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Abstract: The objective of this study was to evaluate the efficiency of alcohol in
concentrations of 0.0, 47.6, 70 and 99 °GL, to determine the soil particle density (o) with
the Volumetric Glassware Method (VG), verifying the best time of analysis and the
possibility of alternatives to 99 °GL alcohol concentration. The soil samples were collected
in five experimental areas of the Fundacdo ABC (Arapoti, Castro, Itaberd, Ponta Grossa
and Tibagi), at 0.0-0.20 m depth, stored in a plastic bag and forwarded to the Soil Physics
laboratory of the Federal University of Parana. Analyzes with alcohol concentrations were
performed with five repetitions, for each location, totaling 100 samples. The comparison
of the “p, obtained with VG and 99 °GL alcohol” (opv6.99) vs “pp with alternative methods”
(water: ppvew; 47.6 °GL alcohol: pprca7e; and 70 °GL alcohol: ppre70) values were
performed considering linear regression analysis, Box Plot diagram, coefficient of
variation (CV) and determination (R?), index of agreement (d) and mean absolute error
(MAE). The 70 °GL concentration obtained good associations with the 99 °GL
concentration (R? > 0.82), as well as low values of CV and MAE. The other concentrations
analyzed had promising results. For the soils analyzed, the 70 °GL alcohol concentration
can replace 99 °GL to obtain p, values with the Volumetric Glassware Modified Method,
requiring data readings after 48 h.

Keywords: soil physical attribute, soil particle density, methodology.

Concentragodes de alcool para determinacao da massa especifica das particulas do
solo com o método do balao volumétrico

Resumo: Teve-se por objetivo no presente estudo avaliar a eficiéncia do alcool nas
concentragoes 0.0,47.6,70 e 99 °GL, para determinar a massa especifica das particulas do
solo (pp) com o Método do Balao Volumétrico (BV), verificando o melhor tempo de andlise
e a possibilidade de alternativas a concentracdo de alcool 99 °GL. As amostras de solo
foram coletadas em cinco areas experimentais da Funda¢cdao ABC (Arapoti, Castro, Itaber3,
Ponta Grossa e Tibagi), na profundidade de 0.0-0.20 m, armazenadas em saco plastico e
levadas ao laboratoério de Fisica do Solo, da Universidade Federal do Parana. As analises
com as concentracdes de alcool foram realizadas com cinco repeticdes, para cada
localidade, totalizando 100 amostras. A comparacao dos valores de “p, obtidas com BV e
alcool 99 °GL” (ppsv.99) vs “pp com métodos alternativos” (agua: pppvw; alcool 47.6 °GL:
prav.aze; € alcool 70 °GL: pppv.70) foram realizadas considerando analise de regressao linear,
diagrama Box Plot, coeficientes de variacdo (CV) e determinacao (R?), indice de
concordancia (d) e erro absoluto médio (MAE). A concentracdao 70 °GL obteve boas
associagc0es com a concentrac¢do 99 °GL (R? > 0.82), bem como baixos valores de CV e MAE.
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As demais concentragdes analisadas tiveram resultados promissores. Para os solos
analisados, a concentracdo do alcool 70 °GL pode substituir a 99 °GL para obtencao de
valores de pp com o Método do Balao Volumétrico Modificado, sendo necessario que as
leituras dos dados sejam feitas ap6s as 48 h.

Palavras-chave: atributo fisico do solo, densidade de particula, metodologia.

Introduction

Usually the quality of agricultural
soil is considered based on physical,
chemical and biological aspects, being
important to assess the extent of soil
degradation or improvement, as well as
to identify the sustainability of
management systems. Some soil physical
attributes, such as the soil density
(particles and soil), total porosity, soil

penetration resistance, aggregate
stability, volumetric water content,
available =~ water and  hydraulic

conductivity, can be used as indicators of
the soil quality (Assis et al, 2019;
Bertollo and Levien, 2019; Bonfante et
al,, 2019).

The soil particle density (pp) is one of
the essential physical properties of the
soil, being defined as the mass per unit
volume of the solid components. An exact
measurement of p, is required, as the
parameter is used in most mathematical
expressions in which the volume or
weight of a soil sample is being
considered (Rosa et al., 2018; Dourado et
al,, 2019).

The most common methods for pp,
determination are based on quantifying
the displacement of the volume of a
liquid or air, provided by a soil sample of
known weight. Other possibilities are the
pp determination with the relationship

between organic matter (OM) and
organic carbon (OC). However, the
difficulty of the method is the

requirement of previous OM and OC data
(Gubiani et al., 2006; Braida et al., 2010).

Two methods based on volume
displacement stand out in p, analysis in
the laboratory: pycnometer and

volumetric glassware method (VG), both
of which are simple, direct and precise if
done with criteria (Blake and Hartge,
1986). Gubiani et al. (2006) consider that
the VG, described by the Empresa
Brasileira de Pesquisa Agropecudria
(EMBRAPA, 1997) and updated by
Teixeira et al. (2017), is the most
commonly applied method in laboratory
routines, using alcohol (99 °GL) to
determine the pp.

Alcohol is used to determine p, due
to its surface tension lower than water,
penetrating the soil’s capillary pores
more easily and expelling the air content
(Gubiani et al.,, 2006). However, the 99
°GL alcohol commonly used as a standard
in laboratory analyzes can become a
problem, since the cost is high when the
number of analyzes to be performed is
large, in addition to increase in the
incidence of experimental error, due to
evaporation. Santos and Rodrigues
(2009) indicate that the loss of alcohol by
evaporation is always present in the pp,
determination with the volumetric
glassware method, constituting the main
source of error. The losses of alcohol by
evaporation mask the volume of the
sample solids, decreasing its value and,
consequently, increasing the sample
particle density. For each 0.1 mL of
alcohol added in the volume
measurement, it implies an increase of
30 kg m~3in pp.

It becomes necessary to develop new
methods and techniques for soil analysis,
seeking to provide reliable results with
reduced costs. Thus, analyzes aiming to
determine p, with lower alcohol
concentrations than that usually used in
the laboratory (99 °GL) are of great use.
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In this context, the objective this study
was to evaluate the efficiency of alcohol
in concentrations of 0.0, 47.6,70.0 and 99
°GL, to determine the soil particle density
(op) with the “Volumetric Glassware
Method” (VG), checking the best analysis
time and the possibility of alternatives to
99 °GL alcohol.

Materials and methods

Characterization of the study area

The soil samples were collected in
five experimental plots, containing 5000
m? each. The areas belong to the
Agrometeorology sector of Fundacdo
ABC, located in Arapoti, Castro, Ponta
Grossa and Tibagi cities, in Parana state,
southern Brazil, and Itaber3, in Sdo Paulo
state, southeastern Brazil. Figure 1
shows the soil type, relief, texture,
latitude, longitude and climate of the
region, according to Alvares et al. (2013).
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19°36'S
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® Stations Stations Soil Relief Texture Lat. Long. Climate
States 1-Arapoti Oxisol  Gently undulating Sand clay loam -24.18 -49 85 Ctb
. 2-Castro Oxisol  Undulating Clay -24.85 -49.93 Cfb
[ ]rarana 3-Itabera Alfisol  Flat to undulating Clay 224.07 49.15 Cfa
- Sio Paulo 4-Ponta Grossa Inceptisol Flat to gently undulating Sand clay loam -25.01 -50.15 Cfb
5-Tibagi Oxisol  Undulating Clay -24.51 -50.44 Cfb

Figure 1. Characterization of the Fundacdo ABC study area.

All experimental areas are managed
in the no-tillage system in a long-term
experiment, with crop rotation, being
soybean and maize in summer crops and
wheat and oats in winter crops.

The textural classification (Figure 2)

was obtained with granulometric

analysis using the densimeter method,
according to Teixeira et al. (2017), and
textural triangle with the “Soiltexture”
package, Version 1.5.1 (Moeys et al,
2018), from RStudio software.
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Figure 2. Soil granulometric distribution in the localities: 1) Arapoti; 2) Castro; 3) Itaber3;
4) Ponta Grossa; and 5) Tibagi, from the Fundacdo ABC Agrometeorology Sector.

Sampling and sample preparation

Sampling was carried out only in the
topsoil (0.20 m), since the highest
concentration of root hair, responsible
for capturing water and nutrients, occurs
in this range. Five samplings were made
per area, collecting approximately 0.8 kg
of soil at each sampling point.

The samples were stored in
identified plastic bags and sent to the Soil
Physics laboratory of the Federal
University of Parand. Subsequently,
sample preparation procedures were
carried out, including maceration, dried
in 105 °C oven for a period of 24 h, and
cooled in a desiccator.

Procedures for pp, analysis with the
Volumetric Glassware Modified Method
To determine the soil particle
density (pp) with the Volumetric
Glassware Modified Method (VG), it was
followed the Soil Analysis Methods
manual according to Teixeira et al.
(2017), which consists of the steps: i)
Weighing volumetric glassware of 50 ml
on a previously tared scale; ii) Transfer of
approximately 20 g of soil from the
sample already prepared to the
volumetric glassware, noting the weight
of the glassware + soil; and, iii) Adding of
ethyl alcohol (99 °GL) up to half of

glassware + soil volume, followed by
manual agitation until the air between
the soil particles is eliminated,
subsequently completing the volume of
the glassware until the measuring line
(meniscus).

To verify the viability of reducing
laboratory costs with alcohol, the same
procedure with VG was repeated using
water and alcohol at concentrations of
47.6 and 70 °GL. The process of analyzing
the volumetric glassware occurred with
the glassware weighing at the times: 0
(instantly), 24, 48 and 168 h after sample
preparation. The analyses were
performed considering five repetitions
and five sample types for each alcohol
concentration, totaling 100 samples.

For 70 °GL alcohol concentration,
729.16 mL of 96 °GL alcohol was diluted
with 270.84 mL of deionized water. The
values were obtained with the relation:

Cl'V1:C2'V2

Where: C1— Initial concentration
(°GL); V1 — Initial volume (L); C>— Final
concentration (°GL); V2> — Final volume
(L).

The soil particle density was
calculated with the expression:
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M;

ppzvs

The pp determination was performed
using the Volumetric Glassware Method
(Teixeira et al. 2017):

Pr=50-w)

Where: p, —Soil particle density (kg
m~3); M; — Weight of oven-dried soil (kg);
Vs — Volume of solid soil particles (m3).

Statistical analysis

Associations between “pp standard VS pp
alternative.  Were  verified, with linear
regression analyzes between the values:

- Values of “pp obtained with VG and
99 °GL alcohol (opv699)” vs “pp obtained
with VG with water (ppvew) or alcohol at
47.6 °GL (ppvc.a7.6) or 70 °GL (opve.70)”:

“Ppv6.99 VS ppvew”
“Opv6.99 VS PpvG.at.e”
“Opv6.99 VS ppv6.70”

The linear regression analyzes were
performed with the “ggplot2” package,
version 3.3.2 (Wickham et al., 2020),
from RStudio software.

The verification of associations was
performed considering indexes and
errors recommended in the literature
(Jacovides and Kontoyiannis, 1995;
Gubiani, 2006), such as the trend of the pp
values obtained, observing the mean and
distribution in Box Plot diagram, average,
maximum and minimum values data,
coefficient of wvariation (CV) and
determination (R?), mean absolute error
(MAE) and index of agreement “d”,
according to the following equations:

CV ==-100

~iIl Q

?:1[(Ypi - Yp) ' (Yai - 1_/a)]

R? =
= .2 = .2
(Zalh, = B+ By~ T
MAE = 2= [t~ e
n
2
i=1 (Yai B Ypi)

d=1 — 2
\[Z?=1 (lYai - Ypl ) |Ypi - Yp|)

Where: CV - coefficient of variation
(%); o - standard deviation (kg m™3); Y -
average of the p, values obtained with
the standard or alternative method (kg
m3); MAE - mean absolute error (kg
m3); Y, - i-th value of soil particle
density obtained with the Volumetric
Glassware Modified Method using 99 °GL
alcohol (kg m™3); Yu - i-th value of soil
particle density  obtained  with
alternative method (kg m3); n - number
of repetitions; R?Z - coefficient of
determination (unitless); Y, - average of
the pp, values obtained with the
alternative method (kg m™3);Y, -
average of the p, values obtained with
the standard method (kg m™3); d -
Willmott’s index of agreement (Willmott,
1982) (unitless).

The indices and errors were
performed with the “hydroGOF” package,
version 0.04 (Zambrano-Bigiarini, 2020),
from RStudio software.

Results and discussion

Soil particle density (pp) with VG

Linear regression analyzes between
“,Op standard VS Lp alternative’  Showed that
“ppv6.99 VS ppvcw” at time zero, presented
the best association. However, in the
other hours analyzed, there were low
associations, especially at hour 168
(Figure 3).

With exception of the time zero, the
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“

Ppv6.99 VS pPprc70” Tatio was the one with
the best associations for all evaluated
localities (Figure 3). The results
stabilized after 24 h, with good results in

the coefficient of determination values
(R?2>0.82). The water provided the worst
results, especially after 48 h of analysis
(R? < 0.42), in which the highest CV

values were observed (Tables 1 and 2).

Table 1. Real average of soil particle density (pp; kg m=3) and coefficient of variation (CV)
obtained with the volumetric glassware method, using water (ppvcw), alcohol 47.6
(pv6.47.6), 70 (ppve70) and 99 °GL (ppr6.99), in 0, 24, 48 and 168 h periods.

Localities Hour --oseoemeemeneo v
0 24 48 168 %
""""""""""""" PrpVG.w ==================mmmme
Arapoti 2359.11 2359.11 2565.26 2436.06 4.00
Castro 1893.56 1893.56 2447.99 2410.62 14.33
Itabera 2349.03 2349.03 2687.56 2614.97 7.08
Ponta Grossa 2066.13 2066.13 2484.49 2724.78 13.96
Tibagi 2026.26 2026.26 2252.32 2336.41 7.34
------------------------- PpVG.A4T7.6 =================m===--
Arapoti 2488.13 2566.94 2565.57 2426.06 2.70
Castro 2323.29 2442.97 2440.53 2467.94 2.68
Itabera 2492.43 2572.60 2567.71 2584.40 1.64
Ponta Grossa 2371.46 2501.10 2497.22 2507.48 2.65
Tibagi 2376.90 2486.03 2477.35 2491.60 2.21
------------------------- PpVG.70 =======================
Arapoti 2420.62 2548.86 2536.70 2554.16 2.52
Castro 2234.55 2386.42 2388.27 2409.53 3.43
Itabera 2490.99 2587.24 2577.13 2583.48 1.80
Ponta Grossa 2341.45 2506.43 2502.12 2515.22 3.38
Tibagi 2307.08 2505.37 2504.93 2518.55 413
------------------------- PpVG.99 =====================--
Arapoti 2707.30 2508.61 2513.86 2554.61 3.62
Castro 2357.72 2409.53 2411.10 2433.84 1.34
Itabera 2534.39 2598.98 2597.99 2602.59 1.27
Ponta Grossa 2470.41 2468.63 2495.44 2502.88 0.70
Tibagi 2438.29 2462.25 2483.50 2507.65 1.20

* CV - Coefficient of variation.
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Figure 3. Linear regression analysis and respective coefficients of determination
(R?) at 0, 24, 48 e 168 h, considering the five analyzed areas and associations
between “ppVG.99 VS Pp alternative methods being: A]-) “,OpVG.99 Vs ,OpVG.w" at time 0; AZ)
Ppv6.99 VS Povew” at 24 h; A3) “ppvcoo Vs pprew” at 48 h; A4) “ppvcoo Vs pprew” at 168 h;
B1) “ppv6.99 VS ppvc.az6” at time 0; B2) “ppvc.99 VS ppve.azes” at 24 h; B3) “ppve.99 VS ppve.a7.6”
at 48 h; B4) “ppvc99vs ppvcazs” at 168 h; C1) “ppvco9 vs ppve70” at time 0; C2) “ppvcoo vs
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pove70” at 24 h; C3) “ppyco9vs ppre70” at 48 h; C3) “ppvca9vs ppre7o” at 168 h.
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Table 2. Mean absolute error (MAE; kg m™3) and index of agreement (“d”; unitless)
obtained in the associations between “ ppv6.99 VS pp alternative methods” at 0, 24,48 and 168

h, considering the five areas analyzed.

--------------------------------- Hour -----=--==-cemcmmeommcceacceaeee
Association = ------ Q- e R —— < S — 168 ------
MAE d MAE d MAE d MAE d
“Opv6.99 VS Ppvew” 360.00 0.54 350.00 0.50 80.00 0.63 110.00 0.43
“Opv6.99 VS PpvG.a7.6" 90.00 0.70 30.00 0.89 20.00 092 40.0 0.71
“Opv6.99 VS pPpvG.70” 140.00 0.57 30.00 0.93 20.00 097 10.00 0.98
Linear regression analyzes m=3 in Itaberd, 2515.22 kg m™ in

between “pp standard VS pp alternative”
showed that “ppr699 Vs ppvew” at time
zero, present the best association.
However, in the other hours analyzed,
there were low  associations,
especially at 168 h (Figure 3).

In general, the lowest CV values
between “ppv6.99 VS ppvcaz.e’ Were very
similar (Table 1), a fact that is
consistent with the results obtained in
the linear regression, in which a good
association was observed until the
period of 48 h, with an evident
reduction in the  association
afterwards (Figure 3). It was also
found that the ppv699 showed higher
stability (lower CV values), making it
possible to perform the analysis in 24
h, as well as the ppvi.70. The ppyc.a7.6 was
promising to replace ppvc99, as it
showed a high reduction in the
coefficient of determination after 48 h.
Table 2 shows higher errors with the
associations “ppvc99 Vs ppvw” for all
analyzed hours, and a Dbetter
association for “ppvcee Vs ppvero”,
proving that the ppve 70 is promising to
replace opvc.99.

Considering the 70°GL alcohol
concentrations, which were better
associated with 99 °GL alcohol, an
average pp value (Table 1) was
obtained at 168 h (with higher
possibility of results stability), with
values of 2554.16 kg m™3 in Arapoti,
2409.53 kg m3 in Castro, 2583.48 kg

Ponta Grossa, and 2518.55 kg m3 in
Tibagi. The p, values obtained in the
present study were very close to those
obtained by Souza et al. (2017), in a
study analyzing the soil physical-
water attributes for the same region
and localities (with p, ranging
between 2490.00 and 2630.00 kg
m~3). Libardi (2005) and Santana
(2009) comment that p, has little
variation between soil types, ranging
from 2030.00 to 2900.00 kg m=3. In
case of mineral soils, the p, value is
usually approximately 2650 kg m-3
(Ruehlmann, 2020), showing the
quality of the results obtained.
However, the values obtained in the
present study were not very close to
those obtained by Rosa et al. (2018),
studying the soil physical-water
attributes in  Campos  Gerais.
Considering the average between 0.0
to 0.10m and 0.10 to 0.25m depths,
the referred authors obtained values
of pp =2789.59 kg m3 in Arapoti, pp =
2810.29 kg m™3 in Itaberd and p, =
2740.55 kg m~3 in Ponta Grossa. It is
believed that the differences in values
were due to the variability of the
experimental areas used, or to the
particularities of the methodological
procedures of each study.

Trends in pp values obtained with VG
using alcohol at 99 °GL and alternative
concentrations
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The results of ppvc.99, for readings
at 0, 24, 48 and 168 h, showed higher
amplitudes in Arapoti and averages
very close for the other localities
(Figure 4). However, the
measurements at the instantly time
(zero hour) always indicated p, values
below the averages performed in the
other analyzed periods.

The 99 °GL alcohol shown to be
efficient, performing good p
measurements after 24 h. Air bubbles
were eliminated and the variability
between samples was low. However,
the instantly ps measurement should
be avoided whenever possible, since
the results indicate that air bubbles
can resist for some time.
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'e 20001 .
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Figure 4. Box Plot of soil particle density (pp; kg m3), obtained with the volumetric
glassware method, using 99 °GL alcohol (opv699), at the instantly time (zero hour),
24,48 and 168 h, in Arapoti, Castro, Itabera, Ponta Grossa and Tibagi localities.

0 24
2600-l 1y —_— b
2500 1 D = ; P ——=
2400 | . —_—
& 2300 A ‘ | E=— I—
1
‘E 2200 A —
2 48 168
~ 2600 A = ——
Q— L 1 ]
a 2500+ . = e —J] = — \?l
2400 A [ e— Jrm— —
2300
2200
3> N 2 < S S O P 0 )
R C)Q’% \\’b\o 0&09 <P v:\'bQ (,'Z? & 6«06 <
Ng N
(@) QO
Location

Figure 5. Box Plot of soil particle density (0p; kg m™3), obtained with the volumetric
glassware method, using 70 °GL alcohol (opvc.70), at the instantly time (zero hour),
24,48 and 168 h, in Arapoti, Castro, Itabera, Ponta Grossa and Tibagi localities.

The ppve70 results had a similar
trend to those obtained with alcohol at
99 °GL (Figure 4), referring to the

analysis periods. The instantly time
was even more limited. However, it
was found that the magnitudes of the
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pove.70 and ppre.og values were different
(Figure 5), with underestimation in
practically all ppve 70 values, with mean
absolute error between ppr99 and
pove7o readings from 140.00 kg m=3 at
zero hour to 10.00 kg m™3 at 168 h
(Table 2).

In general, the results obtained
indicated that the 99 °GL alcohol
provided less air bubble formation
than the 70 °GL alcohol, probably due
to the lower surface tension, being
possible to obtain results in 24 h,
while 70 °GL alcohol requires a
minimum time period of 48 h for no
bubbles occur.

The results of ppvc47.6 were stable
for the periods at 24, 48 and 168 h.
The instantly time (zero hour) also
showed higher variability,
underestimating the p, values when

compared to the pprco9 values (Figure
4 and 6).

The association of p, results was
better for the “ppvGo9 vs ppve70” than
“Ppr6.99 VS ppviare analyzes (Figure 3).
The reason was probably due to the
following aspects: i) The soil samples
used to perform the analyzes were not
the same, which may have led to
variations due to natural changes in
their physical structure; and, ii) There
were large variations in temperature
between the analyzed days, in
addition to the samples not being
processed in the same period, which
may have contributed to the
difference in the results. The average
absolute error between “pprco9 Vs
ppvca7.e” was higher than the readings
in 70 °GL alcohol (Table 2), providing
a smaller association between ppv:.99

VS ppve.a7.6 than que ppy6.99 VS ppe.70.
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Figure 6. Box Plot of soil particle density (0p; kg m™3), obtained with the volumetric
glassware method, using 47.6 °GL alcohol (ppvc.47.6), at the instantly time (zero hour),
24,48 and 168 h, in Arapoti, Castro, [tabera, Ponta Grossa and Tibagi localities.

The p, determination with VG
method using only water showed
interesting results in the trends of the
samples, for the five evaluated
localities. The instantly time (zero
hour) and 24 h periods indicated the
existence of sufficient air in the
glassware in all samples. The analysis

times did not show stability of the
results, and there is variability
between samples from the same place.
This last aspect was evident in the Box
Plot graphs, when is observed that the
amplitude of the quartiles in relation
to the mean represented by the
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square, differs a lot as to the ppv699
values (Figure 4 and 7).

The samples in Arapoti, Ponta
Grossa and Tibagi, even after 168 h,
still had bubbles, showing that the
time of analysis with water needs an
even longer period (Figure 7). This

fact may be due to the strong
interaction of the bubbles with soil
particles, which cannot be broken
using only water as a solvent, or due to
the water surface tension be higher
than the alcohol (Santos et al., 2010),
making it difficult to the water to
penetrate the soil pores.
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Figure 7. Box Plot of soil particle dens

ity (op; kg m~3), obtained with the volumetric

glassware method, using water (ppv6w), at the instantly time (zero hour), 24, 48 and
168 h, in Arapoti, Castro, Itabera, Ponta Grossa and Tibagi localities.

The analysis in Arapoti showed
inconsistency in the results, since the
soil particle density decreased in 168
h (Figure 7). The result characterized
the difficulty in working with water at
VG method. Some analyzes showed
layers with particles suspended in the
solution, characteristic of organic
matter (Figure 8). In some cases the
layer formed was so strongly adhered
to the volumetric glassware walls that
it was difficult to complete the water

up to 50 ml he{ght. Thus, when

A

\ §

applying the complementary water
drops on top of the formed layer, it
was necessary to wait for their
absorption. The layers occurred in
different ways, some more adhering to
the glassware walls, a fact that
occurred in Arapoti samples, and
others less adhering, as occurred in
[tabera. These aspects contributed to

obtain high errors and low
associations between “ppv6.99 VS Pprew”
(Table 2 and Figure 3).

Figure 8. Volumetric Glassware Method: occurrence of a layer formed by particles

suspended, due to the presence of organic matter.
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The water presented serious
limitations to be used in the analysis of
pp determination with the VG method,
showing inefficiency in removing air
in soil samples with clay texture,
possibly due to its higher surface
tension, as reported by Santos et al.
(2010). Thus, the results obtained
make its use in laboratory routines
unfeasible to replace 99 °GL alcohol. In
another way, the 70 °GL alcohol
showed good results, indicating the
possibility of sparing alcohol in
laboratory analyzes, by reducing the
concentration of 99 °GL alcohol.
However, it is necessary to increase
the analysis time (minimum of 48 h for
70 °GL alcohol) so that the results can
be stable. The 47.6 °GL alcohol showed
instability in the results, making its
use unfeasible, despite the good
results previously verified at 48 h.

Conclusions

The association “ppvc.99 Vs ppv70”,
after 24 h, showed an excellent result
(R2 > 0.82). The use of water in the
analysis was unsatisfactory, especially
after 48 h (R? < 0.42). The 47.6 °GL

alcohol concentration was not
promising to replace 99 °GL
concentration, due to the high

reduction on the coefficient of
determination and correlation after
48 h;

The 99 °GL alcohol allows less
variable pp analyzes after 24 h. The 70
°GL alcohol provides a better response
only after 48 h;

For the analyzed soils, alcohol at a
70 °GL concentration can replace the
99 °GL to obtain p, values with the
Modified  Volumetric Glassware
Method, in the period after 48 h. The
47.6 °GL alcohol concentration or
water is not recommended to obtain
pp values with VG modified method.

References

ALVARES, C. A; STAPE, J. L,
SENTELHAS, P.].; GONCALVES, ]J. L. M,;
SPAROVEK, G. Koppen’s climate
classification map for  Brazil
Meteorologische Zeitschrift, v. 2,
n.7,p.11-728.2013.

ASSIS, P. C. R,; STONE, L. F.; OLIVEIRA,
J]. M,; WRUCK, F. ], MADARI, B. E,;
HEINEMANN, A. B. Atributos fisicos,
quimicos e biologicos do solo em
sistemas de integracdo lavoura-
pecudria-floresta. Revista Brasileira

de Engenharia  Agricola e
Ambiental. v.19, n4, p.309-316,
20109.

BRAIDA, ]. A; REICHET, ]. M,

REINERT, D. J.; VEIGA, M. Teor de
carbono organico e a susceptibilidade
a compactacao de um Nitossolo e um
Argissolo. Revista Brasileira de
Engenharia Agricola e Ambiental.
v.14,n.2, p.131-139, 2010.

BERTOLLO, A. M. LEVIEN, R
Compactacdo do solo em Sistema de
Plantio Direto na palha. Revista
Pesquisa Agropecuaria Gaucha.
v.25,n.3, p.208-218, 2019

BLAKE, G. R.; HARTGE, K. H. Methods
of Soil Analysis: Part 1 Physical and
Mineralogical Methods, Particle
Density. Editora SSSA Book Series.
1986. 31p.

BONFANTE, A, TERRIBILE, F,;
BOUMA, ]. Refining physical aspects of
soil quality and soil health when
exploring the effects of soil
degradation and climate change on
biomass production: an Italian case
study. Published by Copernicus
Publications on behalf of the
European Geosciences Union. SOIL,
v.5,p.1-14,20109.

Acta Iguazu, Cascavel, v.9, n.4, p. 88-101 2020

99



Santos et al.

DOURADO, P. R.M; SOUZA, E. R,; LINS,
C. M. T,; MELO, H. F.; SANTOS, H. R. B,;
MONTEIRO, D. R.; PAULINO, M.K.S.S,;
LEAL, L. Y. C. Osmotic adjustment in
cowpea plants: Interference of
methods for estimating osmotic
potential at full turgor. Journal Pre-
proof. Plant Physiology and
Biochemistry. p.1-25, 2019.

EMPRESA BRASILEIRA DE PESQUISA
AGROPECUARIA (EMBRAPA).
Manual de métodos de analise de
solo. Centro Nacional de Pesquisa de
Solo. 2.ed. Rio de Janeiro: EMBRAPA
CNPS, 1997. Acesso em 30 de julho de
2020, disponivel em:<
https://www.agencia.cnptia.embrapa
.br/Repositorio/Manual+de+Metodos
000fzvhotgk02wx50k0g43a0ram31

wtr.pdf>.

GUBIANI, P. I; REINERT, D. J;
REICHERT, ]. M. Método alternativo
para a determinacao da densidade de
particulas do solo: exatidao, precisao e
tempo de processamento. Revista
Ciéncia Rural. Santa Maria, v.36, n.2,
p.664-668. 2006.

JACOVIDES, C. P.; KONTOYIANNIS, H.

Statistical procedures for the
evaluation of evapotranspiration
computing models. Agricultural

Water Management. v. 27, p. 365-
371.1995.

LIBARD], P. L. Dinamica da agua no
solo. Sdo Paulo, Universidade de Sao
Paulo, 2005. 335p.

MOEYS, ]. The soil texture wizard: R
functions for plotting, classifying,
transforming and exploring soil
texture data. 2018. Acesso em 31 de
julho de 2020. Disponivel em:
>https://cran.r-

project.org/web/packages/soiltextur
e/vignettes/soiltexture vignette.pdf<.

ROSA, S. L. K; SOUZA J. L. M;
TSUKAHARA, R. Y.; PIEKARSKI, K. R;
OLIVEIRA, C. T. Determinacdo dos
atributos fisico-hidricos de trés tipos
de solos dos Campos Gerais. In:
CONGRESSO INTERNACIONAL
CONVIBRA. 2018. 11p.

RUEHLMANN, J. Soil particle density
as affected by soil texture and soil
organic matter: 1. Partitioning of SOM
in conceptional fractions and
derivation of a variable SOC to SOM
conversion factor. Geoderma. p. 2-
8, 2020.

SANTOS, M. A; RODRIGUES, J. J. V.
Comparagdo entre as densidades da
particula de seis solos do estado de
Pernambuco obtidas pelo método
classico do picndmetro com agua e o
método do balao volumétrico com
alcool etilico. UFPRE. In: CONGRESSO
JEPEX. 20009.

SANTOS, M. C.; MORAES, A. P.; LEMES,
M. A,; LIMA, E. C. D.; OLIVEIRA, A. E.
Adsorcao e propriedades de volume
de misturas bindrias dgua alcool: um
experimento didatico com base em
medidas de tensdo superficial.
Quimica Nova. v. 33, n.7, p.1598-
1602, 2010.

SANTANA, S. C. Indicadores fisicos

da qualidade de solos no
monitoramento de  pastagens
degradadas da Regiao Sul do

Tocantins. Dissertacdo (mestrado) -
Universidade Federal do Tocantins.
Programa de Pds-Graduacdao em
Producédo Vegetal, 2009.

SOUZA, ]. L. M.; PIEKARSKI, K. R;
TSUKAHARA, R. Y.; GURSKI, B. C.
Atributos fisico-hidricos de solos no

Acta Iguazu, Cascavel, v.9, n.4, p. 88-101 2020

100


https://www.agencia.cnptia.embrapa.br/Repositorio/Manual+de+Metodos_000fzvhotqk02wx5ok0q43a0ram31wtr.pdf
https://www.agencia.cnptia.embrapa.br/Repositorio/Manual+de+Metodos_000fzvhotqk02wx5ok0q43a0ram31wtr.pdf
https://www.agencia.cnptia.embrapa.br/Repositorio/Manual+de+Metodos_000fzvhotqk02wx5ok0q43a0ram31wtr.pdf
https://www.agencia.cnptia.embrapa.br/Repositorio/Manual+de+Metodos_000fzvhotqk02wx5ok0q43a0ram31wtr.pdf
https://cran.r-project.org/web/packages/soiltexture/vignettes/soiltexture_vignette.pdf%3c
https://cran.r-project.org/web/packages/soiltexture/vignettes/soiltexture_vignette.pdf%3c
https://cran.r-project.org/web/packages/soiltexture/vignettes/soiltexture_vignette.pdf%3c

Santos et al.

sistema de plantio direto, regido dos
Campos Gerais. In: CONGRESSO
INTERNACIONAL CONVIBRA. 2017.
14p.

TEIXEIRA, P. C; DONAGEMMA, G. K,;
FONTANA, A, TEIXEIRA, W. G.
Manual de métodos de analise de
solo. 3. ed. rev. e ampl. - Brasilia, DF:
Embrapa, 2017. Acesso em 31 julho de

2020. Disponivel em:>
https://www.embrapa.br/busca-de-
publicacoes/-

/publicacao /1085209 /manual-de-
metodos-de-analise-de-solo <.

WICKHAM, H.; CHANG,W.; HENRY, L.;
TAKAHASHI, K.; WILKE, C.; WOO, K,;
YUTANI, H.; DUNNINGTON, D.
Package ‘ggplot2’. Version 3.3.2, 19-
Jun-2020. Acesso em 09 de agosto de
2020. Disponivel em:> https://cran.r-
roject.org/web/packages lot2

gplot2.pdf<.

WILLMOTT, C. ]. Some comments on
the evaluation of model performance.
Bulletin American Meteorology
Society, v. 63, n. 11, p. 1309-1313.
1982.

ZAMBRANO-BIGIARINI, M.
Goodness-of-fit Measures to
Compare Observed and Simulated
Values with hydroGOF. Version 0.2,
11-Mar-2020. Acesso em 09 de agosto
de 2020. Disponivel
em:>https://cran.r-
project.org/web/packages/hydroGOF
/vignettes /hydroGOF Vignette.pdf<.

Acta Iguazu, Cascavel, v.9, n.4, p. 88-101 2020
101


file:///C:/Users/Aline/Downloads/Manual-de-Metodos-de-Analise-de-Solo-2017%20(1).pdf%3c
file:///C:/Users/Aline/Downloads/Manual-de-Metodos-de-Analise-de-Solo-2017%20(1).pdf%3c
file:///C:/Users/Aline/Downloads/Manual-de-Metodos-de-Analise-de-Solo-2017%20(1).pdf%3c
file:///C:/Users/Aline/Downloads/Manual-de-Metodos-de-Analise-de-Solo-2017%20(1).pdf%3c
file:///C:/Users/Aline/Downloads/Manual-de-Metodos-de-Analise-de-Solo-2017%20(1).pdf%3c
https://cran.r-project.org/web/packages/ggplot2/ggplot2.pdf%3c
https://cran.r-project.org/web/packages/ggplot2/ggplot2.pdf%3c
https://cran.r-project.org/web/packages/ggplot2/ggplot2.pdf%3c
https://cran.r-project.org/web/packages/hydroGOF/vignettes/hydroGOF_Vignette.pdf%3c
https://cran.r-project.org/web/packages/hydroGOF/vignettes/hydroGOF_Vignette.pdf%3c
https://cran.r-project.org/web/packages/hydroGOF/vignettes/hydroGOF_Vignette.pdf%3c

