Acta Scientiarum o .
= s http://periodicos.uem.br/ojs
C ﬁ; "™ ISSN on-line: 1807-8664

Doi: 10.4025/actascitechnol.v46i1.63048

m. TECHNOLOGICAL INFORMATION

Accumulation of ions in soil fertigated with dilutions of dairy
effluents in the Brazilian semi-arid region

Andrezza Grasielly Costa!, Francisco de Oliveira Mesquita'"“, Francisco Vanies da Silva Sa!, Rafael
Oliveira Batista!, Jeane Cruz Portela!, Alisson Carraro Borges?, Gustavo Lopes Muniz® and Antonio
Diego da Silva Teixeira®

'Programa de P6s-Graduacao em Manejo de Solo e Agua, Universidade Federal Rural do Semi-Arido, Av. Francisco Mota, 572, 59625-900, Mossord, Rio
Grande do Norte, Brazil. *Programa de Pés-Graduagao em Engenharia Agricola, Universidade Federal de Vicosa, Vigosa, Minas Gerais, Brazil. *Programa de
Pés-Graduagao em Engenharia Agricola, Universidade Estadual de Campinas, Campinas, Sao Paulo, Brazil. *Autor for correspondente. E-mail:
mesquitaagro@yahoo.com.br

ABSTRACT. Wastewater is an alternative water source with the potential to guarantee agricultural
productivity in semi-arid regions, where quantitative and qualitative scarcity is a limiting factor. This study
aimed to analyze the effects of the application of dairy effluent dilutions on the alterations of sodium,
calcium, magnesium, and nitrogen contents along the profile of an Ultisol cultivated with Cereus
hildmannianus in the semi-arid region of Brazil. The experimental design used was a 5 x 5 factorial
randomized block design with five dilutions of dairy effluent (T1 - only well water (WW); T2 - 0.1 x annual
loading rate according to EPA (1981) (LW) plus WW; T3 - 0.2 x LW plus WW; T4 - 0.3 x LW plus WW; and
T5 - 0.4 x LW plus WW) and five depths (0 to 0.10 m; 0.10 to 0.20 m; 0.20 to 0.30 m; 0.30 to 0.40 m and 0.40
to 0.50 m), with five replicates. Cereus hildmannianus cultivation lasted 240 days, and after this period, soil
samples were taken to determine the contents of sodium, calcium, magnesium, and nitrogen. Fertigation
using dairy effluent with up to 40% of the annual loading rate in Ultisol poses no risk of water and soil
contamination by nitrogen leaching. Fertigation using dairy effluent in proportions of up to 20% of the
annual loading rate poses no risk of soil degradation due to excessive accumulation of ions.
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Introduction

Water is considered a limited, public-domain natural resource with economic value. However, problems
of water scarcity and pollution are increasingly frequent, in contrast with the limitation of freshwater reserves
on the planet, combined with uncontrolled population growth, which favors the increase in water demand to
meet mainly human, agricultural, and industrial consumption (Arenas-Sanchez, Rico, & Vighi, 2016;
Boudiombo, Madden, Cusack, Cronin, & Ryan (2023); Liu, Liu, & Yang, 2016).

Agriculture accounts for 70% of all global water consumption; approximately 19% is destined for the
industrial sector and 11% for domestic use (Ungureanu, Vladut, & Voicu, 2020; Khan et al., 2021). Among the
various uses of water in the industrial sector, it is possible to highlight its utilization for processing needs,
such as manufacturing, dilution, incorporation of water into a product, as well as in the process of
refrigeration and sanitation needs inside the facilities (Aguiar, Martins, Almeida, Ribeiro, & Marto, 2022).

Food industries require a large amount of water at all stages of the production process and in the
operational needs, generating a large amount of effluent, which needs to be treated before discharge into
receiving water bodies (Ahmad et al., 2019).

The dairy industry plays a significant role in the food market segment, and water is an essential resource
for the satisfactory performance of this sector at all stages of the process (Muniz, Silva, & Borges, 2020). The
industrial flow and volume of effluents are directly related to the volume of water consumed by the dairy
industry (Pereira, Borges, Heleno, Squillace, & Faroni, 2018). On average, 10 liters of effluent are generated
per liter of processed milk (Krishna et al., 2022).

According to Bhuvaneshwari, Majeed, Manoj M., Jose, and Mohan (2022) and Muniz, Borges, Silva, Batista,
and Castro (2022), dairy industries are considered one of the largest generators of wastewater. Water is used
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in processing, heating, cooling, cleaning, and sanitizing operations such as washing floors and cleaning products
remaining in the tank, trucks, cans, pipes, tanks, and other equipment, which are routinely carried out.

The main organic contributors present in the wastewater are carbohydrates, proteins, and fats from milk.
Its pH varies from neutral to slightly alkaline, tending to acidification due to the fermentation of milk sugar
into lactic acid. These effluents cause several negative impacts on the environment when improperly managed
due to the concentration of these elements (Bella & Rao, 2021; Ramos-Suarez, Zhang, & Outram, 2021).

Ofori, Puskacova, Ruzickova, and Wanner (2021) points out that the reuse of effluents can significantly
reduce, or even eliminate, the impacts caused on the environment, in addition to the great potential for
agricultural use, reducing the amount of water extracted from natural sources. However, irrigation with
wastewater in agricultural soils can cause changes in the chemical properties, which may have positive effects
on their fertility or trigger the accumulation of toxic materials in the soil, leading to environmental
degradation (Costa, Alves, Batista, Mendes, & Souza, 2018; Costa, Vale, Batista, Travassos, & Portela, 2019;
Costa et al., 2020; Mesquita et al., 2023).

In this context, the present study aimed to analyze the effects of the application of dairy effluent dilutions
with well water on the alterations of sodium, calcium, magnesium, and nitrogen along the profile of an Ultisol
cultivated with Cereus hildmannianus in the semi-arid region of Brazil.

Material and methods

This study was carried out in the Water Reuse Experimental Unit (UERA), which is an area of 770 m? (20 x
38.5 m), located at the Federal Rural University of the Semi-Arid Region (UFERSA), campus East, BR 110-Km
47, Presidente Costa e Silva neighborhood, Mossoro, state of Rio Grande do Norte, Brazil (5° 12’ 29.32” S; 37°
19’ 06.12” W; 18 m altitude).

According to the Koppen-Geiger classification, the climate of the region is BSh’, hot and dry, with a rainy
season between May and July and intense drought from September to December, with an annual rainfall lower
than 650 mm and annual average temperature slightly higher than 26.5°C (Dubreuil, Fante, Planchon, &
Sant'anna Neto, 2019).

According to the Brazilian Soil Classification System, the soil in the experimental area is classified as
Argissolo Vermelho-Amarelo eutréfico (Ultisol). Table 1 lists its physical and chemical properties before the
application of diluted dairy effluent.

Table 1. Physical and chemical properties of the Ultisol before the application of dairy effluent dilutions with well water.

Ps Pp Sd St Cl Na* Ca* Mg N
Depth (m) gcm’?® gem® L. kgkglueren cmolc dm....... gKg!
0.0a20.10 1.81 2.64 0.83 0.09 0.08 0.83 4.20 2.60 1.40
0.10a0.20 1.70 2.44 0.83 0.09 0.08 0.62 2.80 1.90 1.05
0.20a0.30 1.28 2.41 0.81 0.08 0.11 0.32 1.90 3.30 0.70
0.30 a 0.40 1.96 2.38 0.71 0.12 0.17 0.49 2.80 1.50 0.70
0.40 a2 0.50 1.86 2.45 0.63 0.07 0.30 0.53 3.20 3.10 0.70

Note: p, - Soil bulk density determined by the volumetric ring method; p, - Soil particle density determined by the volumetric flask method; Sd, St and CI -
Sand, silt and clay determined by the pipette method; Na* - Sodium; Ca? - Calcium; Mg* - Magnesium; N - Nitrogen, according to the technical
recommendations of EMBRAPA (Teixeira, Donagemma, Wenceslau, & Teixeira, 2017).

In the UERA, the experimental area was set up for the production of spineless cactus irrigated with dairy
effluent dilutions of public-supply water. The effluent was collected from an aerated facultative pond of a
dairy company in Mossord, where the average daily flow rate is 35 m?, originated from the processing of
pasteurized milk, dairy beverage, dulce de leche, cream cheese, curd cheese, Minas Frescal cheese and Sertao
butter and the sanitation of the company (Marques, Cunha, Cunha, Silva, & Batista, 2016).

The dairy effluent was transported from the dairy company to the UERA in five 20-L waterproof tanks,
always on the day of the fertigation of spineless cactus to minimize the loss fewer changes of its
characteristics.

The water used in spineless cactus irrigation came from a deep well managed by the Water and Sewage
Company of Rio Grande do Norte (CAERN) and was stored in a 16-m® waterproof tank.

An experimental area of 49 m? was delimited in the UERA, with 25 plots, each one with dimensions of 1.0
x 1.0 m (1.0 m?) and a 0.50 m spacing between blocks and plots (Figure 1).
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Figure 1. Experimental area.

The experiment was conducted in a randomized block design, evaluating the factors dairy effluent
dilutions in well water and soil depths, according to the recommendations of Coelho, Batista, Silva, and
Mesquita (2015).

For well water application, according to the recommendations of Mesquita, Pedrosa, Batista, and Andrade
(2021), the following components were used: a) a 16-m3 concrete tank; b) a 0.5-hp motor pump set with a
screen filter, with 130-um openings; ¢) A main line made of PVC with 32 mm diameter; and d) 20 lateral lines
with non-pressure compensating emitters with nominal flow rate of 2.0 L h'! spaced by 0.30 m.

The irrigation system was operated with public-supply water along the experimental period, under
operating pressure of 100 kPa, using a glycerin manometer graduated from 0 to 400 kPa, accurate to 10 kPa.

Dairy effluent was applied as proposed by Coelho et al. (2015): a) Mixture of the effluent in a tank to
homogenize the fluid, minimizing the effect of sedimentation; b) Measurement of the specific quantity with
a 1-L graduated cylinder; c) Transfer of the quantity measured to a watering can; and d) Application of the
effluent with a watering can directly in the soil, within each plot, minimizing the direct contact between the
liquid and the spineless cactus plants.

The spineless cactus was planted on April 18, 2015 (Figure 2), using four 0.25-m-long seedlings per plot,
buried at 0.15 m in the soil and spaced by 0.50 m. Along the crop cycle, no liming or mineral basal or top-
dressing fertilization was performed.

Figure 2. Cereus hildmannianus at the beginning (A) and in the intermediate phase (B) of the experiment.

The treatments applied, based on the criteria of the Environmental Protection Agency (EPA), presented in
Equation 1, and on the water requirements of the crop, were: T1 - only well water (WW); T2 - 0.1 x annual
loading rate (LW) plus WW; T3 - 0.2 x LW plus WW; T4 - 0.3 x LW plus WW; and T5 — 0.4 x LW plus WW.

_ Cp.(PR-ET)+10U
(@-f)Cn-Cp

Lw @
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Where:

Ly - annual loading rate, cm year;

Cp - nitrogen concentration in percolating water, mg L!;

PR - local precipitation rate, cm year;

ET - crop evapotranspiration rate at the site, cm year™;

U - nitrogen uptake by the crop, kg ha! year;

Cn - nitrogen concentration in the wastewater, mg L!; and

f - fraction of nitrogen removed by denitrification and volatilization.

During the experimental period, the dairy effluent and well water were chemically characterized every
month, using three composite samples collected from April to December 2015. Table 2 presents the mean
values of chemical characteristics of both dairy effluent and well water.

Table 2. Mean values of the chemical characteristics of the dairy effluent and well water along the experimental period.

Na* Ca* Mg* N
......................................... ML e
Dairy effluent 32.19 15.43 21.87 49.33
Well water 6.55 1.60 1.07 ND

Note: ND - Not determined.

In the treatments T1 to T5, well water was applied every 15 days from the planting of spineless cactus
(Cereus hildmannianus) on April 18, 2015, until the end of the experiment, on December 18, 2015. However,
the dairy effluent applications began on June 1, 2015. At the end of 240 days, all treatments received a gross
depth of 227.14 mm of dairy effluent diluted with well water.

To evaluate soil quality, samples were taken in the layers from 0 to 0.10 m, 0.10 to 0.20 m, 0.20 to 0.30 m,
0.30 to 0.40 m, and 0.40 to 0.50 m, using a Dutch auger before and after 240 days of application of the dairy
effluent dilutions with well water.

Four individual samples were collected within the wet strip formed by the drip irrigation system in each
layer, obtaining one composite sample per depth in each of the 25 experimental plots.

In the Water, Soil and Plant Analysis Laboratory (LASAP) of UFERSA, the following soil chemical
properties were determined: sodium (Na*), calcium (Ca?"), magnesium (Mg?"), and nitrogen (N), according to
the technical criteria of EMBRAPA (Teixeira, et al., 2017).

The experiment was a 5 x 5 factorial randomized block design with five repetitions. The first factor was the
five dairy effluent dilutions (T1 - only well water (WW); T2 - 0.1 x annual loading rate (LW) plus WW; T3 - 0.2
x LW plus WW; T4 - 0.3 x LW plus WW; and T5 - 0.4 x LW plus WW). The second factor was represented by
the five soil depths 0 to 0.10 m, 0.10 to 0.20 m, 0.20 to 0.30 m, 0.30 to 0.40 m, and 0.40 to 0.50 m).

Data referring to soil properties were subjected to analysis of variance using the program SISVAR (System
for Analysis of Variance), developed by Ferreira (2019). In cases of significance, Tukey test was applied for the
single factors and the interaction.

Results

Sodium (Na*), calcium (Ca*"), and magnesium (Mg?*) contents were significantly (p < 0.01) affected by the single
factors dairy effluent dilutions applied through fertigation and soil depths (Table 3). There was no significant
interaction between dairy effluent dilutions and soil depths for Na*, Ca?*, and Mg?* contents. N contents were not
influenced by fertigation with dairy effluent at the different soil depths studied (Table 3).

Higher Na* contents were found in soil fertigated with T5 (913.65 cmol. dm3), in which the accumulation
was 182.6% higher than in the T1 treatment (control). There was no significant difference in Na* accumulation
in sail in the dairy effluent fertigation treatments T2 and T3, compared to the treatment irrigated only with
well water (T1) in the first 240 days of Cereus hildmannianus cultivation (Table 3). As for the soil depth, Na*
accumulation was higher on the surface, mainly in the 0.0 to 0.30 m layer (D1, D2, and D3). At depth from 0.0
to 0.1 m, Na" accumulation was 383.9% higher than that found from 0.4 to 0.5 m (Table 3).

Higher Ca?" contents were observed under fertigation with T5 (3.44 cmol. dm™), where the
accumulation was 47.6% higher than verified in the T1 treatment (control). The dairy effluent fertigation
treatments T2, T3, and T4 did not differ statistically from T1 (Table 3). Ca?* contents increased in the
subsurface as a function of fertigation with dairy effluent, and the highest Ca?* accumulation (3.11 cmol.
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dm3) was found at depths from 0.3 to 0.5 m (D4 and D5). There was no statistical difference between Ca?*
contents at depths D1, D2, and D3 (0.0 to 0.3 m) (Table 3).

Table 3. Sodium (Na*), calcium (Ca?"), magnesium (Mg?*), and nitrogen (N) contents at different depths of an Ultisol as a function of
the diluted dairy effluent application in Cereus hildmannianus cultivation for 240 days in the semi-arid region of Brazil.

Sources of Variation Degrees of freedom PrFe
ZNa+ ZCaZ+ ZMg2+ ZN
Block 4 0.813 0.047 0.051 0.011
Treatments (T) 4 0.000** 0.000%* 0.008** 0.095N8
Depth (D) 4 0.000** 0.000** 0.000%* 0.185M8
TxD 16 0.332N8 0.947N8 0.93218 0.426 "8
Error 96 --- --- --- ---
Coefficient of variation (%) 30.38 15.04 24.02 17.65
5 Tukey Test (p < 0.05)
. Na* Ca% Mg N
Sources of Variation (cmolc dm™) (cmolc dm™) (cmolc dm™) (mgLY)
T1 - Water Supply (WS) 4.83C 2.33B 147 A 0.75A
T2-0.1 (LW) + AA 6.57C 2.70 B 1.78 A 0.92A
T3-0.2 (LW) + AA 7.56 BC 2.96 AB 1.90 A 0.93 A
T4-0.3 (LW) + AA 11.64 AB 2.97 AB 2.07 A 0.96 A
T5-0.4 (LW) + AA 13.65 A 3.44 A 2.10A 1.01A
D1-0.0a0.1m 15.29 A 2.68 AB 1.18B 1.06 A
D2-0.1a0.2m 10.98 AB 241B 1.25B 0.89 A
D3-0.2a0.3m 8.57B 2.89 AB 1.61B 0.89 A
D4-0.3a04m 6.25BC 3.11A 247 A 091 A
D5-0.4a0.5m 3.16C 3.31A 2.81A 0.82 A
DMS 4.97 0.70 0.64 0.27

1#% and N = significant at 1% probability level (p < 0.01) and non-significant, respectively. 2 Data transformed to v/x. 3 Different letters in the same column
indicate differences by Tukey test at 5% probability level. * LW = Annual loading rate of dairy effluent according to EPA.

There was no significant difference in Mg?* contents as a function of the fertigation with dairy effluent,
and the contents varied from 1.47 to 2.10 cmol. dm™ in treatments T1 and T5, respectively (Table 3). Mg
contents in the soil increased with the increment of depth as a function of the fertigation with dairy effluent,
and depths D4 and D5 (0.3 to 0.5 m) showed Mg?* contents of 2.47 and 2.81 cmol. dm3, respectively. There
was no statistical difference in Mg?* contents at depths D1, D2, and D3 (0.0 to 0.3 m), ranging from 1.18 to
1.61 cmol. dm™ (Table 3).

The N contents were not influenced by the depths and fertigation with dairy effluent (Table 3). However,
the N contents ranged from 0.75 to 1.01 mg L! in treatments from T1 to T5 and from 1.06 to 0.82 mg L'! at
depths from D1 to D5 (0.0 to 0.5 m), respectively (Table 3).

Figure 1 illustrates the behavior of Na*, Ca?", Mg?*, and N along the soil profile at 240 days after planting
Cereus hildmannianus fertigated with dilutions of dairy effluent and well water. Na*, Ca?*, Mg%, and N contents
were higher in treatments T4 and T5 at all depths studied (0.0 to 0.5 m) (Figure 1A, B, C, and D).

In these treatments (T4 and T5), Na*, Ca?, and Mg?* contents were accumulated mainly on the surface, at
depths from 0.0 to 0.2 m (D1 and D2) (Figure 1A, B, and C). The N contents in these treatments (T4 and T5)
were accumulated mainly from 0.2 to 0.3 m (D3) (Figure 1D).

Na*contents in T1 (control), T2, and T3 had similar increments at depths from 0.0 to 0.5 m (Figure 1A).
Ca?* contents in treatments T2 and T3, at depths from 0.1 to 0.3 m (D2 and D3), increased compared to T1
(control) and showed similar behavior at depths D1, D4, and D5 (Figure 1B). The Mg* contents in treatments
T2 and T3 increased at depths from 0.1 to 0.4 m (D2 and D3), compared to the T1 treatment (control), and
showed similar behavior at depths D1 and D5 (Figure 1C). The N contents of treatments T2 and T3 were higher
than those found in T1 (control) at depths D2, D3, D4, and D5 (0.1 to 0.5 m), and only at D1, the results for N
contents were similar (Figure 1D).

Discussion

Lima et al. (2013) observed a higher increase in Na* contents in the layer with higher organic matter
content. This result is similar to that obtained in the present study because, as shown in the initial
characteristics of the soil, the OM content was higher in the layers from 0.10 to 0.20 m, a region in which
there was higher Na* accumulation. Oliveira, Alves, Batista, Lima, and Di Souza (2014) evaluated a milk
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treatment system and the effect of the generated effluent on soil and reported the highest Na* content in the
0.0 to 0.10 m layer, a value of 1.373,6 cmol. dm™, which decreased in the subsequent layers.

A. B.
Na (cmol, dm?) Ca (cmol, dm?)
000 4.00 8.00 12.00 16.00 20.00 24.00 0.00 080 1.60 240 320 4.00 4.80
0.00 L L L L L ] 0.00 L L '] L L ]
0.10 A 0.10 -
£020 E 020 -
= E
£0.30 - £0.30 -
=\ =
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Figure 1. Sodium (A), calcium (B), magnesium (C), and nitrogen (D) in soil cultivated with Cereus hildmannianus irrigated with
proportions of dairy effluent diluted with public-supply water at five depths at 240 days after planting.

The application of treated domestic sewage in the fertigation of cactus pear, for 2 years, resulted in an
increase in Na* levels and the percentage of sodium saturation depending on the Na* in the wastewater
(Mesquita et al., 2023). However, in another study with forage cactus, the greater proportion of treated oil
produced water resulted in lower Na* accumulation in the soil, due to the lower Na* input from this wastewater
compared to the groundwater used as control (Costa, Vale, Batista, Travassos, & Portela, 2019).

According to Miranda et al. (2018), high Na* contents result in problems such as soil dispersion and
reduced water infiltration, favoring the formation of superficial crusts and intensifying erosion processes.
Messias, Tavora, Silva, and Nascimento (2006) studied Na* percolation in soils in the state of Pernambuco,
Brazil, and found that, in clayey soil, there was greater dispersion in Na* distribution along the profile over
time, thus characterizing a delay in percolation. In another study, Oliveira, Reboucas, Dias, Portela, and Diniz
(2016) analyzed the impact of applying desalination reject brine in soils of the Brazilian semi-arid region and
observed that Na* diffusivity was equal to 45.90 cm? h'!, whereas in sandy soils it varied from 103.40 to 127.76
cm? h'l. This explains the higher Na* contents in the superficial layers of the soil.

The Ca?* contents on the surface ranged from 2.44 to 3.01 cmol. dm™ for treatments T2, T3, T4, and T5,
which are classified as good according to Ribeiro, Guimaraes, and Alvarez (1999). In the subsurface, the T5
treatment added 4.30 cmolc dm of Ca?* at depths from 0.20 to 0.30 m, classified as very good (Ribeiro et al.,
1999). On the surface, the T4 treatment added 3.01 cmolc dm™ of Ca?, reaching a maximum value of 3.96
cmol. dm in the 0.10-0.20 cm layer and reducing in the other layers in this treatment.

Using dairy effluent for the irrigation of elephant grass, Lima et al. (2013) observed Ca?" contents ranging
from 7.56 to 6.89 cmol. dm3, subsequently reducing as soil depth increased. According to Ribeiro (1999), Ca?
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is retained on the negatively charged surfaces of clays, which may explain the higher contents of these ions
in the subsurface layers because there was a higher clay content from 0.20 to 0.40 m.

Regarding the behavior of Mg?, there were large oscillations with the application of the treatments. In the
superficial layers, there was a higher supply of this nutrient in T4, starting with 1.92 cmol. dm™ and reaching
2.5 cmolc dm3 between 0.10 and 0.20 m. Although T3 only added 0.94 cmol. dm in surface, lower than in the
control (T1), 1.88 cmolc dm™, between 0.20 and 0.30 m, it added 2.82 cmol. dm3, maximum value for this
parameter.

According to the classification of Ribeiro et al. (1999), Mg? contents are classified as very good for T4 and T5 in
the surface layer, as well as for T3 in the subsurface. In the other treatments, the contents are classified as good.

Similar to Ca*, Mg?* adheres to the negatively charged surfaces of clays, which leads to a higher content
of the element where there is a higher predominance of clay, in the studied case, from 0.20 to 0.40 m depth
(Ribeiro et al., 1999).

Teffera, Li, Astatkie, and Gebru (2019) and Umburanas et al. (2023) associate the accumulation of Ca?" and
Mg?" in the subsurface with the accumulation of K* in the surface, which favors the leaching of other
exchangeable bases because such cations compete with K*. This may favor the clay dispersion process,
compromising the physical properties of the soil.

Oliveira et al. (2017) investigated the contamination of clayey and sandy soils when irrigated with
desalination reject brine and found that there is no divergence between the retardation factors of Ca* and
Mg? in these soils, so the percolation of these ions depends on their concentration in the solution and the
presence of a large number of negative charges in the soil. Hence, in the present study, the accumulation of
Ca?" and Mg?* in the subsurface may be associated with the large accumulation of Na* on the surface, the
predominant ion in the dairy effluent (Table 2), and is responsible for displacing Ca* and Mg?* from the ionic
exchange sites of the clays in the surface soil layers.

Although not significant, there was an increase in N content in the soil, particularly in treatments T4 and
T5 at depths from 0.1 to 0.4 m (D2, D3, and D4), with variation from 0.88 to 1.34 g dm™ (Table 3, Figure 1 D).

Shilpi et al. (2018) reported an increase in the N content in the soil after using dairy effluents as an
alternative source to supply nutrients and meet the water demand of crops.

Huang et al. (2017) emphasize the importance of N determination, highlighting the high mobility of nitrate
in the soil profile, which is an important indicator of N losses below the root zone, with a potential risk of
moving to surface and ground waters.

Although N can be easily lost by leaching, fertigation provides flexibility by splitting N application, and,
in addition, this nutrient is readily available for uptake by plants (Ribeiro et al., 1999). Under semi-arid climate
conditions, high evaporation rates and low rainfall levels reduce the risk of N leaching. Evaluating the
characteristics of an Ultisol irrigated with dairy effluent after treatment, Oliveira, Alves, Batista, Lima, and Di
Souza (2014) found the highest N content in the surface layer, 2.17 g kg'!, with a reduction in the subsurface.

Conclusion

In summary, fertigation using dairy effluent with 40% of the annual loading rate in Ultisol poses no risk of
water and soil contamination by N leaching (eutrophication). Fertigation with dairy effluent in proportions
of up to 20% of the annual loading rate poses no risk of soil degradation due to excessive accumulation of
ions. Nevertheless, fertigation with dairy effluent in proportions higher than 30% of the annual loading rate
poses a risk of salinization of the superficial soil layers and clay dispersion due to the high accumulation of
Na*, in addition to the moving of exchangeable bases Ca?* and Mg?* to deeper layers, which further increases
the risks of soil degradation due to excess Na*. Studies are recommended to test lower values of the annual
loading rate (5, 10, and 15%) to mitigate impacts that may be caused by Na* on the soil.

It is recommended to carry out a study with lower values of the annual loading rate (5, 10, and 15%) to
mitigate impacts on the soil that may be caused by Na*.
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