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Abstract

Erosion pins are considered a simple and inexpensive way to estimate soil losses due to erosion and have been
used in different environments with different degrees and types of erosion. Despite the advantages of this technique,
there is a shortage of studies that demonstrate how data systematization and soil loss calculations are performed
using this technique. Therefore, this study aimed to present the step-by-step data systematization process of erosion
pins obtained in the field and the calculation of soil losses, with the measurement of soil losses under the effect of
hydrogel. Readings from 16 pins installed in an area cultivated with soursop trees planted on contour lines and
associated with stone rows were monitored weekly between 19/02 and 19/03/2022 by measuring the distance
between the soil surface and the end of each pin. The readings were organized by pin and date of measurement.
Subsequently, soil lowering and burial, soil density, useful area of each pin, and soil loss in kg/m3 and Mg/ha-1
were determined, enabling statistical analysis and technical interpretation of the data.

Keywords: sheet erosion, experimental data systematization, soil degradation
1. Introduction

Undoubtedly, soils are of great importance for maintaining life on Earth. Despite this, soil degradation is increasing
in various regions of the planet, mainly due to the intensification of erosive processes, including water erosion,
potentiated by the inadequate use and management of soils (SILVA et al., 2019; VALE and PEREZ-ALBERTI,
2021; WANG et al., 2021).

In this context, understanding the dynamics of erosive processes and determining their magnitudes becomes
essential to support the identification of more sensitive areas; to propose mitigation measures and to plan the use
and occupation of soils by governmental or non-governmental agents.

According to the literature, erosion determination methodologies are divided into direct and indirect methods.
Among the indirect methods, erosion pins stand out, which are rods, bars, or stakes made of metal, wood, or other
materials with good resistance and incapable of affecting the speed of surface runoff and the sediment-carrying
capacity of the runoff (BERTONI and LOMBARDI-NETO, 2014; HAIGH, 1977; HUDSON, 1993).

Pins are widely used to measure the retreat of gully edges and riverbanks. On slopes, pins have enabled
measurements of sheet erosion and estimates of soil losses (HART et al., 2017; JUGIE et al., 2018; KEARNEY et
al., 2018; MYERS et al., 2019; GUERRA et al., 2020; GHOLAMI et al., 2021).

According to Haigh (1977) and Hudson (1993), this technique presents advantages such as the ease of data
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collection, low maintenance requirements which reduces operational costs, the possibility of data collection at
flexible intervals, whether weekly, monthly, or annually, ease of detection in areas where erosion is occurring, and
particularly the low technical level required for data collection

Despite the advantages of this methodology, there is a scarcity of studies that demonstrate the systematization of
data from erosion pin readings, as well as the calculations of soil losses under the application of hydrogels from
the field readings. In order to address this demand, this study aimed to present the step-by-step systematization of
data obtained from erosion pins and the calculations used in determining soil losses.

2. Materials and Methods

The experimental area from which erosion pin data were obtained is a community-use agricultural property located
precisely in the Sdo Domingos community, in the district of Jaibaras, in Sobral, state of Ceard, Brazil (Figure 01).

The local climate is classified as hot semi-arid tropical, with an average temperature ranging from 26°C to 28°C
and a rainy season from January to May (IPECE, 2017). The average annual precipitation is 642.1 mm, with a
maximum of 1,325.70 mm and a minimum of 325.30 mm, considering a historical series of seventeen years
obtained from the official station of FUNCEME - Ceara Foundation for Meteorology and Water Resources, located
in the district of Jaibaras, which is about four kilometers from the study area.

The installation of the erosion pins took place in an area managed under conservationist practices. This
management consists of planting soursop in contour lines, associated with level stone ridges. It consists of 20
soursop plants spaced 7.0 x 7.0 m and distributed in four rows of 05 plants, with the central 06 plants considered
useful plants.

The erosion pins used were made of iron and were 70 cm long, and they were installed between the central rows
of the aforementioned treatment and distributed in 04 rows, with 04 pins each and in an intercalated manner with
respect to the next row (forming a triangular mesh) with a spacing of 1.5 m x 2.0 m, totaling 16 pins, as represented
in the schematic drawing of Figure 2.
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Figure 1. Experimental area location map

Source: Organized by the authors.
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Figure 2. Schematic drawing of the distribution of erosion pins in the field

Considering that the distribution of the erosion pins was triangular, the useful area of each pin must be calculated
based on the area of the triangle. In this case, using the following formula:
b(m)x h (m
A2y  2omx B Gm)
2
A = Area 1til de cada pino, in m2;
b = Base of the triangle, corresponding to the spacing between pins in the same row, in m;
h = Height of the triangle, corresponding to the spacing between rows of pins, in m.

The installation depth of the erosion pins was 45 c¢cm, leaving 25 cm exposed from the surface. It is worth noting
that smaller values are also commonly used by other authors (GUERRA et al., 2020). The installation was aided
by a sledgehammer and a 50 m tape measure. The part of the pins that remained exposed was painted red for the
purpose of facilitating their visualization. The following figure presents photographic records of the distribution
of the pins in the study area.

Figure 3. Photographic record of erosion pins installed in the field

Source: Author's own elaboration.

The readings of the erosion pins were taken individually, during the period from 02/19/2022 to 03/19/2022, at
regular intervals of 07 days. The measurements were taken from the soil surface to the top of each pin and aimed
to determine whether there was soil lowering, that is, the removal of soil from the base of the pins, or burying
(arrival of soil in the vicinity of the pins) between the reading intervals.
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It is worth noting that at the end of each reading, care was taken to leave each pin in the initial position, that is,
with 25 cm from the soil surface. The figure below shows the moment of the pin readings.

g A Y ' ’
Figure 4. Photographic record of pin readings in the field

Source: Author's elaboration.

The soil density of the aforementioned treatment was also determined using undisturbed soil samples collected in
triplicate at a depth of 0-8 cm. Metal cylinders of known volume were used for sampling, taking care to avoid soil
compaction inside the cylinder. The analysis followed the recommendations of the Soil Analysis Methods Manual
(Embrapa, 2017), which indicates the following formula for determining density:

Ds(g-cm?3) = ;1?:—7(53))

Where:

V = Volume do cilindro, em cm3;

D = Diametro interno do cilindro, em cm;

H = Altura interna do cilindro, em cm.

To determine the volume of the cylinder in cm3, the following formula was used:
V=m =x r’°x h

Where:

7 =3.14159... resulting from the division between the circumference and diameter of a circle.

r = Radius of the cylinder in cm;

h = Height of the cylinder in cm.

The readings of the pins and density values were systematized using spreadsheets in Microsoft Excel software.
Subsequently, the soil lowering and burial were determined, and then the soil loss calculations were carried out for
each individual pin using a formula adapted from Baldassarini & Osvaldo (2018), which consisted of:

P =RS x Ds x 10

Where: P = Perda de solo em megagramas por hectare (Mg ha-1), which means soil loss in megagrams per hectare;
RS = Rebaixamento do solo ¢ a medida da alteragdo da superficie medida com os pinos em metros (m), which
means the change of the soil surface measured with the pins in meters (m); Ds = Densidade do solo em quilograma
por metro cubico (kg m-3), which means soil density in kilograms per cubic meter (kg m-3).

3. Results and Discussion

For the proper systematization of the data from the pins readings installed in the field, the first step is to sequence
the readings values of each pin by date, as presented in Table 1.
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Table 1. Systematization of pin readings data by evaluation date

Date / reading (cm)

Pins () 022022 2600272022 050032022 120032022 19/03/2022
1 25 25 25 25 252
2 25 25 25 25 25,2
3 25 25 25,5 25 252
4 25 24 25 25 25,1
5 25 25 25 25 253
6 25 25 25 25 252
7 25 25 25 25 25
8 26 25 25 25 25
9 25 25 25 25 25
10 25 25 25,5 24 24
11 25 25 25,5 25 253
12 25 25 25 25 25
13 25 25 25 25 25
14 25 25 25 25 25,2
15 25 25 25 24 25
16 25 25 245 24 252

Considering that 25 cm was adopted as the reference value for the exposed part of the pins, that is, the part of the
pin that remained above the soil surface after each reading, the calculation of soil depression or burial will be equal
to the difference between the reference value (corresponding to 25 cm) and the value obtained during each reading,
that is:

Pinning or burying depth of the pin in (cm) = 25 (cm) - reading (cm).

To convert the value found in centimeters (cm) to meters (m), it must be divided by 100. Table 2 presents the soil
subsidence or burial data in meters obtained for each of the readings presented in Table 1.
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Table 2. Systematization of data from pin readings on each evaluation date

Dates / Soil subsidence or burial (m)

Pins(r) 19/02/2022 26/02/2022 05/03/2022 12/03/2022 19/03/2022
1 0 0 0 0 -0,002
2 0 0 0 0 -0,002
3 0 0 -0,005 0 -0,002
4 0 0,01 0 0 -0,001
5 0 0 0 0 -0,003
6 0 0 0 0 -0,002
7 0 0 0 0 0
8 -0,01 0 0 0 0
9 0 0 0 0 0
10 0 0 -0,005 0,01 0,01
11 0 0 -0,005 0 -0,003
12 0 0 0 0 0
13 0 0 0 0 0
14 0 0 0 0 -0,002
15 0 0 0 0,01 0
16 0 0 0,005 0,01 -0,002

The maximum value of soil subsidence found during the evaluation period was 0.01 m, while the lowest value was
-0.01 m. Positive subsidence values indicate that erosive processes occurred between evaluations that favored the
removal of soil from the base of the pins, thus the soil was lowered and the reading obtained during the
measurements was higher than 25 cm (reference value). Negative values indicate that the pin in question received
soil from adjacent areas, being buried, so the recorded reading was less than 25 cm. Zero values indicate that no
erosion occurred during the evaluated period.

Soil density data obtained in g cm-3, as described in the previous section, were converted to kg m-3. To do so, the
density value was multiplied by 1000. The aim of the conversion was to standardize the units for use in the soil
loss formula, a variable primarily represented in kg (kilograms) and Mg (megagrams). The table below presents
the variables used for calculating soil density. The arithmetic mean of the density of the triplicate samples was
considered as the soil density of the treatment used in the present study. Its value was equal to 1.483 g cm-3 or
1,483 kg m-3.

Parte superior do formulario

Table 3. Systematization of soil density data and variables used in its determination

. . height diameter mass density
Identification volume (cm3)
(cm) (cm) (2) (g em-3)
Repeticdo 1 5314 4,885 99,589 149,493 1,501
Repeticdo 2 5,319 4,872 99,1397 150,069 1,514
Repeticdo 3 5,299 4,858 98,2321 141,061 1,436
MEDIA 1,483

In the erosion pin methodology, soil losses can be considered as the amount of soil capable of occupying the three-
dimensional area formed by multiplying the spacing between the pins by the soil depression or burial. The
schematic drawing below aims to present in a didactic way the three-dimensional useful area mentioned.
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Figure 5. Three-dimensional useful area (m3) used for calculating soil losses by the erosion pin method

Source: Author's own elaboration.

Para o presente estudo, a area ttil dos pinos ¢ correspondente a 1,5 m2, conforme demonstra a figura abaixo.
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Figure 6. Representation of variables and calculation of the useful area of erosion pins

Source: Author's own elaboration.

With the values of the useful area of each pin in m2, the soil density in Kg m-3, and the soil depression or burial,
it is possible to determine the soil losses that occurred in each pin on each monitoring date. The table below
presents the data of soil losses in kg/m3 and Mg/ha-1, estimating the erosion potential for the area corresponding
to 10,000 m2.

To determine soil losses in kg/m3, multiply the value of the pin's useful area by the soil density and the soil
depression or burial. To determine soil losses in Mg/ha-1, the formula adapted from Baldassarini & Osvaldo (2018)
is used, as described in the methodology of this study.
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Table 4. Soil losses in kg/m3 and Mg/ha-1 for each pin, in each evaluation

Pinos Datas / Perdas de solos (m)
(n°) 19/02/2022 26/02/2022 05/03/2022 12/03/2022 19/03/2022
Kgm’> Mgha! Kgm® Mgha! Kgm®  Mgha' Kgm> Mgha! Kgm® Mgha'
1 0 0 0 0 0 0 0 0 4449 44,49
2 0 0 0 0 0 0 0 0 4449 44,49
3 0 0 0 0 -11,1225  -111,225 0 0 -4,449  -44.49
4 0 0 22,245 222,45 0 0 0 0 -2,2245  -22,245
5 0 0 0 0 0 0 0 0 -6,6735 -66,735
6 0 0 0 0 0 0 0 0 -4,449  -4449
7 0 0 0 0 0 0 0 0 0 0
8 -22,245  -222.,45 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 -11,1225  -111,225 22,245 222,45 22,245 222,45
11 0 0 0 0 -11,1225  -111,225 0 0 -6,6735 -66,735
12 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 4449 -44.49
15 0 0 0 0 0 0 22,245 222,45 0 0
16 0 0 0 0 11,1225 111,225 22,245 222,45 -4,449  -4449

From this point on, soil loss data can be subjected to various statistical analyses, including descriptive statistics,
tests of normality, analysis of variance, mean tests, as well as multivariate statistics, which involve the analysis of
the correlation matrix, principal component analysis, and other statistical tests that evaluate the occurrence of
significant differences in soil losses between evaluation dates and enable data interpretation.

4. Final Remarks

The data systematization presented in this study has the potential to assist students, producers, and researchers in
the installation of erosion pins in the field, systematization of the data obtained during their monitoring, and
determination of soil losses, enabling the performance of statistical analyses and technical interpretation of soil
loss data obtained in the field. This is essential for the correct analysis and interpretation of data from research
using erosion pins, as well as for comparison with other methodologies.
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