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Abstract

Soil erosion is currently the main cause of soil degradation. Therefore, it is urgent to implement technologies that aim to reduce erosion processes.
The effects of hydrogel on water storage and its ability to reduce surface runoff and soil losses were evaluated. Experiments were set up in pots and
in the field, with different doses of hydrogel and under different managements, respectively. In pots, the treatments were: TO and T02 - 0 g of
hydrogel; T0.5g - 0.5 g; Tlg - 1 g; T2g - 2g; T3g - 3 g; T4g - 4g and T5g - 5 g of hydrogel. In the field, 13.3 g of hydrogel/m2 was applied to
erosion plots installed in an area with soursop cultivation under different conservation managements, namely: — T1 - Planting in contour lines +
stone cordons + grass planting; T2 - Planting downbhill, without grass; T3 - Contour planting + grass planting and T4 - Downbhill planting + grass
planting. The total volume of water percolated in each pot and the surface runoff and soil losses were measured. It was concluded that doses
between 4 and 5 g/pot cause increases in water retention of more than 20%, mainly after 4 or 5 wetting and drying cycles. The high variability of the
treatments made 1t difficult to measure the effects of the hydrogel on soil losses, requiring more field studies using the polymer.

Keywords: Surface Runoff, Storage, Conservation Practices

Resumo / Resumen
EROSAO EM SOLOS ADICIONADOS DE HIDROGEL

A erosdo do solo ¢ atualmente a principal causa de sua degradagdo. Por isso, ¢ urgente a implementacdo de tecnologias que visem reduzir os
processos erosivos. Por esse motivo propde-se avaliar os efeitos do hidrogel no armazenamento da dgua e sua capacidade em reduzir o escoamento
superficial e as perdas de solos. Montou-se experimentos em vasos ¢ em campo, com diferentes doses de hidrogel e sob diferentes manejos,
respectivamente. Em vasos os tratamentos foram: TO e T02 — 0 g de hidrogel; T0,5g — 0,5 g; Tlg— 1 g; T2g —2¢g; T3g—3 g; T4g—4ge TS5g-5¢
de hidrogel. Em campo, aplicou-se 13,3 g de hidrogel/ m2 em parcelas de erosao instaladas em area com cultivo de gravioleiras sub diferentes
manejos conservacionistas, foram eles: — T1- Plantio em Curvas de Nivel + corddes de pedra + plantio de capim; T2 -Plantio morro abaixo, ausente
de capim; T3 - Plantio em curva de Nivel + plantio de capim e T4 - Plantio morro abaixo + plantio de capim. Mediu-se o volume total de agua
percolado em cada vaso e o escoamento superficial e as perdas de solos. Concluiu-se que doses entre 4 e 5 g/vaso ocasionam aumentos da retengdo
da dgua em mais de 20%, principalmente apds 4 ou 5 ciclos de umedecimento e secagem. A elevada variabilidade dos tratamentos dificultou a
aferi¢@o dos efeitos do hidrogel nas perdas de solos, sendo necesséarios mas estudos de campo utilizando o polimero.

Palavras-chave: Escoamento Superficial, Armazenamento, Praticas Conservacionistas.

EROSION EN SUELOS AGREGADOS CON HIDROGEL

La erosion del suelo es actualmente la principal causa de degradacion del suelo. Por ello, es urgente implementar tecnologias que tengan como
objetivo reducir los procesos de erosion. Por esta razon se propone evaluar los efectos del hidrogel sobre el almacenamiento de agua y su capacidad
para reducir la escorrentia superficial y las pérdidas de suelo. Los experimentos se realizaron en macetas y en el campo, con diferentes dosis de
hidrogel y bajo diferente manejo, respectivamente. En macetas, los tratamientos fueron: TO y T02 — 0 g de hidrogel; T0,5g — 0,5¢g; Tlg — 1g; T2g —
2g; T3g — 3g; T4g — 4 gy T5g - 5 g de hidrogel. En campo se aplicaron 13.3 g de hidrogel/m2 en parcelas de erosion instaladas en un area con
cultivo de guandbana bajo diferentes manejos de conservacion, fueron: — T1- Siembra en Curvas de Nivel + cordones de piedras + siembra de pasto;
T2 - Plantacion cuesta abajo, sin pasto; T3 - Plantacion en curva de nivel + plantacion de césped y T4 - Plantacion cuesta abajo + plantacion de
césped. Se midio6 el volumen total de agua percolada en cada maceta y el escurrimiento superficial y las pérdidas de suelo. Se concluy6 que dosis
entre 4 y 5 g/maceta provocan aumentos en la retencion de agua superiores al 20%, principalmente después de 4 o 5 ciclos de mojado y secado. La
alta variabilidad de los tratamientos dificulté medir los efectos del hidrogel sobre las pérdidas de suelo, lo que requiri6 mas estudios de campo
utilizando el polimero.

Palabras-clave: Escorrentia Superficial, Almacenamiento, Practicas de Conservacion.

This is an open access article under the CC-BY 3.0 Creative Commons license
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INTRODUCTION

The susceptibility of soil to erosion varies considerably with its intrinsic characteristics, such as
aggregate stability, soil texture, the existence of impeding layers, the occurrence of a B horizon, slope,
water storage capacity, and hydraulic conductivity, among others (Silva et al., 2021; Hao et al., 2020;
Ferreira et al., 2020; Lima et al., 2020; Costa Falcdo & Falcdo Sobrinho, 2019). Additionally, erosivity,
characterized as the potential of water to cause erosion, also plays a significant role (Lima et al., 2020).

In general, the intensity of the combination of soil intrinsic factors and precipitation erosivity
determines the magnitude of water erosion of soil.

The mitigation of erosive processes requires the reduction of any of their stages (Xing et al., 2023;
Lima et al., 2020), thereby reducing global soil loss. Carvalho et al. (2002) highlighted that the stages of
the erosion process are three: soil particle disaggregation, transport of disaggregated particles with
surface runoff, and deposition of eroded material in lower areas.

Studies show that mechanical conservation practices such as contour planting combined with
stone rows can reduce surface runoff and global soil loss (Falcdo Sobrinho & Barbosa, 2022).

In the studies by Lima et al. (2020), the authors found that during high precipitation events (81.2
and 71.0 mm), there was no surface runoff in conservation treatments using mulch, whereas, in exposed
soil treatment, average runoff values reached 7.55 mm, and soil loss was 0.015 kg m”-2, indicating the
impact of soil management on runoff generation and consequently on soil loss.

Water-retaining polymers, widely used in agriculture and medicine, have been recently evaluated
as allies in reducing erosive processes. Pandey and Kumari (2024) showed that biopolymers from
agricultural waste could improve shear strength and increase soil particle cohesion, demonstrating their
potential contribution to controlling permeability and erosion.

Nascimento et al. (2022) corroborate these claims by evidencing increases in soil water storage
capacity by up to 37% with the addition of hydrogel, estimating that adding 0.1% (w/w) hydrogel to a
sandy loam soil could result in soil water storage of about 180 m”3 ha™1.

Zheng et al. (2023) conducted a meta-analysis of 1,504 paired data points from 310 articles
published before July 2022 to evaluate the effect of water-retaining polymers. They found that their
addition to soil resulted in average increases of 17.2% in soil water storage, with this variable being
closely related to the growth in water-stable aggregates and soil porosity.

The benefits of hydrogels on soil water storage capacity and aggregate stability raise the
hypothesis that applying them to soil can reduce soil disaggregation and surface runoff, contributing to
global soil loss reduction.

In this context, this paper aimed to evaluate the capacity of different doses of hydrogel to increase
soil water storage and their effects on surface runoff and soil loss under various soil management
practices.

MATERIAL AND METHODS

This study was conducted in two stages: in the laboratory, simulating greenhouse conditions. The
subsequent stage was carried out in the field, under different land use conditions.

The first stage evaluated the potential of different doses of hydrogel in increasing soil water
retention, with the aim of determining the best doses for field use as an ally in reducing erosion
processes.

This first stage was conducted under greenhouse conditions using pots. It is worth mentioning
that, due to space limitations, two experiments were set up: the first started in April 2022 and the second
in May 2022.

Square-frustum-shaped pots with a seven-liter capacity standing on a base about 50 cm above the
ground received soil, leaving about 5 cm of free edge. At their bases, a projected opening with a 2-inch
PVC pipe connected to a PVC elbow and another pipe allowed the percolated water to go from the soil
to bottles on the floor surface.
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To obtain the soil for the experiments, an area with exposed soil located in the field area was
selected, and the 0-20 cm deep layer was removed. After collecting and mixing it, the soil filled some
pots.

Concurrently, hydrogel doses (Forth brand), characterized by the manufacturer as a copolymer of
acrylamide and potassium acrylate, were weighed on a precision scale. The dosages used in both
experiments were 0, 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 g of hydrogel, distributed among the treatments
highlighted in the following text.

In the aftermath, 5-centimeter cavities in the center of each pot received the dry (powder)
hydrogel in the respective dosages. Subsequently, 2 L of water, measured with a graduated cylinder, was
added to each pot. The first drainage from the pots, collected in the collector bottles, was disregarded.

The distribution of hydrogel doses in the pots was random, using the completely randomized
design (CRD), with the treatments in experiment 1 consisting of TO - 0 g of hydrogel/pot (control
treatment); T0.5 - 0.5 g, T2 - 2 g, and T4 - 4 g of hydrogel per pot.

In experiment 2, the treatments were T0.2 - 0 g of hydrogel/pot (control treatment); T1 - 1 g, T3 -
3 g, and TS5 - 5 g of hydrogel per pot, all with three replications each, totaling 24 experimental units in
the two experiments.

In each experimental unit, 2 L of water was added at seven or fourteen-day intervals during
evaluations, with the total amount of water drained from each unit collected in the collection bottles and
subsequently measured with a graduated cylinder. Furthermore, not replenishing water in data
collections favored the soil wetting and drying in the treatments.

The measured volumes for each treatment underwent systematization and normality and variance
analysis (ANOVA). Due to the significance of the F-test, data from both experiments underwent the
Tukey test (5%) using the R-project software version 4.0.2 (R CORE TEAM, 2021).

The second stage of this study took place in the field, at the rural community called S&o
Domingos in the municipality of Sobral, Ceara, with geographical coordinates 3°47'47.82"S and
40°31'42.79"0.

The completely randomized experimental design used a 4 x 31 factorial scheme (treatment x
period), with treatments consisting of four different soil management practices: T1 - Contour Planting +
Stone Rows + Grass Planting; T2 - Downhill Planting without Grass; T3 - Contour Planting + Grass
Planting; and T4 - Downhill Planting + Grass Planting. The 14 data collection dates represented each
period.

Each treatment consisted of 20 plants, spaced 7 x 7 m, and distributed in four rows. The central
area of each treatment received the installation of erosion plots along the slope, totaling four plots.

Each plot, approximately 20 m? (Figure 1), was built with a masonry base and surrounded by zinc
plates, measuring approximately 10 m in length, 2 m in width, and 0.3 m in height. The 0.15-meter
burial of each plate ensured the isolation of the erosion plot from the surrounding area and prevented
runoff and soil from entering from adjacent areas, allowing all generated surface runoff to head to the
gutter of their respective erosion plots (COSTA FALCAO & FALCAO SOBRINHO, 2019).

The plots received a collection system that consisted of a 50 mm PVC pipe and three buckets with
capacities of 20, 25, and 50 liters, respectively. The first and second buckets had a system of 12 outlets,
with the twelfth part of the runoff generated in the first and second buckets being channeled to the next
one, in this case, the second and third buckets, respectively (ARAUJO, 2017).

The sample collections occurred over 2023 within 24 hours after precipitation in each treatment.
The surface runoff collected within 24 hours in each bucket of the system was totaled, sampled, and
taken to the laboratory, and then the entire collection system was emptied and cleaned, awaiting the next
erosive event.
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Figure 1 - Experiment plots: T1 - Contour Planting + Stone Rows + Grass Planting; T2 - Downbhill
Planting without Grass; T3 - Contour Planting + Grass Planting; and T4 - Downhill Planting + Grass
Planting.

The soil loss determination in each treatment required the sample drying and the weighing of the
eroded sediments, followed by the multiplication of the sediment concentration (mg L-1) of the samples
by the amount of surface runoff collected in the erosion plots during each sampled erosive event. From
these results, the extrapolation per hectare of surface runoff and soil loss values considered the actual
area of each erosion plot.

The precipitation (Figure 2) data came from the Ayres de Souza Meteorological Station No. 382,
a reservoir that belongs to the Fundagdo Cearense de Meteorologia ¢ Recursos Hidricos (Ceara
Foundation for Meteorology and Water Resources, FUNCEME) and is 7 km from the study area in a
straight line. Figure 1 shows the monthly sum of precipitation that occurred in 2023.

The treatment slope determination happened by measuring the level difference between two
extreme points of each treatment and dividing the value by the distance between the two points. The
following values were found per treatment: T1 — 9.0%; T2 — 2.0%; T3 — 4.0 %; and T4 — 7.0%.

The data of the analyzed variables underwent the tests of Shapiro-Wilk for normality and, when
approved, the variance analysis by the F test. The R-Project software 4.0.2 (R CORE TEAM, 2021)
performed the Tukey test at a 5% probability for more reliable data.
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Surface runoff and soil loss data were also subjected to the analysis of Spearman's correlation
matrix and the principal component (PCA) using the SPSS v.16 software. The sample adequacy
assessment resulted from the Kaiser-Meyer-Olkin (KMO) uniformity and Bartlett's sphericity tests.
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Figure 2- Monthly precipitation for the year 2023. Meteorological Station n° 382 (Acude Ayres de
Souza), Munucipio de Sobral — District of Jaibaras (Ceard), FUNCEME 2022. Source: FUNCEME,
2023. Org.: Prepared by: the authors, 2024.

RESULT AND DISCUSSION
GREENHOUSE STAGE

Analysis of variance data from the experiments conducted in the greenhouse indicated significant
effects for the isolated variables: hydrogel doses in experiment 1 and percolate volume in both
experiment 01 and experiment 02. The interaction between hydrogel doses and percolate volume was
not significant.

am
SOURCES oL
VARIATION EXPERIMENT 1 EXPERIMENT 2
Hydrogel 3 103982931 ** 5022797 ns
Percolate Volume 4 697691,25 ** 221345,47 **
Hydrogel x Percolate 42104,31 ns 2841334 ns
Volume
Error 40 24887 50 35546 44
CV (%) 31,67 2545

* Significant F-value at the 5% probability level (P < 0.05); ** Significant F-value at the 1% probability level (P < 0.01); ns
— Non-significant F-value (P > 0.05). Source: Elaboration: the authors, 2024.

Table 1 - Summary of Analysis of Variance (ANOVA) for hydrogel doses, leachate volume, and
hydrogel interaction and leachate volume.

Data from figure 03 show the effect of hydrogel doses and the five evaluations on the percolate

volume in the different treatments of experiment O1. In the pots added with 0.5 g of hydrogel (T0.5), the
percolate volume was significantly higher than in the control treatment pots, which did not contain
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hydrogel (0 g of hydrogel per pot), and in other treatments with doses equal to 2 and 4 g of hydrogel per
pot. The percentage difference in percolate volume between T0.5 and TO was 10.36% (Figure 3).

Although in absolute terms, the treatment without hydrogel had the second highest percolate
volume from the pots, TO did not differ statistically from the treatment with the application of 2 g of
hydrogel per pot (T2). The T4 treatment showed the lowest volume among the treatments of experiment
1, with a 28.50% reduction in percolate volume compared to T0.5 and a 20.24% reduction compared to
the control treatment (Figure 3).

Considering the percolate volume over time and the wetting and drying cycles, there was a
progressive reduction in collected volumes. The percentage difference between the percolate volume of
the first and last evaluations was 30.49% (Figure 3).
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Figure 3 - Effect of hydrogel doses (left) and readings (right) of experiment 1 on the leachate volume of
potted soils, added hydrogel: TO - 0 g of hydrogel; T0.5 — 0.5 g of hydrogel; T2 - 2 g of hydrogel and T4
- 4 g of hydrogel. Source: Elaboration: the authors, 2024.

In experiment 2, whose data are in figure 4, there was no significant difference among the applied
hydrogel doses, although, in absolute terms, the pots added with 1.0 g of hydrogel (T1) presented a
higher percolate volume than in control treatment pots (T02), with 8.81% difference between T1 and
T02 (Figure 3).

In absolute terms, the T5 treatment, with 5 g of hydrogel per pot, showed the lowest percolate
volume, with an 18.15% reduction compared to the T1 treatment and a 10.25% reduction compared to
the control treatment (T02) (Figure 4).

Regarding the effect of time, in experiment 2, the analysis of percolate volumes followed a similar
trend to the first experiment, with a reduction in collected volumes between the first and subsequent
readings. The percentage difference between the percolate volume of the first and last evaluation was
66.01%, higher than that observed in experiment 1.

These results indicate that hydrogel doses between 0.5 and 3.0 g/pot do not result in effective
water retention in the soil and may even reduce retention compared to soil without hydrogel addition.
Doses between 4 and 5 g/pot, however, resulted in increased water retention of over 20% compared to
soil without hydrogel, having the potential to ensure significant storage of precipitation water, which
generates surface runoff carrying eroded sediments, especially after 4 or 5 cycles of wetting and drying.

The fact that doses between 0.5 and 3.0 g of hydrogel negatively affect water retention in the soil
has an unknown impact. It is worth noting, however, that the absence of an effect on water retention in

soils with low doses of the polymer appears in other studies (FALCAO SOBRINHO and BARBOSA,
2020; PONTES FILHO et al., 2018).

Mercator, Fortaleza, v. 23, €23027, 2024. ISSN:1984-2201


http://www.mercator.ufc.br

EROSION IN SOILS ADDED WITH HYDROGEL

1000 — 1000 —

HH-

a
a
800 I 800

HH=

600 | 600

Percolated (ml)
Percolated (ml)

400 — 400

200 200

0 T T 0 T T
TO Tz T3 Ts | 2 3 4

Doses of hydrogel (g) Reading

Figure 4 - Effect of hydrogel doses (left) and readings (right) of experiment 2 on the leachate volume of
potted soils, added of hydrogel: TO - 0 g of hydrogel; T1- 1 g of hydrogel; T3 - 3 g of hydrogel and TS -
5 g of hydrogel. Source: Elaboration: the authors, 2024.

Regarding doses between 4 and 5 g, whose effect on retention was evident, the manufacturer of
the hydrogel recommends doses of 5 g per plant.

Nascimento et al. (2022) corroborate the data from the present research, showing that adding
hydrogel at a dose of 0.1% (w/w) increased the basal water storage capacity of the soil by up to 37%.
They estimated that under their experimental conditions, for each hectare and a 0.2 m soil layer, water
storage in a sandy loam soil added with 0.1% (w/w) hydrogel could increase by 180 m? ha-1, a significant
value concerning the potential for reducing sediments carried in surface runoff.

Regarding the higher water retention in the soil over the readings, this fact may relate to the effect
of wetting and drying cycles on soil aggregation, given that this variable is a meaningful factor in the
behavior of unsaturated soils. It significantly alters the amount of pores, moisture content, distribution,
structure, and especially the cementation that contributes to particle aggregation (HOCHMAN et al.,
2021; CHEN et al., 2018).

Paluszek (2011) stated that wetting and drying cycles promote the loosening of soil structure and
increased aeration because, during hydrogel expansion, soil mass detachment and an increase in total
porosity occur, explaining the results observed in the present study.

Hou et al. (2018) also showed that soil bulk density decreases with the application of
superabsorbent hydrogel because the product promotes the formation of macropores in the soil.
Nascimento et al. (2021), using the same hydrogel and similar wetting and drying cycles as ours, also
observed a progressive increase in water retention with increasing hydrogel doses while percolate
volume decreased. It is worth noting that the authors stated that after 100 days, especially at high
temperatures, the water storage capacity in soils with hydrogel decreased, indicating reduced efficiency
over time.

FIELDWORK STAGE

Analysis of variance showed a relevant effect on soil loss between treatments; however, there was
no meaningful effect on surface runoff, which may be related to the high variability of this variable due
to significant precipitation variation.

In absolute terms, the average surface runoff values were 5,159.61 L ha1, with maximums of
5,999.738 L ha-t and minimums of 4,326.299 L ha-t (Figure 4), which is close to the average of 5,692.33
L hat found by Falcdo Sobrinho and Barbosa (2022) in the same area, in treatments with contour
planting associated with stone rows and downhill planting without vegetation.

Soil losses in treatments T1 and T2 did not differ, averaging 3.61 and 2.69 kg ha-1 per evaluation,
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Lm) respectively. In T3 and T4, the average values were 8.29 and 7.99 kg ha-1, respectively (Figure 5), which
S| is 38.7% higher than treatments T1 and T2.
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Figure 5 — Surface runoff and soil losses from treatments T1 - Planting on Contour Lines associated
with stone cords + grass planting; T2 - Planting down the hill, absent of grass; T3 - Planting on a
contour line + planting grass and T4 - Planting downhill + planting grass. Source: Elaboration: the

authors, 2024.

In terms of magnitude, the observed values are low compared to those found in previous
experiments (FALCAO SOBRINHO and BARBOSA, 2022) for the same treatments but without using
hydrogel and without grass cover.

The distribution of surface runoff and soil loss over the evaluations (Figure 5) suggests no linear
relationship between runoff and soil loss, as in some treatments, such as T3, the highest runoff did not
generate the highest soil loss peak (Figure 6). This trend similarly appears in studies by Falcdo Sobrinho
and Barbosa (2022) for the same area.
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Figure 6 — Behavior of surface runoff and soil losses throughout the evaluations in the treatments T1 -
Planting on Contour Lines associated with stone cords + grass planting; T2 - Planting down the hill,
absent of grass; T3 - Planting on a contour line + planting grass and T4 - Planting downbhill + planting

grass. Source: Elaboration: the authors, 2024.
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The lower magnitude of soil losses in the present study may relate to the positive effect of
hydrogel on soil aggregation, as treatment T2, the only one without grass (live cover) and whose
planting was downhill, showed the lowest soil loss compared to treatments T3 and T4.

However, the high variability of the treatments, including slope, made it difficult to assess the
isolated effects of hydrogel on soil losses. The proof of this is in the principal component analysis
(Figure 7), which showed that slope is the main factor influencing soil loss.

Component Pattern

1.0

08 Slape SoilLoss
[

06 \
0.4 /

oz I Precipitation

>
e
—I—_'_'_'_'_'_'_
0.0 i =

Component 2 (25.72%)

-06
-0.8
-1.0

-10 08 06 04 -02 00 02 04 08 08 10
Component 1 (37.217%)

Figure 7 — Principal component analysis (PCA) for the variables precipitation, slope, soil loss and
surface runoff in relation to the treatments T1 - Planting on contour lines associated with stone cords +
grass planting; T2 - Planting down the hill, absent of grass; T3 - Planting on a contour line + planting
grass and T4 - Planting downhill + planting grass. KMO test: 0.659 and Bartlett test: 103.776. Source:
Elaboration: the authors, 2024.

Spearman's correlation matrix (Table 2) also showed a positive correlation between surface runoff
and precipitation (0.427), indicating that the greater the precipitation, the greater the surface runoff.
There was also a positive correlation between soil loss and runoff (0.698) and soil loss and precipitation,
although the latter was considered low (0.427) (Table 2).
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QM
SOURCES GL
VARIATION EXPERIMENT 1 EXPERIMENT 2
Hydrogel 3 1039829,31 ** 50227,97 ns
Percolate Volume 4 697691,25 ** 221345,47 **
Hydrogel x Percolate
Volume 12 42104,31 ns 28413,34 ns
Error 40 24887,50 35546,44
CV (%) 31,67 25,45

* Significant F-value at the 5% probability level (P < 0.05); ** Significant F-value at the 1% probability level (P < 0.01); ns
— Non-significant F-value (P > 0.05). Source: Elaboration: the authors, 2024.

Table 2 — Spearman's correlation matrix for the variables precipitation, slope, surface runoff and soil
losses. Source: Elaboration: the authors, 2024.

CONCLUSION

Hydrogel doses between 4 and 5 g increase soil water storage and retention;

Data from pot experiments indicate that hydrogel can be an ally in reducing surface runoff in soils
subject to erosive processes;

The high variability of treatments, including slope, made it difficult to assess the isolated effects
of hydrogel on soil losses.

Further field studies are necessary to confirm the effects of hydrogel use on surface runoff and
soil losses, especially in areas with the same slope.
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