See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/5280543

Physical and Chemical Properties of Feedlot Pen
Surfaces Located on Moderately Coarse– and
Moderately Fine–Textured Soils in Southern
Alberta
Article in Journal of Environmental Quality · July 2008
Impact Factor: 2.65 · DOI: 10.2134/jeq2007.0422 · Source: PubMed

CITATIONS

READS

10

59

5 authors, including:
Francis J Larney
Agriculture and Agri-Food Canada
163 PUBLICATIONS 2,704 CITATIONS
SEE PROFILE

All in-text references underlined in blue are linked to publications on ResearchGate,
letting you access and read them immediately.

Available from: Francis J Larney
Retrieved on: 20 April 2016

TECHNICAL REPORTS: VADOSE ZONE PROCESSES AND CHEMICAL TRANSPORT

Physical and Chemical Properties of Feedlot Pen Surfaces Located on Moderately
Coarse– and Moderately Fine–Textured Soils in Southern Alberta
Jim J. Miller,* Tony Curtis, Francis J. Larney, and Tim A. McAllister Agriculture and Agri-Food Canada
Barry M. Olson Alberta Agriculture and Rural Development
Southern Alberta has the highest density of feedlot cattle
in Canada, and there is a concern that leaching of water and
contaminants may be greater for feedlots located on coarsertextured than ﬁner-textured soils. Our objective was to determine
if inﬁltration and leaching were greater for a 4-yr-old feedlot
located on a moderately coarse–textured (MC) soil compared
with two feedlots located on moderately ﬁne–textured (MF)
soils (5- and 52-yr-old pens). Various soil physical properties
of feedlot pen surfaces were measured, including ﬁeld-saturated
hydraulic conductivity (Kfs) and near-saturated hydraulic
conductivity at −0.9 and −3.9 cm water potential. Selected
chemical properties of feedlot soil layers were measured, as well
as the chloride content of the soil proﬁle (0–100 cm). Mean Kfs,
K(−0.9), and K(−3.9) values were not signiﬁcantly (P > 0.10)
greater at the MC site than the two MF sites, indicating no
evidence of greater inﬁltration on coarser-textured soils. In
addition, mean Kfs, K(−0.9), and K(−3.9) values of soils within
feedlot pens at all three sites were signiﬁcantly (P ≤ 0.10)
reduced by 46 to 78% compared with soil outside the pens.
Depth of chloride accumulation was greatest at the 52-yr-old
feedlot on MF soil (60–70 cm), followed by 4-yr-old feedlot on
MC soil (40–50 cm) and 5-yr-old feedlot on MF soil (30–40
cm). Visual inspection determined that the black interface layer
formed within 2 mo of cattle stocking at all three sites.
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eaching below earthen-ﬂoor feedlots is restricted because of the
unique soil proﬁle that develops when cattle are introduced into
pens and the subsequent self-sealing of the feedlot ﬂoor (Mielke et
al., 1974). The soil proﬁle generally consists of three distinct layers
from top to bottom: manure pack, black interface layer, and the
underlying original soil (Mielke et al., 1974). The black interface
layer is a mixture of manure and mineral soil and is thought to
be primarily responsible for restricting inﬁltration and leaching
(Mielke et al., 1974). Self-sealing of soils in feedlot pens may be
due to physical processes such as compaction by cattle and physical
plugging of pores by manure, chemical processes such as dispersion
of clay by Na or K, or biological mechanisms such as gleying,
whereby slime or gums from anaerobic decomposition clog soil
pores (Mielke et al., 1974; Mielke and Mazurak, 1976; Schuman
and McCalla, 1975; Miller et al., 1985; Rowsell et al., 1985;
Barrington et al., 1987; McConkey et al., 1990).
Because water ﬂow is greater in coarser- than ﬁner-textured
soils (Hillel, 1998), feedlots located on coarser-textured sandy soils
may be more susceptible to inﬁltration and leaching than those
located on ﬁner-textured soils. However, Mielke et al. (1974)
proposed that the original soil texture had little eﬀect on water
inﬁltration into the surface of established feedlots after formation
of the black interface layer. In addition, self-sealing of soils by
liquid manure can occur even in coarse-textured sandy soils with
little correlation between manure inﬁltration rates and soil texture
(Miller et al., 1985; Rowsell et al., 1985; Barrington et al., 1987),
with physical clogging or blocking of pores being the main mechanism. Little research has been conducted on the self-sealing of
feedlot soils by solid manure, particularly on coarser-textured soils.
Studies of physical and chemical properties of feedlot pen soils
with a focus on leaching have been conducted on single feedlots
located on moderately coarse–textured (MC) (very ﬁne sandy
loam, ﬁne sandy loam, sandy loam) and coarse-textured (loamy
sand, sand) soils (Campbell and Racz, 1975; Dantzman et al.,
1983; Southcott and Lott, 1997; McCullough et al., 2001). Most
of these studies reported little evidence for leaching below feedlot
pens. However, McCullough et al. (2001) cautioned that some
J.J. Miller, T. Curtis, F.J. Larney, T.A. McAllister, Agriculture and Agri-Food Canada, P.O.
Box 3000, Lethbridge, Alberta, T1J 4B1; B.M. Olson, Alberta Agriculture and Rural
Development, Lethbridge, Alberta, T1J 4V6; LRC Contribution No. 387-03036.
Abbreviations: BD, bulk density; EC, electrical conductivity; Kfs, field-saturated
hydraulic conductivity; MC, moderately coarse–textured; MF, moderately fine–
textured; SAR, sodium adsorption ratio.
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Table 1. Characteristics of the three feedlots in southern Alberta used in this study.
Age of
Feedlot
feedlot
capacity
yr
no. cattle
Site 1
1998
4
9000
Site 2
1997
5
7000
Site 3
1950
52
8000
† CL, clay loam; SiCL, silty clay loam; SL, sandy loam.
Feedlot

Year feedlot
built

Pen No. cattle
size
per pen
m
60 × 45
250
75 × 50 225–250
65 × 30 150–200

inﬁltration of water and solutes may have occurred during the
initial stocking of pens during the period before compaction of
the pen soil and formation of the black interface layer.
Studies have also compared MC and coarse-textured feedlots
with other feedlots located on ﬁner-textured soils. Some studies
found no evidence of leaching (Ellis et al., 1975; Bennett and
Graveland, 1976), whereas others have documented leaching
through the pen ﬂoor (Maule and Fonstad, 2000, 2002). We are
not aware of any research that has been published on comparing
soil properties, inﬁltration, and leaching of feedlots located on MC
soils versus feedlots located on ﬁner-texture soils in southern Alberta. Sommerfeldt et al. (1973) reported little evidence of N and
P leaching from feedlots located on medium- and ﬁne-textured
soils in southern Alberta, but feedlots located on coarser-textured
soils were not studied. Olson et al. (2005) found evidence of
leaching of selected chemicals and Escherichia coli bacteria in a
4-yr-old feedlot located on a clay loam soil in southern Alberta, but
no comparisons were made to leaching from feedlots located on
coarser-textured soils. In addition, we are not aware of any studies
that have compared unsaturated hydraulic conductivities of feedlot
ﬂoor pens located on diﬀerent soil textures.
Cattle activity within pens, particularly in relation to the
slope positions, feedbunk, water trough, bedding pack, and
gate areas, may inﬂuence soil properties within pens. Little
research has been conducted on within-pen location eﬀects on
soil chemical and physical properties of feedlot pens (Mielke
et al., 1974; McCullough et al., 2001).
Research has shown that the black interface layer is primarily responsible for the self-sealing of feedlot pens (Mielke
et al., 1974; Mielke and Mazurak, 1976). We are not aware
of any research that has directly determined (by visual inspection) the time period for the black interface layer to develop
in feedlots of diﬀerent soil textures.
The primary objective of this study was to determine if
inﬁltration and leaching were greater for a feedlot located on a
MC soil compared with feedlots located on moderately ﬁne–
textured (MF) soils. Secondary objectives were to characterize
site eﬀects on selected soil properties of feedlots, to determine
the eﬀect of within-pen location on soil properties and inﬁltration, and to determine the time period for the black interface layer to form in newly constructed pens.

Materials and Methods
Feedlot Site Characteristics
In the fall of 2001, we selected three commercial beef-cattle
feedlots near Lethbridge in southern Alberta for our study. Site
1 is located on the Metisko soil series and is predominantly Or-
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Cattle
density
m2 head−1
11
17–15
13–10

Clay
Sand
content
content
–––––––%–––––––
12
75
33
20
39
19

Texture†
SL
SiCL-CL
SiCL

Textural group
(USDA)
mod. coarse
mod. fine
mod. fine

thic Dark Brown Chernozemic soils (Typic Borolls) composed
of coarse-loamy and ﬁne-loamy ﬂuvial material on an undulating topography with slopes between 0 and 0.5% (Kocaoglu
and Pettapiece, 1980). Site 2 is located on the Lethbridge soil
series and is predominantly Orthic Dark Brown Chernozemic
soils composed of ﬁne-loamy to ﬁne-silty lacustrine blanket
and veneer and ﬁne-loamy morainal material on an undulating,
inclined, or hummocky topography with slopes between 5 and
9% (Kocaoglu and Pettapiece, 1980). Site 3 is located on the
Coaldale soil series and is predominantly Orthic Dark Brown
Chernozemic soils composed of clayey and ﬁne-silty lacustrine
material on an undulating topography with slopes between 2.5
and 5% (Kocaoglu and Pettapiece, 1980).
Selected characteristics of the three feedlots are shown in
Table 1. Soil samples for textural analyses were collected from
the original soil that the feedlots were constructed on. Ten
soil samples (0–5 cm depth) were collected by shovel from
various locations outside the pens and adjacent to the catch
basin throughout each feedlot. Texture was determined using
the hydrometer method with pretreatment for organic matter
(Sheldrick and Wang, 1993).
Based on mean soil textures, Site 1 was classiﬁed as a sandy
loam, Site 2 as a silty clay loam to clay loam, and Site 3 as a
silty clay loam (Table 1). Using the USDA general classiﬁcation system for soil texture (Brady, 1974), Site 1 was classiﬁed
as MC and Sites 2 and 3 as MF. Site 3 was the oldest feedlot
(52 yr), followed by Site 2 (5 yr) and Site 1 (4 yr). Feedlot pen
slopes from feedbunk to drainage alley ranged between 2 and
4%. Cattle densities ranged from 11 m2 per head at Site 1, 17
to 15 m2 per head at Site 2, and 13 to 10 m2 per head at Site
3 (Table 1). Cattle remained in the pens during soil physical
and chemical measurements and sampling. The recommended
cattle densities for ﬁnishing feeder cattle in southern Alberta
feedlots are 16 to 18 and 18 to 23 m2 per head, respectively
(Alberta Agriculture, Food, and Rural Development, 1997).
Kennedy et al. (1999) reported an average density of 17 m2 per
head for a commercial feedlot near Vegreville, Alberta. Feedlot
capacity ranged from 7000 to 9000 head of cattle (Table 1).

Soil Profile Characteristics of Feedlot Pens
Soil pits were dug using pick-axes and shovels at two locations
within four pens at each feedlot in the fall of 2001. The layer designation, depth, thickness, and color of each soil layer were described. Duplicate soil cores were taken from each layer for bulk
density (BD) measurement. Bulk disturbed soil samples were also
taken for analyses of pH, electrical conductivity (EC), and soluble cations (Ca, Mg, and Na). Soluble salts were extracted using a
1:2 soil/water ratio. Calcium and Mg were analyzed using atomic

Journal of Environmental Quality • Volume 37 • July–August 2008

absorption spectroscopy, and Na was extracted by ﬂame emission.
The sodium adsorption ratio (SAR) was determined from the
ratio of Ca and Mg to Na. Total organic C was determined on
acidiﬁed manure and soil samples (to remove inorganic C) by the
Dumas automated combustion technique (McGill and Fiqueiredo, 1993) using a CNS analyzer (Carla Erba, Milan, Italy).

Influence of Within-Pen Location on Bulk Density and
Water Content of Feedlot Floor
Between 72 and 105 soil cores as described previously were
taken on a grid basis from one pen at each feedlot in the summer
of 2002 (21 August to 18 September) to determine the inﬂuence
of within-pen location on BD and volumetric water content
within the pens. Sampling locations were classiﬁed as adjacent to
the feedbunk, adjacent to water trough and feedbunk, adjacent
to drainage alley, and adjacent to gate and drainage alley; all other
locations were classiﬁed as the rest of the pen (control). Bulk density was determined as described previously, and volumetric water
content was determined from gravimetric water content and BD.

Field-Saturated and Near-Saturated Hydraulic
Conductivity of Feedlot Pen Floors
Tension inﬁltration (Model No SW-080B, 20-cm disk; Soil
Measurement Systems, Tucson, AZ) measurements were conducted on the feedlot pen ﬂoors as described by Miller et al.
(2002) during the summers of 2002 (28 May–5 July) and 2003
(10 June–9 July) to determine ﬁeld-saturated (Kfs) and near-saturated [K(ψ)] values of the feedlot ﬂoor. Inﬁltration readings were
conducted on the pen ﬂoor at two locations at the upper slope
position and at two locations at the lower slope position within
each of the four pens (replicates) at each feedlot. There were
two locations per slope position × two slope positions per pen ×
four pens per feedlot × three feedlots × two water potentials (ψ
= −0.9, −3.9 cm) for a total of 96 inﬁltration measurements in
the feedlot pens during 2002. There were two locations per slope
position × two slope positions per pen × four pens per feedlot ×
three feedlots × three water potentials (0.3, −0.9, −3.9 cm) for a
total of 144 inﬁltration measurements in the feedlot pens during
2003. Control locations were established on the original parent
material just outside the feedlot pens, where there were three sites
× four replicates per site × three water potentials (ψ = 0.3, −0.9,
−3.9 cm) for a total of 36 inﬁltration measurements in 2003. The
temperature of the water in the inﬁltrometer was recorded, and
steady-state inﬁltration rates were corrected for viscosity to 20°C.
The Kfs values in 2002 were estimated from inﬁltration
readings at −0.9 and −3.9 cm (0.09 and 0.39 kPa) water tension as outlined in the manual using the following procedure.
The alpha parameter, α, was calculated using the following
equation:
α=

ln( Q 2 / Q 1 )
ψ2 −ψ1

[1]

where Q2 and Q1 are the volumetric inﬁltration rates (cm3 h−1)
at two consecutive tensions ψ2 (−3.9 cm) and ψ1 (−0.9 cm).
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The Kfs value at a slight positive water potential (ψ = 0.3 cm)
was then calculated using the following equation:
⎡
4 ⎤
Q (ψ 3 ) = πr 2 K fs exp(αψ) ⎢1 +
⎥
⎢⎣ πrα ⎥⎦

[2]

where Q(ψ3) is the volumetric water ﬂux (cm3 h−1) at ψ = 0.3
cm, and r is the radius (10.5 cm) of the sand layer between
the inﬁltrometer disk and soil. The Kfs in 2003 was directly
determined in the ﬁeld at a slight positive potential (0.3 cm)
using the method (single-head analysis) of Reynolds and
Zebchuk (1996).
Near-saturated hydraulic conductivity, K(ψ), at water potentials
(ψ) of −0.9 and −3.9 cm for both years was estimated using the
method of Reynolds and Elrick (1991). Using the capillary equation, these water potentials of −0.9 and 3.9 cm correspond to pore
diameters of 3400 and 760 μm, respectively. A Fortran program
(W.D. Reynolds, personal communication, 2001) was used to calculate K(ψ) values in 2002 and 2003 and Kfs values in 2003. Input
parameters for the program included Qs (cm3 s−1), disk radius (10.5
cm), depth of ring insertion (0 cm), shape factor (0.237), saturated
hydraulic conductivity of contact sand (0.756 cm s−1), and a soil
texture–structure parameter, α* (0.12 cm−1).
Pore-size classes for water potentials (using capillary rise equation) between −3.9 and 0.3 cm, the number of pores for this
pore-size range (>760 μm), and the percentage of total water ﬂux
through these pores were estimated using the methods and equations of Watson and Luxmoore (1986). The percentage of total
water ﬂux through pores >760 μm was determined as the diﬀerence in hydraulic conductivity values between −3.9 and 0.3 cm water potentials divided by the Kfs at 0.3 cm potential. The maximum
number (N) of eﬀective pores per unit area (m2) were estimated by
8μKm
N=
x 10,000
πρ(r ) 4
[3]
where μ is the viscosity of water (0.01002 g cm−1 s−1), Km is
the diﬀerence in hydraulic conductivity (cm s−1) between −3.9
and 0.3 cm water potentials, ρ is the density of water (0.998 g
cm−3), g is the acceleration due to gravity (980.665 cm s−2), r
is the minimum pore-size radius (cm), and 10,000 is a factor
to convert number of pores per cm2.to number per m2.

Chloride in Soil of Feedlot Pens
Soil samples were collected at 10-cm intervals from 0 to
100 cm and were taken at two locations at the upper slope position and at two locations at the lower slope position of each
pen between 20 May and 9 June in 2003. The samples were
initially extracted using a 1:2 soil/water ratio; however, sufﬁcient extract was not obtained from some of the 0- to 10-cm
and 10- to 20-cm depths because of the high organic matter
content from the manure. Consequently, soil from these two
depths was extracted using a 1:5 soil/water ratio, and the concentrations of Cl at these depths were corrected to a 1:2 ratio.
Soluble chloride in manure and soil extracts was determined
on an autoanalyzer using the mercuric thiocyanate method
(Technicon Industrial Systems, 1974).
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Results and Discussion
Precipitation

Fig. 1. Monthly precipitation at Lethbridge, Alberta in 2002 and 2003
in relation to the 30-yr average (1971–2000).

Time for Black Organic Layer to Form in Feedlot Pen Soil
The time required for the black organic layer to form in
feedlot pens was determined between 23 July and 21 November in 2002 by digging small (30 cm length × 30 cm width ×
30 cm depth) soil pits in one pen at each feedlot. The original
soil that the feedlot was constructed on was obtained from
outside the pens near the catch basins and used to ﬁll in the
excavated holes. The new soil was then compacted. These
areas were assumed to represent the original feedlot pen ﬂoor
when cattle ﬁrst entered the pens. The location of each of
these areas was surveyed, and then cattle were allowed access.
These areas were excavated after 2 and 4 mo of cattle access.
Photographs were taken of the soil proﬁles to record the time
for development of the black layer.

Precipitation
Monthly precipitation data were obtained from the longterm (since 1971) weather station located at the Lethbridge
Research Center. The weather station is located within approximately 10 km of the three feedlots.

Statistical Analysis
A MIXED model analysis (SAS Institute, 1989; Littell
et al., 1998) was used to determine the signiﬁcance of main
treatment eﬀects and their interactions on the dependent variables. Main treatment eﬀects and interaction eﬀects on mean
values were tested using least-squares means. A probability
level of P ≤ 0.10 was considered signiﬁcant for F statistic
values and least-squares means comparisons. The exception
was for testing of within-pen location eﬀects on BD and
water content of feedlot ﬂoor, where P ≤ 0.05 was used and
least-squares means adjusted with the Tukey option. When
required, a MIXED model analyses was conducted on logtransformed data to make the residuals normal and the variances uniform. Arithmetic means are reported for signiﬁcance
determined on log-transformed variables. An unpaired t test
(P ≤ 0.10) was used to compare ﬁeld- and near-saturated hydraulic conductivity values within and outside of pens.
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Total annual precipitation in 2002 (634 mm) and 2003
(316 mm) was 168 and 84% of the annual long-term average
(378 mm), respectively. Total precipitation during the spring
to fall period (April–October) in 2002 (536 mm) and 2003
(234 mm) was 186 and 81% of the long-term average (290
mm). Overall, 2002 had above-normal and 2003 below-normal annual precipitation compared with the long-term average. The majority of annual precipitation in 2002 occurred
in June (38%), followed by August (12%) and September
(11%) (Fig. 1). The majority of annual precipitation in 2003
fell in May (22%), followed by April (21%) and June (14%)
(Fig. 1).

Influence of Site on Morphology and Properties of
Feedlot Soil Layers
Feedlot site inﬂuenced soil proﬁle development in the feedlot
pens. Sites 1 and 3 generally had a three-layer sequence of loose
manure pack (manure pack), black interface layer of manuremineral soil mixture (hereafter referred to as black interface layer),
followed by the underlying subsoil. Site 2 generally had a four-layer
sequence of loose manure pack, black interface layer, gray layer,
and underlying subsoil, with the black interface or gray layer occasionally absent. The feedlot soil proﬁles of three soil layers at Sites
1 and 3 were consistent with other studies. Mielke et al. (1974)
reported these three layers (manure pack, black interface layer,
subsoil) for four feedlots (ages unknown) located on silty loam to
silty clay loam soils in Nebraska. Sweeten et al. (1985) reported the
following sequence of layers in feedlots from top to bottom: dry
and loose surface material, compacted and dry manure layer, moist
and loosely compacted layer, black and moist manure-soil interface
layer, and underlying subsoil. Southcott and Lott (1997) studied
active (≥6 mo cattle stocking) feedlot pens located on coarser-textured soils (clayey gravels and silty sands) in Australia and reported
a three-layer sequence of loose manure, compacted manure, and an
underlying interface layer (mixture of manure and soil). Kennedy
et al. (1999) reported four soil layers in a 3- to 4-yr-old feedlot in
central Alberta located on loam, sandy clay loam, and sandy clay
soils. The soil layers were manure pack, hardpan layer (black interface layer), soil-organic matter mix, and the underlying soil.
The gray “gleyed” layer that we observed at Site 2 has not been
commonly reported for soil proﬁles in feedlot pens. The only other
study that we are aware of that reported a gray layer was that conducted by Kennedy et al. (1999). Gray color in soils is caused by
gleying or gleization (Buol et al., 1980). Gleying is the reduction of
iron under anaerobic waterlogged soil conditions, with the production of bluish to greenish gray matrix colors (Buol et al., 1980),
and gleyed soils are visually identiﬁed in the ﬁeld by their soil colors
with low chromas ≤1 (Soil Classiﬁcation Working Group, 1998).
The presence of the gray layer at Site 2 and not at the other two
sites indicated greater saturation and anaerobic conditions at this
site. The rotten-egg smell of H2S was evident when digging some
of the soil pits with gray layers at Site 2, and this was also indicative
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of more anaerobic conditions than at Table 2. Effect of feedlot site on morphological, physical, and chemical properties of soil layers in pens
at three feedlots in southern Alberta
the other two sites.
Feedlot site
Thickness Bulk density
pH
EC
SAR
Total organic C
The thickness of the manure
dS m−1
g kg−1
cm
g cm−3
pack was signiﬁcantly greater at Site
Manure
layer
1 than Site 2, but there was no difSite 1
6.1 ± 1.3a†
na‡
8.39 ± 0.04a
11.0 ± 0.3b
5.8 ± 0.5a
246.8 ± 7.0a
ference between Site 1 and Site 3 or
Site 2
2.6 ± 0.5b
na
7.68 ± 0.07b
14.9 ± 0.9a
1.6 ± 0.4b
315.9 ± 12.1a
between Sites 2 and Site 3 (Table 2).
Site 3
3.5 ± 0.2ab
na
7.81 ± 0.06b
10.8 ± 0.9b
2.4 ± 0.7b
284.2 ± 26.1a
The greater depth of manure pack at Black interface layer
Site 1 may have been due to less freSite 1
11.3 ± 1.1a 0.73 ± 0.07b
7.63 ± 0.15b
8.8 ± 0.9a
4.0 ± 1.4b
167.2 ± 18.9a
quent cleaning of pen manure. Our
Site 2
6.6 ± 1.0b 1.56 ± 0.05a
8.53 ± 0.12a
4.6 ± 0.6b
6.1 ± 2.7b
32.8 ± 8.3b
mean thickness (2.6–6.1 cm) of the
Site 3
2.5 ± 1.6c 1.55 ± 0.05a
8.58 ± 0.08a
4.4 ± 0.4b
18.1 ± 4.8a
66.1 ± 10.6b
manure pack at the three sites was
Subsoil
Site 1
na
1.40 ± 0.05bc 8.57 ± 0.23a
2.2 ± 0.6a
13.9 ± 3.9ab
31.2 ± 8.3a
lower than manure pack thicknesses
Site 2
na
1.58 ± 0.05a
8.35 ± 0.06a
2.4 ± 0.5a
1.8 ± 0.7b
12.7 ± 3.8a
(10 cm) reported by Kennedy et al.
Site 3
na
1.45 ± 0.05ab 8.44 ± 0.10a
2.4 ± 0.3a
18.8 ± 6.2a
18.8 ± 2.7a
(1999), slightly lower than thick† Means ± SE. Means followed by different lowercase letters are significantly different P ≤ 0.10. Statistical
ness values (7.5 cm) reported by
analyses conducted on untransformed values.
Mielke et al. (1974), and within the ‡ na, not available because the thickness of manure layer was too thin to obtain cores for bulk density
range of thickness values (3.9–7.0
(manure layer) and not available because bottom depth of subsoil was not measured (Subsoil).
cm) reported by Southcott and Lott
1 than the other two sites (Table 2). Feedlot site had no eﬀect on
(1997). The thickness of the black
EC
values of the subsoil. The SAR values of the manure layer were
interface layer was signiﬁcantly diﬀerent among all three sites,
signiﬁ
cantly higher at Site 1 than at the other two sites, and SAR
and it was greatest at Site 1, followed by Site 2 and then Site 3
values
of the black interface layer were higher at Site 3 than at the
(Table 2). Our range (2.5–11.3 cm) in mean thickness values for
other
two
sites (Table 2). The SAR values of the subsoil were signifthe black interface layer was comparable to values (2.5–7.5 cm)
icantly
greater
at Site 3 than at Site 2, but mean values were similar
reported by Mielke et al. (1974) and values (5 cm) reported by
between
Site
3
and Site 1. The diﬀerent chemical composition of
Kennedy et al. (1999). In contrast, Southcott and Lott (1997)
the
feedlot
soil
layers
likely reﬂects the chemical composition of the
observed that the black interface layer was of variable thickness,
feed
used
and
the
soil
type underlying each feedlot. Considerable
poorly deﬁned, and only 1 to 5 mm thick in feedlot pens. The
mixing
of
soil
and
manure
may occur in feedlot pens as a result of
gray layer in our feedlot pens was only present at Site 2 and had a
the
trampling
action
of
cattle
(Gao and Chang, 1996). Using the
mean thickness of 6.5 ± 0.8 cm.
criteria
of
Ayers
and
Westcott
(1987) for EC and SAR of soil that
Bulk density of the black interface layer was signiﬁcantly greater
causes
soil
dispersion
and
that
restricts inﬁltration, we found that
−3
−3
at Sites 2 (1.56 g cm ) and Site 3 (1.55 g cm ) than at Site 1
only
22,
3,
and
36%
of
the
layers
in the soil proﬁles of Sites 1, 2,
−3
−3
(0.73 g cm ) (Table 2). Our range (1.55–1.56 g cm ) in mean
and
3,
respectively,
had
the
potential
to restrict inﬁltration of water
BD values for the black interface layers at the MF sites was combecause
of
high
SAR
and
low
EC.
Th
ere was a signiﬁcant negative
−3
parable to other BD values (1.26–1.57 g cm ) reported for black
correlation
between
EC
and
BD
of
the
black interface layer (r =
interface layers for a silt loam feedlot in Nebraska (Mielke et al.,
−0.87;
P
<
0.0001)
(data
not
shown).
A
signiﬁcant positive cor1974; Mielke and Mazurak, 1976). However, our mean BD value
relation
was
found
between
SAR
and
BD
(r = 0.40; P = 0.0366)
−3
of 0.73 g cm for Site 1 was considerably lower than other studies.
and
between
pH
and
BD
of
the
black
interface
layer (r = 0.71;
The organic matter content of this layer at this coarser-textured
P
<
0.0001).
Multiple
step-wise
regression
showed
that pH and
site was greater than the other two sites (Table 2), which may have
EC
had
a
signiﬁ
cant
inﬂ
uence
on
BD
of
the
black
interface
layer
contributed to a lower BD. Bulk density of the subsoil was signiﬁ2
(BD=0.22pH−0.099EC;
R
=
0.81;
P
<
0.0001).
We
expected
−3
−3
cantly greater at Site 2 (1.58 g cm ) than at Site 1 (1.40 g cm ),
a negative correlation of EC with BD and a positive correlation
but BD values were similar between Site 2 and Site 3 (1.45 g cm−3)
of SAR with BD because low EC and high SAR values promote
and between Site 1 and Site 3 (Table 2). Our range in mean BD
dispersion of clays and formation of sodic soils (Bohn et al., 1979).
−3
values (1.40–1.58 g cm ) for the subsoil layer was consistent with
We also expected a positive correlation between pH and BD of the
−3
values (1.32–1.54 g cm ) reported by other researchers (Mielke et
black interface layer because high pH values or alkaline conditions
al., 1974; Mielke and Mazurak, 1976). Maximum BD values were
are indicative of Na hydrolysis in sodic soils (Brady 1974), which
found in the subsoil at Sites 1 and Site 2 and in the black interface
would also contribute to higher BD values.
layer at Site 3. Mielke et al. (1974) reported maximum BD values
Mean total organic C values of the manure layer and subsoil
in the lower portion of the black interface layer.
were
similar at the three feedlots (Table 2). In contrast, total
The pH values of the manure layer were signiﬁcantly greater
organic
C values of the black interface layer were signiﬁcantly
at Site 1 than at the other two sites. In contrast, the reverse trend
greater
(by
2–5 times) at Site 1 than the other two sites. This
was found for the black interface layer (Table 2), where values were
greater
enrichment
of organic C in the black interface layer of the
higher for Sites 2 and 3 than for Site 1. The EC values of the macoarser-textured
Site
1 was consistent with a greater thickness of
nure layer were signiﬁcantly higher for Site 2 than for Sites 1 and 3,
the
black
interface
layer
at this site and indicated a greater potenwhereas EC values for the black interface layer were higher for Site
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Table 3. Comparison of bulk density and volumetric water content of feedlot floor at different locations within the feedlot pen in 2002.
Within-pen location
Bedding pack
Adjacent to drainage alley
Adjacent to feedbunk
Adjacent to gate-drainage alley
Adjacent to water trough-feedbunk
Control (all other locations in pen)
Pr > F

Site 1
Bulk density
Water content
cm3 cm−3
g cm−3
0.58 ± 0.01c† (43) 0.10 ± 0.003a (43)
0.79 ± 0.03a (13)
0.12 ± 0.01a (13)
0.71 ± 0.02ab (20) 0.11 ± 0.01a (20)
0.76 ± 0.03ab (3)
0.13 ± 0.01a (3)
0.71 ± 0.01abc (2) 0.12 ± 0.01a (2)
0.66 ± 0.02b (24)
0.10 ± 0.01a (24)
<0.0001
0.0868

Site 2
Bulk density
Water content
g cm−3
cm3 cm−3
0.75 ± 0.03b (21) 0.15 ± 0.004a (21)
0.73 ± 0.02b (13) 0.15 ± 0.004a (12)
0.76 ± 0.04ab (9) 0.15 ± 0.01a (9)
0.87 ± 0.09ab (4) 0.16 ± 0.01a (4)
0.75 ± 0.04ab (4) 0.14 ± 0.01a (4)
0.90 ± 0.03a (22) 0.16 ± 0.004a (22)
0.0009
0.3919

Site 3
Bulk density
Water content
g cm−3
cm3 cm−3
na‡
na
1.27 ± 0.07a (10) 0.15 ± 0.01ab (10)
1.21 ± 0.13a (6)
0.16 ± 0.01a (6)
1.20 ± 0.08a (3)
0.18 ± 0.01a (3)
1.02 ± 0.02a (2)
0.16 ± 0.01ab (2)
1.22 ± 0.03a (63) 0.13 ± 0.003b (63)
0.8074
<0.0001

† Mean values ± SE values followed by different lowercase letters are significantly different at P ≤ 0.05. Values in parentheses are number of samples.
Statistical analyses conducted on untransformed values.
‡ na, not available because no bedding pack was present in the pen of Site 3.

tial for self-sealing of the feedlot ﬂoor. Self-sealing of soils may
be caused by physical plugging of soil pores by organic matter or
gleization, both of which are enhanced by higher organic C levels
(Rowsell et al., 1985; McConkey et al., 1990).

Influence of Within-Pen Location on Bulk Density and
Water Content of Feedlot Floor
The BD of the feedlot ﬂoor at Site 1 was signiﬁcantly (P ≤
0.05) diﬀerent among the bedding pack, the area adjacent to
drainage alley, and the control (remainder of pen) areas of the pen
(Table 3). Mean BD values at Site 1 were highest adjacent to the
drainage alley area (Table 3). Within-pen location had a signiﬁcant
eﬀect on the BD at Site 2, where mean values were lower for the
bedding pack and adjacent to drainage alley than the control area
(Table 3). In contrast, within-pen location had no inﬂuence on BD
at Site 3. There was no bedding pack at Site 3 in 2002, so no BD
or water content values were available for this location. Within-pen
location had no eﬀect on volumetric water content at Sites 1 and
2 (Table 3). In contrast, mean water content values adjacent to the
feedbunk and adjacent to the gate-drainage alley area were signiﬁcantly higher than the control locations (Table 3).
In comparison, McCullough et al. (2001) found similar BD
values at the upper- (apron), mid- (water trough), and lower
(bottom of pen) slope positions of pens at a feedlot (9 mo stocking) located on ﬁne sandy loam soil in Texas. Because cattle
spend most of their time at the bedding pack area (21 h d−1),
followed by the feedbunk (2 h d−1) and water trough (1 h d−1) (T.
McAllister, personal communication, 2004), we would expect
bulk densities to be highest where cattle spend the most time.
However, this trend was not observed in our study (Table 3) and
is likely due to the ameliorating eﬀect of the thicker manure pack
in the area surrounding the bedding pack because the higher organic matter would counteract the compaction by cattle.

Influence of Feedlot Site and Slope Position on Fieldand Near-Saturated Hydraulic Conductivity of Feedlot
Pen Floor
Site had no inﬂuence on Kfs values in 2002, but it had a signiﬁcant (P ≤ 0.10) eﬀect on Kfs values in 2003 (Table 4). The Kfs
values in 2003 were signiﬁcantly diﬀerent among the three sites,
with highest values at Site 3, followed by Site 1 and Site 2. This
trend was unexpected because Site 3 had the highest clay con-
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tent (Table 1), and we expected Kfs values to decrease with clay
content. It is possible that pen cleaning at Site 1 between 2002
and 2003 had removed the black interface layer and contributed
to the higher Kfs value. In addition, drier conditions in 2003
than in 2002 (Fig. 1) and higher clay content of the soil at Site 3
may have contributed to greater cracking and macropore ﬂow at
this feedlot. Miller et al. (2003) measured Kfs values in research
feedlot pens (clay loam soil) using the tension inﬁltration method
and found that Kfs values of the feedlot ﬂoor increased by an
order of magnitude when the black interface layer was removed
before measurement but that Kfs was unaﬀected by removal of
the manure pack. In contrast, Kennedy et al. (1999) found that
inﬁltration values were still 0 m s−1 in active feedlot pens after the
manure pack and black layer had been removed, suggesting that
removal of these layers may not always increase conductivity.
Our mean Kfs values ranged from 5.96 × 10−7 to 1.45 ×
−5
10 m s−1 (Table 4) and were generally higher than the range
of conductivity or inﬁltration values (≤10−9 m s−1) reported by
others for feedlot pen surfaces (Mielke and Mazurak, 1976;
Southcott and Lott, 1997; Kennedy et al., 1999; McCullough et
al., 2001). Mielke and Mazurak (1976) reported inﬁltration rates
of ≤10−8 m s−1 using the double-ring inﬁltrometer method, and
Southcott and Lott (1997) reported mean inﬁltration rates (saturated coeﬃcients of permeability) of 10−8 m s−1 using the pressure
inﬁltrometer method. Kennedy et al. (1999) reported nondetectable (0 m s−1) ﬁnal inﬁltration rates using the double-ring inﬁltrometer method. McCullough et al. (2001) measured Ksat values
of cores taken from 9-mo-old feedlot pens (ﬁne sandy loam) and
reported geometric mean values ranging from 6.2 × 10−9 to 2.2
× 10−7 m s−1 using the ﬂexible-wall permeameter method. Miller
et al. (2003) reported mean inﬁltration rates of 6.6 × 10−9 m s−1
(double-ring inﬁltrometer) and mean Kfs values of 6.07 × 10−7 m
s−1 (tension inﬁltrometer) for an 11-yr-old research feedlot located on a clay loam soil at Lethbridge. Miller et al. (2003) reported
lower inﬁltration values with the single-ring inﬁltration method
compared with Kfs values using the tension inﬁltrometer method,
so diﬀerences cited here may also be due to the method used.
Site had no inﬂuence on K(−0.9) in 2002 (Table 4). In 2003,
there was a signiﬁcant site × slope eﬀect on K(−0.9), where mean
values were higher at Site 3 than at the other two sites for the
upper and lower slope positions (Table 4). According to capillary
theory, inﬁltration at water potentials of −0.9 cm excludes pores
of equivalent diameter >3400 μm. Using Luxmoore’s (1981) def-
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Table 4. Effect of site and slope position on field-saturated (Kfs) and near-saturated hydraulic conductivity
inition of macropores (>1000
values of feedlot pen surfaces.
μm diam.), our K(−0.9) values
2002
2003
would represent water ﬂow in
Treatment
Kfs
K(−0.9)
K(−3.9)
Kfs
K(−0.9)
K(−3.9)
larger macropores.
Pr > F
Site had a signiﬁcant eﬀect
Site
0.3145
0.6816
0.0731
0.0024
0.0001
0.0018
on K(−3.9) values in 2002
Slope
0.1741
0.1491
0.0720
0.1882
0.0205
0.0261
and 2003 (Table 4). In 2002,
Site × slope
0.2107
0.2289
0.1877
0.7397
0.0325
0.1415
K(−3.9) values were 70 to 82%
× 10−7 m s−1
higher at Sites 1 and 3 than at
Site 1
38.0 ± 5.91† 31.7 ± 5.22
6.72 ± 1.33a
40.0 ± 4.13c
18.2 ± 2.24
5.53 ± 1.00b
Site 2
28.1 ± 5.52
25.6 ± 5.13
3.96 ± 0.836b
5.96 ± 15.3b 19.6 ± 3.78
4.56 ± 0.603b
Site 2, indicating greater unSite 3
41.0 ± 5.12
32.9 ± 5.32
7.20 ± 0.867a 145 ± 14.2a
49.6 ± 6.24
10.3 ± 1.17a
saturated water ﬂow through
Upper slope
31.7 ± 3.09
26.5 ± 3.46
4.87 ± 0.586b 89.0 ± 0.183
34.6 ± 6.60
8.01 ± 1.28a
pores >760 μm in diameter.
Lower slope
39.7 ± 5.65
33.7 ± 4.71
7.06 ± 1.09a
74.1 ± 0.150
23.7 ± 3.71
5.59 ± 0.640b
In 2003, mean K(−3.9) values
Site 1, upper
–
–
–
–
18.1 ± 2.74b
–
were 86 to 126% higher at Site Site 2, upper
–
–
–
21.9 ± 3.00b
Site 3, upper
–
–
–
–
63.7 ± 6.07a
–
3 than at the other two sites.
Site 1, lower
–
–
–
–
18.3 ± 3.98b
–
Slope had no inﬂuence on
Site 2, lower
–
–
–
–
17.3 ± 7.37b
–
Kfs values in both years, it had
Site 3, lower
–
–
–
–
35.5 ± 3.42a
–
no eﬀect on K(−0.9) in 2002,
† Mean values ± SE values followed by different lowercase letters (by column) are significantly different at P ≤
and it had a signiﬁcant eﬀect
0.10. Statistical analyses conducted on log-transformed values. Arithmetic means are shown.
on K(−3.9) in both years (Table
over the 2 yr and all slope positions) were signiﬁcantly lower
4). The K(−3.9) values in 2002 were 45% greater at the lower
(by 51–67%) than the control soil outside the pens, indicatthan at the upper slope position, and mean values in 2003 were
ing that cattle activity reduced Kfs values (Table 6). Our Kfs
43% higher at the upper than at the lower slope position.
reductions (51–67%) were lower than values (89–100%)
Site and slope had no signiﬁcant inﬂuence on the percentage
reported by others (Mielke and Mazurak, 1976; Southcott et
water ﬂux through pores >760 μm in 2002 and 2003 (Table 5).
al., 1999; McCullough et al., 2001; Miller et al., 2003).
The percentage water ﬂux ranged from 82 to 83% in 2002 and
Mean K(−0.9) values were signiﬁcantly lower (by 46–74%)
from 85 to 92% in 2003, indicating that the majority of water
for the pen soil than control soil at all three sites (Table 6). This
ﬂow into these soils occurred through this pore size class. As
indicated that cattle activity in pens decreased near-saturated
deﬁned by Luxmoore (1981), water ﬂow through pores >760
water ﬂow in pores <3400 μm. Mean K(−3.9) values were
μm includes larger mesopores (10–1000 μm) and macropores
lower for the pen soil than control soil (by 49–78%) at Site 1
(>1000 μm). The number of pores in the pore-size class >3400
and 2, indicating that cattle activity reduced near-saturated ﬂow
−2
μm was calculated and were <1 pore m at all three sites (data
in pores <760 μm. In contrast, mean K(−3.9) values of pen soil
not shown). This indicated that compaction by cattle likely
and control soil at Site 3 were similar (Table 6).
eliminated these larger macropores from the feedlot ﬂoor.
The Kfs values measured for the pen soils in our study (4.37
Site had no inﬂuence on the number of pores >760 μm in
to 92.9 × 10−7 m s−1) were not below the recommended guideline
2002 but had a signiﬁcant eﬀect on these pores in 2003 (Table
for saturated hydraulic conductivity (Ksat ≤ 1 × 10−8 m s−1) for
5). In 2003, the number of pores was 138 to 281% higher at
feedlot pen surfaces (Province of Alberta, 2001). This may have
Site 3 than at the other two sites and was consistent with higher
occurred because we used the tension inﬁltrometer method to
K(−3.9) values at Site 3 in 2003 (Table 4). A greater number
estimate Kfs, and seepage guidelines were likely based on Ksat valof larger mesopores and macropores at Site 3 was unexpected
because this feedlot was the oldest and had the highest clay conTable 5. Influence of site and slope on percentage water flux through
tent (Table 1). It is possible that the high clay content may have
pores >760 μm in diameter and number of pores of >760 μm in
contributed to greater cracking of soils at Site 3, which may
diameter on feedlot pen floors.
have contributed to a greater number of meso- and macropores.
2002
2003
Maule and Fonstad (2002) reported that bypass or preferential
Treatment
Flux
No. of pores
Flux
No. of pores
ﬂow in macropores below feedlot pens was the likely cause of
Pr > F
shallow groundwater contamination adjacent to the feedlot.
Site
0.6325
0.4028
0.1477
0.0037
Slope
0.9052
0.0122
0.4725
0.3693
Slope had a signiﬁcant inﬂuence on number of pores in 2002
Site × slope
0.3705
0.3121
0.8890
0.5633
but not in 2003 (Table 5). In 2002, the number of pores was
%
number m−2
%
number m−2
42% greater at the lower than upper slope position.
Site 1
83 ± 1.4†
39 ± 6
85 ± 2.2
43 ± 5b

Comparison of Field- and Near-Saturated Hydraulic
Conductivity of Feedlot Pen Floor with Control Soil
Outside Pens
The Kfs values of feedlot pens at all three sites (averaged
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Site 2
84 ± 0.9
34 ± 5
87 ± 3.1
69 ± 19b
Site 3
82 ± 1.6
46 ± 5
92 ± 1.2
164 ± 18a
Upper slope
83 ± 1.1
33 ± 3b
87 ± 2.5
98 ± 21
Lower slope
83 ± 1.1
47 ± 4a
89 ± 2.5
86 ± 18
† Mean values ± SE values followed by different lowercase letters
(by column) are significantly different at P ≤ 0.10. Statistical analyses
conducted on untransformed values.
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Table 6. Comparison of field-saturated (Kfs) and near-saturated
hydraulic conductivity values of feedlot pens and control soil
outside pens.
Treatment

Kfs

K (−0.9)

K(−3.9)

––––––––––––––×10−7 m s−1––––––––––––––
Site 1
Pen
39.0 ± 3.64a†
24.9 ± 3.23a
6.13 ± 0.819a
Control
118 ± 16.0b
46.0 ± 5.45b
12.1 ± 2.78b
P > |t|
<0.0001
0.0317
0.0238
Site 2
Pen
44.6 ± 6.73a
23.2 ± 3.10a
4.37 ± 0.401a
Control
114 ± 26.6b
78.5 ± 23.4b
20.1 ± 2.81b
P > |t|
0.0024
0.098
0.0104
Site 3
Pen
92.9 ± 12.0a
40.4 ± 3.92a
8.75 ± 0.792a
Control
188 ± 46.8b
156 ± 42.3b
10.5 ± 5.34a
P > |t|
0.0162
0.0705
0.7672
† Mean values ± SE values followed by different lowercase letters
(by column) are significantly different at P ≤ 0.10. Statistical analyses
conducted on log-transformed values. Arithmetic means are shown.

ues derived from the ponded-inﬁltrometer method, which results
in lower Kfs values (Miller et al., 2003). However, it is possible
that this absolute guideline of 10−8 m s−1 may also not be achievable (i.e., too low) or realistic. A possible alternative and relative
guideline may be to compare the Kfs or Ksat values of the pen soil
with the soil outside the pen (control) and specify a minimum reduction in the conductivity. We found a 51 to 67% reduction in
Kfs of the pen soil compared with the soil outside the pens using
the tension inﬁltrometer, so a minimum reduction in Kfs of 51%
could possibly be used. The reduced inﬁltration rates in the pens
suggest that this relative guideline might be adequate to prevent
seepage below feedlot pens.

Chloride Leaching in Feedlot Pens
The mass of chloride in the soil proﬁle of feedlot pens in
2003 was compared with the control soil outside of the pens,
and the depths of signiﬁcant diﬀerences in chloride content
were taken as the depths of chloride leaching (Fig. 2). Chloride content signiﬁcantly increased to a depth of 40 to 50 cm
for 5-yr-old pens at Site 1, 30 to 40 cm for 6-yr-old pens at
Site 2, and 60 to 70 cm for 53-yr-old pens at Site 3.
Because manure has a high chloride concentration and soil
generally has low chloride concentrations, chloride concentrations in soil are a good tracer and indicator of leaching from
manure (Pratt et al., 1978). In addition, chloride is not subject
to biological transformations and is not adsorbed by soils because of its negative charge. Therefore, chloride is often used as
a conservative tracer to estimate solute travel time and moisture
ﬂux in the unsaturated zone (Maule and Fonstad, 2002).
A greater depth of signiﬁcant chloride accumulation at Site 3
than at Sites 1 and 2 indicated greater leaching at the older feedlot
on ﬁner-textured soil than the younger feedlots on coarser- and
ﬁner-textured soils. Because Sites 2 and 3 are located on similar soil
textures but Site 2 is much younger (5 yr) compared with Site 3
(52 yr), a greater depth of chloride leaching at Site 3 indicated that
increasing age of the feedlot may contribute to greater leaching.
However, even though Site 3 was 10 times older than Site 2, the
depth of leaching was only twice as deep at the older feedlot. This
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Fig. 2. Chloride concentration in soil profile (0–100 cm) within and
outside (control, CON) pens at three feedlot sites in southern
Alberta during 2003. Chloride concentrations are significantly
(P ≤ 0.10) different (*) or not significantly (ns) different per
incremental depth between the pen and outside the pen.

may have been due to leaching reaching some sort of equilibrium
or maximum depth over a long period at the ﬁner-textured Site 3.
In contrast, long-term leaching at the coarser-textured Site 1 may
not be as restricted as the age of this feedlot increases. In addition,
depth of chloride leaching seemed to be conﬁned to depths ≤70
cm for these three feedlots, indicating little potential for chloride
to leach deeper into the groundwater. Kennedy et al. (1999) measured chloride concentrations in feedlot pens (sandy clay loam
soil) active for 2 and 5 yr and found signiﬁcantly elevated chloride
concentrations to the 20-cm depth. Maule and Fonstad (2002)
estimated water ﬂuxes beneath three 30-yr-old feedlots (sandy
loam to heavy clay soils) using chloride concentrations with depth.
They used a numerical equation that accounted for advection and
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diﬀusion and ﬁt this model to chloride breakthrough data to obtain water ﬂuxes. They calculated that water ﬂuxes beneath these
30-yr-old pens were between 2 and 6 mm yr−1. Olson et al. (2005)
reported that chloride content in 4-yr-old feedlot pens (clay loam
soil) increased signiﬁcantly to a depth of 1.5 m compared with
newly constructed pens before cattle stocking.

Time for Black Interface Layer to Form
The black interface layer was clearly visible at Sites 1 and 3 after
cattle had been continuously in the pens for 2 mo (Fig. 3). This
layer was a mixture of manure and mineral soil. The black interface
layer was not visible at Site 2 after 2 mo because the pens were not
continuously stocked (Fig. 3). However, the pens were continuously stocked at Site 2 from 2 to 4 mo, and as a result, the black
interface layer was visible at 4 mo (Fig. 3). Therefore, our observations indicate that the black interface layer only forms within
2 mo when cattle are continually present in feedlot pens. Our
observations are consistent with those of Mielke et al. (1974), who
reported that the black interface layer starts to form when cattle are
ﬁrst concentrated in an area and develops as a result of hoof action and manure cover (Mielke and Mazurak, 1976). Overall, the
thickness of the black interface layer formed was greatest at Site 1,
followed by Site 2 and Site 3. The gray layer had not formed at any
of the feedlots after 4 mo, indicating that more time is required for
gleying to occur. We attributed the greater thickness of the black
interface layer at Site 1 to the coarser-textured soil. Similar ﬁndings
were reported by Rowsell et al. (1985), who examined the rate and
mechanism of self-sealing of earthen liquid manure storage ponds.
They attributed the black interface layer to organic matter enrichment and observed that this black interface layer was twice the
thickness on loam soils compared with clay soils.

Conclusions
Mean Kfs, K(−0.9), and K(−3.9) values were not signiﬁcantly
greater at the MC feedlot site than at the two MF feedlot sites,
indicating no evidence of greater inﬁltration for active feedlot
pens on coarser-textured soils. Mean Kfs, K(−0.9), and K(−3.9)
values of soils within feedlot pens were reduced by 46 to 78%
compared with soil outside the pens, indicating greater compaction and reduced inﬁltration by continuous cattle stocking.
Depth of signiﬁcant chloride accumulation compared with soil
outside pens was greatest at Site 3 (60–70 cm), followed by Site
1 (40–50 cm), and Site 2 (30–40 cm). Because Sites 2 and 3 are
located on similar soil textures but Site 2 is much younger (5 yr)
compared with Site 3 (52 yr), a greater depth of chloride leaching
at Site 3 indicated that increasing age of the feedlot may contribute to greater leaching. However, depth of chloride leaching ≤70
cm indicated little overall leaching potential for all three feedlots.
Site had a signiﬁcant eﬀect on thickness, BD, pH, EC, SAR,
and total organic C content of the black interface layer. The
black interface layer was thickest and organic C content greater
at the MC site compared with the MF sites, indicating a greater
potential for self-sealing by organic matter in coarser-textured
soils. Bulk density of the pen ﬂoor at Sites 1 and 2 was signiﬁcantly greater at the bedding pack and drainage alley locations
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Fig. 3. Photos of soil profiles in pens at three feedlot sites after 2 and
4 mo of cattle activity (Site 1, 2 mo; Site 1, 4 mo; Site 2, 2 mo; Site
2, 4 mo; Site 3, 2 mo; Site 3, 4 mo).

than at the control area, and volumetric water content at Site
3 was greater at the feedbunk and gate-drainage alley locations
than at the control area. Within-pen location had a signiﬁcant
eﬀect on BD, volumetric water content, Kfs, K(−0.9), K(−3.9),
and number of pores >760 μm for certain sites and in certain
years. Visual inspection determined that the black interface
layer formed within 2 mo of cattle stocking at all three sites.
Our study indicated that the black interface layer forms only
when cattle are continuously in feedlot pens and that this layer
is critical in the self-sealing of feedlot pen ﬂoors. To prevent
potential leaching below feedlot pens, the black interface layer
should be preserved and not disturbed during pen cleaning.
Future research needs to more closely study the genesis of the
black interface layer in feedlot pens to determine what mechanisms
(physical, chemical, biological) control the development of this
layer that is important in preventing seepage in feedlots. Research
on self-sealing by liquid manure has been studied, but self-sealing
by solid beef cattle manure has not. Research should also focus on
quantifying leaching in pens during development of the black interface layer when newly constructed pens are stocked because this
2-mo period is likely the time most vulnerable for leaching within
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the feedlot. Future research should also determine the shortest time
period that the black interface layer can develop because this layer
may develop sooner than the 2-mo period that we found. Research
is also required to investigate whether macropores are visually present in feedlot pen soils and whether macropore ﬂow occurs in feedlot pens with active and stable black interface layers.
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