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Agricultural potential and soil use based on the pedogenetic
properties of soils from the cerrado-caatinga transition

Aptidao agricola e uso do solo baseado nas propriedades
pedogenéticas de solos da transicao cerrado-caatinga

Rafael Felippe Ratke'"; Alcinei Ribeiro Campos?; Alberto Vasconcellos Inda’;
Ronny Sobreira Barbosa*; Yuri Jacques Agra Bezerra da Silva?;
Julio César Azevedo Nobrega®; Jodao Batista Lopes da Silva®

Highlights:

Vertisols in a sedimentary basin in the southern region of Piaui.

Soil genesis in sedimentary basins.

Weathering in the soil formation process.

Physical and chemical properties of soil classes provide agricultural land use.

Abstract

The sustainable use of soil requires a broad knowledge of its genesis, morphology, properties, and
distribution in the landscape. Thus, the objective of this study was to characterize the pedogenetic
attributes of representative soils from the cerrado-caatinga transition of the Gurguéia river basin to
indicate their agricultural potential and limitations for the implementation of agroforestry systems.
National and international soil classification systems were used to define the soil classes. The limiting
factors and agricultural potential were characterized following the evaluation system of the agricultural
potential of Brazilian land. In general, profiles 1, 3, 5, and 6 had a low nutrient budget and a sandy to
loam texture. Profiles 2, 4, and 7 showed high clay content and nutrient budget. The soil profiles were
classified as Ustic Quartzipsamments, Udic Haplusterts, Xanthic Haplustox, Arenic Kanhaplustults,
Typic Haplustox, and Aridic Dystrustept based on their pedogenetic characteristics. Udic Haplusterts
and Arenic Kanhaplustults soils display restrictions regarding the planting of forests owing to oxygen
and soil depth limitations. The other soil classes had adequate physical properties for the implementation
of agricultural systems and pastures, including good drainage and medium texture; however, they had
low natural fertility, and thus require technologies for soil acidity correction and fertilization. Ustic
Quartzipsamments and Ustic soils require the implementation of conservation systems, such as
agroforestry, to avoid degradation.
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Resumo

O uso do solo de forma sustentavel requer um amplo conhecimento sobre sua génese, morfologia,
propriedades e distribuicdo na paisagem. Dessa forma, objetivou-se com esta pesquisa realizar a
caracterizagdo pedogenética dos solos representativos da transi¢ao cerrado-caatinga da bacia hidrografica
do rio Gurguéia a fim de indicar sua aptidao e limitagdes para a implantag@o de sistemas agroflorestais.
A caracterizacdo baseou-se no estudo morfoldgico e na analise quimica e fisica dos horizontes de sete
perfis de solos. Os sistemas de classificacdo de solos nacional e internacional foram utilizados para definir
as classes de solos existentes na area pesquisada. Os fatores limitantes e a aptiddo agricola dos solos
foram caracterizados conforme preposto no sistema de avaliacdo da aptidao agricola de terras do Brasil.
De forma geral, os perfis 1, 3, 5 e 6 apresentam baixa reserva de nutrientes e textura arenosa a média. Os
perfis 2, 4 e 7 possuem maiores teores de argila e maior reserva de nutriente. Diante das caracteristicas
pedogenéticas dos perfis, pode-se classificar os perfis de solo como NEOSSOLO QUARTZARENICO
Ortico latossolico; VERTISSOLO HIDROMORFICO Ortico tipico, LATOSSOLO AMARELO
Distréfico tipico, ARGISSOLO AMARELO Distréfico Abruptico, LATOSSOLO VERMELHO-
AMARELO Distréfico argissolico e CAMBISSOLO HAPLICO Tb Eutréfico tipico respectivamente.
Os VERTISSOLOS e CAMBISSOLOS presentam restricdes a implantacdo de florestas devido a
restricdo de oxigénio e restricdo a profundidade do solo. As demais classes de solos apresentaram
propriedades fisicas adequadas para a implantagcdo de sistemas agricolas e pastagens, incluindo boa
drenagem e textura média; no entanto, tinham baixa fertilidade natural e, portanto, requerem corre¢ao
da acidez do solo e adubagdo. Os solos NEOSSOLOS e ARGISSOLOS requerem a implementacao de

sistemas de conservagdo, como as agroflorestas, para evitar sua degradacao.
Palavras-chave: Classifica¢do do solo. Geoquimica. Sistemas agroflorestais.

Introduction

Soils formed in the tropics are among the
oldest in the world (International Union of Soil
Science [IUSS], 2014). The factors managing
soil formation vary in time and space (Deckers,
Nachtergaele, & Spaargaren, 2003); therefore, soils
in any ecosystem display variability (Hartemink
& Bockheim, 2013) with several characteristics
that are reflected in different ecological features
(Pietrasiak et al., 2013). These characteristics,
which can be observed by studying the horizons
of the soil profiles (Hartemink & Bockheim, 2013)
help manage soil during the natural control of
elemental and chemical transport to the atmosphere,
hydrosphere, and biosphere (Kabata-Pendias, 2011)
and the natural cycles of chemical elements, solar
absorption, radiation, and water storage (Soares,
Alves, Linhares, Egreja, & Fontes, 2017). The
sustainability of production systems in different
biomes worldwide is questionable owing to the
diversity of environments (Bloomfield et al., 2018).
The compilation of this information allows the
classification of soils, which supports more rational

land use planning (Mosleh et al., 2017), given that
soil plays a crucial role in ecosystem functionality
(Adhikari & Hartemink, 2016).

Tropical biomes are highlighted in this context,
among them the Brazilian caatinga-cerrado. The
Caatinga, which is usually naturally composed of
small trees and shrubs that are tolerant to the semiarid
climate of this biome (Sampaio & Silva, 2005), has
an area of 844,453 km?, representing 10% of the
Brazilian territory (Santos, Leal, Almeida-Cortez,
Fernandes, & Tabarelli, 2011). The Cerrado is the
second largest Brazilian biome, occupying 2 million
km?, which represents 23% of the national territory
(Souza, 2007). In the Cerrado biome, there is a higher
concentration of rainfall than that in the Caatinga,
which creates vegetation patterns similar to those
found in the savannas (Eiten, 1994). In the Gurguéia
river basin, which is located in the state of Piaui,
these two biomes blend, forming a natural complex
of soils and landscapes that create a biodiversity
hotspot (Myers, Mittermeier, Mittermeier, Fonseca,
& Kent, 2000).
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There has been an exponential growth of
agricultural and pasture activities in the Gurguéia
river basin recently (Companhia Nacional de
Abastecimento [CONAB], 2016), which has
occurred without the necessary prior knowledge
of the pedogenetic characteristics of these soils.
Jacomine (1986) undertook an exploratory survey of
the soils of the southern region of Piaui and Pragana,
Souza, Moura and Soares (2016) classified the
highlands of this region. To fill this knowledge gap,
the objective of the present study was to characterize
the physical,
mineralogical attributes of soils representative of the
cerrado-caatinga transition occurring in the Gurguéia
river basin to better understand their genesis. In
addition, this information was used to classify the
soils and indicate their suitability and limitations for
the implementation of agroforestry systems (AS).
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Dystrustept - CAMBISSOLO HAPLICO Tb Eutréfico tipico.

Figure 1. Location, distribution and image of studied soils.
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Materials and Methods
Study sites

The Gurguéia watershed covers an area of
48,830 km? (06°48'00" to 10°52'00" S; 43°16'00"
to 45°32'00” W) (Figure 1). The main watercourse
has a length of 520 km and drains the entire southern
end of the state of Piaui. The climate of the region
is of the type Aw, based on the Kdppen-Geiger
classification system (Peel, Finlayson, & McMahon,
2007), with an average annual temperature of 26
°C and an average annual rainfall ranging from
600 to 1300 mm, with high concentrations from
November to March (Silva, Medeiros, Santos, &
Gomes-Filho, 2013).
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The vegetation is characterized by the formation
oftropical savannatype, comprising forest, savannah,
and country formations, which is characterized by
a cerrado-caatinga ecotone. The basin consists of
crystalline terrain and sediments from the Paraiba
sedimentary basin (Secretaria de Recursos Hidricos

Table 1

do Ministério do Meio Ambiente [SRH], 2006). To
obtain the best characterization, seven locations
were selected along the watershed (Table 1) and
from these, the soil profiles corresponding to the
local pedon were collected and studied (Figure 1).

Landscape characterization and parent material of the locations of the evaluated profiles

Profiles Site Vegetation ' Parent Material 2
Near the confluence of the Gurguéia river and Transitional Alluvial sediments
temporary Correia river with form of the plain. Cerrado-Caatinga
) Appr0x1mately. 500m from th§ river Gurguéia Secgndary forest Wlth Alluvial sediments
(west side), with a plain form. deciduous vegetation
Out for inundation plain of the Gurguéia, Transitional Longé Formation
3 . .
with a soft corrugated form Cerrado-Caatinga Sandstone
4 Near for Quilombo hill, Transitional Poti Formation
with a soft corrugated form. Cerrado-Caatinga Sandstone
5 Plateau Cerrado Urucuia Formation
Sandstone
6 Plateau Cerrado Urucuia Formation
Sandstone
7 Plateau with soft corrugated form Cerrado Gneiss of the

Cristalandia complex

Jacomine (1986); 2SRH (2006).

Morphological, Physical, chemical, and sulfuric
attack analysis

In each profile, the horizons were identified and
their morphological characteristics described based
on the procedure by Santos, Santos, Ker, Anjos and
Shimiz (2015). For laboratory analysis, samples of
the superficial and subsurface horizons diagnosis
were used.

Soil samples were dried, homogenized, and
sieved through 2 mm mesh to obtain the air-dried
thin earth fraction. Physical and chemical analyses
were performed according to the methodology of
Teixeira, Donagemma, Fontana and Teixeira (2017).
Chemical analysis results were used to calculate
the following variables: base saturation (V%), Al
saturation (m%), effective cation exchange capacity
(t), and potential cation exchange capacity (T) of

the soil. Sulfuric attack was performed to determine
the levels expressed as iron oxide (Fe,O,) and
aluminum (Al 0,), followed by alkaline dissolution
to silicon oxide (SiO,). After this characterization,
the molecular relationships of Ki (SiO,/AlO,) and
Kr [Si0,/(Al,0,+Fe 0,)] were calculated (Teixeira
etal., 2017).

Soil classification and agricultural suitability

The soils were classified according to Brazil’s
official soil classification taxonomic system
[SiBCS] (Santos et al., 2018), soil survey from the
United States of America (Soil Survey Staff [SSS],
2014), and the world reference base (IUSS, 2014).
Evaluation of the degree of use limitation of the soil
profiles of the Gurguéia watershed was performed
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by adopting the land suitability and availability
assessment in Brazil (Ramalho-Filho & Beek, 1995).

The factors used in the evaluation of land
use limitation were fertility, water, and oxygen
deficiencies; susceptibility to soil erosion; and
impediments to mechanization, classifying them
as null, low, moderate, strong, or very strong
depending on the results of the pedogenetic soil
profile assessments. Subsequently, the agricultural
potential of the soils for the establishment of crops,
pasture, and forestry was evaluated, as well as the
viability of land use improvement, identifying that
the classified soils require a low, medium, and/or
high technological level to be managed.

Results
Morphological characteristics

Profile 1 had a sequence of horizons A-C
deeper than 2.0 m and was yellow in color (10 YR)
throughout the profile, with chroma expression
between 4 and 7 and brightness levels ranging from
4 to 5 (Table 2). In profile 2, only the sequence of
horizons A-B were present, with a depth greater
than 2.0 m and a yellowish hue (10YR), with low
brightness (4) and chroma (3 and 2). Profiles 3,
5, and 6, which were located on different plateaus
(Table 1), showed the same sequence of horizons
A-B, but with different soil color expressions.
Profile 4 contained the sequence of horizons A-E-
B-C. The predominant color in profile 4 was a 10
YR yellowish hue. The transition between the E and
B horizons of this profile stood out for being flat and
abrupt. Profile 7 contained the sequence of horizons
A-B-C and a color of 2.5 YR hue (burnished to
reddish), with a variation of one unit for value and
two units for chroma, with this profile characterized
as non-polychrome.

The profiles showed textural, structural, and
consistency variations. The textural class varied from
sandy loam to sand in profile 1. Profile 2 contained
the sandy silt class on horizon A and very clayey on

horizon B. The horizons of profiles 3, 5, and 6 were
sand to sandy loam. The variations of the sand, loam,
and clay textural classes occurred between the soil
horizons of profile 4. The clayey silt textural class
predominated in the horizons of profile 7.

A strong small granular and very small structure
was observed in the horizons of profiles 1, 3, 4,
5, and 6. Profile 2 contained strong and medium-
sized angular and prismatic blocks. In the horizons
from profiles 3, 5, and 6, the soil structures showed
variability, with very small to small granular
structures, and strong and moderately strong angular
and subangular blocks. The subangular structure
with a strong degree and average size predominated
in profile 4. In horizon B of profile 7, large angular
and prismatic block structures with moderate and
common clay-coated structure units were observed.

The soil of horizon A of profile 1 was soft,
loose, no-plastic, and slightly sticky, and in horizon
AC and C of this profile, the consistency changed
to very friable. Profile 2 had horizons that were
extremely hard and firm, as well as dry soils, which
were very plastic and very sticky when wet. The
horizon A profile of dry soil in profile 3 contained
soft, friable, non-plastic, and slightly sticky soil; the
soils with horizons AB and BA were slightly hard,
friable, slightly, and slightly sticky; and the horizon
Bw with a loose aspect. The soil consistency
characteristics of the profile 3 horizon was similar
to that of the soils of profiles 5 and 6; however, the
degree of consistency varied from hard to slightly
hard when dry, friable and very friable, non-plastic
and slightly sticky.

The soils of profile 4 showed loose, very friable,
non-plastic, and slightly sticky consistency for
horizon A. For horizon E, this changed to hard and
friable and for horizon Bt and BC it became very
hard, firm, plastic, and slightly sticky. In profile
7, the consistency when dry was slightly hard for
horizon A, hard for horizon B, and loose for horizon
C; when wet it varied from friable to very friable for
all horizons.
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Table 2
Morphological description of the pedogenetic horizons of tropical soil profiles of the Brazilian cerrado-caatinga
transition
Horizon®  Layer (m) Color (moist) Texture Structure @ Transition ©®
Profile 1
A 0.00-0.18 10YR 4/4 Sandy w and vs gn pl. and df.
C 0.18+ 10YR 5/6 Loam sandy str and sm gn pl. and df.
Profile 2
Av 0.00-025  10YR4/3 Loam silt St(rpferf $i1iiiif;jeigls pl. and gd
Bvg 0.25+ 10YR4/2 very clayey vst, abk and pris pl. and gd
Profile 3
A 0.00-0.10 10YR4/4 Loam sandy md and sm, gn pl. and df.
AB 0.10-0.45 10YRS5/8 Loam sandy md and sm, gn pl. and df.
BA 0.45-0.80 10YR6/8 Loam sandy md and sm, abk pl. and df.
Bw 0.80+ 10YR6/8 Loam sandy wk and sm, abk pl. and df.
Profile 4
A 0.00-0.40 10YR5/4 Sandy wk and vs, gn and abk pl. and df.
E 0.40-0.60 10YRS5/6 Loam sandy str and me, abk pl. and ab.
Btl 0.60-0.90 10YRS5/6 Loam clayey sand str and sm, sbk pl. and df.
Bt2 0.90 -1.00 10YR6/8 Loam clayey str and me, sbk pl. and df.
BC 1.00+ 10YR6/8 clayey str and s=me, sbk pl. and df.
Profile 5
A 0.00-0.28 7,5YR4/4 Loam sandy str and vs, gn pl. and df.
AB 0.28-0.50 5YR4/6 Loam sandy str and vs, gn pl. and df.
BA 0.50-0.67 S5YR4/7 Loam sandy str and vs, gn pl. and df.
Bw 0.67+ SYR4/6 Loam clayey sand str and vs, abk pl. and df.
Profile 6
A 0.00-0.10 5YR7/6 Loam sandy str and vs, gn pl. and df.
AB 0.10-0.25 7,5YR4/6 Loam sandy str and vs, gn pl. and df.
BA 0.25-0.50 S5YR4/6 Loam sandy str and vs, gn pl. and df.
Bw 0.50+ 2,5YR4/8  Loam clayey sand str and vs, abk pl. and df.
Profile 7
A 0.00-0.20 2,5YR3/4 Clayey sandy md and sm, gn pl. and gd
AB 0.20-0.40 2,5YR4/6 Clayey sandy md and sm, sbk pl. and gd
BA 0.40-0.55 2,5YR3/4 Clayey sandy md and me, sbk pl. and gd
Bi 0.55-1.00 2,5YR3/4 Clayey sandy str aniggc’oigfnizd pris, pl. and clear
BC 1.00-1.20 2,5YR3/4 Clayey sandy str and bg, sbk and pris pl. and clear
C 1.20+ - - - -

(UNomenclature of the horizons according to the SiBSC (Santos et al., 2018); ®ang = angular; bl = blocks; abk = angular block;
sbk = subangular blocks; pris = prismatic; str = strong; vst = very strong; wk = weak; md = moderate; gn = granular; sm = small;
vs = very small vf= very fine; bg = big; me= medium; cc = clay coated; @Pab = abrupt; df = difuse; gd =gradual.
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Physical and chemical attributes

Most soil profiles contained horizons with a
predominance of the sand fraction (> 590 g kg™') and
low clay levels (< 350 g kg™), except for profiles 2
and 7 that showed clay levels higher than 400 g kg™
(Table 3). Soil organic matter (SOM) content can
be classified as low (< 1.5 dag kg'), medium (1.5
and 3.0 dag kg'), and high (> 3.0 dag kg') levels
(Sobral, Barreto, Silva, & Anjos, 2015). Thus, the
soils of horizon A of profiles 1, 5, and 6 had low
concentrations of SOM. Horizon A in profiles 2, 3,
4, and 7 had average SOM concentrations. The soils
of the subsurface horizons of the profiles had low
SOM contents.

Profiles 1, 3, 5, and 6 had pH values in water
that were equal to or lower than 5.1, characterizing
strongly acidic soils based on SiBCS (Santos et
al., 2018). Profile 4, with pH values between 5.1
and 5.6, had an intermediate reaction between
moderately and strongly acidic, whereas profiles 2

and 7 showed a moderately acid reaction, with pH
values between 5.9 and 6.0 (Table 3). The levels
of bases and aluminum were very low, equal to or
less than 1.5 cmol_ kg in most horizons of profiles
1, 4, 5, and 6, these soils had low T (< 5.0 cmol_
dm) (Sobral et al., 2015). However, the soils of
profile 7 showed a medium T (5.0-15.0 cmol_dm),
whereas the soils of profile 2 had a high T (> 15.0
cmol dm). The horizons of profile 2 had Ki values
above 3 and Kr values above 0.75, indicating the
presence of 2:1 clay. In this context, the horizon B
from profile 2 showed a moderately high activity of
the clay fraction (> 27 cmol_kg" and <40 cmol_ kg’
") (Santos et al., 2018). The average activity of the
clay fraction (> 17 cmol_kg"' and < 27 cmol_kg™)
was verified in soil profile 7. Soil profiles 3, 4, 5, 6,
and 7 showed low activity of the clay fraction. Soil
profiles 1, 3, 4, 5, and 6 showed low natural fertility,
which was expressed by low base saturation values
(V% < 50), whereas profiles 2 and 7 had high V%
values (> 50).
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Elemental analysis and weathering

The colloidal fraction of the studied soils
was mainly structured by silicon oxides (SiO,),
considering their higher concentration in most
profiles compared to other oxides (Table 4).
Additionally, ALO, and FeO, levels showed
increases with depth in all profiles. The highest
values of these attributes were found in profiles

Table 4

2 and 7, the same profiles that had higher clay
contents (Table 3). Profiles 3, 5, and 6 had a high
degree of weathering and the other profiles had soils
with a low degree of weathering in their formation,
highlighting profiles 2 and 7 because they had
higher Ki values (Medeiros, Nascimento, Inda, &
Silva, 2013).

Results of the analyzes by sulfuric attack in the dry soil for surface and subsurface (selected) horizons of
tropical soil profiles of the Brazilian cerrado-caatinga transition

Profile  Horizon 510, ALO, Fgelz((;_}, T, 20, Ki® Kr®  AlLO,/Fe O,
| A 2.59 3.07 0.60 0.14 0.00 1.43 1.27 8.01
C 5.11 5.11 1.10 0.31 0.00 1.70 1.49 7.28
A 26.93 12.25 6.06 0.61 0.05 3.74 2.84 3.18
2 Bv 25.13 16.49 5.74 0.66 0.04 2.59 2.12 4.51
3 A 7.57 5.89 1.71 0.35 0.01 2.19 1.84 5.42
Bw 14.41 11.81 2.99 0.68 0.01 2.07 1.79 6.21
A 4.35 2.81 0.80 0.22 0.01 2.63 2.22 5.51
4 E 5.19 3.58 0.80 0.26 0.00 2.47 2.16 7.01
Bt 12.44 9.22 2.27 0.50 0.01 2.29 1.98 6.37
s A 7.52 6.57 5.36 0.70 0.00 1.95 1.28 1.93
Bw 10.19 10.20 6.74 1.01 0.00 1.70 1.19 2.38
A 4.25 3.32 1.30 0.27 0.01 2.17 1.74 4.00
6 Bw 8.47 6.44 2.02 0.35 0.00 2.20 1.86 5.00
; A 13.95 8.65 8.22 1.59 0.03 2.74 1.71 1.65
Bi 22.28 15.32 13.65 1.88 0.03 2.47 1.58 1.76

M Ki = $i0,/ALO, @ Kr = Si0 /(ALO, + Fe,0,).

Soil classification and agricultural suitability

In profile 1, the absence of a subsurface
diagnostic horizon defined the soil in the order of
NEOSSOLOS (Santos et al., 2018), equivalent to
Entisols class (SSS, 2014) and Arenosols (IUSS,
2014) (Table 5). Use of this soil is limited because
of its low natural fertility and high susceptibility to
erosion (Table 6). This soil is suitable for agricultural
crops, with pasture and forest restricted owing to
the low technological level for management.

Horizon B of profile 2 was diagnosed visually
as being of the order VERTISOLOS (Santos et al.,
2018) (Table 5), equivalent to Vertisols (SSS, 2014)
and Vertisols (IUSS, 2014). Profile 2 had strong
oxygen limitation and was extremely strong to
prevent mechanization; however, it had high natural
fertility and slight water restriction, presenting
agricultural suitability for natural pasture (Table 6).

Profiles 3,5, and 6 had several similarand defining
characteristics of the oxisols subsurface B horizon,
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which is a diagnosis of the order LATOSSOLO agricultural suitability for agricultural cultivation,
(Santos et al., 2018), equivalent to Oxisols (SSS, pasture, and forests with a high technological level
2014) and Ferrasols (IUSS, 2014). These soils have  owing to low natural fertility restrictions (Table 6).

Table 5
Soil Classification of tropical soil profiles of the Brazilian cerrado-caatinga transition

Profile SiBCS® Soil Survey Staff'? WRB®
1 NEOSSOLO QUA,R.TZARENICO Ortico Ustic Quartzipsamments Ribic Dystric Arenosol
latossolico - Rqo
2 VERTISSOLO HFDROMORFICO Ortico Udic Haplusterts Anthraquic Haplic Vertisol
tipico - Vgo
3 LATOSSOLO, AMARELO Distrofico Xanthic Haplustox Xanthic Haplic Ferrasol
tipico - Lad
4 ARGISSOLO AMARELO Distrofico Arenic Kanhaplustults Abruptic Xanthic Lixisol
abruptico - Pad
5 LATOSSOLO, AMARELO Distrofico Typic Haplustox Xanthic Haplic Ferrasol
tipico - Lad
6 LATOSSOLO VERMELHO-AMARELO Typic Haplustox Xanthic Haplic Ferrasol

Distrofico argissolico - LVAd

7 CAMBISSOLQ .HAPLICO Tb Eutrofico Aridic Dystrustept Rhodic Eutric Cambisol
tipico - Cxbe

(DSiBCS = Brazilian Soil Classification System (Santos et al., 2018); @Soil Survey Staff (SSS, 2014); ®WRB = World Reference
Base for Soil Resources (IUSS, 2014).

Table 6
Degree of limitation and classification of the agricultural aptitude soil profiles of the Brazilian cerrado-caatinga
transition

Degree of Limitation @

Profile SiBCS® LSAA®
FD AD oD SE M

1 RQo VS MS NL M NL 2’(a)bC
2 VGo NL L F NL VS 5N
3 LAd S M NL M NL 1°(a)bC
4 PAd L L NL VS L 4p
5 LAd S M NL N NL 1°(a)bC
6 LVAd S M NL L NL 1°(a)bC
7 CXbe NL L NL L MS 5N(s)

(MSiBCS = acronyms of soil classes according to the Brazilian Soil Classification System (H. G. Santos et al., 2018); ®Limitation
Degree: FD = Fertility Deficiency, AD = Water Deficiency, OD = Oxygen Deficiency, SE = Susceptibility to erosion, IM =
impediment to mechanization; ®LSAA = land suitability and availability assessment in Brazil (Ramalho & Beek, 1995); NL =
null; L = light; M = Moderate; S = Strong; MS = moderate strong; VS = Very strong; a, b, ¢ = crop, pasture and forestry; N =
natural pasture; P = cultivated pasture; Upper caser = good suitability, Lowercase letter = regular suitability, Lowercase letter in
parentheses = restricted ability, and Absence of letter = inapt as used for identified soils of low medium and or high technological
level to be manage.
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Profile 4, owing to the naming of its subsurface
diagnostic horizon as textural B, was classified as
ARGISSOLO (Santos et al., 2018), equivalent to
Ultisols (SSS, 2014) and Lixisols (IUSS, 2014).
Profile 7 had the most distinct characteristics. The
occurrence of an incipient subsurface diagnostic
horizon B defined its classification in the order
CAMBISSOLOS (Santos et al., 2018), equivalent
to Inceptsols (SSS, 2014) and Cambisol (IUSS,
2014). Profile 7 represents a soil with high
agricultural potential; however, it should be used
with reservations, especially when its use is directed
to the implantation of species with very deep root
systems or that are very sensitive to gas exchange
limitations. Thus, this soil has agricultural potential
for the cultivation of natural pasture and is restricted
for use with forestry regardless of the technological
level adopted for its management (Table 6).

Discussion

Profile 1 contained the highest proportion of sand
owing to its origin being associated with alluvial
deposits of sandstone sediments of the Longa
geological formation (Servigo Geoldgico do Brasil
[CPRM], 2006). Profiles 3, 5, and 6 had a sandy-
loam texture, owing to the weathering of the original
sedimentary rock (Formation Cabeca and Poti).
Thus, profiles 3, 5, and 6 showed signs of advanced
weathering, a well-developed structure, and an
apparent lack of differentiation between horizons
in response to color homogeneity throughout the
profiles. Soil color indicated that profiles 3, 5, and 6
were formed under oxidative conditions; however,
profile 3 appeared to have been formed under
higher humidity conditions, followed by profiles
5 and 6, respectively. Cruz et al. (2018) found
similar behavior when studying the soils of Cerrado
Piauiense that were also located at the top of the
landscape. This made it possible to identify the
Haplustox diagnostic horizon B (Bw) in profiles 3,
5, and 6 (Santos et al., 2018). The color of profiles 1,
3, and 4 was classified from the color classification

as being the 10 YR hue, owing to the hydrolysis of
the primary minerals forming the goethite, which is
a function of the tropical environment that occurs in
this region (Vodyanitskii, Kirillova, Manakhov, &
Karpukhin, 2018).

However, in profile 4, the transition between
horizons E and B stood out for being flat and
abrupt. Thus, considering that horizon B contained
more than twice the clay content of that found in
horizon A, this horizon was identified as the textural
diagnostic horizon B (Bt) and was classified as
Arenic Kanhaplustults (SSS, 2014). Ki values below
1 have predominate oxides, whereas Ki values
between 1 and 2 indicate kaolinite dominance, and
values between 2 and 3 indicate kaolinite and 2:1
minerals (M. R. Soares, Alleoni, Vidal-Torrado,
& Cooper, 2005). Therefore, none of the profiles
had a predominance of oxides in the mineralogy
of the evaluated soil profiles. The calculated Kr
values suggest the predominance of kaolinite in
all evaluated profiles, owing to the kaolinitic soils
having Kr > (.75 and oxidic soils Kr < 0.75 (Matias,
Marques-Junior, Siqueira, & Pereira, 2013). The
soil of profile 2 had Ki values above 3.00 and Kr
values above 0.75, indicating the presence of 2:1
clay. Therefore, the horizon B of profile 2 showed
a moderately high activity of the clay fraction,
reinforcing the presence of 2:1 clay in this soil.

Due to the morphological and chemical-physical
characteristics of the soils, profiles 1, 3, 4, and 6
had a low T indicating their low natural fertility
(Tang, Zeng, Nourbakhsh, & Shen, 2009) and
referring to the number of negative ground charges.
These, in turn, may be pH-dependent (SOM) or
permanent (some clay minerals). In profiles 1, 5,
and 6, using this attribute, besides having low levels
of OM, they had a low amount of permanent load.
Thus, the material had high soil acidity, with high
Al, which can be toxic to plants and limit plant
nutrition by other nutrients (Singh et al., 2017). The
source material and degree of weathering were also
responsible in profiles 1, 3, 4, 5, and 6 for providing
them with low natural fertility, considering that low
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base concentration occurred (V% < 50). The soils
of profiles 1, 3, 4, 5, and 6 had acidity that impaired
the nutrition and development of crops and requires
correctives to be added such as limestone (Goulding,
2016).

Profiles 1,3,4, 5, and 6 had similar morphological
characteristics as a function of the source material
(sedimentary rocks) and distinct physicochemical
attributes in these soils. Because of these distinctions,
profiles 1, 3, 4, 5, and 6 were classified as Ustic
Quartzipsamments, Xanthic Haplustox, Arenic
Kanhaplustults and Typic Haplustox according to

soil survey (SSS, 2014).

The use of these more weathered soil profiles is
limited by their low natural fertility and susceptibility
to erosion. Thus, for the cultivation of the soils
in profiles 1, 3, 4, 5, and 6, technology methods
must be used to increase fertility and conservation
management must decrease the erosive potential of
the soil. The Ustic Quartzipsamments and Haplustox
are favorable to agricultural mechanization because
there are no impediments to soil management
owing to the physical characteristics of these soils.
Among all studied profiles, these were the ones
that had better conditions for the implementation
of AS because they are deep, well-structured soils
(Delarmelinda et al., 2014). However, excessive
dispersion of soil particles by mechanization should
be avoided and terraces should be constructed to
prevent erosion.

The Arenic Kanhaplustults (profile 4) presents

agricultural  suitability for planted pasture
(Delarmelinda et al., 2014). However, forestry
pasture is the most appropriate because it requires
only soil tillage for implementation, disadvantaging
the erosive process (Silveira Franco et al., 2002).
Loss, Pereira, Schultz, Anjos and Silva (2009)
verified the better physical quality for Arenic
Kanhaplustults with cultivation in AS than that of
monoculture. AS can increase the contribution of
OM in Ustic Quartzipsamments (Frouxe et al.,

2011) regenerated areas, conventional agriculture

and pasture was evaluated at Alto Ribeira Valley
region, Sdo Paulo State, Brazil. This contribution
favors the improvement of the physical and chemical
attributes of the soil, reducing soil and nutrient loss
from the erosive process (Mendes et al., 2009).
Thus, the implementation of conservationist systems
is important for maintaining the sustainability of
Arenic Kanhaplustults, Ustic Quartzipsamments
and Haplustox.

Profile 2 had the highest clay concentration, with
a low textural relationship. This was explained by
its position in the floodplain in relation to the river,
which may have favored the deposition of lighter
materials, leading to the formation of clay soils,
and thus promoting its grayish color. According to
Rabenhorst, Matovich, Rossi and Fenstermacher
(2014), a gray color indicates the steady presence
of water during soil formation. The possible
presence of iron oxides may also be responsible for
the best aggregation on the horizon Bvg (Duiker,
Rhoton, Torrent, Smeck, & La, 2003). This
moisture condition may hinder the neogenesis of
1:1 phyllosilicates and possibly led to the reduction
of smectites iron that, despite having a bluish-green
color, assume a gray color after the reduction of iron
present in them (Vodyanitskii et al., 2018).

The occurrence of microrelief (Gilgai) was
observed in profile 2, resulting from the expansion
and contraction processes of soil mass (Coelho,
Cortez, & Olszevski, 2012). Considering these
morphological characteristics, together with the
granulometric characteristics, the subsurface horizon
of profile 2 was identified as Gleissolic vertex B
(Bvg) and was classified as Udic Haplusterts (SSS,
2014).

The soil composition of profile 7 reflects the
source material and the processes associated with its
transformation. The soil was derived from gneisses
supplied by the Archean-age Cristalandia do Piaui
complex (Pfaltzgraff, Torres, & Brandao, 2010).
The main minerals that form gneiss are mica and
amphibole, as well as quartz and feldspar (Menezes,

Semina: Ciéncias Agrdrias, Londrina, v. 41, n. 4, p. 1119-1134, jul./ago. 2020



Agricultural potential and soil use based on the pedogenetic properties of soils from the cerrado-caatinga transition

2013). In profile 7, the occurrence of hematite in the
clay fraction also directly interfered with the particle
aggregation process (Duiker et al., 2003). This
interference probably drove the flocculation and is
expressed in the subangular, angular, and prismatic
blocks with a strong development in the Bi horizon.
In addition, common wax with a moderate degree
in the structural units of horizon Bi was found. The
placement as incipient diagnostic horizon B (Bi)
was based on the characteristic of this soil having
T close to 17 cmol_ kg™ of clay and more than 4%
changeable minerals, a high Ki molecular ratio of
2.2, thickness less than 0.50 m, and the presence of
saprolite. Horizon Bi oriented to classify profle 7 as
Aridic Dystrustept (SSS, 2014).

Profiles 2 and 7 had V values > 50%. Profile
2 was associated with the clay sediments from
the areas occupied by gneiss of the Cristalandia
Complex. This same material was responsible for
providing the characteristics of profile 7.

The evaluated soils showed the occurrence of
phyllosilicates in the clay fraction and the increase
in the depth of SiO, values is explained by the
increase in the clay fraction concentration (Schiavo,
Pereira, Miranda, Dias Neto, & Fontana, 2010).
Profile 2 was formed by alluvial deposits of clay
sediments from the upstream areas (profile 7),
where gneiss rocks occur that contain mica and
feldspar. Mica and feldspar minerals contain the
elements Al, K, Ca, Mg, Si, and Fe. Mica is a clay
mineral (Coringa, Couto, Perez, & Torrado, 2012);
therefore, the derivative of these minerals can
form primary clay minerals such as kaolinite and
secondary as gypsite and hematite (Christofoletti
& Moreno, 2015). In a hydromorphic environment,
as occurred in profile 2, gleization processes were
common, and thus the formed material may have
expansive clays (Coringa et al., 2012). The periodic
flooding regime and the source material, alluvial
sediments, promoted the mineralogical, physical,
and chemical characteristics of profile 2 soil. Due
to the limitations of profiles 2 and 7 soil, they are

suitable only for natural pasture and restricted for
implantation to AS. Froufe, Rachwal and Seoane
(2011) reported that, depending on the crops used,
for both agricultural and forestry, Aridic Dystrustept
did not restrict the use of AS. However, its physical
characteristics must be considered, related to the
trampling of the soil that can cause compaction
(Coelho etal., 2012), as well as the humidity regime,
due to its expansiveness, which can cause damage to
the roots during soil contraction. Profile 2 soil does
not favor the use of agricultural mechanization,
owing to its high clay content, which during the
dry period becomes very resistant and abrasive, and
during the humid period becomes very sticky, thus
preventing equipment from satisfactorily turning
the soil. Additionally, possible flooding due to being
in the lower part of the relief makes a lack of oxygen
possible (Delarmelinda et al., 2014).

Aridic Dystrustept are considered to have a
low degree of weathering and good natural fertility
(Medeiros et al., 2013). The presence of saprolite
in horizons B and C at 2 m depth may negatively
influence the development of forest species that
have deep root systems. However, this does not
prevent the use of this soil as natural pasture and
planted forestry, and its high natural fertility can
contribute to maintaining productive forage for
grazing animals. Therefore, the Aridic Dystrustept
of profile 7 was classified as suitable for natural

pasture and restricted for planted forestry.

Conclusion

The limiting characteristics of oxygen deficiency
and effective depth in Ustic Quartzipsamments and
Aridic Dystrustept prevent the use of these as AS,
especially for planted forests. The AS is the most
sustainable way to utilize the other soils studied.
In profiles 1 and 4, the implementation of soil
conservation systems is required, such as the AS,
as there is a great possibility of soil loss due to
erosion in these profiles because of their physical
characteristics.
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