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Nitrogen (N) losses by leaching are significant in terms of environmental
contamination. Thus, attention has been given to urination points of ruminant
urine because they contain high levels of N. Integrated crop-livestock systems
(ICLS), in turn, seek to intensify production and, at the same time, make production
systems more sustainable. Therefore, it is crucial to know the behavior of N to
boost its cycling and, consequently, minimize its impacts (environmental and
economic). The objective of this study was to evaluate N leaching from bovine
urine in a mixed pasture of Lolium multiflorum x Avena strigosa in two different
integrated systems, crop-livestock (CL) and crop-livestock with trees (CLT), and
two N doses (90 and 180 kg N ha—1). During the winter 2018, the study was
conducted in the Brazilian subtropics, in sandy texture soil. The application of
higher doses of nitrogen fertilizer (180 kg N ha—1) causes an increase in the
concentration of nitrogen excreted in urine and, consequently, increases nitrate
and ammonium contents in the soil at the urine points. Higher nitrogen contents
were observed at the urine points, since the uptake of nutrients by the forage
plants was reduced due to shading of the plants, leading to a reduction in dry
matter production of the pasture. The area of action/diffusion of urinary N does
not exceed 25 cm from the center point of urination. No leaching of nitrate
or ammonium was observed at the sampled urine points, up to a depth of 40
cm. However, the adoption of more intensified production systems (i.e., with
the inclusion of grazing animals and increased nitrogen fertilization) should be
conducted under conditions that provide high plant uptake of soil nutrients to
reduce the risk of losses.

KEYWORDS
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1. Introduction

The integrated crop-livestock system has been highlighted in relation to sustainable soil
management. These systems are based on the biological cycling of nutrients, and grazing
can boost this process, since the animal acts as a catalyst in the system, consuming forage
and depositing feces and urine in the soil (Ribeiro et al, 2021). Many studies have been
conducted in integrated crop-livestock system relating the effect of grazing on the dynamics
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of decomposition and release of nutrients left by the pasture
(residual dry matter) and by the excreta of grazing animals
(feces and urine) on the successor grain crop. However, the
cycling of nutrients through urine is still little known, being an
important source of nutrients for the system, especially nitrogen
and potassium (Devasena and Sangeetha, 2022).

Ruminants convert a low quantity of nutrients consumed via
pasture into animal product, varying from 5 to 30%, making
the return of nutrients to the soil, through animal excreta, an
important event in the nutrient cycle (Dubeux and Sollenberger,
2020). In the case of urine, there can be high rates of N at urination
points, ranging from 200 to 2,000 kg N ha~! (Selbie et al, 2015),
usually exceeding the ability of plants and microorganisms to utilize
these nutrients for growth, resulting in losses to the environment
(Hoogendoorn et al., 2010; Cameron et al., 2013). Thus, the large
amount of nutrients entering at localized points may be susceptible
to losses through leaching, since they may exceed the plants
demand.

There are several factors that may affect the loss of N. These
may be related to the nitrogen fertilization performed in the
pasture, which promotes gains in plant and animal production
and in the improvement of soil fertility, by intensifying the
processes of cycling and recycling nutrients. Another factor that
may affect the reduction of N losses in integrated crop-livestock
system is the presence of trees in the system, which may contribute
to the cycling of nutrients through the addition of litter and the
absorption of nutrients in deeper soil layers. Furthermore, the
intrinsic characteristics of the soil, such as low clay content in
sandy soils, can directly influence the leaching process (Tahir and
Marschner, 2017). In contrast, there are incipient studies regarding
early fertilization in sandy soils. Therefore, it is important to
understand the behavior of N from animal urine in integrated crop-
livestock system to mitigate losses and maximize the use of this
nutrient, making the use of these systems an important tool for
agricultural sustainability.

Therefore, we hypothesized that: (1) the application of nitrogen
to pasture increases the rate of nutrient input into the soil via urine,
and (2) the introduction of trees to pasture affects the behavior of
nitrogen in the soil. This study aimed to evaluate the effect of bovine
urination and nitrogen application on the behavior of N-mineral in
the soil in an integrated crop-livestock-tree system compared with
an integrated crop-livestock system.

2. Materials and methods

The experiment was conducted at the Rural Development
Institute of Parana-IAPAR-Emater, Ponta Grossa-PR (25° 07> 22"
S, 50° 03’ 01" W) in southern Brazil. The local climate is humid
subtropical, or Cfb, in the Koppen classification system (Koppen
and Geinger, 1928), with frequent occurrence of frosts and an
average annual temperature of 17.6°C, ranging from 14°C in July
to 21°C in January. The average annual rainfall is 1,400 mm. The
meteorological data during the experimental period are shown in
Figure 1. The accumulated precipitation during the experiment was
528 mm. The average maximum and minimum temperatures were
23°Cand 12°C, respectively.
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The experimental area is 13.07 ha, 6.09 ha of which is wooded.
These areas are contiguous, containing an association of soils
classified as Typic Distrudept and Rhodic Hapludox variety, with
sandy texture (19%, 3%, and 78% of clay, silt, and sand in the upper
20 cm, respectively). The relief has between 4 and 9% slope.

Chemical properties of the 0-0.2 m layer of soil at the
beginning of the experiment were pH (CaCly) = 4.97,
organic matter (OM) = 2496 g dm™%, P = 71.16 mg
dm~3, K = 98.40 mg dm™3, Ca = 2.16 cmol(c) dm~3, Mg
= 127 cmol(c) dm™3, base saturation = 47.09%, CEC =
7.73 cmol(c) dm~>, NHy* = 1193 mg kg~! soil, NO3;~=
9.07 mg Kg~! soil, and N-Mineral total= 21.00 mg Kg~!
soil. Moreover, in the 0-04 m layer of soil: NH, =
9.89 mg Kg~! de solo, NO;~= 645 mg Kg=! soil, and
N-Mineral = 16.34 mg Kg~! soil.

2.1. Area history

In 2006, three tree species: eucalyptus (Eucalyptus dunnii
Maiden), pink pepper (Schinus terebinthifolius Raddi) and grevillea
(Grevillea robusta A. Cunn. ex R. Br.), were planted in 6 of the 12
experimental units, each with 0.99 £ 0.231 ha. The experimental
units were considered like areas conducted in CL and CLT
systems and their replications. The species were interspersed in
the same row, transversely about the slope, with a predominantly
northeast-southwest orientation, with 3x14 m spacing (238
trees ha™1).

The experimental area has been conducted in an integrated
crop-livestock system, using no-till farming since 2009. In winter
2010, the production system integrated cool-season pastures (black
oat + ryegrass) and warm-season corn or soybean in the same area
and crop year.

During the summer 2013, we reduced the number of trees in
the area to 159 trees ha™! with the removal of the pink pepper
trees. In November 2014, thinning of the grevillea trees occurred
to reduce the negative effect of high shading. Thus, only eucalyptus
trees remained in the experimental area (i.e., 79 trees ha!).
In November 2015, another thinning occurred due to the high
negative impact of shading by eucalyptus trees, thus remaining 40
trees per ha, at a spacing of 28 m between rows and 9 m between
plants (Pontes et al., 2021).

2.2. Treatments and experimental design

The experimental design was a randomized block (blocking
factor: slope of 5%), with three repetitions in factorial scheme
(2 x 2 x 3 x 4 x 4), where are defined, respectively:
nitrogen doses (90 and 180 kg N ha~!) applied to pasture;
integrated systems, crop-livestock (CL) and crop-livestock with
trees (CLT); days that collections were performed after urination
(0, 6, and 12, being these equidistant), horizontal distances
from the central point of urination (0, 25, 50, and 75 cm,
being these equidistant) and soil collection depths (0-5, 5-
10, 10-20, and 20-40 cm collection). According to Bernardon
et al. (2021), the highest N requirements in pasture occur
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during early pasture development (i.e., early tillering), justifying
the single application at this stage and soil (Pontes et al,
2018).

Nitrate and ammonium soil concentration was determined in
the sample collected immediately, on the 6th and 12th day after the
urination, respectively, denominated 0. On these dates, we collected
samples from 0 (the central point of the urine urination site),
25, 50, and 75 cm from the central point, as well as in different
depths along with the soil profile, 0-5, 5-10, 10-20, and 20-40
cm (Figure 2).

10.3389/fsufs.2023.940535

2.3. Establishment of pasture

Sowing of black oat (Avena strigosa Schreb) + annual ryegrass
(Lolium multiflorum Lam.) took place on 16 May 2018 in no-till
system, with inter-row spacing of 17 cm and sowing density of 45
and 15 kg ha™!, respectively, being applied 400 kg ha~! commercial
formula 4-30-10 (NPK), which represents 16 kg N ha !, 120 kg
P,05 ha™!, and 40 kg K,O ha™! at seeding. Urea application (45%
N) occurred on 18 June 2018 (33 days after pasture seeding), using
90 kg N ha=! or 180 kg N ha~!, according to the treatments.
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FIGURE 1

Meteorological data during the period of pasture development (A) and meteorological data during the period of soil collection at urine urination
points (B). Ponta Grossa - PR, Brazil. Source: SIMEPAR, Ponta Grossa-PR, (2020).
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FIGURE 2
Example of the collection of the urination points and soil depths.

The crop used previously (summer 2017-2018) was corn (Zea
mays L., Balu 280 Pro) was sown previously in summer, at the
beginning of November 2017, in a no-till system, with row spacing
of 0.80 m, with six seeds per linear meter, configuring an initial
population of 75,000 plants ha~™!, 400 kg ha™! of commercial
formula 10-30-10 (NPK; 40 kg N ha™!, 120 kg P,Os ha™!
and 40 kg K,0 ha™!) was used at sowing and 270 kg of urea
ha™! as topdressing 40 days after sowing, in a single dose in
both systems.

2.4. Management pasture height

The grazing system used was continuous stocking with the
use of the “put and take” technique, described by Mott and Lucas
(1952), to adjust the stocking rate and maintain a constant pasture
height of approximately 20 cm by regulating animals.

In each experimental area, three Puruna breed animals (heifers
between 8 and 10 months old and 225 kg of body weight) were
evaluated during the livestock phase of the experiment (Pontes
et al., 2020). Adjustments were made regularly, based on weekly
evaluations of pasture height, measured with the aid of a graduated
ruler at 100 points per experimental unit. The animals entered into
the pasture on 5 July 2018 (50 days after pasture sowing), when
ryegrass + oats had an overall average height of all treatments of
24.3 cm, remaining until 17 October 2018.

2.5. Urine collection and analysis
We collected urine samples following the spot sampling

methodology, which is performed by spontaneous urina. The
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collection was performed at the time of weighing the animals
(two collections at an interval of 28 days each), using three test
animals from each treatment. Immediately after urine sampling,
the liquid was filtered with filter paper and acidified with 40
ml of sulfuric acid (0.036 N) in 10 ml of urine (Valadares
et al., 1999), identified, and immediately frozen (-20 °C) until
analyzed. The cooled urine samples were analyzed for total N
concentration using the direct distillation method of Bremmer
and Kenney (1966), described by Tedesco et al. (1995). The
concentration of total N in urine is expressed as grams of N
per liter (g N L™!) of fresh urine. The N contents in urine
differed according to the different N doses (90 vs. 180 kg
N ha™!), in which 2.05 g N L7! and 4.06 g N L~! were
found, respectively.

2.6. Nitrate and ammonium

Soil collection occurred on 25 September 2018 (day 0), 1
October 2018 (day 06), and 13 October 2018 (day 12). For
soil collection, the animals were initially observed in the field,
identifying three urination points within each plot, demarcating
the central point of the urine site; then, the urination area
was isolated with cages measuring 40 cm by 40 cm. The
averages for evaluating nitrate and ammonium in the soil on the
evaluation days are averages of three collections per experimental
unit.

We took three soil samples per experimental unit with
the help of a caliper auger, stratified at depths of 0-5, 5-
10, 10-20, and 20-40 cm and different distances from the
central urine point (CPS), being at 0 (midpoint), 25, 50,
and 75 cm from the main point. Samples were collected 2
h after urination of the animals. The means for evaluating
nitrate and ammonium at different soil depths and distance
from the central point are means of three collections per
experimental unit.

The samples were dried in an oven with forced air circulation
at 55 °C for approximately 120 h, ground on a sieve with a 2 mm
mesh, and taken for analysis. The analyses for the determination
of nitrate and ammonium were performed according to the
methodology by Keeney and Bremner (1966), by the Kjeldahl steam
distillation method using 1M KCI as described by Tedesco et al.
(1995).

2.7. Statistical procedures

After checking that the assumptions of the analysis
of variance had been met, the data for all the wvariables
were subjected to an analysis of variance using a factorial
mathematical model (2 x 2 x 3 x 4 x 4, ie, N levels,
systems, days after urination, distance from the central point
of urination and soil depth), with three replications in a
randomized block design (=5%). All the analyses were done
using Statgraphics statistical software, and the images were
analyzed using SigmaPlot R version 12.5 (Systat Software,
San Jose, CA).
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3.1. Ammonium

In the CL, no significant variation of N—NHI values was
observed at the different N doses applied (90 and 180 kg N
ha~!) and as a function of the days of evaluation after urination
( ,

presented higher ammonium values, which decreased over the

). At day zero, the central point of urination

course of days (6 and 12 days). Increases in ammonium levels do
not occur in the CL system beyond 25 cm from the central point of
)-

On the other hand, in CLT areas, greater variations in soil N-
). At N90 treatments,
increases in soil N—NHZr concentration were observed ( )

urination (

NHZ contents were observed ( )
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at the central urination point, which extended until sampling day 6
(53.03 mg kg~ ! soil) with these values decreasing only on sampling
day 12 (16.5 mg kg™! soil). CLT-N180 presented the highest N-
NH; soil concentration ). On day 0 of sampling, the
central point showed a concentration of 76,8 mg N-NH; kg~!
of soil, reducing this value to 50 mg N-NH; kg~! soil at 25 cm
distance, decreasing to even lower values on the other days and
distances evaluated.

3.2. Nitrate

Nitrate (N-NOJ ) soil concentration changes occurred up to a

)

distance of 25 cm from the central point of urination (
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TABLE 1 Analysis of variance of ammonium (N-NH}), nitrate (N-NO3),
and N-mineral contents at micturition points as a function of N
application, production systems, collection days, distance, and depth.

Factors NH; NO; N-mineral
N fertilization (A) 0.0095 0.0000 0.0002
Integrated system (B) 0.0363 0.0097 0.0088
Days after urination (C) 0.0000 0.0000 0.0000
Distance (D) 0.0000 0.0000 0.0000
Depths (E) 0.0000 0.0000 0.0000
AxB 0.9917 0.0012 0.3010
AxC 0.0567 0.0143 0.2400
AxD 0.0461 0.0058 0.0635
AxE 0.9235 0.9651 0.9455
BxC 0.0024 0.4576 0.0095
BxD 0.1577 0.0000 0.3131
BxE 0.6833 0.3159 0.9639
CxD 0.0000 0.0000 0.0000
CxE 0.0000 0.0962 0.0000
D xE 0.0000 0.9033 0.0000
AxBxC 0.0007 0.0000 0.0004
AxBxD 0.0109 0.0000 0.0068
AxBxE 0.3014 0.9733 0.4904
AxCxD 0.0091 0.0592 0.0068
AxCxE 0.5210 0.5964 0.4472
AxDxE 0.6194 0.0856 0.5090
BxCxD 0.0113 0.0269 0.0186
BxCxE 0.0226 0.5443 0.0273
BxDxE 0.2017 0.0809 0.6970
CxDxE 0.0000 0.4368 0.0000
AxBxCxD 0.0111 0.0005 0.0044
AxBxCxE 0.2255 0.1979 0.4789
AxBxDxE 0.7720 0.4225 0.5709
AxCxDxE 0.3252 0.2074 0.4259
BxCxDxE 0.2762 0.6255 0.2473

as for ammonium soil concentration (Figure 3). Increases in
nitrate contents up to 25 c¢m from the central urination point
were observed only in areas with trees at the highest dose of
nitrogen fertilization (Figure 4D). On the 6th day after urination,
we observed a peak in soil nitrate contents at the distance of 50
cm from the central sampling point (26.9 mg N-NO3 kg™! soil).
At a distance of 25 cm until the 12th day of evaluation, increases
of N-NOj are observed in Figure 4B (CL-N180) and Figure 4C
(CLT-N90), indicating that N-urine was still in the process of
transformation.
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3.3. Nitrate and ammonium concentration
in function of soil depth

There was no evidence of ammonium and nitrate leaching up
to 40 cm soil depth (P = 0.0000) (Figure 5). In both chemical forms,
there was a decrease in the contents with increasing soil depth, with
the 0-5 and 20-40 cm layers presenting 10.9 mg and 7.3 mg of N-
NO; kg™! of soil, respectively (Figure 5). While N-NH presents
in the 05 and 20-40 cm layer, was 47 and 20.8 mg of N-NH; kg~!
of soil.

The range of action of the N-urinary in our study does not
exceed 25 cm, resulting in an effective area of 0.197 m2.

4. Discussion

The shading effect resulted in a higher N concentration in the
soil by lower extraction of N by plants. Carpinelli et al. (2020)
verified, in the same year and experiment, a 42% reduction in light
input in the system with trees. This lower forage production in
shaded areas is mainly due to the lower tillering and stretch of the
plants (Oliveira et al., 2007; Belesky et al., 2011, 2017; Paciullo et al.,
2011).

Integrated systems become more complex as more components
are included in the system, as in the case of CLT, where the tree
component can alter some factors, such as temperature and soil
moisture, due to the changes in light entering the system. This fact
can alter the chemical, physical, and biological characteristics of the
soil (Dias et al., 2007; Sales et al., 2018; Assis et al., 2019), modifying
the flow of nutrients and, consequently, their contents in the soil.

In both systems, the higher N application in the system
provided higher availability of ammonium (>80 mg N-NH, kg~!
of soil) and soil nitrate (19 mg N-NOjJ kg~! of soil), possibly due to
the higher amount of N via urine added to the soil, more than 98%.
After urination, the area affected by N-urinary is dependent on
several factors that can modify the area of action of N coming from
the urine, such as (i) urinary volume; (ii) solute concentrations; (iii)
soil texture (related to cation exchange capacity); (iv) soil moisture
content; (v) topography, (vi) weather; (vii) vegetation type and,
(viii) root architecture (Marsden et al., 2016).

The effective area of a urine patch is defined by the wet
area added to the peripheral area outside, which is affected by
the urinary N (Selbie et al, 2015). Our observed value is in
agreement with those observed in several studies, where the
effective area ranges from 0.03 to 1.1 m? for cattle (Selbie et al.,
2015). Therefore, knowing the effective area of a urine patch (25
cm), the concentration of urinary N contained in the urine (2.05
and 4.06 gN L1 of urine) (McAuliffe et al., 2020), and the average
volume of urine per urination (1.9 L) (Whitehead, 2000), it is
possible to calculate the application rate of urinary N per hectare. In
the present study, the application rate of N via urine was therefore
197.7 and 391.6 kg N ha~!, between doses of N.

After N enters the soil through urine, urea is rapidly hydrolyzed
from ammonium to the subsequent nitrate. The nitrification
process results in an increase in N-NOj content (Whitehead,
2000). Soil moisture causes the resumption of the nitrification
process (Bissani et al., 2008) and is a determining factor in the
leaching of available nutrients in the soil solution, mainly N in the
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form of N-NO3 . According to ( ),
after nitrification of N, most of the N-mineral, mainly in the
form of N-NOj, can be leached out under conditions of excessive
precipitation. Considering that the accumulated rainfall for the
period of the experiment was 528 mm ( ), it can be said
that this value is low. Given that in the previous year, in the same
experimental area, an accumulated average of 934 mm was obtained
( ). These values contribute to understanding the
data, mainly because there was no leaching up to the 40 cm depth of
the soil. Although, even with the 66.4 mm precipitation ( )
before the third collection, such precipitation was insufficient
for leaching losses, keeping this nutrient in the topsoil layers.

Frontiersin

According to ( ), with the more significant
number of empty pores in dry soil conditions, there is less
infiltration of water and loading of available nutrients in the soil
solution unlike what happens in wet soils.

( ), considering the horizontal diffusion area
of sheep urine (load equivalent to 200 kg N ha~!) in a Cambisol,
maintained at 50% or 70% moisture, found small variations in N-
NH;r diffusion (6 cm) and only in the first days of evaluation (3
days), due to the rapid hydrolysis of urea. Subsequently, decrease
in N—NHI contents, and a progressive increase in N-NO3 occured.
Nitrate peak happened at 19 days of evaluation as far as nitrification
proceeds, with a decreasing trend after this evaluation. In addition,
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FIGURE 5
Ammonium (A) (N-NH; mg kg~!; P = 0.0000) and nitrate (B) (N-NO3 mg kg~!; P = 0.0000) concentration at different soil depths at urine urination
points of cattle on Lolium multiflorum + Avena strigosa pasture. Vertical bars indicate the standard error of the mean (N—NHZ +1.74; N-NO3 £ 0.53).

higher N-NO3 concentrations were found in soils with 50% water
(268 mg N-NO3 kg_1 soil) compared with 70% moisture (207
mg N-NOj kg™! soil), indicating that high moisture can increase
the dilution and diffusion of N-NOj, decreasing its concentration
in soil. However, the study conducted by Marsden et al. (2016)
disregards the effects of the presence of preferential flows, roots,
and plant uptake and vertical diffusion of N-NOj in soil, among
other factors, which may result in lower N-NOj3 availability in soil,
as verified in our study.

In sandy soil, ammonium is also poorly retained the negative
charges in the soil (Alrashidi et al., 2020) due to the low clay and
MO content usually found in these soils, which also increases the
possibility of losses in this chemical form. Soil texture is, therefore,
an essential factor in the behavior of N because it directly influences
the dynamics of water in the soil. In sandy soils, on average,
70% of its composition is sand that make them highly permeable,
with low water retention capacity, low organic matter contents
and, consequently, low cation adsorption capacity (He et al., 2014;
Centeno et al., 2017). Dunbabin et al. (2003) suggest that high
soil rooting density is vital for reducing N-NOj3 leaching rates in
coarse-textured soils and show the ability of highly branched root
architectures to deplete N-NOj from the surface mineralization
zone. N uptake by forage plants at urine urination points can reach
300-700 kg N ha~! year_1 (During and McNaught, 1961; Ball et al.,
1979; Ledgard, 2001).

Some studies demonstrated that significant amounts of N-urine
reach greater depths by preference fluxes through soil macro-pores.
Menneer et al. (2008), working with a lysimeter (450 mm depth),
measured losses of 109 kg N-NH; in a urine application (775 kg
N ha~!) and attributed this result to macro-pore flux and high
precipitation/drainage. The same authors, detected the movement
of N-NH; below 700 mm in urine-treated lysimeters and attributed
it to macropore flux. Although N is leached primarily as N-
NOj, N-NH;L losses are significant in some circumstances if
the soil fails to retain it in the upper soil layers (Selbie et al,
2015).
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5. Conclusion

The application of nitrogen fertilizer (180 kg N ha™!) causes
an increase in the concentration of nitrogen excreted in urine and,
consequently, an increase in nitrate and ammonium contents in the
soil at the urination points.

The presence of trees in the system was the most important
factor for higher ammonium and nitrate levels observed in the soil.

Horizontally, the area of action/diffusion of urinary N does not
exceed 25 cm from the central point of urination. The highest soil
N concentration was observed at the central point of urination.

We did not observe the evidence of nitrate and ammonium
leaching up to a depth of 40 cm.
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