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Abstract

Patch burning can be a potential management tool to create grassland heterogene-
ity and enhance forage productivity and plant biodiversity, but its impacts on soil
and environment have not been widely documented. In summer 2013, we studied
the effect of time after patch burning (4 mo after burning [recently burned patches],
16 mo after burning [older burned patches], and unburned patches [control]) on
vegetative cover, water erosion, and soil properties on a patch-burn experiment es-
tablished in 2011 on a Yutan silty clay loam near Mead, NE. The recently burned
patches had 29 + 8.0% (mean + SD) more bare ground, 21 + 1.4% less canopy cover,
and 40 + 11% less litter cover than older burned and unburned patches. Bare ground
and canopy cover did not differ between the older burned and unburned patches, in-
dicating that vegetation recovered. Runoff depth from the older burned and recently
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burned patches was 2.8 times (19.6 + 4.1 vs. 7.1 + 3.0 mm [mean + SD]) greater than
the unburned patches. The recently burned patches had 4.5 times greater sediment
loss (293 + 89 vs. 65 + 56 g m™) and 3.8 times greater sediment-associated organic
Closs (9.2 £ 2.0 vs. 2.4 + 1.9 g m™) than the older burned and unburned patches.
The recently burned patches had increased daytime soil temperature but no differ-
ences in soil compaction and structural properties, dissolved nutrients, soil C, and
total N concentration relative to older burned and unburned patches. Overall, re-
cently burned patches can have reduced canopy and litter cover and increased wa-
ter erosion, but soil properties may not differ from older burn or unburned patches
under the conditions of this study.

Abbreviations: EC, electrical conductivity

Patch burning can be a potential grassland management strategy using
prescribed fire and grazing livestock. It consists of using prescribed fire
to burn select patches within a grazing unit to create heterogeneity in
otherwise homogeneous units (Winter et al., 2011). Because of the high
quality and availability of new plant growth on the burned patches, graz-
ing livestock preferentially graze the burned patches (Fuhlendorf and En-
gle, 2004; Teague et al., 2008). The burning treatment is shifted from
area to area within the grazing unit from year to year to create a mosaic
of different vegetation structures and physiological growth stages. This
shifting of burned areas can be important to increase spatial and tempo-
ral heterogeneity of forage quality and quantity compared with homoge-
neous or conventional systems with reduced biodiversity and lower pro-
ductivity. Potential benefits of patch burning include (i) increased forage
quality, (ii) enhanced plant diversity, (iii) improved wildlife habitat, and
(iv) reduced proliferation of invasive plant species and wildfire hazards
(Fuhlendorf and Engle, 2004).

Patch burning may contribute to revitalization and stimulation of
plant growth by recycling nutrients from previous vegetation, stimu-
lating tillering, and reducing excessive plant litter accumulation (John-
son and Matchett, 2001; Augustine et al., 2010). Burning reduces grass-
land canopy cover, which allows more light to reach the soil surface and
increase soil temperature (Vermeire et al., 2005; Teague et al., 2010).
Rapid warming of soil in spring and improved nutrient cycling after pe-
riodic patch burns can stimulate plant growth and increase forage pro-
duction (Johnson and Matchett, 2001; Augustine et al., 2010).
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Although patch burning may have beneficial effects on forage produc-
tion and system spatial heterogeneity, it is important to consider its im-
plications on soil and the environment. The interactive effects of patch
burning and grazing on soil properties have not been widely discussed.
Burning followed by concentration of grazing livestock on a burned patch
has the short-term effect of further reducing vegetation cover and mass
and may adversely affect soil properties and processes. The combination
may reduce water infiltration and soil organic C and nutrient pools and
increase risks of water and wind erosion, soil compaction, and soil struc-
ture deterioration of the patch (Teague et al., 2008; Schmalz et al., 2013).

Patch burning may particularly increase risks of water erosion be-
cause of reduced plant cover in the year of the fire and concentrated
grazing (Teague et al., 2008, 2010). The effect of increased plant cover
on reducing runoff and sediment yield as well as enhancing soil micro-
bial processes is well recognized (Johansen et al., 2001; Savadogo et al.,
2007), but specific studies reporting patch burning effects on water ero-
sion are few. Fires alone can have significant impacts on soil chemical,
physical, mineralogical, and biological properties (Robichaud, 2000). In
particular, fires cause partial or complete combustion of organic matter,
which may degrade soil structure and increase bulk density. In eastern
Nebraska, repeated prescribed burning reduced water infiltration but
generally had no effect on soil bulk density, pH, electrical conductivity
(EC), total N, and organic matter concentrations (Schacht et al., 1996).

The few studies specifically assessing soil response to patch burning
have found small or no significant changes in soil properties. In the Roll-
ing Plains of north-central Texas, Teague et al. (2008) reported variable
effects on soil properties after 4 yr of patch burning of a grazed, open
grassland site. Patch burning had no effect on soil aggregate stability
and bulk density; however, compared with nonburned sites, water infil-
tration of the burned patches was greater in years 4 and 5 and lower in
year 6, and penetration resistance was lower in year 4. In the same re-
gion, Teague et al. (2010) reported that summer patch burning in con-
tinuously and rotationally stocked pastures had no effect on soil bulk
density, penetration resistance, soil temperature, aggregate stability, wa-
ter infiltration rates, and soil organic C and total soil N concentrations
in each year of a 4-yr study. The authors suggested that adequate rain-
fall received after burns during the study years probably contributed to
rapid recovery and regrowth of vegetation, reducing any adverse effects
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on soil properties. Precipitation input after patch burning may be criti-
cal to ensure success of this management strategy.

Further assessment of soil and environment response to patch burn-
ing is warranted to better understand how this emerging management
practice affects soil attributes influencing grassland productivity. The ob-
jective of this study was to examine the effects of time (recently burned
and older burned patches) after one-time burning on water erosion, soil
properties, and vegetation cover characteristics in eastern Nebraska. Our
hypothesis was that patch burning followed by concentrated grazing in-
creases water erosion and degrades near-surface soil properties by re-
ducing canopy and litter cover in the short term.

Materials and Methods
Experiment Description

This study was conducted on a patch-burn experiment established in
2011 at the University of Nebraska-Lincoln Agricultural Research and
Development Center near Mead, NE (41°09'03” N, 96°29’57” W). The
experiment occupied a total area of 2.1 ha. The dominant soil series at
the study site was a Yutan silty clay loam (fine-silty, mixed, superactive,
mesic Mollic Hapludalfs). Before the experiment, the study site was un-
der hay management for about 15 yr with no history of burning. Hay was
harvested twice per year in late June and late August. The site was on a
west-facing slope ranging from 2 to 8%. Vegetation was comprised of a
mixture of warm-season and cool-season grasses and some forbs. The
dominant warm-season grasses were big bluestem (Andropogon gerardii
Vitman), sideoats grama [ Bouteloua curtipendula (Michx.) Torr.], indi-
angrass [Sorghastrum nutans (L.) Nash], and little bluestem [Schizach-
yrium scoparium (Michx.) Nash]. The dominant cool-season grasses
were Kentucky bluegrass (Poa pratensis L.), smooth bromegrass (Bro-
mus inermis Leyss.), and tall fescue [ Lolium arundinaceum (Schreb.)
S. J. Darbyshire]. The 30-yr mean annual precipitation for the study
area was 747 mm. Mean annual precipitation was 425 mm in 2012 and
675 mm in 2013. The low mean precipitation in 2012 is due to the pro-
longed drought that affected the region. Mean annual maximum daily
temperature was 16.5°C, and the mean annual minimum daily temper-
ature was 3.4°C.
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The experiment was a randomized complete block design with pasture
as block and three patch-burn treatments in each pasture: (i) a recently
burned patch (4 mo after burning), (ii) an older burned patch (16 mo af-
ter burning), and (iii) an unburned patch (control). Patch was the exper-
imental unit, and all patches were equal in size (19.3 by 122 m). In each
pasture, the first patch to the north was burned in April 2012, the center
patch was burned in April 2013, and the remaining patch was burned in
April 2014. Vegetation and soil data were collected in August 2013, which
was 16 mo after the north patches were burned (April 2012; older burned
patches) and 4 mo after the center patches were burned (April 2013; re-
cently burned patches). The remaining unburned patch in each pasture
had not been burned before August 2013 and was used as a control.

Each of the pastures was grazed beginning on 23 May 2012 and 30
May 2013 (50 and 33 d after burning, respectively). The three patch-
burn treatments were grazed for 50 d in 2012 at a stocking rate of 5.0
AUM (animal unit month) ha*and 56 d in 2013 at a rate of 5.3 AUM ha-
1. Grazing cattle are reported to spend as much as 75% of their grazing
time on the most recently burned patch during the growing season in a
patch-burn grazing situation (Fuhlendorf and Engle, 2004). In our study,
warm-season grasses had not begun growth at the time of the burns, and
the management goal was to provide sufficient growth of the cool-season
grass component at the time of cattle stocking so as not to limit intake of
forage by the cattle and manage competitiveness of the cool- and warm-
season grass components. Regardless, our visual observations during the
2012 and 2013 grazing seasons indicated that cattle concentrated graz-
ing in the most recently burned patch in each plot. In this patch-burn
experiment, all experimental units (recently burned, older burned, and
unburned) were grazed.

Water Erosion Measurement

The effect of patch burning on water erosion was studied under simu-
lated rainfall. Before rainfall simulation, vegetation cover characteris-
tics, including canopy cover, bare ground, and litter cover, were deter-
mined within each runoff plot by the point-method (Mueller-Dombois
and Ellenberg, 1974). In addition, six soil samples using a hand probe
were collected around each runoff plot from the 0- to 10-cm and the 10-
to 20-cm depth to determine antecedent soil water content before rain-
fall simulation.
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Simulated rainfall was applied to a runoff plot in each of the nine
patches in August 2013 to measure runoff amount and concentration
of sediment and sediment-associated nutrients. The runoff plot had di-
mensions of 0.52 m by 1.06 m and was enclosed by metal borders us-
ing a rectangular runoff box driven to a 10-cm depth into the soil. A por-
table rainfall simulator developed by Humphry et al. (2002) was used
in this study. Rainfall was applied from a 2.5-m height through a single
Teedet 1/2 HH-SS50WSQ nozzle (Spraying Systems Co.). The nozzle-
associated plumbing, in-line filter, pressure gauge, and electrical wiring
were all mounted over a 3- by 3- by 3-m aluminum frame (Humphry et
al., 2002). Simulated rainfall using tap water was applied at 62.2 + 1.97
mm hintensity to each patch for 60 min. The simulated rainfall inten-
sity portrayed a 10-yr return period for the study region. Water supplied
had an EC of 0.79 dS m*and a pH of 7.4. Rain gauges measured rainfall
intensity within each plot.

A PVC pipe cut in half lengthwise was placed at the downslope of each
plot to direct runoff from each runoff plot to a plastic bucket placed in a
soil pit. Only one runoff sample was collected per run. Total runoff vol-
ume was measured at the end of the 1-h rainfall simulation. The total
runoff volume and plot dimensions were used to calculate runoff depth.
For each simulated rainfall event, time to runoff initiation was also re-
corded. Runoff subsamples were stored in coolers and transported to
the laboratory.

A subsample of runoff (1 L) was used to determine sediment concen-
tration by the evaporation method (Blanco-Canqui et al., 2004). The
runoff subsamples were dried at 60°C in an oven to determine sediment
concentration and sediment-associated C and total N concentration. The
oven-dry sediment was finely ground, passed through 0.25-mm sieve,
and analyzed for soil organic C and total N by the dry combustion method
in a CHN Thermo Scientific Flash analyzer (Nelson and Sommers, 1996).

Another subsample of runoff was taken for the determination of pH,
EC, dissolved organic C, dissolved P, and total P. Soil runoff pH and EC
were determined on unfiltered samples using the Orion pH meter and
a HANNA DiST EC tester, respectively. The runoff pH was determined
on a 1:2 suspension (10 g of soil to 20 mL of water) (Thomas, 1996), and
EC was measured using 1:5 soil/water ratio mixtures (Rhoades, 1996).
Dissolved C and total P were analyzed in unfiltered runoff samples. Dis-
solved P was analyzed in runoff samples filtered through no. 5 Whatman
filter paper. Dissolved C concentration was determined on a Shimadzu
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TOC-V CPN analyzer. Total P was determined after digestion in acid
(Bray and Kurtz P1) (Bray and Kurtz, 1945). Total P and dissolved P were
analyzed by molybdate method and determined on Genesys 5 spectro-
photometer (Murphy and Riley, 1962).

Soil Property Measurements

At the time of rainfall simulation, penetration resistance and soil tem-
perature were measured for the nine patches. Penetration resistance was
determined at 10 random points within each patch for the o- to 7.5-cm
soil depth. The penetration resistance was measured using a static hand
cone penetrometer (Eijkelkamp), and the values were expressed as cone
index by dividing the normal force by the base area of the penetrometer
cone (Lowery and Morrison, 2002). At the time of rainfall simulation,
soil temperature was measured by soil thermometers inserted into three
different soil depths (1, 5, and 10 cm) between 11:00 and 14:00 h. Sim-
ilar to penetration resistance measurements, soil temperature was de-
termined for 10 random points within each patch.

Soil cores of 8.2 cm diameter were collected to a 7.5-cm depth for the
analysis of bulk density, wet aggregate stability, and concentration of soil
organic C and total N. The soil cores were collected from the 0- to 7.5-cm
soil depth using a hammer-driven sampler. A total of 27 soil cores were
taken (3 patch-burn dates x 3 replications x 3 depths). To test the hy-
pothesis that one-time patch burning may have affected soil properties
only in the upper few centimeters of the soil surface, the 7.5-cm depth
soil cores were carefully split into three sections in the laboratory, rep-
resenting the o- to 2.5-cm, 2.5- to 5.0-cm, and 5.0- to 7.5-cm depth in-
tervals. Bulk density, wet aggregate stability, and concentration of soil
organic C and total N were determined subsequently on each of these
depth increments.

Bulk density was determined by the core method (Grossman and Re-
insch, 2002). A portion of the soil core samples was air-dried and used
for the determination of wet aggregate stability. Air-dry samples for wet
aggregate stability analysis were sieved through 4.75- and 8-mm sieves
to obtain aggregates between 4.75 and 8 mm in diameter. Wet aggregate
stability was determined on 50 g of 4.75- to 8-mm air-dry aggregates by
the wet sieving method using a mechanical device (Nimmo and Perkins,
2002). The 50 g of aggregates were placed on top of a stack of sieves with
openings 4.75, 2, 1, 0.5, and 0.25 mm in diameter arranged in descending
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order. The sieves were in water tanks and the top screen sieve was just
in contact with water. The aggregates were saturated by capillarity for
10 min and mechanically sieved in the column of water for another 10
min. Then, the aggregates remaining in each sieve were transferred to
beakers and oven-dried at 105°C. Sand correction was performed in each
aggregate size fraction. Data on aggregate size and amount were used to
compute the mean weight diameter of aggregates (Nimmo and Perkins,
2002). Another portion of the air-dried samples from each depth inter-
val was crushed and roller-milled to determine organic C and total N
concentration in a CN analyzer (Vario Max, Elementar Americas) by dry
combustion method (900°C) (Nelson and Sommers, 1996). All statisti-
cal analyses were conducted using the GLM procedure in SAS (SAS In-
stitute, 2014). Treatment effects were evaluated by the Duncan test con-
trol, and significance was reported at the 0.05 probability level.

Results and Discussion
Vegetative Cover

The recently burned patches had less canopy cover, more bare ground,
and less litter cover compared with older burned and unburned patches
(Fig. 1). On average, recently burned patches had 21 + 1.4% (mean + SD)
less canopy cover and 29 + 8.0% more bare ground than older burned
and unburned patches (Fig. 1). The recently burned patches also had
32 + 6.0% less litter cover than older burned patches and 47 + 10.4%
less litter cover than unburned patches. Whereas percent canopy cover
and bare ground in older burned patches did not differ from unburned
patches, litter cover on older burned patches was 15 + 5% less than un-
burned patches (Fig. 1), which suggested that litter cover had not com-
pletely recovered to the control level after 16 mo. As expected, the un-
burned plots had the greatest canopy cover (97 + 2.9%), the least bare
ground (1.7 + 2.9%), and the greatest litter cover (93 + 2.9%).
Significant decreases in canopy and litter cover and increases in bare
ground on recently burned patches within patch-burn systems have
been documented elsewhere (Fuhlendorf and Engle, 2004; Teague
et al., 2010). The small or no differences in vegetation cover between
older burned and unburned patches in our study suggest that total plant
cover can, in general, return to preburn levels after 1 yr. Even though the
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Fig. 1. Patch burning effects on percent canopy cover, bare ground, and litter cover
measured 4 mo after burning (recently burned patches) and 16 mo after burning
(older burned patches) relative to unburned patches within a patch-burn experi-
ment in eastern Nebraska. Means followed by different uppercase letters within
the same soil cover parameter are significantly different. The errors bars are the
SD of the mean.

annual precipitation amount in 2012 was (425 mm) lower than the 30-
yr average (747 mm), vegetation appeared to recover rapidly after burn-
ing. Our results appeared to agree with those of Teague et al. (2010),
who reported that herbaceous plant cover and biomass production in
patch-burned plots in the Rolling Plains of Texas recovered rapidly and
caught up with the level of biomass production in unburned plots within
2 and 3 yr.

Water Erosion

Runoff from the recently burned patches started 6 min earlier than that
from older burned patches and 4 min earlier than the unburned patches
(Fig. 2A). Runoff depth was in the order: recently burned = older burned
> unburned patches. These results indicate that, regardless of burn date,
patch burning and the intensive grazing that followed consistently caused
an increase in runoff loss compared with patches that were unburned
and probably subject to less grazing (Fig. 2B). The burned patches had
about 2.7 times (19.6 + 4.1 vs. 7.1 + 3.0 mm [mean + SD]) greater runoff
depth than unburned patches (Fig. 2B).
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Fig. 2. Patch burning effects on time to runoff start (A), runoff depth (B), and sed-
iment loss (C) measured 4 mo after burning (recently burned patches) and 16 mo
after burning (older burned patches) relative to unburned patches within a patch-
burn experiment in eastern Nebraska. Means followed by different uppercase let-
ters are significantly different. The error bars are the SD of the mean.

Similarly, the recently burned patches lost 3 times more sediment
than older burned patches and 15 times more sediment than unburned
patches (Fig. 2C). They also had greater losses of sediment-associated soil
organic C (Fig. 3A) and total N concentration (Fig. 3B). Sediment-asso-
ciated soil organic C concentration losses from recently burned patches
was 13 times greater than unburned patches and about 2 times greater
than older burned patches (Fig. 3A), but differences between older
burned and unburned patches were not significant. Both burn patches
lost about 4 times more sediment-associated total N compared with the
unburned patches (Fig. 3B). Results, however, showed that differences
in runoff water characteristics (e.g., pH and EC), as well as concentra-
tion of dissolved organic C, dissolved P, and total P between burn and
unburned patches, were not significant (Table 1).
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Fig. 3. Patch burning effects on sediment-associated organic C (A) and total N (B)
concentration measured 4 mo after burning (recently burned patches) and 16 mo
after burning (older burned patches) relative to unburned patches within a patch-
burn experiment in eastern Nebraska. Means followed by different uppercase let-
ters are significantly different. The error bars are the SD of the mean.

Our hypothesis stating that patch burning increases water erosion
by decreasing the amount of canopy cover and litter was supported by
our data collected 4 mo after patch burning but not 16 mo after burn-
ing. Losses of runoff, sediment, and sediment-associated nutrients were
accelerated in recently burned patches. A rainstorm event of 62 mm h~
has the potential to generate 293 g m=of soil loss, 9.2 g m-loss of soil
organic C, and 1.5 g m=loss of total N from patch-burn grazed patches 4
mo after burning. These findings suggest that if intense rainstorms oc-
cur in the period between patch burning and vegetation full recovery,
risks for runoff and sediment loss from patch-burned areas followed by
grazing could be high.

The increased runoff and sediment loss from recently burned patches
is attributed to the reduced canopy cover, increased bare ground, and
reduced litter cover (Fig. 1). This negative correlation of surface cover
with runoff and sediment loss corroborates the critical role of vegetation
cover in reducing water erosion, which has been widely documented in
the literature (Campo et al., 2006; Larsen et al., 2009). Reduced veg-
etation cover makes the soil more susceptible to erosion (Zhou et al.,
2010). Vegetation cover intercepts raindrops, reduces splash erosion,
reduces surface sealing, delays runoff, and promotes water infiltration,
reducing runoff and soil loss. The increased runoff rates from burned
plots also suggest that burning of pastures reduced water infiltration
near the soil surface.
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Fig. 4. Patch burning effects on soil temperature for three soil depths measured 4
mo after burning (recently burned patches) and 16 mo after burning (older burned
patches) relative to unburned patches within a patch-burn experiment in eastern
Nebraska. Means followed by different uppercase letters are significantly different.
The error bars are the SD of the mean.

Patch burning increased losses of only runoff and sediment (Fig. 2A—
C) and not losses of dissolved nutrients (Table 1). Some studies from
wildfire events have found high losses of dissolved nutrients (i.e., am-
monium, nitrates, and ortho-P concentrations) in runoff after burning
(Miller et al., 2013). The use of both controlled fire and the single fire
event in our study may explain the lack of significant effects on water
quality parameters. Our study suggests that a single fire event followed
by intensive grazing may not have significant effects on water quality pa-
rameters such as dissolved C, dissolved P, and total P.

Table 1. Runoff water quality parameters as affected by time after burning relative to un-
burned patches within a patch-burn experiment in eastern Nebraska. Time after burning ef-
fects were not significant at < 0.05.

Parameter Unburned Older burnt Recent burn
pH 6.91 + 0.13% 6.94 + 0.14 6.88 + 0.14
Electrical conductivity, dS m™ 0.84 + 0.06 0.79 + 0.11 0.85 + 0.07
Dissolved organic C, mg L* 9.01 £ 1.27 7.50 + 3.41 5.08 + 0.73
Dissolved P, mg L 0.20 + 0.13 0.50 + 0.64 0.15 £ 0.13

Total P, mg L* 0.42 + 0.19 1.09 £ 1.29 0.35 + 0.29

t Older burn, 16 mo after burning; recent burn, 4 mo after burning.
¥ Values are means + SD.
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Soil Physical Properties, Soil Organic C, and Total N

Time after patch burning did not affect soil bulk density, penetration re-
sistance, wet aggregate stability, and concentrations of soil organic C and
total N relative to unburned patches. Mean values across treatments and
years were 1.21 + 0.19 Mg m=3 (mean + SD) for bulk density, 4.40 + 0.31
MPa for penetration resistance, 4.84 + 0.83 mm for wet aggregate sta-
bility, 25.6 £ 0.08 g kg for soil organic C, and 2.5 + 0.01 g kg for total
N for the 0- to 7.5-cm depth. Mean values across treatments and years
for soil water content were 0.29 + 0.02 m3 m-=3for the 0- to 10-cm depth
and 0.27 + 0.02 m3m3 for the 10- to 20-cm depth.

The recently burned patches, however, had consistently higher soil
temperature than older burned and unburned patches for the 1-, 5-,
and 10-cm soil depths (Fig. 4). Soil temperature did not differ between
older burned and unburned patches. Soil temperature in recently burned
patches was 2 to 4°C higher than in older burned and unburned patches.
These results suggest that more bare ground and less canopy cover and
litter cover (Fig. 1) probably led to increased soil temperature in the re-
cently burned patches (Fig. 4). Our results agree with Vermeire et al.
(2005), who reported that patch-burned grazed plots had 1 to 3°C higher
soil temperature when measured in May, June, July, and August after a
mid-November burn and a mid-April burn in northwestern Oklahoma.
In the Sandhills of Nebraska, Volesky and Connot (2000) also reported
that soil temperature measured during March through May was 1.6°C
higher than unburned plots in the 15- and 30-cm soil depths when wild-
fires occurred in September of the previous year. The increased soil tem-
perature with patch burning may stimulate plant growth, contribute to
vegetation recovery, and enhance microbial activity, but it may also in-
crease evaporation and reduce soil water content (Vermeire et al., 2005;
Augustine et al., 2010). In this study, however, soil water content in the
0- to 20-cm depth did not differ among treatments. Mean volumetric wa-
ter content across treatments for the 0- to 20-cm depth during the field
measurements was 0.28 + 0.15 m3m-3(mean + SD).

Our hypothesis that patch burning alters near-surface soil properties
by reducing the amount of canopy cover and litter was not supported by
the data except soil temperature. These results suggest that grassland
ecosystems could be highly resistant and that a single fire may not be suf-
ficient to impart significant changes in most soil physical properties even
in the upper few centimeters of soil surface. For example, mean weight



OZASLAN PARLAK ET AL. IN JOURNAL OF ENVIRONMENTAL QUALITY 44 (2015) 14

diameter of water-stable aggregates in the patch-burn and grazed plots
(4.84 + 0.83 mm) was larger than that commonly found in most culti-
vated soils in this region (<3.5 mm) (Blanco-Canqui et al., 2014).

In this study we report soil response to a single fire. We submit that
changes in soil properties could be measurable if the same patches were
subjected to more burn events followed by intensive grazing. Although
patch burning reduced vegetation cover, the percentage of bare ground on
recently burned patches was only 33 + 7.6% (Fig. 1), which indicates that
burned and grazed patches had sufficient litter cover to maintain soil prop-
erties. In contrast, the litter cover in recently burned patches appeared not
to be sufficient to protect soil from water erosion (Fig. 2 and 3).

Previous studies also have found small or no effects of patch burn-
ing on soil physical properties. In grazed pastures of northcentral Texas,
Teague et al. (2008) observed lower penetration resistance and bulk den-
sity in unburned plots relative to burned plots, but aggregate stability was
unaffected. In the same region, Teague et al. (2010) reported no differ-
ences in soil temperature, bulk density, penetration resistance, and ag-
gregate stability among burn and grazing practices. They suggested that
the high amount of rainfall (above average) and the rapid restoration of
the vegetation cover in the burned areas may explain the lack of changes
in soil properties. Our results and those from Teague et al. (2008, 2010)
suggest that patch burning may not have detrimental effects on soil phys-
ical properties under rapid vegetation recovery or adequate plant growth.

The lack of significant differences in bulk density and penetration re-
sistance in this short-term study suggests that grazing impacts on burned
patches did not increase risks of compaction. Some studies have reported
that increased intensity of grazing and trampling can alter soil physical
properties particularly near the soil surface (Thurow, 1991; Zhou et al.,
2010), but others have found limited or no effects. For example, Sava-
dogo et al. (2007) found that prescribed burning and five grazing inten-
sities (zero, light, moderate, heavy, and very heavy) had no significant
effect on soil properties.

Likewise, the lack of significant differences in soil water content indi-
cates that patch burning may have limited or no effect on reducing soil
water content in spite of reduced vegetation cover and increased soil tem-
perature with burning and grazing. Our results agree with those of Ver-
meire et al. (2005), who did not observe significant changes in soil water
content between patch-burned and unburned treatments in northwest-
ern Oklahoma in a 2-yr patch-burn grazing study. However, in the Flint
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Hills of Kansas, Anderson (1965) reported some differences in soil wa-
ter content at deeper depths (>30 c¢m) in the soil profile between burned
and unburned plots after many years of annual burning. These results
suggest that repeated burning for many years may impart changes in soil
water content relative to one or two burn events.

The results from this study indicate, in general, that patch burning
had a significant effect on runoff and sediment loss but not on soil prop-
erties. This deserves further discussion. Our results come from a sin-
gle fire and a single data collection time point. We hypothesize that ef-
fects of patch burning on soil parameters may not only differ from year
to year but also from season to season within the same year after burn
dates (Vermeire et al., 2005). Variations in precipitation input from year
to year may affect patch-burning impacts on soil cover and properties.
Long-term monitoring of changes in water erosion and soil properties
is needed to conclusively ascertain the impacts of patch burning on soil
and the environment.

Conclusions

The effects of patch burning of mixed-grass pasture in eastern Nebraska
on soil erosion appeared to be limited to recently burned patches be-
cause of lower plant canopy cover and a higher percentage of bare soil.
Results indicated that the open canopy of the recently burned patch is
likely a cause of accelerated losses of runoff, sediment, and sediment-as-
sociated C and N, but losses in older burned patches were similar to un-
burned patches. The open canopy and the relatively high percentage of
bare soil on the recently burned patches were likely a combined result of
the spring fire and the high concentration of cattle attracted to the fresh
growth on the burned patch. Near-surface soil physical properties and
soil organic C and total N concentrations were unaffected by time after
patch burning relative to unburned patches. Long-term monitoring of
changes in soil properties and soil erosion under patch burning systems
is needed across different climate conditions and different seasons and
years to further evaluate how patch burning followed by grazing alters
soil and environment and sustainability of grassland ecosystems. We
hypothesize that patch burning in drier years or drier regions may have
more severe impacts and that vegetation recovery may be slower than
those observed in this study.
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