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ABSTRACT

Soil quality indicators such as penetration resistance (PR) and bulk density (BD) are 
traditionally determined in a single undisturbed soil sample. The aim of this study was 
to assess the effect of PR measurements of undisturbed samples on the determination of 
BD in the same sample of two soils differing in clay contents. To this end, samples were 
collected from the 0.00-0.10 and 0.10-0.20 m layers of two soils of clayey and very clayey 
texture. Volumetric rings were used to collect a total of 120 undisturbed soil samples from 
each soil layer that were divided into two subsets containing 60 units each. One sample set, 
designated “perforated samples”, was used to determine PR and BD in the same undisturbed 
sample; the other, named “intact samples”, was used to determine BD only. Bulk density 
values for perforated and intact samples were compared by analysis of variance, using a 
completely randomized experimental design. Means were compared by the t-test at 5 %. The 
BD values for the clayey soil were similar in perforated and intact samples from the two 
layers. However, BD of the very clayey soil was lower in the perforated than in the intact 
samples at both depths. Therefore, PR and BD in clayey soils can be accurately determined 
in the same undisturbed sample whereas in very clayey soils, different samples are required 
for this purpose.
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INTRODUCTION

Soil penetration resistance (PR) and bulk 
density (BD) are two soil properties widely used 
as soil quality indicators for various purposes, for 
example the assessment of agricultural systems 
(Imhoff et al., 2000; Araujo et al., 2004; Lima et al., 
2010; Mota  et  al., 2014; Silva and Fernandes, 
2014), soil tillage methods (Cavalieri et al., 2006), 
physical degradation in soils (Giarola  et  al., 
2007), traffic in sugarcane fields (Roque  et  al., 
2011), irrigation in soil physical properties 
(Costa et al., 2014), the least limiting water range 
for various production systems (Tormena et al., 
2007; Blainski et al., 2009; Olibone et al., 2010; 
Medeiros et al., 2011; Betioli Junior et al., 2012; 
Araujo  et  al., 2013) and pedotransfer functions 
(Fidalski and Tormena, 2007).

In most cases, bulk density is determined after 
measuring soil penetration resistance in the same 
undisturbed sample. Particularly when analysing 
predominantly clayey soils, some particles of 
the undisturbed sample remain on the metal 
rod of the penetrometer after measurements. 
This circumstance is a result of peculiar surface 
properties of the soil clay fraction. As is well-known, 
clay particles are highly plastic and sticky, especially 
when wet (Brady and Weil, 2007), which is typically 
the case when undisturbed soil samples are subjected 
to measurements of penetration resistance. As a 
result, determining bulk density in an undisturbed 
sample previously used to measure penetration 

resistance can lead to underestimated values 
depending on the amount of particles adhered to 
the penetrometer in the previous operation because 
bulk density is calculated as the ratio of dry soil 
mass to total sample volume. Therefore, a reduced 
amount of soil will lead to an underestimated bulk 
density value.

Based on the foregoing, the aim of this study was to 
assess the effect of PR measurements of undisturbed 
samples on the determination of BD in the same 
sample of two soils differing in clay contents.

MATERIAL AND METHODS

This study analysed samples of soil classified 
as Latossolo Vermelho (Oxisol) based on the 
criteria of the Brazilian Soil Classification System 
(Embrapa, 2013). Samples were collected from two 
experimental areas with different soil textural class. 
Both were located in the municipality of Jaboticabal, 
Sao Paulo, Brazil (21° 14’ 05” S, 48° 17’ 09’’ W; 
average height 615 m a.s.l.) and had been used for 
sugarcane cultivation with mechanized harvesting 
for more than 15 years.

The soils were analysed for textural class 
in disturbed samples from the 0.00-0.10 and 
0.10-0.20 m layers. A total of 20 samples per layer 
and area were collected at randomly selected points. 
The soils were classified as clayey and very clayey 

RESUMO: É Possível Determinar a Resistência do Solo à Penetração e 
a Densidade Do solo na Mesma Amostra Indeformada?

A resistência do solo à penetração (RP) e a densidade do solo (Ds), entre outros atributos indicadores 
da qualidade física do solo, vêm sendo determinadas na mesma amostra indeformada de solo. O objetivo 
deste trabalho foi avaliar, em dois solos com diferentes teores da fração argila, a influência da determinação 
da RP sobre os valores da Ds, quando os dois atributos são estimados na mesma amostra indeformada. 
As amostras indeformadas de solo foram coletadas nas camadas 0,00-0,10 e 0,10-0,20 m, em duas áreas 
experimentais com classes texturais distintas, textura argilosa e textura muito argilosa. Em cada camada, 
retiraram-se 120 amostras de solo com anéis volumétricos, totalizando 240 amostras. Desses 120 anéis 
volumétricos coletados em cada camada, separaram-se dois conjuntos de 60 unidades. Um conjunto foi 
utilizado para determinar a RP e Ds na mesma amostra indeformada, sendo denominado como “amostras 
perfuradas”. Outro conjunto foi usado para determinar exclusivamente a Ds, sendo denominado como 
“amostras intactas”. Nas comparações dos valores de Ds entre as amostras perfuradas e as intactas, 
procedeu-se a análise de variância seguindo delineamento inteiramente casualizado. A comparação de 
médias foi realizada por meio do teste t a 5 %. Os valores da Ds com textura argilosa, determinados nas 
amostras perfuradas, foram semelhantes aos da Ds, definidos nas amostras intactas nas duas camadas 
avaliadas. Entretanto, no solo com textura muito argilosa, observou-se nas duas camadas avaliadas que 
os valores da Ds foram menores nas amostras perfuradas do que os determinados nas amostras intactas. 
Portanto, concluiu-se que a avaliação da RP e Ds na mesma amostra indeformada pode ser realizada 
em solos com textura argilosa, mas, em solos com textura muito argilosa, a determinação de ambos os 
atributos deve ser realizada em amostras distintas.

Palavras-chave: física do solo, Latossolo Vermelho, textura argilosa, textura muito argilosa.
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based on particle-size analysis as described by 
Embrapa (1997) (Table 1).

Undisturbed soil samples were collected in 
October 2011 from the 0.00-0.10 and 0.10-0.20 m 
layers from in-between the sugarcane rows (interrow) 
after the first harvest. A total of 120 volumetric rings 
(height 0.05 m, diameter 0.05 m) were used, as well 
as an Uhland sampler to collect the same number 
of samples from each soil layer. Therefore, a total 
of 240 samples per experimental area was collected. 
Sampling points were randomly distributed in an 
area of ca. 0.5 ha.

The samples from each layer were split into 
two subsets comprising 60 samples each. One 
set, designated “perforated samples”, was used 
to determine both bulk density (BD) and soil 
penetration resistance (PR) in each undisturbed 
sample; the other, designated “intact samples”, was 
used to determine BD only.

The moisture content of all perforated samples 
was standardized at 100 hPa on a pressing table, 
after which the samples were used to measure PR by 
using a static electronic laboratory penetrometer, 
as suggested by Tormena et al. (1998). Penetration 
resistance was measured at the geometric 
centre of each sample, using a penetration rate 

of 1.0 cm min-1 along the sample height (5 cm). 
The measurements corresponding to the top and 
bottom of each sample were discarded, so only 
those at the three central points were considered 
in calculations. The sampling frequency of PR 
recorded at 0.68 s intervals resulted in a total of 
265 values per sample, which were averaged. Any 
soil particles of an undisturbed sample sticking to 
the metal rod of the penetrometer were removed 
with a spatula and returned to the sample. Once PR 
was measured in all perforated samples, BD was 
determined according to Grossman and Reinsch 
(2002). In intact samples, however, only the latter 
parameter was determined.

The bulk density of perforated and intact samples 
was subjected to analysis of variance, using a 
completely randomized design with 60 replications. 
Means were compared by the t-test at 5 %. All 
statistical analysis were performed using software 
SAS (SAS, 2003).

RESULTS AND DISCUSSION

The average soil penetration resistance of the 
60 perforated undisturbed samples was 2.90 MPa 
for the 0.00-0.10 m soil layer and 2.88 MPa for the 
0.10-0.20 m layer in the clayey soil; and 3.38 and 
3.26 MPa, respectively, in the very clayey soil.

In the clayey soil (contents of 441 ± 20 g kg-1 clay 
in the 0.00-0.10 m and 437 ± 13 g kg-1 clay in the 
0.10-0.20 m layer), bulk density (BD) was similar 
in the perforated and intact samples (Table 2). 
Therefore, PR and BD can be determined in a single 
undisturbed sample of this soil.

However, in the very clayey soil, BD differed 
between perforated and intact samples in both 
layers. Thus, the BD values measured in samples 
previously perforated to measure PR were lower 
than those determined in intact samples (Table 2), 
used exclusively to determine BD. The difference 
resulted from the loss of soil particles sticking to the 

Table 1. Particle-size composition determined by 
analysis of the soils in two experimental areas 
with clayey and very clayey soil texture; means 
of the results at 20 randomly selected points 
and their standard deviations

Soil Clay Sand Silt
m g kg-1 

 

Clayey
0.00-0.10 441 ± 20 447 ± 16 112 ± 11
0.10-0.20 437 ± 13 457 ± 09 106 ± 13

Very clayey
0.00-0.10 680 ± 06 140 ± 10 180 ± 11
0.10-0.20 687 ± 07 132 ± 09 181 ± 11

Table 2. Analysis of variance for bulk density (BD) values in the 0.00-0.10 and 0.10-0.20 m layers in soil 
with clayey and very clayey soil texture

Clayey soil Very clayey soil
0.00-0.10 m 0.10-0.20 m 0.00-0.10 m 0.10-0.20 m

Soil sample 2.01ns 0.13ns 6.80* 9.44**

CV (%) 1.82 2.87 1.97 2.34
BD (kg dm–3)

Perforated sample 1.687 1.694 1.441 b 1.445 b
Intact sample 1.700 1.700 1.465 a 1.478 a
LSD 0.020 0.032 0.019 0.023

ns,* and **: not significant, significant at the 5 and 1 %, respectively. LSD: least significant difference. Means followed by different 
letters in a column were different by the t-test at 5 %.
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metal rod of the penetrometer and the consequent 
reduction in dry soil mass measured after oven-
drying the perforated samples. Even if most of the 
particles were removed from the penetrometer 
and returned to the sample for measurement, a 
fraction remained that could only be removed with 
a moist cloth and not be returned to the sample. 
As a result, BD was underestimated in the very 
clayey soil (contents of 680 ± 06 g kg-1 clay in the 
0.00-0.10 m layer and 687 ± 07 g kg-1 clay in the 
0.10-0.20 m layer), when determined in samples 
previously used to measure PR. Obviously, due to 
the high clay content of this soil caused, a greater 
amount of particles stuck to the penetrometer by 
effect of the high plasticity and stickiness of the 
clay fraction (Brady and Weil, 2007).

The time needed to collect undisturbed soil 
samples in the field justifies the use of a single 
sample to accurately determine BD and PR. 
However, if the clay content of the soil is very high, 
the use of a single undisturbed soil sample for this 
purpose can cause an underestimation of BD values 
as a result of the loss of clay particles sticking 
to the penetrometer during PR measurements. 
Therefore, BD estimates of very clayey soils are 
inconsistent with field observations and can induce 
misleading conclusions for different agricultural 
systems. In such soils, PR and BD should therefore 
be determined in separate samples.

CONCLUSION

Accurate measurements of soil penetration 
resistance and bulk density in a single undisturbed 
sample are feasible in clayey soil, but not in very 
clayey soil, for which the two soil properties should 
be determined in different samples.
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