Effects of cattle trampling and mechanical seedbed prep-
aration on grass seedling emergence
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Abstract

Cattle trampling has been recommended to bury seeds and
encourage seedling establishment but has not been compared with
traditional seedbed preparation techniques. We compared seedling
emergence of broadcast-seeded ‘Vaughn’ sideoats grama [ Boute-
loua curtipendula (Michx.) Torr.}), ‘A-130’ blue panic (Panicum
antidotale Retz.), ‘A-68’ Lehmann lovegrass (Eragrostis lehman-
niana Nees), and ‘Cochise’ atherstone lovegrass (Eragrostis leh-
manniana Nees X E. tricophera Coss and Dur.) on lightly and
heavily trampled seedbeds with that on undisturbed, land imprint-
ed, and root-plowed or ripped seedbeds. We seeded and applied the
treatments prior to summer rains on a sandy loam soil in southern
Arizona for 3 years. In a wet year (1987) when surface soil water
was estimated to be available for at least 24 consecutive days, heavy
trampling and land imprinting increased emergence of blue panic
and land imprinting increased emergence of Cochise lovegrass. In
that year, lovegrass emergence was high even on undisturbed plots.
In a moderately wet year (1988), surface soil water was available
for periods of 6~9 days during seedling emergence and greater
disturbance, either by heavy trampling, land imprinting and/or
root plowing or ripping produced higher emergence than light
trampling and nondisturbance. In a dry year (1989), surface soil
water was available for periods of 2-3 days and seedling emergence
was low and generally similar for all treatments. Sideoats grama
emergence was low all 3 years, but was highest in 1988 when initial
thunderstorms were followed closely by subsequent storms. Seed-
bed disturbance by cattle and mechanical methods may enhance
revegetation in the Southwest in years of moderate precipitation
but may be unnecessary in wet years or futile in dry years, depend-
ing on species and soils.
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Livestock trampling has been recommended as a way to help
bury seeds and increase seedling emergence in rangeland revegeta-
tion (Plummer et al. 1955, Hormay 1970, Pearson and Ison 1987,
Vallentine 1989). However, there are few data available to evaluate
the use of livestock as a seedbed preparation technique. In Nevada,
moderate trampling increased emergence of perennial grasses, but
decreased emergence of perennial forbs on specific seedbed micro-
sites (Eckert et al. 1986). Heavy trampling decreased perennial
grass emergence, but increased emergence of sagebrush and annual
forbs on certain microsites.

Comparisons between trampling and other techniques are
needed to determine if it is a viable seedbed preparation technique.
Mechanical seedbed preparation techniques used in the Southwest
include root plowing and land imprinting. Rootplowing has been
successful in controlling woody plants (Fisher et al. 1959) and
produces a highly disturbed seedbed which may bury broadcast
seeds (Jordan 1981). Revegetation success on root-plowed seedbeds
has been reported by Allison and Rechenthin (1956), Fisher et al.
(1959), Herbel et al. (1973) and Nelson and Gabel (1987).
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The land imprinter was developed to increase revegetation suc-
cess on semiarid rangelands by concentrating soil water in furrows
(Dixon and Simanton 1980). Few studies have been conducted
which compare land imprinting with other seedbed preparation
techniques. In southern Arizona, land imprinting resulted in fewer
broadcast or drill-seeded grass plants than did railing or disking,
probably because it did not reduce competition from creosotebush
[ Larrea tridentata (DC.) Coville] (Cox et al. 1986). Haferkamp et
al. (1987) reported seedling emergence of crested wheatgrass
(Agropyron desertorum [Fisch. ex Link) Shult.] was nearly twice
as high with imprinting compared to drilling on loose, disked
seedbeds, but 2—4 times more seedlings emerged from drilling than
imprinting on firm, unprepared seedbeds. Clary (1989) reported
greater density, cover and production of seeded species from
imprinting a burned sagebrush community as compared to seeding
with a rangeland drill. He suggested the difference was related to
increased bulk densities or imprinted soil, decreased wind erosion,
and greater seed-soil contact. Our objective was to compare the
effects of light and heavy cattle trampling, rootplowing, land
imprinting or ripping, and nondisturbance on seedling emergence
of warm-season grasses.

Methods

Study Area

The study was conducted on the Anvil ranch, about 65 km
southwest of Tucson, Ariz. The study site is on the east slopes of the
Baboquivari mountains at an elevation of 1,027 m. The soil is a
sandy loam (fine, mixed, thermic Ustollic Haplargids). The site is
on the edge of the Chihuahuan semidesert grassland subresource
area (Jordan 1981), with major plant species consisting of mesquite
(Prosopis juliflora Swartz), snakeweed (Gutierrezia sarothrae
Pursh), various cacti, and native grasses including Arizona cotton-
top [(Digitaria californica (Benth.) Henr.)] and purple 3-awn
(Aristida purpurea Nutt.).

The climate is characterized by hot summers and cool wmters
Average annual precipitation for the past 30 years, obtained 17.7
km from the site, is 328 mm, of which 60-70% falls between July
and November (U.S. Dept. Commerce 1987).

Treatment Application

The experiment was a split plot with 5 seedbed treatmentsand 4
species applied in 4 blocks on each of 3 years. Years were random-
ized within blocks and each block per year included 20 plots, which
were randomly assigned the 20 treatment-species combinations.

All plots used in a particular year were treated with a combina-
tion of picloram (4-amino-3,5, 6-trichloropicolinic acid) at 0.6
kg/ha and 2,4,D [(2, 4-dichlorophenoxy) acetic acid] at 2.2 kg/ha
to kill snakeweed, and glyphosate [(N- (phosphonomethyl)] gly-
cine) at 2.2 kg/ha to kill native grasses. Scattered mesquite trees
were cut and removed.

Five seedbed preparation treatments were applied in June or
early July (before summer rains) on 6 by 6-m plots: (1) no distur-
bance, (2) light cattle trampling, (3) heavy cattle trampling, (4) land
imprinting, and (5) root plowing or ripping. Lightly trampled plots
were treated by leading a 300-500 kg steer or heifer around each
plot until a density of about 10 hoof prints per m? was obtained.
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Heavily trampled plots were enclosed with an electric fence, and
five 300-500 kg steers or heifers were herded around each plot for
approximately 20 minutes. Plots were land imprinted with a Dixon
land imprinter composed of 1 directional and 1 nondirectional-
geometric angle iron form welded on separate 1 by 1-m cylinder
capsules. Total weight of the imprinter was approximately 5 metric
tons and it produced imprints approximately 5-7-cm deep in this
soil.

Root-plowed plots were treated with a root plow in 1987 that
was pulled through each plot at a depth of 15-20 cm. Because of
root plow breakage in 1988 and 1989, plots in those years were
treated with a ripper. The ripper had 3 shanks about 60-cm apart
and was pulled through the soil in each plot 5 times at a depth of
15-20 cm to thoroughly disturb the seedbed. The composition of
the seedbeds with root-plowed and ripped plots was similar.
Seedbeds were prepared between 1 and 8 July in 1987, 14 and 17
June in 1988, and 29 May and 5 June in 1989.

Seeds of ‘Vaughn’ sideoats grama (Bouteloua curtipendula
(Michx.) Torr.), ‘A-130" blue panic (Panicum antidotale Retz.),
‘A-68' Lehmann lovegrass ( Eragrostis lehmanniana Nees), and
‘Cochise’ atherstone lovegrass ( Eragrostis lehmanniana Nees X E.
tricophera Coss and Dur.) were either sown with a hand-held
‘Cyclone’ seeder, or mixed with No. 60 blasting sand and hand
broadcast onto all plots at a rate of 1.2 million pure live seeds per
hectare. All plots except plowed plots were seeded before treat-
ment application while plowed plots were seeded immediately after
treatment.

Data Collection

Seedling densities were recorded when seedlings were about
2-4-cm tall. This corresponded with 18 August 1987, 1 August
1988, and 22 August 1989. Each plot was sampled with 1/16-m?
quadrats uniformly spaced across the plot in 2 transects of several
quadrats each. Number of quadrats (subsamples) varied from
20-40 per plot for the lovegrasses, and 40-80 quadrats for sideoats
grama and blue panic. Quadrat numbers were increased for a given
species and year when densities were low and decreased when
densities were high.

Percent cover of indigenous forbs, annual and perennial grasses,
and bare ground and litter was recorded beginning on 15 Sep-
tember 1987, 26 September 1988, and 8 September 1989. Each plot
was sampled with a 10-point pin frame uniformly spaced across the
plotin 2 transects of § placements each, for a total of 100 points per
plot. Frequency data were derived from density data to determine
differences in distribution of the seeded species.

Soil water in the top 1-3 cm was measured in selected undis-
turbed, imprinted, and heavily trampled plots with Colman soil
moisture cells (Colman and Hendrix 1949) in 1988 and 1989.
Precipitation was measured on site with a tipping-bucket rain
gauge, and soil water and precipitation data were recorded with a
Campbell Scientific Instruments CR-10 datalogger. Soil from the
top 20 cm of several plots was analyzed for percent water content at
-0.03,-0.10,-0.30, and -1.50 MPa matric potential with a pressure
plate. Soil water was considered available for germination and
growth when volumetric water content was above 0.09, which
corresponds to a matric potential of -0.1 MPa.

Statistical Analysis

Because numbers of quadrats or subsamples counted varied
among years for some species, seedling density data were analyzed
initially for significance of main effects and interactions by calcu-
lating approximate F ratios according to the procedure of Steel
and Torrie (1980). Significant (P<0.01) year-species-treatment
interaction justified analysis of variance and LSD mean separation
(P<0.05) of treatments separately for each species for each year. In
those analyses, conventional F ratios were calculated since the
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Fig. 1. Daily rainfall (vertical bars) for July and August 1987, 1988, and
1989 at the Anvil Ranch, southern Arizona; and lengths of wet and dry
periods in the upper 1-3 cm of the seedbed in relation to year and seedbed
preparation treatment. Periods of soil water content (vol/vol) = 0.09
(>=0.1 MPa matric potential) are indicated by symbols and dry periods
are represented by blank spaces between symbols.

total number of subsamples were equal for a given year and species.
Analysis of variance was performed on the arcsin square root of
percentage data both for cover and frequency.

Results

1987

Consistent summer rainfall began on 21 July and continued with
high frequency and intensity until 25 August (Fig. 1). Although no
soil water data were collected during 1987, the surface soil
remained wet from approximately 4 to 28 August. All species had
high emergence except sideoats grama (Fig. 2). Blue panic had little
emergence on undisturbed and lightly trampled plots, moderate
emergence on root-plowed plots, and high emergence on heavily
trampled plots. The lovegrasses had high emergence for all treat-
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Fig.2. Seedling density of broadcast-seeded sideoats grama, blue panic and Lehmann and Cochise lovegrassin relation to seedbed preparation treatments
done on 3 years on a loamy upland range site in southern Arizona. Means fora species within a treatment year with the same letter are not significantly

different (P>0.05).

ments but responded to them differently. Lehmann lovegrass had a
trend toward lower emergence on root-plowed plots than on the
other treatments. Cochise lovegrass had greatest emergence on
imprinted plots, lower emergence on undisturbed, heavily trampled,
and root-plowed plots, and least emergence on lightly trampled
plots.

1938

Thunderstorm activity began on 7 July and continued with fairly
high frequency until 28 August (Fig. 1). Although number of days
with rainfall during July and August was higher in 1988 (15 in 1987,
25 in 1988), storms were generally smaller and the seedbed did not
stay wet as long as in 1987. Starting on 17 July, soil water was
available in the surface soil for about 6 days, unavailable for a day
or less and then available for another 6-9 days. Most seedlings
emerged during these wet periods. Heavily trampled and imprinted
plots generally had available water for 1 to 2 days longer than
undisturbed plots.

Seedling densities were generally higher on heavily trampled,
imprinted, or ripped plots than on undisturbed or lightly trampled
plots (Fig. 2). Sideoats grama density was highest on ripped plots.
Blue panic density was highest on ripped and heavily trampled
plots followed by imprinted plots. Lehmann lovegrass densities
were similar on ripped, imprinted, and heavily trampled plots.
Cochise lovegrass densities were highest on heavily trampled plots,
followed by imprinted and ripped plots. The lovegrasses had much
higher emergence than blue panic and sideoats grama for all dis-
turbance treatments.

1989
Summer rainshowers in 1989 were less frequent and intense than
ineither 1987 or 1988 (Fig. 1). Initial and subsequent storms in July
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were separated by a 10-day dry period. Periods of surface-soil
water availability during emergence in July were only 2-3 days
long. Heavily trampled and imprinted plots had similar periods of
available water in the surface soil that were up to 14 hours longer
than in undisturbed plots. Emergence was low for all species and
generally similar for the different seedbed treatments (Fig. 2).
Ripping slightly increased emergence of sideoats grama and
Cochise lovegrass over that of the other treatments.

Seedling Frequency

There was a significant interaction between year and treatment
for frequency of seeded species (Table 1). Seedlings were most
evenly distributed on seedbeds prepared by heavy trampling,
imprinting and root plowing or ripping. Distribution was moder-
ate on undisturbed and lightly trampled plots in 1987, and limited
in 1988 and 1989. Distribution across treatments was greatest for
the lovegrasses, followed by blue panic and then sideoats grama.

Cover of Indigenous Grasses

Analysis of variance for both bare ground and litter cover indi-
cated significant (P<0.05) treatment and year effects but the
treatment-year interactions were not significant (P<0.05). Root
plowing or ripping and heavy trampling resulted in more bare
ground than the other treatments (Table 2). More bare ground was
exposed in 1989 than in 1988 (Table 3). Heavily trampled,
imprinted and root-plowed or ripped plots had significantly less
( P<0.05) litter cover than lightly trampled and undisturbed plots.
There was significantly more litter in 1989 than in the other 2 years,
probably as a result of a gradual build-up of litter associated with
cattle exclusion.

The 4 most common indigenous grasses on the plots included an
annual lovegrass (Eragrostis arida Hitchc.), feather fingergrass
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Table 1. Frequency (% occurrence in subsample quadrats) of broadcast-
seeded sideoats grama, blue panic, and Lehmann and Cochise lovegrass
in relation to year of seeding and seedbed preparation treatment on a
loamy upland range site in southern Arizona.

Species

Year and seedbed Sideoats Blue Lehman  Cochise
treatment grama panic lovegrass lovegrass

-------------- Frequency (%) ---~----~----~
1987
Undisturbed 2al llc 64 ab 63b
Lightly trampled la 12¢ 61 ab 63b
Heavily trampled Oa 74a 71 ab 61 ab
Land imprinted Oa 66a 8la 90a
Root plowed la 37b 50b 75 ab
1988
Undisturbed 2bc 13b 11b 12¢
Lightly trampled 3b 10b 21b 36 be
Heavily trampled 13b 48 a 6d4a 82a
Land imprinted 11b 3Ma 51a 56 ab
Ripping 30a 53a 6la 55 ab
1989
Undisturbed b 9a 5b 3b
Lightly trampled b 4a 9b 5b
Heavily trampled 3ab 16a 3%9a 2]la
Land imprinted 3ab 20a 15ab 8b
Ripping 6a 18a 36a 45a

IMeans in a column within a year with the same letter are not significantly different
(P>0.05).

(Chloris virgata Swartz), sixweeks needle grama (Bouteloua aris-
tidoides (H.B.K.) Griseb.), and Rothrock grama (Bouteloua
rothrockii Vasey). There was no significant (£>>0.05) difference in
cover for these species for any of the seedbed treatments (Table 2).
There was less annual lovegrass and feather fingergrass in 1989
than in 1987 and 1988 (Table 3).

Discussion

Differences in seedling emergence among years and treatments
were related to precipitation patterns and periods of available
water. Seedling emergence was highest for all species except side-
oats grama in 1987 when surface-soil water was estimated to be
available for about 24 consecutive days. The lovegrasses had high
emergence from all treatments in that year while blue panic had
greater emergence on the more disturbed seedbeds. The low den-
sity of sideoats grama in 1987 may be related to its rapid germina-
tion (24-48 hours—Simanton and Jordan 1986) and possible
desiccation during the 12-day drying period after initial rainstorms
(Fig. 1). The other species require a longer period of available
water to germinate and apparently only germinated in early
August during consistent rainfall.

The greater emergence of the small-seeded lovegrasses com-

Table 3. Percent cover of bare ground, litter, and 4 indigenous grasses in
1987, 1988, and 1989 on a loamy upland range site in southern Arizona.

Year
Parameter 1987 1988 1989
------- Cover (%) -------
Bareground 45 ab! 33b 54a
Litter 12b 16 b 33a
Annual lovegrass 10a I1a 0b
Feather fingergrass Sa 9a 0b
Six weeks grama 2a 4a la
Rothrock grama (seedlings) la 0b la

'Means in a row with the same letter are not significantly different (7>>0.05).

pared to the larger-seeded blue panic on the undisturbed plots and
the greater emergence of blue panic on the more disturbed seed-
beds in 1987 may have been due to greater seed-soil contact. Heavy
trampling, land imprinting, and root plowing buried more seeds
than nondisturbance or light trampling (Winkel et al. 1991). How-
ever, many seeds were buried by summer rains, even on undis-
turbed and lightly trampled plots. Seedling emergence from
surface-sown seeds on bare ground in a greenhouse study was
much greater for Cochise lovegrass than for sideoats grama and
blue panic (Winkel 1990). A lower trend in emergence of Lehmann
lovegrass on root-plowed plots in 1987 may have been related to
excessive seed burial. Root plowing buried at least 60% of the
Lehmann lovegrass seeds too deep for seedling emergence (Winkel
et al. 1991).

Greater seedbed disturbance by heavy trampling, land imprint-
ing, or ripping produced greater seedling emergence than no dis-
turbance or light trampling in a moderately wet year (1988). That
was the only year that sideoats grama produced an acceptable
stand of seedlings, and this occurred on the ripped plots. Ripping
buried twice as many sideoats grama seeds at a depth from which
seedlings could emerge than did the other treatments (Winkel et al.
1991). Successful emergence of sideoats grama in this year was
probably related to more consistent initial rainfall and soil water
availability at the start of the rainy season than occurred in 1987 or
1989. The greater seedling emergence of all species on the more
disturbed seedbeds in 1988 was probably related to greater seed
burial on these seedbeds (Winkel et al. 1991) and a slightly longer
period of available water, at least for the imprinted and heavily
trampled plots. In 1988, there were significant correlations between
percentage of seeds buried immediately after treatment (Winkel et
al. 1991) and seedling emergence for blue panic (r2 = 0.99, P =
0.003), Lehmann lovegrass (12 = 0.99, P = 0.006) and Cochise
lovegrass (r2=0.97, P =0.017). There were also significant correla-
tions between percent of seeds buried after a 35-mm rain and
seedling emergence for sideoats grama (r2 = 0.99, P = 0.001) and
blue panic (r2 = 0.80, P = 0.004). None of these correlations were
significant ( P<0.05)in 1987 when soil water was available fora longer

Table 2. Effects of seedbed treatment applied before summer rains on a loamy upland range site in southern Arizona on percent cover of bare ground, litter
and 4 indigenous grasses after the summer rainy season. Values are means of 3 years (1987, 1988, 1989).

Seedbed treatment

Parameter Undistrubed Lightly trampled Heavily trampled Imprinted Root plowed or pitted
-------------------------------------------- Cover () =----======~ecmmmmre oo
Bare ground 36b 36b 52a 41b 55a
Litter 27a 27a 16 b 19b I5b
Annual lovegrass 5a Ta 8a 9a T7a
Feather fingergrass 3a 4a S5a Sa 6a
Six weeks grama 3a 2a 2a 2a 2a
Rothrock grama (seedlings) la Oa la Oa la

'Means in a row followed by the same letter are not significantly different (P<0.05).
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period of time than in 1988, except for blue panic emergence, which
was positively correlated (r2 = 0.89, P = 0.016) with percentage of
seeds buried above 12 mm.

Low emergence on all treatments in 1989 was related to incon-
sistent rainfall and only 2-3 days of available water in the surface
soil in July. More consistent rainfall and longer periods of avail-
able water occurred later in August, but these did not produce a
cohort of seedlings. Seeds may have initiated germination after
initial rains and desiccated during the subsequent dry periods in
July. All of the seeded species have subcoleoptile internode elonga-
tion that places their adventitious roots near the soil surface and
makes them susceptible to desiccation without recurrent rainfall.

Emergence of indigenous annual and short-lived perennial
grasses was apparently affected much more by precipitation pat-
terns than seedbed treatments. These grasses were not observed to
emerge until after a period of consistent rainfall. Evidently they are
adapted to emerge from a variety of seedbed microsites as long as
soil water is available.

Analysis of past seedings is difficult because daily precipitation,
temperature, humidity (Cox et al. 1982), and soil water availability
are seldom measured. This study documents that seedling emer-
gence is highly related to the pattern of soil water availability. With
the exception of sideoats grama, seedling density of all species was
highest during a wet year (1987), intermediate during a moderately
wet year (1988), and limited during a dry year (1989). Greater
seedling emergence from more disturbed seedbeds was most evi-
dentin a moderately wet year. A slightly longer period of soil water
availability and increased seed burial associated with seedbed dis-
turbance by heavy trampling, imprinting, root plowing, or ripping
help to explain their higher seedling emergence compared to non-
disturbance and light trampling. In this study, increased seedling
emergence was more highly associated with increased percentage
of seeds buried on a moderately wet year than on a wet or dry year.
Seed burial may increase emergence by increasing seed-soil contact
and water flow to the seed (Collis-George and Sands 1959), increas-
ing radical penetration (Dowling et al. 1971, Cox and Martin 1984)
and reducing predation (Nelson et al. 1970, Campbell and Swain
1973).

Seedling establishment of small-seeded lovegrasses may not
require seedbed preparation on coarse-textured soils during wet
years in southern Arizona. Sideoats grama and blue panic appear
to require secedbed preparation for seedling establishment. Heavy
trampling, imprinting and root plowing, or ripping all provided
adequate seedbed preparation for burial and emergence during wet
or moderately-wet years. During dry years these seedbed treat-
ments would not be expected to increase seedling emergence.
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