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Nitrogen dynamics in a feedlot soil
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ABSTRACT

The feedlot system (FL) generates a high input of sewage causing imbalances in
the cycling process of nitrogen (N) as well as a potential negative impact on the
environment. The objective of this study was to deepen into the dynamics of N
in a FL’s soil so as to provide tools to reduce its environmental impact. The study
was conducted in a FL, located in Balcarce County (Buenos Aires, Argentina). Soil
samples were taken between November 2006 and May 2007 in a control Pasture, in
the FL-High (Upper Slope position) and FL-Low (Lower Slope position) of the FL,
and in the runoff area (RA). Urease activity and concentrations of Ammonium-N,
Nitrate-N and urea-N were evaluated in the soil up to 60 cm depth. Urea-N values
were always low (6 mg kg™'), due to the high urease activity measured (438 mg kg
). Ammonium-N concentration was highest in FL-Low, reaching a value of 65.5
mg kg at 40-60 cm soil depth. Nitrate-N concentration was highest in FL-High for
all depths, with a maximum concentration of 97.4 mg kg in the 0-10 cm layer; at
40-60 cm depth, Nitrate-N concentration in FL was 31.98 mg kg, higher than that
in Pasture (1.21 mg kg!). There were no differences in Nitrate-N concentration be-
tween Pasture and RA; hence, it can be inferred that there was no transport of nitrate
by surface water flow from the FL to RA. However, the potential for groundwater
contamination via nitrate, a mobile soil constituent, should be studied.

Keywords: feedlot system — mineral nitrogen — urea nitrogen — urease activity.
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1. Introduction

The cattle feedlots (FL) generally cause an imbalance
of soil nutrients, particularly of nitrogen (N), increas-
ing the N concentration in soil surface, which may
eventually lead to water, air and soil contamination
(Ball et al., 1979; Nufiez et al., 2007). The FL has be-
come an extensively-used practice over the last years
in the livestock farms of Argentina as a beef produc-
tion alternative, existing, back in 2009, 1687 FL that
contain 1 703 676 head of cattle (SENASA, 2009).
Under these systems, with high stocking rate, the re-
turn of excretions and loads of nutrients per surface
are excessive.

Feedlot animals excrete about 60 to 80% of con-
sumed N in urine and 20 to 40% in faeces, depend-
ing on the diet (Bierman et al., 1999; Van Horn et al.,
1996). Fecal N contains 50% of organic N and 50% of
ammonium, whereas urine contains up to 97% as urea,
which is easily converted to ammonium upon contact
with urease, a ubiquitous enzyme present in soils (Mo-
bley et al., 1995; Mobley and Hausinger, 1989). In
addition, the hydrolysis of urea produces OH", which
temporarily raises pH (Whitehead, 1989; Sherlock and
Goh, 1984). When the equilibrium reaction between
ammonium and ammonia (NH,) in soil solution pro-
motes the NH, production, it is likely NH, to be lost
to the atmosphere, increasing the risk of environmen-
tal impact through eutrophication of surface water and
acid deposition (Sapek, 1996). The NH,-N volatiliza-
tion is enhanced by high soil pH and temperature, el-
evated wind velocity and low relative atmospheric hu-
midity (Van Horn et al, 1996). In soils with alkaline pH
in the surface, NH,- N volatilization losses from cattle
urine ranged between 34 and 50% during the summer
and only between 7 and 10% in winter because the
higher temperature in the summer time accelerated the
hydrolysis of urea and subsequently promoted the NH,
volatilization (Videla ez al., 1994).

Urease is an extracellular enzyme which secretion is

not induced by urea. Urease is very distributed in na-
ture and it has been found in microorganisms, plants
and animals (Tabatabai, 1982). In soil, urease can be
degraded by proteases or be associated with humus
which impedes its denaturation, and extend its life-
time (Zantua et al., 1977; Mulvaney and Bremner,
1981; O’Toole and Morgan, 1984). The urease activ-
ity in soil is affected by pH, temperature and moisture,
and it is directly linked to soil organic carbon content
(SOC) (Reynolds et al., 1985). In Mollisols (Typic
Natraquoll) under grassland vegetation, the values of
urease activity ranged from 55 to 154 mg N kg!' h'!,
and were highly related with SOC, total N, cation ex-
change capacity and soil pH (Ferrari, 1995).

After urea hydrolysis, the ammonium concentra-
tion increases (Haynes and William, 1993). Several
studies conducted on FL systems have found that am-
monium concentrations to be as high as 100 to 250 mg
N kg'at 10 cm soil depth (Ball et al., 1979; Carran
et al., 1982; Sherlock and Goh, 1985) and from 500
to 1000 mg N kg™ in the surface 2.5 cm (Vallis et al.,
1985), which were higher than those normally found
on grasslands with no intensive livestock production
(Norris, 2000). Ammonium is not a very mobile con-
stituent in soils because it participates in cation ex-
change, but upon exchange site saturation, NH,-N can
then be leaching (Vaillant ez al., 2009).

After the deposition of ammonium from excre-
tions, it can be mineralized to nitrite by specialized
microorganisms (Nitrosomonas) and then rapidly to
nitrate by Nitrobacter, in aerobic conditions. Nitrate
is a very mobile anion since it is repelled from soil
colloids having negative charges and it therefore re-
mains in soil solution where is subject, among other
processes, to leaching (Vallis et al., 1985). The envi-

ronmental impact of nitrate leaching has a negative
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effect on human health, not only because can pollute
the groundwater needed for human consumption but
can also deteriorate the quality of the aquatic environ-
ment. The nitrate-N losses through leaching depend
on the content of nitrate-N in soil, which changes
through the year in agreement with the stocking rate
and weather conditions.

In a FL located on calcareous soil, concentrations
ranging between 1.7 and 5.0 mg nitrate-N kg' and
between 245 and 348 mg ammonium-N kg! were re-
ported at 10 cm soil depth (Garcia et al., 2006). These
concentrations decreased to 0.1 - 2.6 mg nitrate-N
and 6 -7 mg ammonium-N kg at 60 cm soil depth. In
a FL located on a typic argiudoll soil, nitrate-N con-
centration was 15-50 mg kg' and ammonium con-
centration was 40-60 mg kg™ at 10 cm depth, whereas
at 60 cm depth, these concentrations ranged between
10-20 mg kg' and 10-40 mg kg, respectively (An-
driulo et al., 2003).

The variability of mineral-N concentrations, as
a result of the FL’s presence, highlights the need to
know in every situation how will be the distribution of
mineral N from the excreta in the soil profile, so as to
determine the possibility of contamination by this ele-
ment and/or losses of N as N-ammonia, particularly in
soils with alkaline pH.

At the time when the negative impact of the FL
already affected the quality of the environment, it is
very difficult to implement remedial strategies be-
cause these are highly -expensive and time-consum-
ing. Then, a greater understanding in nutrient dynam-
ics is needed in order to develop systems that sustain
production and environmental quality.

The objective of this work was to evaluate, over
the time and at different soil depths, the changes in in-
organic N concentrations, urea content, urease activ-
ity in a FL, an adjacent pasture considered as control
area and an area which received surface flows from

the FL with the purpose of establishing whether the
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high concentration of these compounds promotes
movement through the soil to deeper horizons or to

adjacent areas by runoff.

2. Materials and methods

This research was conducted in an open-air feedlot
with the soil surface compacted and located in the
southeastern area of Buenos Aires Province, Argen-
tina (37°48” S; 58°13° W). The soil was classified as
a Chelfor6 Series, a fine, mixed, thermic Vertic Na-
traqualf, characterized by the presence of a surface
horizon with loam texture (16.1% clay, 20.3% silt and
63.6% sand), and clay loam to clay subsoil horizons
with low permeability due to high Na concentration.
Climate is humid-subhumid mesothermal and the av-
erage annual precipitation is 879 mm (period 1971
- 2007). Mean annual maximum and minimum tem-
perature are 19.6 and 8.1°C, respectively, with annual
mean thermal amplitude of 12.8°C.

The feedlot pen has a surface of 0.8 ha and can
accommodate 404 animals considering a capacity of
20 m?animal" The number of animals was different
among the sampling months, being of 131 animal
units in November (AU= equivalent to a 450 kg cow
live weight), 33 AU in December, 85 AU in February
and 62 AU in May, that means, the maximum capacity
was never exceeded. Animals were fed with a mixed
ration composed of maize grains, potato starch and
occasionally fine wheat bran. They also received 250
g day! of mineral supplement which contains 60% of

non-protein N, vitamins, minerals and antibiotics.

Soil sampling

Two areas were selected within the feedlot pen, area
permanently occupied by animals (FL): in the upper
(FL-High) and lower (FL-Low) slope positions of the
feedlot (0.6% slope). Outside of the feedlot, on the
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lower side of the farm, there is a depression that col-
lects the runoff water from feedlot and adjacent fields
and this area was identified as runoff area (RA). An
additional site evaluated was the pasture (Pasture) or
reference area composed by grasses, with no animal
occupancy.

Three composite soil samples were taken at depths
of 0-10, 10-20, 20-40 to 40-60 cm from each area in
order to determine mineral N and urea-N. Simultane-
ously, soil samples of 0-2.5 cm depth for analyzing

urease activity and soil pH were collected.
Soil analysis

Fresh soil samples (0-10, 10-20, 20-40 and 40-60 cm)
were extracted 1N KCl shaken for 1 h in a reciprocat-
ing shaker at 170 rpm, placed in plastic containers of
250 mL, and then filtered through Whatman N°1 filter
paper. Inorganic N (ammonium and nitrite + nitrate)
was determined in these extracts by steam distillation
in the presence of MgO and Devarda’s alloy (Brem-
ner and Keeney, 1965), and N-Urea was determined
by using the colorimetric technique of Mulvaney
and Bremner (1979). On air-dried samples collected
at 0-10 cm depth and sieved to pass through a 2 mm
sieve, soil pH was determined in a soil:water suspen-
sion (1:2.5) using a potentiometer and organic car-
bon (OC) content by the wet combustion procedure
(Walkley and Black, 1934).

In the air-dried 0-2.5 cm samples collected during
the first sampling (November 2006), was determined
urease activity (Tabatabai and Bremner, 1973), quan-
tifying of N-NH," produced when soil is incubated
with a solution of urea and toluene at 37 °C for 2 h.
Ammonium-N was quantified by steam distillation
with MgO (Bremner and Keeney, 1965). During the
assay, pH was not adjusted with buffer solutions in
order to determine the maximum hydrolysis that can

be produced by soil at actual pH. Toluene was used

as a bacteriostatic, to inhibit the secretion or release
by bacterial cells lysis of the urease enzymes during

incubation.
Statistical Analysis of Results

The effect of sampling areas (FL-High, FL-Low,
Pasture and RA) on the quantified variables was
analyzed separately for each sampling depth using a
SAS/Mixed procedure with RML estimation method.
The used model considers the fixed effect of sampling
areas. The random effects were modeled through the
correlations among repeated measurements over the
time (sampling time) subject to sub-sampling site,
and included the random effect of subsampling.
The error term was evaluated with various variance
and covariance matrices, selecting the array that
had lower Akaike criterion for each variable (SAS,
1988). Mean comparisons were carried out by using
the Tukey-Kramer test with an established level of

significance of 5%.
3. Results and discussion

Surface soil pH values (Table 1) differed according
to the sampling month and the month*sampling area
interaction (p<0.05). Significant differences were
only found in May (p<0.05). During this period the
pH value for RA (9.5) was greater than that in other
areas (7.3 on average). It might be inferred that the
high rainfall during the previous month (rained in
April 230 mm, almost three times the historical me-
dian (Figure 1) transported CaCO, and urea originated
from animal manure (Koopmans et al., 2007) by sur-
face runoff from the FL’s highest pens, causing this
elevated pH value. In the fact, since RA is a low area,
soil moisture content after a period of precipitations is
very high generating a low redox potential. This situ-

ation promotes a rise in pH which might reach values
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of up to 10 units of pH if carbonates are present (De- to the lower temperatures recorded during this month
Laune and Reddy, 2005). En general, it was observed (Figure 1) which would not have favored losses by
that pH values in May (7.81) were higher compared NH, volatilization (He et al., 1999) and, therefore, the
with the other months (7.10, average of November, rise in pH upon hydrolysis of urea from animals urine

December and February). This behavior might be due may have not been regulated by that loss.

Table 1. Soil pH values (0-10 cm) in different months and sites: control pasture (Pasture), runoff area (RA) and
upper (FL-High) and lower (FL-Low) slope positions of a feedlot. Letters show significant differences (p<0.05)
among sites.

Soil pH (1:2,5 soil:water)

November December February May
RA 64a 6.5a 73 a 9.1a
Pasture 6.6 a 72 a 7.1a 72b
FL-Low 72a 74a 73a 75b
FL-High 75a 7.6a 7.1a 7.4b
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Figure 1. Mean air temperature and precipitations during experimental period at Balcarce-Argentina. Arrows

indicate sampling times.
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Organic C levels at 10 cm depth showed variations
among sampling months (Figure 2A) and areas (Fig-
ure 2B) but there was not significant interaction be-
tween months and areas. When the behavior of this
variable was analyzed over months, it was observed a
decrease in February but remained stable in the rest of
the period. This situation might be due to the opera-
tion of decrust (elimination of the surface layer, which
mainly contains manure mixed with surface soil), car-
ried out in summer (Pordomingo, 2009), along with
an increase in the oxidation rate of organic constit-

uents, which normally takes place during the warm

o0 -
75 -
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45 4---

30 1

Organi Carbon (g Jg ™)

season. At the FL-Low, a greater amount of OC was
quantified, which must have been due to a transfer of
C from the highest areas of the feedlot pens through
runoff of manure. The lowest OC value was registered
in Pasture because it has no grazing animals and only
received organic contributions from decomposition of
vegetal tissues. The OC of RA showed intermediate
values, since although not receiving animal excreta,
it had higher water and nutrient accumulation, such
as reactive P (Wyngaard ef al., 2011) and mineral N
(Figure 3), which might have favoured the develop-

ment of plant biomass.

Figure 2. Soil organic carbon during (A) sampling months and (B) sampling areas, in a control Pasture (P), in

the runoff area (RA) and in upper (FL-High) and lower (FL-Low) slope position of a feedlot system at Balcarce-

Argentina. Letters show significant differences (p<0.05).

In spite of significant differences among sampling ar-
eas and months (p<0.05), urea concentration in soil
was always low, ranging between 3.5 and 6.0 mg kg!
(Table 2), with the highest value registered in the FL
and the lowest in the RA and Pasture. On the con-
trary, the urease activity was high, and the magnitude
of this activity was in the order FL (FL-High= 441.3
mg kg! h''+ 27, FL-Low = 429.4 mg kg' h'+ 17) >
RA (140.7 mg kg' h'! &+ 28) y Pasture (60.3 mg kg
h' + 8) (Table 2). This is the reason why the urea con-

centration was very low, despite the great contribution
of urea from the excreta the rate of urea decomposi-
tion was very high. This increase in urease activity
at the FL compared with the Pasture was due to the
presence of extra urease activity in the fresh faeces,
showing average values of 2420 mg N kg h'! at 30°
(Muck, 1982). The total decomposition of urea might
occur within 6 h at 30°C or 24 h at 10°C when urease
activity was very high (Muck, 1982), which justifies

the low content of urea in systems having a high con-
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tribution of excretions, as it is the case of FL. Urease
activity was significantly correlated with CO content
(r=0.7265, p = 0.0001), supporting the concept that
the elevated contribution of organic constituents de-
rived from excretions promotes the urease activity.
Urease activity values obtained for the Pasture agree
with those reported by Ferrari (1995) in soils from the
same area, and they do not differ from those of the
RA. This result suggest that there was not transfer of
urea by runoff from the FL to the RA although the
slope variation between both areas N mineral con-
centration (Figure 3) in soil showed fluctuations over
sampling date and at sampling areas, with significant
effects in all the sampled areas and moments at all
the analyzed depths, as well as an interaction between
both sources of variation (p < 0.05). Greater average
values of ammonium-N were observed in FL-Low
relative to Pasture. Though, due to the high variability
found among the samples, the differences were only
significant for 0-10 cm samples in February, 10-20 cm
in November and December, and 20- 40 cm in No-
vember and February. The highest concentration of
urine depositions as a result of the location of the
drinking troughs (Pordomingo, 2004) in the FL-

Low, justifies a higher ammonium average content
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as a consequence of the rapid hydrolysis of urea by
the urease. In general, the conversion of ammonium
to nitrate tends to rapidly take place in the soils of
the region as a result of the elevated urease activ-
ity (Ferrari, 1995) and to the amount of nitrifying
bacteria (Navarro ef al., 1980) which prevents its
accumulation; however in situations like those ana-
lyzed in this paper ammonia may accumulate. (Vail-
lant et al., 2009). This phenomenon was observed in
this study, as elevated concentration of ammonium
in FL relative to the control was detected at depth
(Figure 3). Thus, although it was generally found
that Ammonium-N decreased with depth, values of
78.6 mg kg were determined in FL-Low at 20-40
cm depth in November (in comparison with 12.2
mg kg'in Pasture) and of 37.9 mg kg' at 40-60 cm
depth in December (in comparison with 0.9 mg kg!
in Pasture). However, the differences were not statis-
tically significant due to the high spatial variability,
resulting from the erratic distribution of the animals’
urine within the feedlot pen. The ammonium ion is
a constituent that may adversely impact on the en-
vironment, either through surface runoff and/or by
leaching, or as a greenhouse gas when volatilizing as
ammonia (FAO, 2004).

Table 2. Urea-N concentration at different soil depths and surface urease activity in a control pasture (Pastu-
re), in the runoff area (RA) and in upper (FL-High) and lower (FL-Low) slope positions of a feedlot system at

Balcarce-Argentina.

Urea - N Urease activity
(mg kg') (mg kg' h)
0-10cm 10-20 cm 20 —40 cm
FL-High 510+ 0.51* 4.91+0,50 4.64 +0,26 441.3+27,2
FL-Low 5.31+0.89 4.96 +0.92 4.59+0.77 429.4+16.9
RA 4.78 £0.56 449 +0.37 4.58 +0.60 140.7 £28.6
Pasture 3.74+0.54 3.76 £ 0.62 3.68£0.84 60.3+7.7

*average +standard deviation
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Figure 3. Soil Ammonium-N and nitrate-N contents in a control Pasture (P), in the runoff area (RA) and in upper

(FL-High) and lower (FL-Low) slope position of a feedlot system at Balcarce-Argentina. Different letters show

significant differences (»<0.05) among sampling areas for each soil depth.
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The elevated concentration of ammonium coupled
with high temperatures (Ferguson et al., 1984) pro-
motes N losses by NH, volatilization. Domingo et
al., (2010) recorded cumulative NH, losses of 60 kg
N-NH, ha"' during a four-day period, in October and at
the same FL, which means it is possible for the same
process to have occurred at the FL-Low, mainly in
February. Quantification and forecast of NH, volatil-
ization would turn out of major importance in FL sys-
tems since they are considered the greatest NH, con-
tributors to the atmosphere, causing enrichment of N
in unwanted areas, an increase in acidity, and particle
deposition (Steinfeld et al., 2006; Fen et al., 2003).

The nitrate concentration in soil (Figure 3) was
consistently greater in FL-High at all depths and in
most of the sampling dates, reaching maximum val-
ues of up to 97.4 mg kg at 0 -10 cm depth. For the
same area, the average concentration of nitrate-N at
40 - 60 cm depth was 31.9 mg kg'! (Figure 3), which
was very high compared with the Pasture which at
the same depth showed an average value of 1.2 mg
kg'. These findings indicate that Nitrate-N can be
transported by rainwater to greater depths than Am-
monium-N, due to their lower susceptibility to being
retained by exchange sites on surface horizons. When
analyzing the average content of Nitrate-N in RA, was
found to be comparatively higher than in Pasture only
in the top 10 cm, so it can be inferred that surface flow
of Nitrate-N occurred from FL to RA.

The highest concentration of Nitrate-N was
reached in February. This behavior is logical, consid-
ering the factors determining nitrification are substrate
concentration (NH,, CO,y O,) temperature, moisture
and soil pH (Stevenson Cole, 1999) and that, during
February, a high stocking rate was combined at the
FL (85 AU on average) alongside a maximum average
temperature (21°C), and there was also an increase in
precipitations compared to the previous month (Fig-

ure 1). This behavior was even more pronounced in
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FL-High (Figure 3). Furthermore, the lowest amount
of animals in December as well as the low tempera-
tures in May resulted in lower values of Nitrate-N
being in soil during those months. At FL-Low there
must surely have occurred, simultaneously to nitri-
fication, N losses from NH, volatilization. Although
this process of loss was not quantified in this study,
certainly the high concentrations of ammonium found
(Figure 3), coupled with high temperatures (Figure
1) generated a marked difference in partial pressure
of NH, between soil and atmosphere encouraging the
NH, volatilization process (Ferguson et al., 1984).
The presence of Nitrate-N at a depth of 40-60
cm justifies the need of conducting a more thorough
research study on nitrate leaching in feedlot systems
since they constitute potential groundwater contami-
nants. Andriulo ef al, (2003) found 40 mg kg' of
nitrate in soil at 70 cm depth and groundwater con-
tamination in two wells within a short distance from
each other, although they concluded this would not
necessarily imply the fact of the underlying aquifer-

ous being contaminated.
4 Conclusions

The intensive beef-production system without con-
trol of sewage disposal of solid and liquid effluents
eventually lead to significant modifications in soil
N distribution, which varies over time according to
weather conditions. The high rate of urease activity
in feedlot pen soils prevents accumulation of urea,
which led to low concentration of this constituent in
all of the areas assessed. Notwithstanding, Nitrate-N
and Ammonium-N content were always greater in
feedlot pen soils than in control area, although they
were highly-variable based on the position of the land,
the distribution of animals within the pens and weath-
er conditions. Nitrate-N concentration was higher

in feedlot pens than in the control area, even at the
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maximum depths assessed, which highlights us about
the need of further investigate the potential impact on
groundwater. While no differences in concentration of
ammonium N from the pasture and the area of control
runoff, nitrate-N concentration in the first 10 cm of
soil is higher in the runoff area due to surface trans-

port process from the feedlot.
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