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As correntes ideológicas que cercam o ambiente agrário têm promovido 
muitas discussões dentro do conceito de sustentabilidade e saúde humana, além 
de estudos acerca do uso de recursos da natureza e dos animais. Tendo em 
vista esse panorama atual, cada vez mais o estudo das Ciências Agrárias é 
visto como uma necessidade a fim de desencadear diálogo e novas visões que 
futuramente possam contribuir para com a humanidade.

Nesse sentido, diversos pesquisadores junto a órgãos de pesquisa 
nacionais e internacionais tem unido forças para contribuir no âmbito agrário, e 
assim possibilitar novas descobertas neste setor. Este estudo constante possibilita 
o surgimento de novas linhas de pesquisa, as quais podem desencadear 
soluções para entraves que afetam a produtividade na agropecuária. 

Dessa forma, partindo dessa perspectiva de aprimorar o conhecimento por 
meio de pesquisas, o livro “Ciências Agrárias: Estudos sistemáticos e pesquisas 
avançadas 3” surge como uma ferramenta prática que apresenta estudos com 
temas variados aplicados em diferentes regiões, a fim de proporcionar novas 
visões, indagações e contribuir para o surgimento de possíveis soluções para 
problemáticas que afetam o cenário agrário atual. 

Pensando nisso, o presente material contém 21 capítulos organizados em 
temas que variam de sustentabilidade a assuntos pertinentes à saúde animal, 
além de estudos voltados para uma maior produtividade no campo das grandes 
culturas.

Raissa Rachel Salustriano da Silva-Matos
Fernando Freitas Pinto Júnior

Jonathas Araújo Lopes
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TEMPORAL VARIABILITY OF SOIL MECHANICAL 
RESISTANCE TO THE PENETRATION OF ROOTS 

OF AN ULTISOL 

Sidileide Santana Menezes
Agroecologist, Federal University of 

Recôncavo da Bahia (UFRB), Cruz das 
Almas, Bahia, Brazil

http://lattes.cnpq.br/9100100079168181

Fabiane Pereira Machado Dias
PhD of the Graduate Program in 
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ABSTRACT: The acceleration of the soil 
degradation process is due to several 
factors, mainly, to the inadequate agricultural 
management practices. The objective was 
to evaluate the soil mechanical resistance 
to root penetration over three years of 
cultivation in different organic production 
management system in an Ultisol in 
Northeastern Brazil. The studied areas 
were: (AFS) agroforestry system, (PAS) 
passion fruit (Passiflora edulis) cultivation 
in monoculture, (PIN) pineapple (Ananas 
comosus) cultivation in monoculture and 
(BAN) banana (Musa spp.) cultivation in 
rotation with others crops. For comparison 
purposes, an area under native forest 
system (NF) was selected. A completely 
randomized design was used, and in each 
area the soil mechanical resistance to the 
penetration of roots up to 70 cm deep was 
evaluated, in eight repetitions. It was verified 
that until 0-40cm depth, the BAN system 
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along with NF system presented the lower resistance to penetration, which means, between 
1.1 and 2.5 MPa, presenting small or no change at all when compared over time. Organic 
production systems that prioritize the contribution of organic matter to the surface and adopt 
intercropping management have lower mechanical resistance of the soil to root penetration 
than monocultures.
KEYWORDS: Physical attributes, coastal tablelands, organic systems, agroforestry system.

VARIABILIDADE TEMPORAL DA RESISTÊNCIA MECÂNICA DO SOLO À 
PENETRAÇÃO DE RAÍZES DE UM ARGISSOLO

RESUMO: A aceleração do processo de degradação do solo deve-se a diversos fatores, 
principalmente, às práticas inadequadas de manejo agrícola. O objetivo foi avaliar a 
resistência mecânica do solo à penetração de raízes ao longo de três anos de cultivo em 
diferentes sistemas de manejo de produção orgânica em um Argissolo do Nordeste do Brasil. 
As áreas estudadas foram: (AFS) sistema agroflorestal, (PAS) cultivo de maracujá (Passiflora 
edulis) em monocultura, (PIN) cultivo de abacaxi (Ananas comosus) em monocultura e (BAN) 
cultivo de banana (Musa spp.) em rotação com outros plantações. Para fins de comparação, 
foi selecionada uma área sob sistema de mata nativa (NF). O delineamento foi inteiramente 
casualizado e em cada área foi avaliada a resistência mecânica do solo à penetração de 
raízes até 70 cm de profundidade, em oito repetições. Verificou-se que até 0-40cm de 
profundidade, o sistema BAN juntamente com o sistema NF apresentou a menor resistência 
à penetração, ou seja, entre 1,1 e 2,5 MPa, apresentando pequena ou nenhuma alteração 
quando comparado ao longo do tempo. Os sistemas de produção orgânica que priorizam o 
aporte de matéria orgânica à superfície e adotam o manejo consorciado apresentam menor 
resistência mecânica do solo à penetração das raízes do que os monocultivos.
PALAVRAS-CHAVE: Atributos físicos, tabuleiros costeiros, sistemas orgânicos, sistema 
agroflorestal.

INTRODUCTION
The soil in its natural state presents physical properties that favor the good 

development of the plant (Martins et al., 2017), as well as the soil biota, promoting favorable 
conditions for the maintenance of its quality. However, concern with soil quality has increased 
as its use and intensive mobilization can result in productive incapacity and considerable 
changes in its physical attributes (Guaman et al., 2016; Paradelo et al., 2019).

The lots of soil that have become unproductive generate concern due to their poor 
utilization because the recovery process of the degraded parts of soil takes a long time 
(Nunes et al., 2017). Poor soil use is due to agriculture modernization which intensified 
land use with heavy equipment and inadequate management, causing the appearance 
of significant changes in soil quality and, consequently, the reduction of crop productivity 
(Streck et al., 2004; Roque et al., 2011). A higher soil degradation process will increase 
erosion, nutrient leaching and compaction, which contributes to the decline of soil fertility 
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(Nunes et al., 2009; Sousa et al., 2018; Bertollo & Levien, 2019). According to Niero et al. 
(2010) the land use and soil management practices can affect the physical properties of 
the soil and, consequently, interfere in its quality and crop productivity. Nunes et al. (2017) 
corroborate that soil management has a direct impact on its behavior and, therefore, soil 
physical attributes such as aggregate stability, soil mechanical resistance to penetration, soil 
density, macro and micro porosity have an important role in the development of sustainable 
agricultural systems. 

Studies developed by Pedrotti et al. (2019) and Bartzen et al. (2019), emphasize 
the importance of the physical attributes of soil with respect to its use for the verification of 
the changes resulting from the use and management in agricultural production systems. 
This demonstrates how important it is to appropriate this tool within the organic systems 
to evaluate if the management adopted is actually contributing to the sustainability of the 
agroecosystem and to serve as a basis for decision making, as these have a direct influence 
on the development of the system of the crop and, consequently, its productivity (Silva et al., 
2015; Queiroz et al., 2019).

Management systems with less soil movement and proposed addition of vegetation 
cover in degraded areas enable the recovery of soil physical characteristics (Bertollo 
& Levien, 2019). In this sense, as long as the soil is being worked with the minimum of 
disturbance, surface protection, supply of organic material and availability of the necessary 
nutrients, this recovery of its physical, chemical and biological attributes is possible. Argenton 
et al. (2005) emphasize that conservation practices have received great emphasis on the 
maintenance and improvement of soil physical attributes, since, among many targets, they 
aim to interfere as least as possible in the soil, providing a favorable environment for greater 
exploitation of the soil root system and promote the efficiency of organic matter.

The aim of this study was to evaluate the mechanical resistance to penetration of 
roots in organic production systems under different arrangements, over three years in a 
Ultisol the tableland Transition Zone in northeastern Brazil. Based on the hypothesis that 
even though management is organic, different agricultural arrangements can have impacts 
on soil physical quality over the years if mismanaged.

MATERIAL AND METHODS
The study was carried out in the Chácara Bocaiúva Orgânicos located in the district 

of Humildes, Feira de Santana - BA, in February 2018. The farm is certified by the Instituto 
Biodinâmico (IBD) as an organic production area, located at 12º 20’ S and 38º 51’ W, at an 
average altitude of 234 masl. The climate of the region is classified as hot semi-arid with 
average annual rainfall of 848 mm, in addition there are long periods of drought and the soil 
is classified as Ultisol of sandy loam texture (Table 1).
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Ds1
Granulometry

Class
Sand Silt Clay

kg dm-3 ----------- g kg-1 ------------

1.44 770 100 130 Free Sand

1 Soil density

Table 1. Physical characterization of the Yellow Argisol under organic cultivation in Feira de Santana – 
BA.

Five areas were submitted to different uses: pineapple system (PIN) with grass and 
spontaneous cover between the lines, passion fruit system (PAS) under single crop in open 
soil, banana system (BAN) in association with cocoa and maintenance of organic residue 
on the soil, agroforestry system (AFS) with about thirteen years of implantation and native 
forest system (NF) for comparison purposes.

The analyzes were carried out in March 2015 and 2018, at the same time deformed 
soil samples were collected for humidity determination in eight replications. In order to 
determine soil mechanical resistance to the penetration up to 70 cm depth, in all the studied 
systems, a penetrometer of impact was used, IAA/Planalsucar model. The methodology 
for data collection and conversion of the values obtained by penetration of the soil rod (cm/
impact) in penetration resistance (MPa) were calculated by the equation proposed by Stolf 
(1991).

Where R is the penetration resistance (kgf cm2), M is the mass of the piston (4.0 kg), 
Mg is 4.0 kgf, m is the mass of the apparatus without a plunger (3.2 kg), mg corresponds to 
3.2 kgf, h is the plunger falling height (0.4 m), x is the rod penetration (cm/impact), A is the 
area of the cone (1.29 cm2) and g gravity acceleration. However, according to Stolf (1991) 
the final equation is:

R (kgf cm2) = 5.6 + 6.89 (N)

Where N corresponds to the impact number, the result obtained in (kgf cm2) multiplied 
by the constant 0.0981 for conversion of the value in MPa.

To support the data analysis obtained in the soil mechanical resistance to the 
penetration evaluation, classification of critical limits for soil (Table 2) was used as a base 
according to Camargo & Alleoni (2006).
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Classes Limits Limitation to root growth

MPa

Very low < 1.1 Without limitation

Low 1.1 a 2.5 Little limitation

Average 2.6 a 5.0 Some limitations

High 5.1 a 10.0 Serious limitations

Very high 10.1 a 15.0 Roots practically do not grow

Extremely high > 15.0 Roots do not grow

Table 2. Limits classes of resistance of soils to penetration and degrees of limitation to root growth.

Source: Camargo & Alleoni, (2006), adapted Canarache (1990).

RESULTS AND DISCUSSION
The vertical distribution of soil mechanical resistance to root penetration in the soil 

profile (Figure 1) shows that up to the depth of 0-40 cm the BAN and NF systems presented 
lower soil mechanical resistance to the penetration, between 1.1 and 2.5 MPa with little or 
no change when compared over time. Below the 40 cm, in the NF system an increase of 
the values in the year of 2018 was observed, which can be attributed to the great density of 
thick roots in the profile of soils under native forest.
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Figure 1. Mechanical resistance of soil to penetration for the systems with pineapple (PIN), passion fruit 
(PAS), banana (BAN), native forest (NF) and agroforestry system (AFS) in 2015 and 2018 in a Ultisol in 

the region of Feira de Santana - BA, at depth of 0-70 cm.

The PIN and PAS systems showed a very similar behavior, since in 2015 both 
presented average values of 2.5 MPa in almost all the profile, representing little limitation 
to the cultures. Over the years there has been a significant increase in the soil mechanical 
resistance to the penetration values in these systems, ratified by the values obtained in 
2018, demonstrating that systems with little or no surface cover even when managed under 
organic systems of production tend to suffer physical degradation over of the years, since 
in 2018 both systems presented values higher than 2.5 MPa resulting in some limitations to 
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the root development of the cultures.
In addition, the moisture content is lower in comparison to the others (Figure 2). This 

fact is due to the greater exposure of the soil in this system causing rapid evaporation of the 
water, the preparation and management of the soil without organic matter supply may have 
caused the destruction of the aggregates and, consequently, developed a more compacted 
surface in the arable layer. Martins et al. (2017) point out that soil use and management 
systems with high soil mechanical resistance to the penetration present greater compaction 
problems, restricting root growth and reducing water infiltration in the soil, which causes 
serious erosion problems (Vogel & Fey, 2016).
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Figure 2. Field humidity for the years 2015 and 2018. (PIN) system with pineapple (PAS) passion fruit 
monoculture, (BAN) banana intercropping, (NF) and native forest (AFS) agroforestry system.

It is worth mentioning that soil mechanical resistance to the penetration is more 
affected by soil moisture conditions than by density (Bartzen et al., 2019; Esteban et al., 
2020), once it is inversely proportional, in other words, the higher the soil moisture the lower 
it tends to be in the soil mechanical resistance to the penetration. However, although soil 
moisture at the harvesting time in 2015 and 2018 were not identical (Figure 2), the increase 
in soil mechanical resistance to the penetration in 2018 cannot be attributed to soil moisture 
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only, since the variation was very small (1 to 11%), that is, the significant increase in some 
systems may be more in function of the management than the soil moisture.

It can be observed that the soil mechanical resistance to the penetration in the BAN 
system was lower, both when compared to the other systems (Figure 3) and between the 
evaluated years, a behavior also verified by Alencar et al. (2011). Factors such as texture, 
moisture and the continuous decomposition of organic material on the surface resulting from 
the intercropping management may have contributed to the low values of soil mechanical 
resistance to the penetration in this system.
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Figure 3. Mechanical resistance of soil to penetration for pineapple (PIN), passion fruit (PAS), banana 
(BAN), native forest (NF) and agroforestry system (AFS) in the years 2015 and 2018 in a Ultisol in the 

region of Feira de Santana - BA, at depth of 0-70 cm.

In the NF and AFS systems the process of organic matter decomposition and 
mineralization are slower, since there is a constant supply of this material due to the 
diversity of species and protection of the organic matter by the crown of the tree species, 
consequently, it favors the maintenance of the soil, which in turn should contribute to low soil 
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mechanical resistance to the penetration values, however, the high values observed and the 
upward tendency over the years are due to very large numbers of trees in these systems, 
which interferes with the in-depth evaluation.

This same behavior was observed by Portugal et al. (2008), that in native forest 
systems higher values in depth were found. On the other hand, Carvalho et al. (2004) 
observed lower resistance to penetration in all studied depths, which differs from the ones 
found in this study.

CONCLUSIONS
Production systems even under organic management are susceptible to the process 

of physical degradation of the soil. The study carried out in the present work indicates 
that, although the management is organic, soil compaction occurs. However, organic 
production systems that prioritize the contribution of organic matter to the surface and adopt 
intercropping management have lower soil mechanical resistance to root penetration than 
monocultures. Conclusively, agricultural systems even under organic production system, 
but without soil cover favor the evaporation of water and contribute to the increase of the 
values of resistance to penetration over the years.
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