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TECHNICAL REPORTS: GROUND WATER QUALITY

Nutrient Accumulation below Cattle Feedlot Pens in Kansas
Grace C. Vaillant* Edgewood Chemical Biological Center
Gary M. Pierzynski Kansas State University
Jay M. Ham Colorado State University
Joel DeRouchey Kansas State University
Waste excreted on cattle (Bos taurus) feedlot pens is a source
of N and other nutrients that could potentially leach into soil
and negatively impact local groundwater quality. Analyses
of soil chemical and physical properties beneath active open
air feedlot pens were conducted at four Kansas locations to
determine nutrient accumulation. Results were compared to
estimated nutrient deposition, and remediation implications
were considered. The surface concentrations of NH4–N, organic
N, organic C, Cl–, and extractable P were elevated at the surface
and rapidly decreased with depth to 1.0 m. Ammonium N in
the top 0.25 m ranged from 8000 to 375 mg kg–1 but decreased
below background (5.6 mg kg–1) at 1.0 to 1.3 m. Organic N
in the top 0.25 m ranged from 22,000 to 500 mg kg–1 and
was the largest N source. At three of four feedlots, NO3–N was
below background concentration (4.1 mg kg–1) for the entire
proﬁle whereas one feedlot had a >75 mg kg–1 increase from
the background concentration in the top 1.0 m. Considering
expected nutrient deposition onto the pen surface only a fraction
of the nutrients were found beneath feedlot pen surfaces. While
in use, these feedlots do not appear to have a high potential for
groundwater contamination from NO3–N leaching. However,
if they were to become inactive NO3–N may increase and could
leach into groundwater. Upon closing of the feedlots, the land
could be largely remediated by removing the top 0.25 m of pen
surface, a zone holding 48% of total proﬁle N.

Copyright © 2009 by the American Society of Agronomy, Crop Science
Society of America, and Soil Science Society of America. All rights
reserved. No part of this periodical may be reproduced or transmitted
in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system,
without permission in writing from the publisher.
Published in J. Environ. Qual. 38:909–918 (2009).
doi:10.2134/jeq2008.0205
Received 30 Apr. 2008.
*Corresponding author (grace.vaillant@us.army.mil).
© ASA, CSSA, SSSA
677 S. Segoe Rd., Madison, WI 53711 USA

S

teinfeld et al. (2006) assessed that the livestock sector
comprised of livestock production and feedcrop agriculture
activities is the largest anthropogenic user of land. It uses 70% of
all the earth’s agricultural land, or 30% of the planet’s land surface
and has emerged as one of the top two or three contributors to
the most serious environmental problems (Steinfeld et al., 2006).
The environmental impact of livestock production has been
extensively studied for air, water, and surface soil quality (Steinfeld
et al., 2006). However, the impact on soil quality at depth directly
beneath cattle feedlot pens has not been as extensively studied in
areas other than Nebraska and Canada.
Large quantities of N, P, and soluble salts are fed to cattle and
about 0.16, 0.022, and 0.11 kg hd–1 d–1 N, P, and K, respectively,
are excreted in manure (ASAE, 2005). Beef cattle retain about
12% of fed N (ASAE, 2005; Kissinger et al., 2007). Fractions of
the accumulated nutrients on the pen surface are removed during pen cleaning, are washed into lagoons during runoﬀ, or are
leached and/or diﬀused into the soil beneath the pen; the latter
could potentially lead to soil and water quality problems. The material removed during pen cleaning is moved to a storage or composting area before land application presenting additional risks of
nutrient and salt leaching and surface runoﬀ losses. In addition
to N losses, P losses to fresh water bodies can cause eutrophication, and soluble salts containing Na+, K+, and Cl− can cause soil
chemical and physical problems (i.e., dispersion and subsequent
compaction). In a pen based N balance it was suggested that of
the N outputs 32% was in the ﬁnished animal, 22% was in the
harvested manure, and 47% was lost (i.e., volatilized, runoﬀ, or
unharvested) (Kissinger et al., 2007). Thus, a typical feedlot pen
received 0.065 kg N hd–1 d–1 as manure (Kissinger et al., 2007).
Evaluating the potential eﬀect of animal waste leachate on
groundwater quality requires consideration of three focus areas: (i)
toxicity and concentration, (ii) the rate at which soluble constituents
move into underlying soil, and (iii) aquifer vulnerability (Ham and
DeSutter, 2000). A common focus of research at cattle feedlots is N
movement. Organic N can mineralize into NH4–N and NO3–N.
Ammonium can be tied up by cation exchange in the soil, move via
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diﬀusion, undergo nitriﬁcation and be converted to ammonia.
Nitrate and Cl– are mobile ions and can move by water transport
and diﬀusion, making them a potential threat to groundwater
quality. Research concerning NO3–N leaching into groundwater
has conﬂicting conclusions. For example, groundwater studied
by Mielke et al. (1970), Elliot et al. (1972), and Lorimor et al.
(1972) was found to have concentrations <15 mg kg–1 NO3–N
1.1 m below river valley feedlot. Sweeten et al. (1995) also found
no increases in NO3–N, Cl–, Na+, P, and NH4–N in groundwater beneath feedlots where the water table was >80 m below
the surface. In contrast, Stewart et al. (1967) found variable accumulations of NO3–N in soil and groundwater at feedlots and
cultivated cropland in Colorado, and concluded feedlots could
create a local groundwater contamination problem.
Animal activity and management practices at open air feedlots alter the soil proﬁle. Over time an organic and interface layer
form above the original mineral soil. The organic layer is a fresh
accumulation of manure. The interface layer is a mixture of organic matter and mineral soil caused by hoof action. The third
layer is the top of the natural soil proﬁle before land use change
that has become physically and chemically altered. Prior ﬁndings document that the surface 0.15 m becomes compacted and
has high bulk density, 1600 to 1870 kg cm–3, is poorly aerated,
and has platy or massive structure (Mielke et al., 1974; Olson et
al., 2005). Waste is a signiﬁcant source of moisture for the pen
surface. At typical High Plains feedlots with stocking rates of
18 m2 animal–1 and an average water consumption of 30 L d–1,
the annual deposition of water in the waste alone would be on
the order of 70 cm yr–1 (Boyles et al., 2007; Davis et al., 2004).
Baum et al. (2008) measured losses of water from a Kansas feedlot equivalent to 22.3 L animal–1 d–1 during the winter period
and 84.7 L animal–1 d–1 during the summer period, consistent
with ranges reported by Winchester and Morris (1956). Thus,
excreted urine and manure equates to an application of 3 to 4
mm of water on most days. This moisture, coupled with normal precipitation, creates a potential for downward contaminant
transport beneath the pen. Manure also provides a habitat for
microorganisms that produce organic gels and polysaccharides
that plug soil pores, even in sandy soils. When soil conditions
are moist, liquid inﬁltration is inhibited; but when dry, cracks
may form creating a greater potential for leaching (Mielke et al.,
1974; Mitchell and Nevo, 1964). Even without transport in the
solute, nutrients could also move under the pen by the process of
diﬀusion, albeit at a much slower rate.
At feedlot closure, there is an increased potential of N movement because soil surface drying and cracking promote water
inﬁltration, air diﬀusion, and subsequent conversion of subsurface NH4–N and organic N to mobile NO3–N (Mielke and
Ellis, 1976; Saint-Fort et al., 1995; Ham, 2002). During most
summers in Nebraska, 2 to 3 cm wide cracks can be observed
at empty feedlots, particularly those with soils having high clay
content (Mielke and Ellis, 1976).
The objective of this research was to analyze select physical
and chemical properties of the soil found beneath pens from
four Kansas feedlots. The results presented herein will address
(i) the pattern of nutrient accumulation in the soil proﬁle,
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(ii) variability in subsurface nutrients both within and among
feedlots, (iii) whether the total amounts of nutrients represents
a signiﬁcant fraction of nutrients deposited on the pen surface
as manure, (iv) whether the quantity of nutrients accumulated
have the potential to impact local groundwater quality, and (v)
what depth of soil would need to be removed at facility closure
to signiﬁcantly reduce the threat to groundwater quality.

Materials and Methods
Four feedlots in Kansas were chosen as sample sites. The
feedlots were labeled in order from west to east with Feedlot 1, 2, and 3 located across central Kansas and Feedlot 4 in
northeastern Kansas. Feedlot 1, 2, 3, and 4 have 30 yr average rainfall of 62.8, 67.2, 81.6, and 88.4 cm, respectively, and
30 yr average temperatures of 12.8, 13.4, 12.5, and 12.7°C,
respectively. The primary soil mapping units at Feedlot 1, 2,
3, and 4 are Pratt loamy ﬁne sand (sandy, mixed, mesic Lamellic Haplustalfs), 5 to 12% slopes, Geary silt loam (ﬁne-silty,
mixed, superactive, mesic Udic Argiustolls), 1 to 3% slopes,
Smolan silty clay loam (ﬁne, smectitic, mesic Pachic Argiustolls), 1 to 3% slopes, and Tully silty clay loam (ﬁne, mixed,
superactive, mesic Pachic Argiustolls), 3 to 7% slopes, eroded,
respectively (Soil Survey Staﬀ, 2007). The feedlots ranged in
size and capacity, with Feedlots 1, 2, 3, and 4 having capacities
of 30,000; 27,000; 9000; and >2000 head, respectively. Pens at
these feedlots ranged in age from about 21 to 50 yr.
Soil cores were taken by a direct-push coring machine
equipped with a 4.6 cm-i.d. sampling tube and single-use polyethylene teraphthalate copolymer plastic liners (LWW, D10006P,
1025151; Concord Environmental Equipment, Hawley, MN).
At each feedlot one soil core was taken from four to ﬁve pens
each. The individual pens were selected in an attempt to represent all types of pens at the operation including the newer and
older pens if there had been an expansion. Replication within
pens was not feasible due to accessibility, time, and expense. At
sampling, the pens were stocked except at Feedlot 2 which had
been emptied a few weeks prior. Soil cores were taken 5 to 15
m away from the cement pad in front of the feed bunks. The
soil was cored as deep as conditions allowed resulting in coring
depths ranging from 1.80 to 4.70 m with the majority terminating at 2.70 m. The soil cores were transported on ice and stored
at –9°C in their plastic liners at ﬁeld moisture until processed.
Each soil core was carefully removed from its plastic liner onto
a wooden trough alongside a tape measure. Each soil core was divided into horizons based on color, structure, and texture. From
each horizon, samples were created by separating cores into segments of approximately 10 cm. Due to horizon thickness variability, not all samples were exactly 10 cm. After 2.00 m, the sample
size was increased to 20 cm segments while continuing with the
same methodology of keeping any one sample within the boundaries of one horizon. After the cores were divided into samples,
each sample, at ﬁeld moisture, was sieved to pass through a 2-mm
sieve and then stored in sealed plastic bags at –9°C.
Soil moisture content was determined gravimetrically. The pH
was determined using a 1:1 soil:water slurry (Wateson and Brown,
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1998). Total N and organic C were determined using a LECO
CNS 2000 combustion analyzer (LECO Corporation, 1995)
(Leco, St. Joseph, MI). Before organic C analysis the sample was
treated with acid to eliminate free carbonates. Extractable NO3–N
and NH4–N were determined using a modiﬁcation of the procedure presented in Gelderman and Beegle (1998) using 2.00 ± 0.05
g ﬁeld moist soil with 20 mL 1 mol L–1 KCl in a glass 125 mL
Erlenmeyer ﬂask. The ﬂask was shaken for 30 min at 200 rpm on
an orbital shaker and then ﬁltered through Whatman No. 2 ﬁlter
paper. The extracts were analyzed by the Kansas State University
Soil Testing Lab (KSU-STL) with a Rapid Flow Analyzer (Alpkem
Corp., Clackamas, OR). Nitrate was determined by Cd-reduction
and NH4–N was determined by an indolphenol color development (Gelderman and Beegle, 1998; Alpkem Corporation, 1986a;
Alpkem Corporation, 1986b). Extractable P was determined using 2.00 ± 0.05 g ﬁeld moist soil and 40 mL 0.5 mol L–1 NaHCO3
(pH 8.5) in a glass 125 mL Erlenmeyer ﬂask that was shaken for
30 min at 200 rpm on an orbital shaker and then ﬁltered through
Whatman No. 2 ﬁlter paper (Frank et al., 1998). The P concentration was determined by measuring the absorbance of 880 nm light
with a DU-64 spectrophotometer (Beckman Coulter, Inc., Fullerton, CA) after a 20-min color development period with an acid
molybdenate and ascorbic acid solution. Extractable Cl– was determined using 5.00 ± 0.05 g ﬁeld moist soil and 20 mL 0.01 mol L–1
Ca(NO3)2 in a polypropylene sample cup that was shaken for 5
min at 200 rpm on an orbital shaker and then ﬁltered through
prerinsed ﬁlter paper (Gelderman et al., 1998). The extracts were
analyzed by the KSU-STL with a Technicon Auto Analyzer II
(Technicon Industrial System, Tarrytown, NY) using a mercury
thiocyanate color development (Gelderman et al., 1998).
At Feedlots 1 and 2, feeding data were gathered for six representative pens during 2005 thru 2007. The information included
feeding data and pen management information. The nutritional
information collected included feed nutrient composition and
feed intake levels, which are reported on an as-fed basis. A N
retention value of 28 g hd–1 d–1 was used (Kissinger et al., 2007).
Nitrogen retention values are a function of feed-N content and
manure N content. Excreted N d–1 was calculated by subtracting
the estimate of N retained from N intake. In addition, the number of cattle per pen and pen area were collected, allowing for
calculation of stocking rate and amount of N excreted per area.

Table 1. Nitrogen loading found at pen surface for six pens each at
two commercial feedlots, Feedlot 1 and Feedlot 2. The Daily N
Retention values came from Kissinger et al. (2007).
Item
Average weight, kg
Head per pen, hd
Area per head, m2 hd–1
Daily N intake, as fed, g hd–1 d–1
Daily N retention, g hd–1 d–1
Daily N excretion, g hd–1 d–1
Daily pen N excretion, kg m–2 d–1
Yearly pen N excretion, kg m−2 yr–1

Feedlot 1 Avg.
478
254
16.8
221
28.0
193
0.0115
4.2

Feedlot 2 Avg.
435
66.0
29.1
211
28.0
183
0.0063
2.3

and 0.3 kg m–2 yr–1 would be found on the surfaces of Feedlot 1
and 2, respectively. However, the amount of N remaining over a
period of time on the surface must be less because the accumulation found beneath the feedlot surface (kg m–2) does not match
with the projected accumulation rate. For example, at Feedlot
1, 3.2 kg N m–2 was found at depth (Table 2). If accumulation
had occurred for 25 yr then the deposition rate would be have
been 0.1 kg N m–2 yr–1 which is ﬁve times less than the estimated
deposition rate of 0.5 kg N m–2 yr–1.

Ammonium

As part of a separate feedlot mass balance study, the rate of N
deposition onto the pen surface was estimated. At Feedlots 1 and
2, the stocking rates were 17 and 29 m2 hd–1, and average animal
weights were 478 and 435 kg, respectively (Table 1). Using an average N retention rate of 28.0 g hd–1 d–1 (Kissinger et al., 2007),
an estimated 4.2 kg m–2 yr–1 at Feedlot 1 and 2.3 kg m–2 yr–1 at
Feedlot 2, were deposited on the pen surface (Table 1). Using
the ﬁndings of Kissinger et al. (2007) and Cole (2006) it was
estimated that 13% of excreted N remained on the surface after
32% was harvested, 50% was volatilized, and 5% ran oﬀ. Assuming 13% of excreted N remained on the surface then 0.5

Ammonium is not a very mobile constituent in soils because
it participates in cation exchange, but on exchange site saturation, NH4–N can leach. In lagoon seepage studies, NH4–N
has been reported as a strong indicator of seepage (DeSutter et
al., 2005; Huﬀman and Westerman, 1995). At the pen surface
NH4–N ranged from 375 to 8000 mg kg–1 at all feedlots except
at Feedlot 2, which ranged from 43 to 335 mg kg–1 (Fig. 1–4).
At all feedlots, the NH4–N concentration rapidly decreased
within the upper 0.50 m. This trend of rapid decrease in concentration within a short distance was expected due to the presence of a hard pan created by animal traﬃc and reduced inﬁltration from microbial byproducts (Mielke et al., 1974; Olson
et al., 2005). At Feedlots 3 and 4, NH4–N increased to a range
between 760 and 950 mg kg–1 and 167 to 312 mg kg –1, respectively, around 0.50 to 1.00 m (Fig. 3 and 4) which could be due
to reduced conditions where EH is <150 mV (Essington, 2004).
At Feedlot 2, NH4–N concentration was near 300 mg kg–1 at
the surface and decreased to very low concentrations, generally
<5.6 mg kg–1, within the ﬁrst 0.60 m (Fig. 2).
Based on the ﬁndings of McKinley (2007) and Norris (2000)
for a natural prairie setting, a background concentration of 5.6
mg NH4–N kg–1 was set to estimate the depth at which the soil
proﬁle was not aﬀected by leaching of NH4–N from manure. At
Feedlot 1, pens 1A thru 1D return to background at approximately 1.00 to 1.30 m and pen 1E did not reach background for
the depth sampled (Fig. 1). At Feedlot 3, pens 3B, 3D, and 3E
returned to background at approximately 1.15 m, pen 3C at 1.97
m, and pen 3A did not reach background for the depth sampled
(Fig. 3). At Feedlot 4, pen 4A returned to background at 1.80 m,
pens 4B and 4C at 2.70 m, and pen 4D at 1.20 m with exception of the depth from 1.68 to 2.18 m where the concentration
rose to 10.0 mg NH4–N kg–1 (Fig. 4). Except for the elevated
concentrations at the surface, Schuman and McCalla (1975) had
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Results and Discussion
Nutrient Deposition Rates from Feeding Data

Table 2. Summary of masses for N fractions, extractable Cl–, and organic C found beneath each feedlot for a depth of 2.7 m by 1.0 m2.†
Feedlot

Pen

Extractable NH4–N

Extractable NO3–N

Organic N

Total N

Extractable Cl–

Organic C

–––––––––––––––g m –––––––––––––––
––––––––––––––––––––––––kg m–2––––––––––––––––––––––––
1
1A
303
5.0
1.4
1.7
1.4
13.3
1B
177
7.8
1.9
2.1
0.8
7.5
1C
1000
14.0
3.6
4.6
2.6
49.4
1D
770
6.1
4.0
4.8
2.2
32.8
1E
551
0.6
2.3
2.8
1.4
26.6
Average
560 (336)
6.7 (4.9)
2.6 (1.1)
3.2 (1.4)
1.7 (0.7)
25.9 (16.6)
2
2A
18.6
268.8
2.9
3.2
2.6
21.0
2B
39.3
454.6
3.2
3.7
2.3
28.4
2C
50.5
136.2
3.7
3.8
2.5
33.0
2D
92.5
78.8
5.2
5.4
4.0
46.1
Average
50.2 (31.1)
235 (167)
3.8 (1.0)
4.0 (1.0)
2.8 (0.8)
32.1 (10.6)
3
3A
1922
1.0
9.6
11.6
5.1
108
3B
2705
1.3
5.1
7.8
5.4
91.5
3C
1090
3.7
6.2
7.3
5.0
74.3
3D
640
0.8
3.3
3.9
2.6
36.3
3E
690
2.0
6.7
7.4
4.6
82.5
Average
1409 (888)
1.8 (1.2)
6.2 (2.3)
7.6 (2.7)
4.6 (1.1)
78.5 (26.7)
4
4A
270
5.9
3.6
3.9
1.8
26.7
4B
285
0.9
2.2
2.5
1.4
23.8
4C
286
4.8
4.0
4.3
1.7
35.0
4D
284
1.3
5.1
5.4
1.6
45.3
Average
280 (7.8)
3.2 (2.5)
3.7 (1.2)
4.0 (1.2)
1.6 (0.2)
32.7 (9.6)
1, 2, 3, and 4
Average
575 (594)
61.6 (115)
4.1 (1.5)
4.7 (2.0)
2.7 (1.4)
42.3 (24.3)
† Assumed area of 1 m2, bulk density of 1350 kg m-3, and depth of 2.7 m. Sampling did not reach 2.7 m; Pen 2B ended at 2.10 m, Pen 2D ended at 2.38
m, and Pen 4B ended at 1.80 m.
–2

Fig. 1. Nitrogen profiles (NO3–N, NH4–N, and organic N) of the pens sampled at Feedlot 1. (a) Pen 1A, (b) Pen 1B, (c) Pen 1C, (d) Pen 1D, and (e) Pen 1E.
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Fig. 2. Nitrogen profiles (NO3–N, NH4–N, and organic N) of the pens sampled at Feedlot 2. (a) Pen 2A, (b) Pen 2B, (c) Pen 2C, (d) Pen 2D.

similar ﬁndings in Nebraska. Saint-Fort et al. (1995) found little
movement of NH4–N in any feedlot soil samples having a maximum surface concentration of 70 mg kg–1 and <1 mg kg–1 after
1.00 m. The ﬁndings of DeSutter et al. (2005) for cattle lagoon
seepage have a similar trend of decreasing NH4–N concentration with depth, however the average accumulation beneath the
lagoon in the upper 1.0 m was about double that at the feedlots,
and the concentration did not decrease as quickly with depth.
Ammonium N in the soil beneath the lagoons did not approach
background levels until 1.65, 2.70, and >4.35 m for the three
lagoons studied.

the feedlot operation existed. The organic C and organic N
concentrations were highly correlated (r2 = 0.91) and had a C
to N ratio of 14:1 (Vaillant, 2007) similar to the C to N ratios
of 12:1 to 16:1 measured by Campbell and Racz (1975). In
addition, total N measured at feedlots before feedlot activity
had 1.23 g kg–1 (0–0.15 m) to 0.34 g kg–1 (1.2–1.5 m) (Olson
et al., 2005). These total N values are within the range found
below the manure pack at the Kansas feedlots.

Nitrate

The organic N fraction of the total N was the largest. Mosier et al. (1972) concluded that organic material from feedlots
did not readily move through the soil proﬁle and accumulated
on the surface. Data showed that organic N surface concentrations ranged from 500 to 22,000 mg kg–1, rapidly decreased
within 0.25 m, and further decreased to a stable range of 150
to 600 mg kg–1 around 1.00 m (Fig. 1–4). Organic N at depths
>1.00 m was attributed to residual organic matter from before

Many researchers use NO3–N quantity to measure water quality, however Maulé and Fonstad (2002) suggest that NO3–N is
not a good indicator of leaching because N can undergo biological
changes. Most N deposited on the pen surface is about 33% organic
N from feces and 66% organic N from urine (Davis et al., 2004).
Organic N from feces and urine can be mineralized to NH4–N and
transformed to NH3 or nitriﬁed to NO3–N. Under conditions of
decreased redox potential, EH < 300 mV, NO3–N can be prohibited
from forming or be denitriﬁed (Essington, 2004). If the soil is in
an anoxic state (EH < –250 mV) where Mn4+is already reduced and
exhibits black streaks or nodules, then NO3–N cannot exist in any
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Organic Nitrogen

Fig. 3. Nitrogen profiles (NO3–N, NH4–N, and organic N) of the pens sampled at Feedlot 3. (a) Pen 3A, (b) Pen 3B, (c) Pen 3C, (d) Pen 3D, (e) Pen 3E.

appreciable quantity (Essington, 2004). Within the cattle feedlot
system, NO3–N is not expected to be present above background
levels because the high surface pH (>8) is preferential for NH4–N
and NH3 production, not NO3–N (Sylvia et al., 2005).
Relying on McKinley (2007) and Norris (2000), a background concentration of 4.1 mg NO3–N kg–1 was set to estimate the depth at which the soil was not aﬀected by NO3–N
leaching. At Feedlots 1 and 3, the NO3–N was below background for the entire proﬁle of all pens (Fig. 1–4). At Feedlot
4, NO3–N for pens 4B and 4D was below background for the
entire proﬁle and pens 4A and 4C were below background except for NO3–N increases with maximum concentrations of
32.9 and 10.7 mg kg–1 at 0.21 and 0.36 m, respectively (Fig.
4). Saint-Fort et al. (1991) found similar NO3–N behavior and
concentrations at an active feedlot in Alberta, Canada.
Feedlots 3 and 4 had signs of reduced conditions and redoximorphic features, such as Fe-Mn streaks or nodules and gleyed
colors (i.e., chroma 2 or less) (Vaillant, 2007). The presence of
Fe-Mn streaks and nodules supports the lack of NO3–N found.
At active feedlots, Mielke et al. (1974) and Ellis et al. (1975)
found similar NO3–N concentrations as found at Feedlots 1,
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3, and 4. Saint-Fort et al. (1991, 1995) measured potentially
mineralizable N (PMN) as well as NO3–N and found that there
was little mineralization of PMN to NO3–N, and proposed
that denitriﬁcation could occur, thereby not forming signiﬁcant
amounts of NO3–N. Furthermore, Elliot et al. (1972) measured
the soil air composition beneath a Nebraska feedlot and found
CH4. Methane can form at a redox potential EH < –200 mV
which is less than the redox potential for NO3–N further suggesting that NO3–N had been depleted.
At Feedlot 2, NO3–N was <70 mg kg–1 at the surface, but
between the surface and approximately 1.00 m there was an increase in concentration where the maximums were 278, 510,
435, and 74.1 mg kg–1 at pens 2A, 2B, 2C, and 2D, respectively,
before returning to background levels around 1.80 m (Fig. 2).
It is suggested the NO3–N formed in place via nitriﬁcation and
was not translocated from above because of the corresponding
soil acidiﬁcation (Fig. 5d), a by-product of nitriﬁcation, at the
same depth and no corresponding elevation in Cl– concentration (Fig. 5e) (Gast et al., 1974). The zone of nitriﬁcation at
Feedlot 2 is unique to the four feedlots studied. This site practiced more frequent pen cleaning which may have broken up
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Fig. 4. Nitrogen profiles (NO3–N, NH4–N, and organic N) of pens sampled at Feedlot 4. (a) Pen 4A, (b) Pen 4B, (c) Pen 4C, and (d) Pen 4D.

the compacted layer on the pen surface and allowed for greater
inﬁltration. Mielke and Ellis (1976) found similar increases in

NO3–N under abandoned feedlots but at depths of 3.00 to 4.00
m instead of in the ﬁrst 1.00 m as found at Feedlot 2. At Feedlot

Fig. 5. pH, Cl–, and P profiles for Feedlot 1 (a, b, and c) and Feedlot 2 (d, e, and f). The profiles for Feedlot 1 are similar for Feedlots 3 and 4.
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2, it may be possible that the pens not having cattle at sampling,
had been empty long enough to allow them to dry out allowing
nitriﬁcation to occur to a depth of 1.0 m. DeSutter et al. (2005)
found NO3–N at the bottom of anaerobic feedlot lagoons after
they were allowed to dry over the summer, but found negligible
concentrations at lagoons recently emptied. It appears nitriﬁcation can readily occur if the surface is allowed to dry.

Chloride and pH
Chloride was measured in an attempt to evaluate relative water
movement beneath pen surfaces because it is a mobile soil constituent and is not subject to biological transformations. Chloride
would indicate water movement if concentrations similar to that
at the surface were found at depth. The pH was measured to evaluate how manure might have aﬀected the natural soil pH over time
as well as to determine if pH conditions were conducive for NH3
volatilization and/or NH4–N nitriﬁcation. Measured pH values
around 8 typically indicate conditions favorable for NH3 volatilization, and measurements below 7 (neutral) indicate that nitriﬁcation may have occurred (Sylvia et al., 2005).
The distribution of Cl– with depth was similar for Feedlots
1, 3, and 4, therefore; only data from Feedlot 1 is shown in
Fig. 5b. The Cl– data for Feedlot 2 is shown in Fig. 5e. For
all feedlots, Cl– ranged from about 800 to 14,000 mg kg–1 at
the surface, rapidly decreased within 1.0 m to approximately
400 mg kg–1, and continued to decrease to <50 mg kg–1 in
most pens. Saint-Fort et al. (1991) observed similar Cl– behavior as found at these feedlots. The Cl– distribution was consistent with diﬀusion based transport through a hardened barrier
and seepage of 0.085 mm d–1 (Jang and Hong, 2002). Diﬀusion based transport was also supported by several groups that
measured seepage rates of 1.2 mm d–1 (Mielke and Mazurak,
1976), 0.005 mm d–1 to 0.016 mm d–1 (Maulé and Fonstad,
2002) and 0.2 and 2.4 mm d–1 (Glanville et al., 2001; Ham,
1999, 2002; Ham and DeSutter, 1999, 2000) at feedlot surfaces or lagoons. In addition, Mielke et al. (1974) found soil
water content (34–40%) remained relatively constant with
depth. Average soil moisture was 7.0, 8.3, 15.9, and 19.7% at
Feedlots 1, 2, 3, and 4, respectively.
The pH of pens at Feedlot 1, 3, and 4 had a similar trend
with pH 8.5 at the surface 0.5 m and then ranged from pH 7.5
to 6.5 for the remainder of the proﬁle (Fig. 5a). The surface pH
at Feedlot 2 was similar to Feedlot 1 (Fig. 5d); however, there
was a zone of strong acidiﬁcation that peaked around pH 5.5
at about 75 cm. This zone of acidiﬁcation was in the same area
where there was NO3–N accumulation. Below the zone of acidiﬁcation, pH increased, ranging from 7.5 to 8.5 at approximately
1.5 m and remained stable with increasing depth. The elevated
surface pH was due to accumulation of CaCO3 from cattle diets
and urea hydrolysis. The slightly alkaline pH found at depths
below 1.50 m are typical for the soil series mapped in these areas
(Soils Survey Staﬀ, 2007).

Phosphorus
For all feedlots, the extractable P concentrations ranged from
about 20 to 9000 mg kg–1, and rapidly decreased within the ﬁrst
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0.50 m of the proﬁle to range between <1.0 and 80 mg kg–1 (Fig.
5c and 5f ). Campbell and Racz (1975) found Olsen extractable
P concentrations ranging downward from 76 to 0.4 mg kg–1,
with the majority of P beneath a feedlot in the inorganic form.

Variability Among and Within Feedlots
Variability existed for N, Cl–, and C below each pen on each
feedlot and among feedlots (Table 2). The percent relative standard deviation among feedlots was 103, 187, 37, 43, 52, and
57 for NH4–N, NO3–N, organic N, total N, Cl–, and organic
C, respectively. One way analysis of variance including the four
feedlots for each nutrient show that none of the feedlots have
the same amounts of nutrients beneath the pen surface. Total
masses of each N species per area were determined by summation and assuming a constant bulk density of 1350 kg m–3.
Feedlot 3 had the most N below the surface followed by Feedlot 4, Feedlot 2, and Feedlot 1 (Table 2). For a depth of 2.70
m, the mass of NH4–N ranged from 50 to 1400 g m–2, with an
average of 575 g m–2 among feedlots. Ammonium variability
was greatest in the top 0.25 m with a coeﬃcient of variation
of 20% and decreased to 3% by 1.00 m (calculated from the
average of NH4–N of all four feedlots [Table 3]). Organic N
variability was greater than NH4–N variability, with organic
N variability remaining constant between the 0.25, 0.50, and
1.00 m depths. Factors contributing to the variability include
depth of the manure pack, extent of mixing with the mineral
soil, and pen cleaning frequency and method. The mass of organic N ranged from 2.5 to 6.2 kg m–2, with an average of
about 4.0 kg m–2 among feedlots. For all feedlots, an average
of 54.6, 76.7, and 94.2% NH4–N was found in the top 0.25,
0.50, and 1.00 m of the soil proﬁle, respectively (Table 3). At
all feedlots, an average 49.8, 65.2, and 77.6% organic N was
found in the top 0.25, 0.50, and 1.00 m of the soil proﬁle,
respectively (Table 3).

Conclusions
The analysis of select physical and chemical properties beneath
pens was completed for four feedlots in Kansas. Variability for N,
P, Cl–, and C on individual feedlots and among feedlots was observed. Ammonium ranged from 375 to 8000 mg kg–1 at the surface, rapidly decreased with depth in the upper 0.50 to 1.00 m,
and generally returned to background (5.6 mg kg–1) at some
depth >1.00 m. Organic N ranged from 500 to 22,000 mg kg–1
at the surface, rapidly decreased in the ﬁrst 0.25 m, and further
decreased to a stable range of 150 to 600 mg kg–1. Nitrate was
generally below the background concentration of 4.1 mg kg–1 for
the entire proﬁle at Feedlots 1, 3, and 4. At Feedlot 2, NO3–N
was near background at the surface, but between the surface and
approximately 1.00 m concentration increased with maximums
>75.0 mg kg–1 before returning to background at 1.80 m, suggesting a zone of nitriﬁcation. The shapes of Cl– and P proﬁles
were similar at the surface for all feedlots, ranging from 800 to
14,000 mg kg–1 and 20 to 9000 mg kg–1, respectively, and had a
rapid decrease in concentration within the ﬁrst 1.00 and 0.50 m,
respectively. The pH proﬁles for Feedlots 1, 3, and 4 were similar

Journal of Environmental Quality • Volume 38 • May–June 2009

Vaillant et al.: Nutrient Accumulation below Cattle Feedlot Pens in Kansas

54.7 (10.6)
70.8 (12.2)
82.2 (8.1)
47.8 (8.2)
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with pH > 8 at the surface and ranges of 6.5 and 8 at depth,
while Feedlot 2 had pH > 8 at the surface and a zone of
acidiﬁcation (pH 5.5) in the upper 1.0 m. The pH returned
to around 8 at approximately 2.0 m.
Considering the rate of nutrient excretion only a fraction
of the nutrients expected to accumulate were found beneath
the feedlot pens. The compaction of the surface soil and
manure mixture acts as a compacted soil liner and reduces
inﬁltration and diﬀusion. Leaching represents a very small
component of the pen N balance. Data from these Kansas
feedlots support the prior conclusion that soil beneath feedlots does not contribute signiﬁcant amounts of N and P to
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al., 1972; Schuman and McCalla, 1975). This conclusion
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