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ABSTRACT

Limitations in quantifying microorganisms in conventional soil microbiological analyses cause experimental errors. There is a difficulty
in performing the correct dilution of the sample, which is influenced by the specific granulometric characteristics of each soil. This
study aimed to evaluate different combinations of extracting soil solutions. Clayey loam and sandy loam are the two types of soil
evaluated according to current humidity, pH, and granulometric analysis. For the quantification of the Colony Forming Units (CFU
g!) of the soil, extracting solutions of H2O (distilled water), NaCl (sodium chloride), NasP2O7 (sodium pyrophosphate), and
C4Hi124026 (Polysorbate Tween-80) were used for analyses. The method of in-depth serial dilution was used in this study to quantify
the microorganisms. The means of each microbiological feature were examined and compared using the Tukey test with a 5% chance
of being correct. The granulometric characteristics of the soil affected the microbial quantification. The solution of H2O + NasP207
+ C4H124026 allowed greater quantification for sandy loam soils, and for clayey loam soil, the solution of H2O + NasP2O7 was the
most efficient.

Keywords: counting; dilution; granulometry; microorganisms.

RESUMO

Limitacoes na quantificacio de microrganismos em analises convencionais de solos ocasionam erros experimentais. Existe uma
dificuldade em se fazer a correta diluicdo da amostra, que ¢ influenciada pelas caracteristicas granulométricas especificas de cada solo.
Esse estudo teve como objetivo avaliar diferentes combinacoes de solugdes extratoras de solos. Avaliaram-se dois tipos de solo, um
francoargiloso e outro francoarenoso. Nestes determinou-se o pH, a umidade atual, as analises granulométricas. Para a quantificacdo
das unidades formadoras de colonia (UFC.g ') do solo, utilizou-se as solugbes extratoras de H2O (agua destilada), NaCl (cloreto de
s6dio), NasP2O7 (pirofosfato de s6dio) e CeaHi24026 (polisorbato Tween-80). A contagem de microrganismos foi realizada através do
método de dilui¢io seriada em profundidade. As médias de cada atributo microbiolégico foram comparadas entte si através do teste
de Tukey 5% de probabilidade. As caracteristicas granulométricas do solo afetaram a quantificagio microbiana. A solugdo de H20 +
NasP207 + CesH124026 possibilitou maior quantificagio para solos francoarenosos e para solo francoargiloso, a solu¢do de H2O +
NasP207 foi a mais eficiente.

Palavras-chave: contagem; diluicdao; granulometria; microrganismos.
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Introduction

Only 1% of soil microorganisms are known, according to estimates. The cultivation and quantification of
these microorganisms by conventional techniques are limiting because these living beings need to have all the
physical and chemical conditions necessary for their growth, being difficult to optimize these conditions in the
laboratory (Stursa et al. 2009). Another factor that can affect this quantification is the adequate dilution and
homogenization of the sample, which is essential for developing new methodologies for its study, which allow
quantifying the maximum possible of these microorganisms.

Microorganisms provide several ecosystem services, according to (Pires 2016), the world population
depends directly on microorganisms, when related to nutrient recycling and supply for agriculture and livestock.
Of Brazil the soils at the Cerrado biome are responsible for a large part of this agricultural productivity. Due
to their formation of origin and the high weathering process, these soils are naturally acidic, with low cations
and high aluminum concentration, limiting agropastoral systems (Fageria e Stone 1999).

Among the physical indicators that evaluate soil quality are texture, structure, density, particle aggregation,
resistance to penetration, hydraulic conductivity, porosity and water infiltration rate (Reichardt e Timm 2012).
Thus, the sandy texture in soils allows greater hydraulic conduction capacity due to the presence of macropores,
in addition to providing lower water adsorption force, when compared to clayey soils (Brady e Weil 2013).
Texture is a physical indicator of the soil, which relates proportions of sand, silt and clay; This relationship
determines soil resistance, water dynamics and ecological processes, which are nutrient cycling and ionic
exchange (Stefanosk et al. 2013).

Modifications of previously natural environments in areas of large agricultural production have caused
great soil degradation, increasing compaction, reducing biological activity and, consequently, causing loss of
nutrients and organic matter through erosion processes (Moraes et al. 2012; Boldaji e Keller 2016). Knowing
the physico-chemical and biological characteristics of Cerrado soils is extremely important to attribute the type
of management used to improve productivity adequately.

The most varied extraction methods can be the reason for contradictory results, with different conclusions
in identical experiments regarding the analysis of soil microbiota. Paz-Lima et al. (2016) used aqueous extracts
in different soil and water ratios to quantify the microbiota in different soil managements. Varela (2012) also
uses this same extraction technique to analyze microorganisms in soils degraded by coal mining. Bueno et al.
(2018) quantified the high formation of colony forming units (CFUs) in soils of agroforestry areas after
extraction of samples in saline solution (0.85% NaCl). Some works use solutions with sodium pyrophosphate
and tween 80, such as (Santos e Batista 2015), who evaluated the presence of bacteria in soils with domestic
and industrial solid waste; (Moraes 2016) used a 0.1% pyrophosphate soil extractor solution to quantify total
bacteria in soils planted with corn and inoculated with growth-promoting bacteria. The use of biological
indicators, promoters of growth and development of cultures, has been adopted in monitoring programs, which
evaluate the alterations in the soil and its quality (Silveira 2011). The quantification of the microbial load is an
essential tool to assess and quantify biodiversity in terrestrial environments.

The definition of solid, liquid, and gaseous soil phases is fundamental in the characterization of physical,
chemical, and biological attributes, especially in the choice of technique to be used, for example, to quantify
microbial load. The solid phase (sand, silt, and clay) has a more significant characteristic of resistance to changes
in the initial phase. The liquid and gas phases vary, depending on the management used (Souza et al. 2013). For
the authors, knowledge of the liquid phase, the soil solution, is fundamental because it is in this phase that the
availability of nutrients for plants, the processes of environmental contamination, and the characterization and

quantification of excess salts in the soil.
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The microbial load is also determined qualitatively and quantitatively. The literature is limited in terms of
comparisons of effective techniques for the greatest possible extraction from the soil, when it comes to
microbiological analyses. For an efficient evaluation, it is necessary to use the ideal extraction solution, that is,
one that has chemical affinity with the texture of the analyzed soil. The study hypotheses were: (i) Different
combinations of extracting solutions have different dilution capacities; (i) The texture of the soils, in this case,
sandy and clayey, influences the interaction of the molecules of the applied extracting solutions. This work
evaluates the efficiency of three methodologies used to extract microorganisms from soils in different

combinations in a Cerrado soil samples in Frutal (MG).
Materials and Methods

Areas of study

The experiment was carried out in two agricultural areas in the Cerrado, Fazenda Marmeleiro and Fazenda
Mata da Chuva, both located in the municipality of Frutal, MG. The soils are of the red-yellow latosol type and
are subject to sugarcane planting. The samples were taken and analyzed during the dry month of July 2020.

Collection method

Samples were collected at a 0-25 cm depth in four property plots, totaling eight different samples. The
collected soils were placed in sterile bags and taken to the laboratory for analysis. Then, were homogenized by

agricultural fund, reducing to two samples in total.

Physicochemical analyses of soils

The analyzes of pH and current humidity were carried out, according to (Teixeira et al. 2017). Then, the
sample was prepared, obtaining the air-dried fine earth (ADFE) and granulometric analysis, with the mass

determination of the soils' fractions. All of the analyses were carried out, in a laboratory, in triplicate.

Soil pH analysis

The soil was collected (10 g), weighed, and transferred to a 50 mL beaker aiming to measure the hydrogenic
potential (pH). Then, 25 mL of distilled water was added to the soil using a beaker, and, with the aid of an
individual glass rod, homogenization was necessary for approximately 1 minute. The mixture was left to rest

for one hour, and the pH of the solution could then be measured by immersing the combined electrode (water
and KCl at 3 mol L.™).

Soil humidity analysis

Humidity determination was defined using porcelain capsules, where 30 g of moist soil were weighed on a
precision analytical balance and placed in a kiln at 105 °C for 24 h. After removing the kiln, the capsules were
directed to within the desiccator with silica indicating the humidity until they reached room temperature. After
cooling, the capsules containing the dry soils were weighed again on the same analytical precision balance. The

following equation can calculate the current gravimetric humidity (Kg Kg™).

- (5

wherein:

Hg = gravimetric humidity (Kg Kg™)
a = Wet sample mass (Kg)

b = Dry sample mass (Kg)
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Obtaining the ADFE (Air-Dried Fine Earth)
The samples were manually broken up and spread on 180 g/M? kraft paper trays and placed in a dry and

ventilated place, exposed to the sun until complete desiccation.

Granulometric analysis

First, the residual humidity of the soil was measured, according to (Teixeira et al. 2017). For that, 10 g of
ADFE were weighed in previously dried and tared porcelain capsules and subjected to a temperature of 105 °C

for 24 h. Calculations for determination of residual humidity and soil mass correction factor were estimated

U _(a—b) f_a
"\ b b

specified below:

wherein:

Ur = Residual humidity (kg kg

f = Factor used to correct soil mass, used for dry soil mass in laboratory determinations using ADFE
(Factor ")

a = Air-dried sample mass (g)

b = Mass of the sample dried in a kiln at 105 °C (g)

For granulometric analysis, 20 g of ADFE were necessary from each sample. The soils were transferred to
250 mL Erlenmeyer with a glass funnel, using 100 mL of distilled water for this transfer. Then, 10 mL of 1 mol
L sodium hydroxide (NaOH) solution was prepared and added to the mixture. All Erlenmeyer flasks were
adjusted and placed on a shaker table rotated at 50 rpm for 16 h. After the rotational termination, the samples
passed through 0.053 mm mesh sieves with the aid of funnels to the 1000 mL beakers. All retained material
was washed with distilled water, taking care to avoid splashing, always observing the volume limit of the beakers.
After washing the material retained on the sieves, the volume of 1 L in each beaker was total and completed
using distilled water. The sands retained in the sieves were transferred to previously dried and tared beakers,
subjected to drying in a kiln for 24 h at 105 °C. After drying and cooling, the coarse sand and fine sand fractions
were examined and determined, submitting the total sand to a new 0.212 mm sieve. The retained and weighed
fraction constituted the coarse sand fraction. Fine sand passed through the sieve, was also weighed, and the
value of its mass was obtained and recorded.

The pipette method was used and implemented in this assay to determine silt and clay (Teixeira et al. 2017).
The control test was realized and prepared in another 1000 mL beaker, adding 10 mL of 1 mol L' NaOH and
completing the volume with distilled water. With a volumetric pipette, 25 mL of the solution was collected and
transferred to a 50 mL beaker, previously dried and tared. The solution was dried in a kiln for 24 h at 105 °C.
After drying and cooling, the beaker mass was obtained and measured again. All solutions containing the test
tubes, including the control test, were subjected to suspension temperature measurement using a thermometer.
Then, all suspensions were shaken vigorously for 1 min with glass rods, immediately collecting 25 mL of each
supernatant solution. Likewise, the collected solutions were separated and placed in 50 mL beakers, previously
dried and tared, and placed in a kiln for 24 h at 105 °C. The silt fraction settling time was waited, following the

temperature of the solution, as described (Table 1).
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Table 1. Sedimentation time calculated for the silt fraction (0,002 mm < @ < 0,05 mm) in the function of the temperature of the suspension for a depth of 5

cm and soils with an average particle density of 2.65 kg dm-, in a determination, carried out at sea level

Sedimentation time at 5 cm

Temperature (°C) Hours Minutes
15 4 23
16 4 16
17 4 10
18 4 4
19 3 58
20 3 52
21 3 46
22 3 41
23 3 36
24 3 31
25 3 26
26 3 21
27 3 17
28 3 13
29 3
30 3

Source: Teixeira et al. (2017, p. 95).

After the sedimentation time of the silt fraction, 25 mlL. were removed from the supernatant solutions in
triplicate so that it did not go deeper than 5 cm in the beaker. The aliquots were separated, transferred to clean
beakers, previously dried and tared, and taken to a drying kiln at 105 °C for 24 hours. After cooling in a
desiccator, the beakers were immediately prepared and weighed using a balance with an accuracy of 0.0001 g.
All masses, previously weighed at the balance, were reserved for analysis. Calculations for different parameters

were estimated and obtained according to the equations below (Equations 1-5).

1 - Equation of the sum of the mass of fractions

Sm= (mfs xf) n ((mts— msg) Xt) n ((mSC -mc) xf) + (Me ~Meontrol) X f

m; m; m; X Ry m; X Ry
Wherein:
Sm = Sum of the mass of fractions (g)
my = Fine sand mass (g)
my, = Total sand mass (g)
my. = Silt + clay mass (g), dried in a kiln
m. = Clay mass (g), dried in a kiln
Meoniol = Control mass (g), dried in a kiln
m; = initial sample mass (g)
R, =Ratio of pipetted volume to the total volume of the beaker

f - humidity correction factor for initial mass
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2 - Equation of the fine sand concentration.

Wherein:

Ts, = Fine sand concentration (g kg™)

m; = Initial sample mass (g)

myg, = Fine sand mass (g)

f = humidity correction factor for initial mass

Sm = Sum of the mass of fractions (g)

3 - Equation of the coarse sand concentration.

I = ((mtS — mg) X f) y (1000)

m; Sm

Wherein:

Tcs = Concentration of coarse sand (g kg™)

m; = Initial sample mass (g)

my = Total sand mass (g)

myg, = fine sand mass (g)

f - humidity correction factor for the initial mass

Sm = Sum of the mass of fractions (g)

4 - Equation of the silt concentration.

I = ((mSC —m.) X f) « (1000)
m; X Ry Sm
Wherein:
T, =silt concentration (g kg™)
m; = Initial sample mass (g)
my. = Silt + clay mass (g), dried in a kiln
m. = Clay mass (g), dried in a kiln
R, =Ratio of pipetted volume to the total volume of the beaker
f - humidity correction factor for initial mass

Sm = Sum of the mass of fractions (g)

5 - Equation of the clay concentration.

TC = <(mc — mcontrol) X f) % (1000)

m; X RV Sm

Wherein:
T. = Clay concentration (g kg™
m; = Initial sample mass (g)

m. = Clay mass (g), dried in a kiln
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Meoneol = Control mass (g), dried in a kiln
R, =Ratio of pipetted volume to the total volume of the beaker
f - Humidity correction factor for initial mass

Sm = Sum of the mass of fractions (g)

Soil extraction methods

Three methodologies studied were evaluated, using three different substances, which are sodium chloride,
sodium pyrophosphate and Tween 80. These elements were diluted in water in different combinations. 10%
water and soil solution (Paz-Lima et al. 2016); 0.9% NaCl solution (Bueno et al. 2018); 0.1% pyrophosphate
solution + 0.1% tween (Santos e Batista 2015). The experimental design consisted of four replications six

treatments (Table 2).

Table 2 - Treatments used as soil extractor solutions for microbiological analysis

Treatments Concentrations
H20 100%
H20 + NaCl 0.9% NaCl
H20 + Na4P207 0.1% Na4P207

H20 + C64H124026

0.1% C64H124026

H20 + NaCl + C64H124026

0.9% NaCl + 0.1% C64H124026

O 0|~ |WIN|PF

H20 + Na4P207 + C64H124026

0.1% Na4P207 + 0.1% C64H124026

*H20 = Distilled water; NaCl = sodium chloride; NasP207 = Sodium pyrophosphate; Ce4H124026 = Tween 80. Source: Prepared by the author, 2023.

Microbiological analysis of soils

For counting total microorganisms, 10 g of each rhizospheric soil sample were weighted and added to 250
mL Erlenmeyer containing 90 mL of each extracting solution. The mixtures were adjusted and rotated at 300
rpm for 30 min. After homogenization, serial dilutions were necessary, in which 1,0 mL of the sample was
diluted and homogenized, mistuning to 9.0 mL of each corresponding solution. The same technique was
meticulously followed at the laboratory until the necessary concentration was confirmed. Thus, the
concentrations used in the experiment are from 10* to 107. In quadruplicate, 0.1 ml. aliquots of each
concentration were incubated at kiln by pour plate in nutrient agar medium. The plates containing the inoculum
were kept in BOD (Biochemical Oxygen Demand) at a temperature of 28 °C for 72 hours. After this period,
the colony counter counted the number of existing colonies with 6X magnification. The plates evaluated and
counted had between 30 and 300 UFC's, necessarily. The quantitative calculation of colony-forming units was

carried out according to (number of colonies found x number of dilutions used x 10).

Statistical analysis

The number of colony-forming units (CFU g") in soil was the dependent vatiable for evaluating the
efficiency of extracting solutions. Thus, the results obtained from the microbiological count were associated
with a greater or lesser degree of dilution capacity of the extracting solutions. The averages of each

microbiological attribute were obtained and compared using the Tukey test at 5% probability.

Results and discussions

The averages were determined and obtained from the results in triplicate from the pH and humidity

analyses (Table 3). Environmental factors, such as pH and granulometry, which interfered with the number of

v.14,n.3, 2025 « p. 30-41. « DOI http://dx.doi.org/10.21664/2238-8869.2025v14i13.7101



57 ﬁ"n@ Extractor Solutions Improve the Extraction/Quantification of Microbial Load by Conventional Cultivation Techniques
v Adriana Barboza Alves, Alan Rodrigues Teixeira Machado, Osania Emerenciano Ferreira

bacteria, influenced the growth of bacterial communities. When it came to pH, Mata da Chuva Farm had the
highest pH, the lowest humidity, and the highest number of bacteria (Table 3/Graph 1). Most soil bacteria tend
to grow more at neutral pH, between (6.5 to 7.5) (Sudharhsan et al. 2007). The seasonal variation of the bacterial
community can be affected by soil humidity (Butenschoen et al. 2011). In this work, the humidity did not affect

the number of bacteria.

Table 3 - Results of the averages of pH and current humidity, with analysis of the standard deviation, of the soils of Cerrado

Marmeleiro Farm Mata da Chuva Farm
pH analysis 5.78 £ 0.62 6.20 + 0.08
Current humidity analysis (kg kg™) 0.096 + 0.026 0.18 £ 0.0096

Source: Prepared by the author, 2023.

Regarding the granulometric analysis, the highest percentage of sand was determined for Mata da Chuva
Farm and also where the highest values of microbial load were observed and obtained in the solution of H,O
+ NaP2O7 + CouHi24026; Marmeleiro Farm showed a clay loam soil, and the highest microbial load values were
obtained and observed in the H;O + Na,P.O; solution (Table 3/Graph 1). These results evidence the
importance of the correct use of the extracting solution, being important standardization of the method taking
into account the granulometric characteristics of the soil. The granulometric analysis passed through the average
calculation is then submitted to the calculations described in the methodology. The results of all equations can
be seen and described in (Table 4).

Table 4 - Means of granulometric attributes of the two types of Cerrado soils submitted to a sugarcane plantation

Marmeleiro Mata da Chuva

Granulometric attributes Farm Farm

Residual humidity (kg kg1) 0.0014 0.0012
mi = Initial sample mass (g) 20 20

mis = Total sand mass (g) 7.8883 14.5605

Mrs = Fine sand mass (g) 7,03 12,57

Mecontrol = Control mass (g), dried in a kiln 0.0119 0.0119
mMsc = Silt + clay mass (g), dried in a kiln 0.2836 0.1305
mc = Clay mass (g), dried in a kiln 0.1890 0.0645

Ry = Ratio of pipetted volume to the total volume of the beaker 0.025 0.025
f =wumidity correction factor for initial mass 1.0129 1.0057
Sm = Sum of the mass of fractions (g) 0.9499 0.9707
Tts = Fine sand concentration (g kg1) 374.78 651.18
Tes =concentration of coarse sand (g kgt) 45.79 103.12
Ts=Silt concentration (g kg1) 201.70 136.80
T¢=Clay concentration (g kgt) 377.73 108.99

Source: Prepared by the author, 2023.
The fractions of the forming particles of each soil were measured and obtained using the table 4 findings,

as shown in (Graph 1).
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Marmeleiro Farm Mata da Chuva Farm

# Percentage of sand  # Percentage of silt  :: Percentage of clay

Graph 1 - Percentage of sand, silt, and clay fractions in two soils submitted to sugarcane plantation in the Cerrado of Minas Gerais. Source: Prepared by the
author, 2023.

Soils were classified and designated as clay loam (Marmeleiro Farm) and sandy loam (Mata da Chuva Farm)
according to the Minas Gerais (MG) triangle of soil textural classes IBGE Pedology Technical Manual 2015).
Table 5 shows the results of counting microorganisms subjected to the Tukey test.

Water is a natural extractor and is often used to extract carbon from soil microbial biomass in microbial
ecology (Haney et al. 1999). In this work, the extracting solution composed only of distilled water (treatment
1) showed the lowest efficiency, with the value for CFU g equal to 2.50.10* for both soil samples (Table 5).
(Paz-Lima et al. 2016) found values higher than 7.10° CFU g in horticultural soils, using only distilled water as
an extractor solution. Lower values were reported by (Silva et al. 2010) using the same extractor solution in
tropical forest areas, which determined the average count of the order of 10° CFU g for fungi and 10° CFU g
! for bacteria per gram of soil. However, it is essential to note that the counts of CFU g™ levels are observed
and influenced by soil conditions and should not be analyzed and compared directly.

The addition of NaCl to water (treatment 2) did not lead to a statistically significant difference between
treatments (1 and 2) for the values obtained for CFU g' (Table 5). (Bueno et al. 2018), evaluating
microbiological indicators in agroforestry systems, found aerobic bacteria in 10’ CFU g of soil in their work,
using 0.85% NaCl as an extracting solution. These results do not agree with the data of this work since this
type of solution has a low capacity to dilute the material to be analyzed, with insufficient levels of quantification
of microbial biomas.

Table 5 - Mean values of colony forming units (104 CFU g') after 72 hours of incubation in Nutrient Agar medium, using different extractor solutions

Treatments Marmeleiro Mata da Chuva Farm
Farm

1 H20 250c 2.500 b

2 H20 + NaCl 250¢c 20.00 b

3 H20 + NasP207 177.50 a 77.50 b

4 H20 + CeaH124026 12.50 c 20.00 b

5 H20 + NaCl + CesH124026 107.50 b 10.00 b

6 H20 + NasP207 + Ce4H124026 20.00 c 427.50 a

*Values followed by the same letter do not differ, by Tukey's test probability at 5%. Source: Prepared by the author, 2023.
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Based on the mineralogy of the two soil samples studied, it is not surprising that the extraction with the
aqueous solution of NasP,O; 0.1 % m/m (treatment 3) revealed a statistically higher value of CFUs for the
sample extracted from the loamy loam soil (Tab. 5). These findings are confirmed and justified since the
extraction of microbial biomass with this solution can be attributed to the ability of Na,P>O5 to chelate with
metallic ions, Ca*" and trivalent, present in the soil (Gem et al. 1996).

In an evaluation of corn development (Moraes 2016), using soil extractor solution NasP>O7 0.1 % m/m,
quantified total bacteria in 10° in soils inoculated with Azospirillum brasilense. The results recorded for the
aqueous solution of tween 80 0.1% w/w (treatment 4) revealed a low efficiency in both soil samples, with CFU
g values statistically equal to those recorded for treatments 1 and 2 for both soil samples (Tab. 5). Tween 80
sorption in soils considerably impacts organic matter solubilization capacity, i.e., sorption reduces surfactant
levels for microbial biomass extraction. Furthermore, clay minerals dominate the sorption of tween 80 even at
low concentrations (Kang e Jeong 2015).

According to same authors, anionic surfactants reduce the adsorption of non-anionic surfactants; in the
case of this work, NasP,O- limits the adsorption of tween 80 in soils, mainly clayey. This fact agrees with the
results obtained in (treatment 6), in which sandy textured soils have greater porosity and a better contact surface,
which favored the reactions of the extracting solution with the sand grains, allowing a greater quantification of
microbial biomass. (Santos e Batista 2015) used soil extractor solution containing (0.1% Na,P.O7 + 0.1% tween
80). The authors describe their results as contradictory to the other works cited since the highest count of CFUs
was determined in dry and not rainy seasons, as mentioned by most authors. According to this work, (Lanza et
al. 2004) showed a greater development of the fungus Metharizinm anisopliae in soils with sandy-clay texture.
According to the authors, clayey textures reduce porosity and increase water retention, making aeration and

nutritional exploration of the soil by the microorganism difficult.

Conclusions

Soil granulometric characteristics affect microbial quantification in cerrado environments in the Minas
Geralis triangle. It is essential to standardize extractor solutions to improve the efficiency of traditional methods
of counting microorganisms. In this work, the solution of H,O + NasP>O7 + CeHi2404 is the one that allowed
greater quantification for sandy loam soils, with up to 75% of sand; for clayey loam soils, with a higher

percentage of clay, the H O + Na,P,O5 solution is the most efficient.
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