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Abstract

Spring livestock grazing has been suggested as a tool to
improve winter forage quality of bluebunch wheatgrass
(Agropyron spicatum [Pursh] Scribn. & Smith). Impacts on plant
vigor and survival are important concerns associated with spring
grazing. We report basal area change and mortality responses of
bluebunch wheatgrass to 3 spring, 1 winter, and 3 spring + win-
ter defoliation treatments. The study was conducted in 1993 and
1994 at 2 sites in the Blue Mountains of northeastern Oregon.
Basal area of individual plants was measured shortly after appli-
cation of the spring treatments and again approximately 1 year
after treatment. Clipping the entire basal area of bluebunch
wheatgrass plants to a 7.6-cm stubble height during the mid-boot
phenological stage and during the inflorescence emergence stage
produced 7.0 and 7.8% declines in live basal area, respectively.
Unclipped control plants and plants having only one-half their
basal area clipped to a 7.6-cm stubble height during the mid-boot
stage exhibited 5.2 and 18.6 % increases in live basal area, respec-
tively. Combining the mid-boot/half-plant treatment with an
early winter clipping to a 2.5-cm stubble height reduced the posi-
tive live basal area response to 6.0%. No additional declines in
live basal area relative to the spring-only treatments were detect-
ed for combinations of the early winter treatment with the mid-
boot/whole plant treatment and the inflorescence emergence
treatment. Experiment-wide plant mortality was only 0.2%. If
managed for a moderate level of defoliation where a portion of
the basal area of each bunchgrass plant is left undefoliated, live-
stock grazing during the boot stage should have little negative
impact on the vigor and survival of bluebunch wheatgrass under
environmental conditions similar to northeastern Oregon.
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Many authors have suggested livestock could be used as an
effective tool for improving elk (Cervus elaphus) and mule deer
(Odocoileus hemionus) habitat (Anderson and Scherzinger 1975,
Malechek et al. 1978, Smith et al. 1979, Willms et al. 1980,
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Willms et al. 1981, Reiner and Urness 1982, Pitt 1986,
Jourdonnais and Bedunah 1990, Urness 1990, Frisina and Morin
1991). Anderson and Scherzinger (1975) proposed late spring
livestock grazing could be used to improve the forage quality on
elk winter ranges dominated by perennial bunchgrasses such as
bluebunch wheatgrass (Agropyron spicatum [Pursh] Scribn. &
Smith). Grazing bunchgrasses during the late spring requires spe-
cial management attention since late spring represents a critical
period in the phenology of cool-season bunchgrasses and improp-
er grazing during this period could result in little or no regrowth
and reduced plant vigor (Stoddart 1946, Blaisdell and Pechanec
1949, Wilson et al. 1966). Anderson and Scherzinger (1975)
hypothesized if the intensity, duration and timing of defoliation
were managed carefully, bunchgrass plants might be induced to
produce regrowth of higher winter forage quality than undefoliat-
ed plants without critically reducing plant vigor.

Facilitative livestock grazing on rangeland dominated by blue-
bunch wheatgrass has apparently been successful in enhancing
winter elk use (Anderson and Scherzinger 1975, Frisina and
Morin 1991). Defoliation treatments applied during or after the
boot stage have been shown to improve the winter forage quality
of bluebunch wheatgrass (Pitt 1986, Clark et al. 1998). Under the
environmental conditions of northeastern Oregon, however, an
effective combination of phenological timing, duration, and
intensity of defoliation for improving the winter forage quality of
bluebunch wheatgrass without critically affecting plant vigor,
survival, and regrowth production has not been experimentally
identified. Summer regrowth in bluebunch wheatgrass, receiving
a single defoliation to a 2.5- or 7.6-cm stubble height just prior to
the boot stage, phenologically matured before aestivation and
winter forage quality was not improved relative to undefoliated
controls unless fall rains induced additional regrowth production
(Bryant 1993). A single defoliation to a 7.6-cm stubble height,
applied after plant maturity in early September, increased winter
forage quality but sharply limited regrowth production of blue-
bunch wheatgrass on foothill rangeland in northeastern Oregon
(Bryant 1993, Westenskow-Wall et al. 1994),

Our objective was to examine the effect of 3 spring, 1 winter,
and 3 spring+winter defoliation treatments on basal area and mor-
tality responses of bluebunch wheatgrass on elk winter range in
northeastern Oregon. This experiment was conducted concurrent-
ly with an experiment examining forage quality responses of
bluebunch wheatgrass to the 3 spring defoliation treatments
(Clark et al. 1998).

JOURNAL OF RANGE MANAGEMENT 51(5), September 1998



Materials and Methods

Study Area

The study was conducted during 1993 and 1994 within USDA-
Forest Service big game winter range management areas located
near Starkey Experimental Forest and Range in the Blue
Mountains of northeastern Oregon. Two study sites, McCarty
Spring and Winter Ridge, selected for use in 2 previous studies
(Bryant 1993, Westenskow-Wall et al. 1994), were utilized for
the present study. Selection of these sites was based on 5 criteria:
1) location on an open ridge, 2) southerly to westerly aspect, 3)
grassland vegetation type, 4) sufficient density of bluebunch
wheatgrass plants for effective sampling, and 5) a consistent his-
tory of winter elk use. The McCarty Spring site was located at
1,274 m elevation with a gently sloping (0 to 5%) westerly
aspect. The Winter Ridge site had a gently sloping (0 to 7%)
south-southwesterly aspect at 1,366 m elevation. See Clark et al.
(1998) for a detailed description of the vegetation and climatic
conditions that prevailed at each site during the study.

Both the McCarty Spring and Winter Ridge sites had received
moderate to heavy livestock grazing on an annual basis since
1864 (Skovlin 1991). A 0.5-ha livestock exclosure was construct-
ed at each study site during the summer of 1986. Two previous
studies (Bryant 1993, Westenskow-Wall et al. 1994) and the pre-
sent study were conducted within these exclosures.

Experimental Design

A split plot experimental design was used. At each study site,
the area within the livestock exclosure (excluding a 10 m wide
fence buffer zone) was divided into 10 m by 10 m whole plots.
Thirty-two of the whole plots available at each study site were
randomly assigned a late spring clipping treatment and year of
application. Sixteen of the 32 whole plots at each site were used
in 1993 and the remaining 16 whole plots were used in 1994,
Sixteen bluebunch wheatgrass plants within each whole plot were
selected randomly as subplots. The random selection of subplots
was restricted to vigorous bluebunch wheatgrass plants with dis-
tinct basal area boundaries. Each subplot was tagged and pho-
tographed for later identification.

The 32 whole plots at each study site were randomly assigned
to 1 of 4 treatments: 1) control, 2) mid-boot/whole-plant, 3) mid-
boot/half-plant, and 4) inflorescence emergence/whole-plant.
Bluebunch wheatgrass plants within the whole plots assigned the
control treatment were left unclipped. Under the mid-boot/whole-
plant and inflorescence emergence/whole-plant treatments, the
entire basal area of all the bluebunch wheatgrass plants within
respective whole plots was hand-clipped to a 7.6-cm stubble
height during the mid-boot or inflorescence emergence phenolog-
ical stage. One-half the basal area of all the individual bluebunch
wheatgrass plants was clipped to a 7.6-cm stubble height during
the mid-boot stage under the mid-boot/half-plant treatment.
Choice of the 7.6-cm stubble height is described in Clark et al.
(1998). Each late spring clipping treatment was replicated in 4
whole plots at each study site.

Eight of the 16 subplots per whole plot were randomly assigned
to a 2.5-cm hand-clipping treatment applied during early
November. This clipping treatment was designed to simulate the
effects of early winter elk utilization on the vigor of plants defoli-
ated during the previous spring. The remaining 8 subplots per
whole plot were left unclipped as a subplot control. The entire
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experiment was replicated in 1994 on the remaining 16 whole
plots at each study site.

Percentage mortality and percentage change in basal area of
subplot bluebunch wheatgrass plants were evaluated during the
hard seed phenological stage approximately 1 year following the
application of the late spring clipping treatments (August 1994
and August 1995). The plants were visually inspected to deter-
mine percentage mortality. If there were no live tillers, the plant
was considered dead. Percentage change in basal area of the sub-
plot plants was used to assess plant vigor. An initial basal area
measurement was taken for each subplot plant during the hard
seed phenological stage approximately 2 months after the appli-
cation of the late spring clipping treatments. Basal area was
expressed as the product of the maximum length and the maxi-
mum width of the individual plants measured at ground level.
The area of any dead spots within the basal area of each plant was
similarly measured and this area value was subtracted from the
total basal area to yield the live basal area of the plant. Percentage
change in live basal area was assessed by comparing the initial
basal area measurement to the final measurement taken one year
later. Subplot plants classified as dead during the final basal area
measurement were recorded as having a 100% negative change in
basal area.

Percentage mortality and percentage change in live basal area
were compared between subplot treatments, whole plot treat-
ments, study sites, and years using general linear model proce-
dures (SAS 1988). Where differences were detected, Fisher’s
Least Significant Difference (LSD) procedure was used to make
multiple comparisons of treatment means based on the 5% level
of significance (SAS 1988, Montgomery 1991).

Results

The experiment-wide mortality rate was only 0.2% of 1,024
plants treated. Highly significant whole plot treatment (P < 0.01)
and site (P < 0.01) effects on percentage change in live basal area
were detected. The mid-boot/whole-plant treatment and the inflo-
rescence emergence treatment produced declines in live basal
area of bluebunch wheatgrass while the live basal area of plants
receiving the unclipped control and the mid-boot/ half-plant treat-
ments increased (Table 1). In 1993 at both the McCarty Spring
and Winter Ridge sites, the percentage change in live basal area
of plants receiving the mid-boot/half-plant treatment increased (P
< 0.05) compared to plants receiving the other 3 whole plot treat-
ments (Fig. 1). Clipping treatments were generally more detri-
mental to plant vigor at the McCarty Spring site than at the
Winter Ridge site (P < 0.05). The McCarty Spring site was not as
well-drained as the Winter Ridge site and plants at McCarty
Spring seemed more prone to frost-heaving damage than plants at
Winter Ridge. No significant year effects (P = 0.43) or site by
year interactions (P = 0.33) were detected.

A subplot treatment effect was detected for percentage change
in basal area (P = 0.05). Subplot plants receiving the mid-
boot/half-plant whole plot treatment and the subplot control treat-
ment had a significantly larger percentage increase in basal area
(P = 0.05) than did subplot plants receiving both mid-boot/half-
plant and early winter clipping (Table 1, Fig.1, 2). There was no
statistical evidence of interactions between subplot treatments
and whole plot treatments (P = 0.33).
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Fig. 1. Percentage change in basal area of bluebunch wheatgrass
plants receiving the whole plot treatments (late spring clipping)
and receiving the control subplot treatment (no early winter clip-
ping). Bars with different letter codes are significantly different
within site/year combinations (P < 0.05).

Discussion

Competition

The effect of competing plant species on forage quality and
vigor of bluebunch wheatgrass was not directly evaluated in this
study. Mueggler (1972) reported partial reduction of competition
by neighboring plant species reduced the negative effect defolia-
tion had on the vigor of bluebunch wheatgrass plants. In the pre-
sent study, only bluebunch wheatgrass plants were clipped. Other
plant species occurring in the experimental plots were not dis-
turbed except for a slight amount of trampling damage occurring
during application of the clipping treatments. Consequently, blue-
bunch wheatgrass plants receiving the clipping treatments may
have been placed under greater competitive disadvantage than
would occur in an actual grazing situation.

Successive Defoliation

Although the clipping treatments resulted in very limited mortali-
ty of subplot plants, this study did not examine the effect this level
of defoliation would have on plant vigor and mortality if applied
during several consecutive years. Bluebunch wheatgrass recovers
vigor slowly (Mueggler 1975, Caldwell et al. 1981). Successive
defoliations over several consecutive years may have a cumulative
effect on plant vigor (Wilson et al. 1966, Rickard et al. 1975).
Anderson and Scherzinger (1975) recommended forage condition-
ing treatments be applied under a rotation grazing system.
However, forage conditioning under a rigid grazing system may
not be as effective as a grazing management strategy which empha-
sizes maintenance of plant vigor and is flexible enough to respond
to annual fluctuations in forage and environmental conditions.

Grazing Systems

Attempts to tailor grazing management systems to enhance for-
age quality on elk winter range should emphasize the sustainabili-
ty of the plant resource. Findings from the present study support
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Fig. 2. Percentage change in basal area of bluebunch wheatgrass
plants receiving the whole plot treatments (i.e. late spring clipping
treatments) and the subplot clipping treatment (simulated early
winter elk use). Bars with different letter codes are significantly
different with site/year combination P < 0.05).

the suggestions made by Anderson and Scherzinger (1975) that 1
potentially useful grazing management system for forage condi-
tioning may be 1 designed to achieve a moderate level of defolia-
tion of bluebunch wheatgrass plants during the boot stage.
Defoliation of one-half the basal area of individual bluebunch
wheatgrass plants to a 7.6-cm stubble height during the mid-boot
stage may enhance winter forage quality (Clark et al. 1998) and
have no lasting negative effects on vigor relative to undefoliated
plants (Table 1). Grazing systems utilizing the mid-boot/half-
plant treatment for forage quality improvement, however, should
include some provisions for vigor recovery to compensate for
drought and other environmental stresses.

Complete defoliation to a 7.6-cm stubble height during the
mid-boot or inflorescence emergence stage may result in a sizable
improvement in forage quality relative to the mid-boot/half-plant
and control treatments (Clark et al. 1998). Consequently, there
may be considerable interest in applying these whole-plant treat-
ments on big game winter range. Greater forage quality improve-
ment under the mid-boot/whole-plant and inflorescence emer-
gence treatments, however, may be offset by 8.5% and 13.1%
declines in live basal area, respectively (Table 1). Hence, vigor
recovery should be a primary focus in grazing systems employing
these treatments.

To maintain healthy, vigorous plants under a forage condition-
ing regime, plants grazed in late spring must be allowed time to
recover from the stress of defoliation. A grazing management
strategy for late spring forage conditioning should be flexible and
include several options for vigor recovery following defoliation.
One option for vigor recovery after late spring defoliation may be
early spring grazing during the following year. If defoliation is
halted early enough in the growing season to allow complete phe-
nological maturation of subsequent regrowth prior to aestivation,
the effect on the vigor of bluebunch wheatgrass is minimum
(Stoddart 1946, Blaisdell and Pechanec 1949, McLean and
Wikeem 1985). A second option might be grazing deferment
until late summer of the following year (i.e., after aestivation and
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Table 1. Comparison of whole plot and subplot treatment effects on percentage change in basal area of bluebunch wheatgrass. Means were calcu-

lated across years and study sites.

Whole Piot Clipping Treatments
Subplot Mid-Boot Mid-Boot Inflor. Std. Error
Treatment Control Whole Plant Half Plant Emergence Across Rows!
(%)
Without Simulated 5.2abx -7.03x 18.6b% -7.8ax 7.6
Winter Elk Grazing (16.7)2 8.7 (12.8) @4 (3df)
With Simulated 4.3a% -8.5abx 6.03Y -13.1bx 76
Winter Elk Grazing (13.8) (14.3) (L (15.5) (3df)
Std Error 49 49 49 49
Within Columns? (1df) (1df) (1d.f) (1d.f)

1Standard error for whole plot treatment means and the degree of freedom used in the calculation.

2Standard deviations are enclosed within parenthese below the means.

3Standard error for subplot treatment means and the degree of freedom used in the calculation
abMeans with different “a” or “b” letter codes within the first row represent significantly different whole plot treatment effects (P< 0.05).
*YMeans with different “x” or “y” letter codes within columns represent significantly different subplot treatment effects (P< 0.05).

prior to the initiation of fall regrowth) or deferment until after
heavy frosts begin to limit growth in the late fall of the following
year. Deferring grazing until plant dormancy in late summer or
late fall may minimize cumlative defoliation effects on vigor
(Stoddart 1946, McLean and Wikeem 1985). Plants grazed in the
late spring would have an entire growing season in the following
year to recover losses of vigor. Cured leaves and culms might be
removed by late season grazing, reducing the formation of “wolf
plants” that would develop from the accumulation of standing lit-
ter. A third option could be a year-long rest from grazing.
Anderson and Scherzinger (1975) recommended plants grazed in
the late spring for 2 consecutive years should be rested from graz-
ing for at least 1 year. Resting for 1 year, however, may reestab-
lish some of “wolfy” characteristics in bluebunch wheatgrass,
especially under moderate grazing. When bluebunch wheatgrass
is under drought or other environmental stress, longer intervals of
grazing deferment or rest may be needed between applications of
late spring grazing.

Management Implications

Increasing elk populations in the western U.S. (Bryant and
Maser 1982) and decreasing amounts of traditional elk winter
range (Picton 1974, Peck et al. 1982, Vavra 1992, Sheehy and
Vavra 1995) have prompted interest in using forage conditioning
to increase winter elk use of public lands and decrease elk depre-
dation on private lands. Moderate levels of spring defoliation can
improve winter range forage quality and may prove extremely
useful for manipulating elk distribution between private and pub-
lic lands. However, careful control of elk population levels, rather
than habitat enhancement, should be the primary focus in elk
habitat management (Mohler and Toweill 1982). Forage condi-
tioning is a tool to compliment rather than substitute good elk
population management. Natural resource managers must contin-
ually reassess elk population levels and habitat availability.
Target population levels for elk management should reflect
changes in habitat availability, quality, and utilization. Finally,
the public must become more well-informed regarding the need
to limit elk populations. Prehaps then the biopolitical confusion
of elk management might at least be reduced and decisions to
reduce elk populations could then proceed more smoothly.
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