area), where the Typical Orthic Natric 
Planosol occurs. Planosols generally have high 
CEC, high base saturation, and sodium (Na) 
sorption, with a percentage of exchangeable 
sodium (ESP) commonly between 8 and 20% 
in the B or C horizons of Luvisols (EMBRAPA, 
2006; CUNHA et al., 2008).

The effective depth of soil is the vertical 
distance into the soil from the surface to a layer 
that essentially stops the downward growth of 
plant roots and, in most cases, can indicate better 
availability of heat, nutrients, air, and water, 
which are important for growth and development 
of plants.

In the effective depth map (Figure 3b), 
it is observed that the light class represents 
10.02% of the restriction factor, summing up 

Table 1. Restrictive soil factors.

Classes
Restrictive Factor

Slope 
(%)

Stoniness
(%)

Effective depth 
(m) Texture Drainability Fertility Salinity/

Sodicity Erosion

Null 0-3 0 >2 Sandy
Excessive /

Strong/
Accentuated

Very high Non-saline/
Non-sodic

Not 
apparent

Slight 3-6 <1 1 to 2 Average/
Silty Good High Low/Slightly Slight

Moderate 6-12 <10 0,5 to 1 Clayey Moderate Average Moderately/
Moderately Moderate

Strong 12-20 <30 0,25 to 0,5 Very Clay/
Indiscriminate Low Low High/High Severe

Very 
strong >20 >30 <0,25 Very low Very low Very high /Very 

high

Very 
Severe/

Extremely 
Severe

Source: Adapted from PARAÍBA (1978); Francisco et al. (2014).



6

Mapping of restrictive factors of land in the hydrographic basin of the middle section of the Paraíba River

Revista Agrogeoambiental, v.14, e20221694 , 2022

to 38,006.00 ha (Table 2). It is also observed 
that 115,386.00 ha (30.41% of the area) are 
classified in the moderate class in the restrictive 
factor of effective depth, with the occurrence of 
the Typical Orthic Chromic Vertisol.

For the strong class, regarding the restrictive 
factor of the effective depth of the soils, it is 
observed that 180,376.37 ha, which represents 
47.54% of the area, are composed of the Typical 
Orthic Natric Planosol.

Figure 3. Restriction map regarding (a) salinity/sodicity, (b) effective depth, (c) fertility, (d) drainability, (e) slope, 
(f) texture, (g) erosion, and (h) stoniness.

a b c

d e f

g h

Source: Adapted from Paraíba (1978; 2006); Francisco et al. (2014); AESA (2020).
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The very strong restriction class, with 
45,638.00 ha (12.03% of the total area), is 
where Typical Eutrophic Litholic Neosols occur. 
These soils are in complex associations with 
rock outcrops and are usually found in terrains 
of strong, undulating, and mountainous relief 
(Francisco et al., 2012). Litholic Neosols have 
few alternatives for use because they are shallow 
or very shallow and, usually, rocky and stony. 
They are located in rugged areas of mountain 
ranges and steep slopes, usually with problems 
of rill and severe or very severe laminar erosion 
(CUNHA et al., 2010).

Fertility is considered a broad concept, which 
represents the productive capacity of the soil 
involving its chemical and physical properties. 
In the fertility map (Figure 3c), it is observed 
that 22.38% of the area is covered by the null 
class restriction factor, with 84,917.00 ha. In 
this class, the Typical Orthic Chromic Luvisol, 
the typical Ortic Hypochromic Luvisol, and the 
Vertisols classes occur, located in the center and 
south portions of the basin.

Vertisols, due to the high values of base 
summation and cation exchange capacity, 
associated with the frequent presence of very 
significant amounts of easily weathered minerals, 
have the high nutritional potential for plants 
(CUNHA et al., 2010).

For the light restriction class, an area of 
86,777.0 ha (22.87%) is observed, represented 

by the Typical Orthic Chromic Luvisol, Typical 
Orthic Hypochromic Luvisol, Solodic Eutrophic 
Haplic Planosol and Typical Eutrophic Haplic 
Cambisol with high-activity clay.

Planosols in the region have high values of 
base summation and base saturation, in addition 
to large amounts of easily weathered primary 
minerals, which gives them a great capacity to 
provide nutrients to plants (CUNHA et al., 2010).

In the moderate restriction class, in terms of 
fertility, a portion of 124,346.37 ha (32.77%) 
is observed, with a higher occurrence of Typical 
Eutrophic Litholic Neosols located in the south 
region of the basin. These soils are shallower, 
stony, and rocky, predominant in an area of 
strong, undulating, and mountainous relief to the 
south, following the channel of the Paraíba River 
(FRANCISCO et al., 2012).

For the strong restriction class, considering 
soil fertility, it has 7,496.00 ha of area (1.98%) 
related to the Latosolic Dystrophic Yellow Argisol, 
located to the southeast of the basin. According 
to Cunha et al. (2020), the low natural fertility 
of Ultisols is a factor that limits their use for 
agriculture. Dystrophic soils have naturally low 
nutritional potential in the B horizon.

The very strong class restriction, which 
corresponds to an area of 75,870.00 ha 
(20.0%), has the Typical Orthic Quartzarenic 
Neosol. Cavalcante et al. (2005) emphasize 

Table 2. Distribution of restriction classes.

Classe
Null Slight Moderate Strong Very Strong

ha % ha % ha % ha % ha %

Slope 31,063.00 8.19 108,487.37 28.59 150,412.00 39.64 23,216.00 6.12 66,228.00 17.46

Drainability 178,400.37 47.02 1,735.00 0.46 65,198.00 17.18 134,073.00 35.34 - -

Erosion 8,718.00 2.30 39,766.00 10.48 264,387.37 69.68 65,827.00 17.35 708.00 0.19

Fertility 84,917.00 22.38 86,777.00 22.87 124,346.37 32.77 7,496.00 1.98 75,870.00 20.00

Stoniness 224,756.00 59.24 - - 26,753.00 7.05 120,071.37 31.65 7,826.00 2.06

Depth - - 38,006.00 10.02 115,386.00 30.41 180,376.37 47.54 4,5638.00 12.03

Salinity 271,583.37 71.58 - - 12,228.00 3.22 9,5595.00 25.20 - -

Texture 53,352.00 14.06 105,083.00 27.70 - - 220,256.37 58.05 715.00 0.19
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that the main limitations of its agricultural use 
are the low natural fertility and low water and 
nutrient retention capacity, determined by its 
sandy texture. Despite the low natural fertility 
and low water retention and availability, the high 
infiltration rates and the gentle relief where they 
occur make these soils less susceptible to erosion.

Drainage is a property related to the 
hydrodynamic conditions of soils, crucial for the 
development of plants. It can be understood as 
the removal of excess water from the soil profile. 
This property is related to porosity, which in turn 
depends on the texture, soil structure, nature, 
and content of soil organic matter and clay 
(FRANCISCO et al., 2012).

In the drainability map (Figure 3d), it is 
observed that 178,400.37 ha (47.02% of the 
area) falls under the null class restriction factor. 
These areas are distributed throughout the basin, 
with the occurrence of Typical Orthic Quartzarenic 
Neosols and Typical Eutrophic Litholic Neosols.

The moderate restriction class, in terms 
of drainage, covers 65,198.00 ha (17.18% of 
the area) and occurs in the southeastern region 
of the basin, represented by the Typical Orthic 
Hypochromic Luvisol with planosolic character. 
There is also an area of Vertisols in the center of 
the basin. Vertisols are poorly permeable, which 
restricts their drainage. Infiltration, although 
slow, is generally better in soils with a granular 
surface structure, which can be maintained and 
even improved by means of crop rotation, use of 
crop residues, and use under pasture (OLIVEIRA 
et al., 1992).

For the strong restriction class, in terms of 
drainability, the occurrence of the Typical Orthic 
Natric Planosol and the Solodic Eutrophic 
Haplic Planosol is observed in 134,073.00 ha 
(35.34%), distributed in the central-north of the 
basin. There is also the occurrence of Typical 
Haplic Eutrophic Cambisol with high-activity clay 
in smaller areas to the southern border with the 

neighboring State of Pernambuco. At the outflow 
of the basin, near the Acauã reservoir, where 
the Typical Orthic Hypochromic Luvisol with 
planosolic character occurs, the strong restriction 
class is also present.

The physical properties of Planosols are 
the greatest obstacles to agricultural use. The 
planic B horizon, when occurring in shallow soil, 
is extremely hard, firm, and often plastic and 
sticky, which makes soil preparation a difficult 
operation. The densification can limit the internal 
drainage of water, creating conditions of reduction 
in the environment during most times of the year 
due to the elevation of the groundwater level. In 
addition, it can limit the development of the root 
system of crops, making it difficult for roots to 
penetrate the soil (JACOMINE, 1996).

In Figure 3e, regarding the slope, 
31,063.00 ha can be classified in the null class 
restriction factor, representing 8.19% of the area. 
The light class, with 108,487.37 ha, represents 
36.78% of the area. The slope is a striking 
feature of the landscape, as it defines levels of 
stability of its physical-chemical and biodynamic 
components, and can serve as a reference to 
separate environments (FRANCISCO et al., 
2012). It is observed that 63.22% of the area is 
distributed among the highest restriction classes. 
These soils do not show the best conditions for 
rational agricultural use, in view of the strong 
restrictions that exist, caused by the strong wavy 
relief (CAVALCANTE et al., 2005).

Francisco et al. (2012) state that the lands 
of Paraíba State are predominantly flat to gently 
undulating, with slopes of less than 6% in more 
than 56% of its territory. It can be seen in the 
texture map (Figure 3f) that 220,256.37 ha fit 
the strong class restriction factor, representing 
58.05% of the area. Another 105,083.00 km2 
(27.70%) and 53,352.00 km2 (14.06%) of the 
territory fall, respectively, into the light and null 
classes. In the strong class occur the Typical 
Ortic Natric Planosol, Solodic Eutrophic Haplic 
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Planosol, and Eutrophic Haplic Cambisol with 
high-activity clay. In the light class, the Typical 
Orthic Chromic Luvisol and the Typical Orthic 
Hypochromic Luvisol. The null class comprises 
the Typical Orthic Chromic Vertisol.

Planosols typically occur in low-lying, flat 
to gently undulating areas. They are generally 
shallow, with a light-colored surface horizon and 
a sandy or medium (light) texture, followed by 
a planic B horizon, of medium texture, clayey 
or very clayey, dense, poorly permeable, with 
reduced colors, resulting from imperfect drainage 
and responsible for the formation of temporarily 
suspended groundwater level (EMBRAPA, 2006).

During the period in which there are good 
conditions of soil moisture, the preparation 
of Vertisols is difficult due to their very clayey 
texture. The high stickiness when wet along with 
the high hardness when dry, might demand a 
great tractive effort, limiting the use of these soils 
for farming (CUNHA et al., 2010).

Erosion is caused by active forces such 
as rainfall, slope steepness, slope length, and 
the soil’s ability to absorb water. It can also be 
caused by passive forces, such as the resistance 
that the soil exerts against the erosive action of 
water and the density of the vegetation cover 
(BERTONI; LOMBARDI NETO, 1999). In 
Figure 3g, for the erosion restriction factor map, 
it is observed that the null class comprises an 
area of 8,718.00 ha (2.30%), composed of the 
Typical Orthic Hypochromic Luvisol.

The light class, regarding the restrictive 
factor of erosion, distributed in 39,766.00 ha 
(10.48%), is composed of the Typical Orthic 
Chromic Vertisol and the Typical Orthic 
Quartzarenic Neosol, located to the north, center, 
and south portions of the basin. As a result of 
the smooth undulating relief, erosion problems 
are considered to be less intense for these soils 
(CAVALCANTE et al., 2005). 

Due to their characteristics, Vertisols are 
very susceptible to erosion and require careful 
management, by using soil conservation 
practices. It is important to consider that if these 
soils are used intensively, problems of laminar 
erosion will arise (CUNHA et al., 2010).

The erosion constraining factor of the 
moderate class with 264,387.37 ha (69.68%) 
is composed of the Typical Orthic Natric 
Planosol, Solodic Eutrophic Haplic Planosol, 
and Eutrophic Haplic Cambisol with high-activity 
clay; Typical Orthic Chromic Luvisol, Typical 
Orthic Hypochromic Luvisol; and Typical Orthic 
Chromic Vertisol.

According to Cunha et al. (2010), Planosols 
are soils, from a morphological point of view, 
very prone to erosive processes, particularly by 
interrill erosion.

Luvisols are shallow to shallow soils, with 
a brightly colored textural B horizon and high 
activity clay, with a weak (ochric) A horizon, 
light in color, not very thick, massive, or with a 
poorly developed structure. They are moderately 
acidic to neutral, with high base saturation. They 
often have a stony coating (desert pavement 
surface) or in the soil mass and usually have a 
surface crust 5 to 10 mm thick, in addition to 
high levels of silt. They are highly susceptible to 
erosive processes due to the significant textural 
difference between the A and the Bt horizons 
(EMBRAPA, 2006; RIBEIRO et al., 2009), high 
clay activity, high erodibility, even when located 
in smooth undulating relief, as a consequence 
of the cohesion and consistency of the surface 
horizon and the expressive textural change to the 
Bt horizon (OLIVEIRA et al., 1992).

In the strong erosion restriction class, 
65,827.00 ha (17.35%) were observed, 
composed of the Typical Eutrophic Litholic 
Neosols mainly in rocky areas with greater 
slope and the Typical Orthic Quartzarenic 
Neosols near the Paraíba river channel. These 



10

Mapping of restrictive factors of land in the hydrographic basin of the middle section of the Paraíba River

Revista Agrogeoambiental, v.14, e20221694 , 2022

areas represented by units of Litholic Neosols 
are soils with high levels of silt and fine sand – 
fractions that, together, are associated with 93% 
of the variations in soil susceptibility to erosion 
(FRANCISCO et al., 2012). The susceptibility 
to erosion of these soils is very high, basically 
determined by the occurrence of the rocky 
substrate at a small depth, especially when 
the original vegetation is removed (CUNHA 
et al., 2010).

The stoniness and rockiness are limiting 
factors to the mechanization of great importance, 
as they restrict agricultural activities. These 
factors, together with the relief, provide the 
main subsidies for establishing the degrees of 
limitations on the use of agricultural implements 
(BRASIL, 1972).

As shown in the map of stoniness 
(Figure 3h), it can be observed that the area 
under study includes 59.24% in the null class 
restriction factor with values from 0 to 1% of 
stones in the volume of soil mass, representing 
2,24756.00 ha. It is composed of Typical 
Orthic Natric Planosol, Solodic Eutrophic Haplic 
Planosol, Eutrophic Haplic Cambisol with high-
activity clay, Typical Orthic Chromic Luvisol, 
Typical Orthic Hypochromic Luvisol, and Typical 
Orthic Chromic Vertisol.

For Luvisols, the limitations are due to the 
frequent presence of pebbles and even boulders 
spread not only on the soil surface but also in the 
top layer; very hard to extremely hard consistency, 
which makes it difficult for the crop root systems 
to develop (OLIVEIRA et al., 1992).

The moderate class of restriction due to 
stoniness covers an area of 26,753.00 ha, 
which corresponds to 7.05%. The areas of strong 
restriction class with 120,071.37 ha (31.65%) 
are represented by the Eutrophic Litholic 
Neosols, which occur in the eastern foothills of 
the Borborema Plateau, spreading to the south, 
following the Paraíba river channel.

The areas with a very strong class of 
restriction due to stoniness with 7,826.00 ha 
(2.06%) are composed of rocky outcrops, which, 
according to Paraíba (1978) and Brasil (1972), 
this mapping unit constitutes a type of terrain 
and not properly a class of soils. According to 
Carmo et al. (2008), soil and water conservation 
practices should be applied in all aptitude 
classes, with lower or higher intensity and cost, 
according to the natural attributes of each area.

Efficient management is a basic and 
fundamental practice for the planning and rational 
use of natural resources. The administration of 
this resource will guarantee the preservation, 
environmental conservation and, as a result, 
sustainable development, creating more effective 
means for decision-making by managers 
(FRANCISCO et al., 2012).

Conclusions

The most common land use restriction factors 
were texture, effective depth, and stoniness in the 
strong class, followed by erodibility, slope, and 
fertility in the moderate class. The most common 
land use restriction in the light class was the 
slope, followed by the null class for salinity and 
drainage factors.
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