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Abstract

This study compared the effects of autumn burning and clipping on bluebunch wheatgrass (Agropyron
spicatum (Pursh) Scribner and Smith) productivity the following spring. Dormant plants on a site in
south-central Washington were treated either individually or as part of a 3.14 m? area centered on
the study plant.

Clipping and burning shortened leaf lengths during the first growing season post-treatment. Shoot
biomass and seedhead formation were both reduced by clipping but not by burning. The failure to
detect measurable differences between plants treated individually and those treated as a part of a larger
area suggests that bluebunch wheatgrass is not greatly influenced by burning or by clipping its neighbor-
ing plants. Differences in the effects of aurumn burning and clipping on bluebunch wheatgrass pro-
ductivity is likely the consequence of microclimatic differences.

Introduction

Bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribner and Smith) is an im-
portant livestock forage grass in the semi-arid regions of the Pacific Northwest
(Daubenmire 1970). Applied rangeland research has focused on the effects of burn-
ing and livestock grazing mainly for the purpose of maintaining or improving
sagebrush-bunchgrass communities as a source of sustainable livestock forage. Most
studies indicate that grazing and clipping inhibit shoot production in bluebunch
wheatgrass to a degree dependent upon the intensity of the treatment (Wilson et
al. 1960), the season of the year (Blaisdell and Pechanec 1949), and the amount
of competition by its neighboring plants (Mueggler 1972). The response of
bluebunch wheatgrass to burning, however, appears to be more variable. Increases
in shoot productivity (Uresk er al. 1976, Daubenmire 1968) as well as temporary
decreases have been reported (Mueggler and Blaisdell 1958, Willms ef al. 1980).
The objective of this study was to compare the effects of autumn clipping and
burning on bluebunch wheatgrass productivity the following spring. The study was
also designed to test whether or not burning or clipping the surrounding neighboz-
ing plants influences the response of individual plants to the same treatment.

Study Area and Methods

The study site is located on the Arid Lands Ecology (ALE) Reserve on the U.S.
Department of Energy’s Hanford Site in south-central Washington at an elevation
of 366 m (1200 ft), on a gentle slope of less than 3 percent with an east facing
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aspect. The soil is classified as Ritzville silt loam, and precipitation averages 25
cm (10 in.) annually (Thorp and Hinds 1977). The vegetation of the area is represen-
tative of stands of the Artemisia tridentata/Agropyron spicatum association
(Daubenmire 1970). A wildfire in August 1973 killed most of the sagebrush
(Artemisia tridentata Nutt.) in the study area, but the grasses quickly recovered
from burning (Uresk et al. 1976). Bluebunch wheatgrass dominates shoot biomass
with lesser amounts of Sandberg bluegrass (Poa sandbergii Vasey) and Thurber’s
needlegrass (Stipa thurberiana Piper) (Rickard et al. 1976),

A one-hectare study plot was established and a pilot study was conducted to
determine the diameter size distribution of bluebunch wheatgrass. Two line
transects were randomly located within the study plot, and the diameters of the
first twenty-five bluebunch wheatgrass plants encountered on each line were
measured. Sixty-two percent of the measured plants had diameters ranging bet-
ween 10 and 18 em. To minimize the influence of variable bunch diameter on
experimental measurements, only those plants that were within the 10-18 ¢cm size
range were selected for study.

A randomized block design was used to minimize the effect of spatial
heterogeneity. This required replication of treatments within equal subsections
of the study plot. Thus, the plot was divided into four equal quadrants. In each
quadrant 25 bluebunch wheatgrass plants were selected randomly. A plant was
rejected for study if it was located within 4 m of a plant already chosen. In each
quadrant, five study plants were assigned randomly to one of the following five
treatments: 1. Plant clipped to crown level; surrounding vegetation undisturbed
(clip plant); 2. Plant clipped to the crown level; surrounding vegetation within
a1 m radius clipped to the ground (clip area); 3. Plant burned; surrounding vegeta-
tion undisturbed (burn plant); 4. Plant burned; surrounding vegetation within a
1 m radius burned (burn area); 5. Plant not clipped or burned; surrounding vegeta-
tion undisturbed (control). '

For the burn area treatments, sheet metal fences were used to confine the fire
to either a single study plant or to a 3.14 m? area. Burning was initiated with a
propane fueled flame. For the two clipping treatments, plants were clipped as close
to ground level as practical, either individually or along with all the surrounding
vegetation within a 1 m radius. The 3.14 m? size of the surrounding area treat-
ment was chosen because the roots of bluebunch wheatgrass plants can extend
approximately 70 cm laterally (Harris 1967) and because this size is similar to that
used in other clipping studies (Mueggler 1972). All treatments were performed dut-
ing the first week of September 1979,

Productivity was defined as live shoot biomass and was measured at the end
of the spring growing season in july 1980. All study plants were collected by clip-
ping, oven dried for 72 hr at 55°C, and weighed. For the control plants, live foliage
was separated from standing dead foliage before weighing. A number of additional
parameters were also measured as indicators of plant performance: leaf length (Uresk
et al. 1976), flowering culm and seedhead lengths (Mueggler 1975), and seedhead
number (Mueggler 1975, Blaisdell and Pechanec 1949). For each plant, 10 leaves and
a maximum of 10 culms and seed heads were selected randomly for measurement,

Data obtained for each of the five measurements of plant performance were
analyzed in three steps. First, an analysis of variance for a two-way classification
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with replicated observations (Rao 1952) was used to test the general hypothesis
that the treatments had an effect on the measurements. After determining the
significance of variance among treatments for a particular measurement, treatment
effects were examined using planned comparisons by means of orthogonal con-
trasts (Snedecor and Cochran 1975). Finally, a two-tailed Fisher’s protected least
significant difference (LSD) test was used to compare treatment means (Snedecor
and Cochran 1975). Statistical significance was inferred at the o = 0.05 level.

Results and Discussion

In general, all five measurements of plant performance showed similar responses
to the various treatments. Control plants produced the most shoot biomass, had
the longest leaves and also the greatest number of flowering culms (Table 1).
Treated plants were significantly different from controls for four of the five
measurements: shoot biomass, leaf length, culm length, and seedhead length.
Clump location, by quadrant, had a significant effect on all measurements, but
no interaction was observed between treatments and quadrant location. The size
of treatment application (single plant versus 3.14 m? area) had no significant ef-
fect on any of the measurements, and no significant interaction was observed be-
tween the treatment and the size of the treated area. Precipitation from July 1979
to July 1980 averaged 28.5 cm (11.4 in.)

TABLE 1. Average values for five measures of bluebunch wheatgrass productivity measured at the
end of the growing season following burning and clipping treatments ( + standard error).

Measure Control Clip Area Clip Clump Burn Area Burn Clump
Biomass 20.84 + 3.97 1030 + 0.80 13.77 + 2.33 1531 + 1.77 14.12 + 2.17
g dry wt. a b b ab ab
Leaf length 200740 & 132 250165 252 L028 25. 5100 £ 1025 25008 o 10.96
cm a b b b b
Culm length 3028 + 413 1354 + 3.07 2159 + 3.80 31.48 + 486 2858 + 415
cm a b ab a a
Seedhead length 437 + 0.76 2.07 + 0.49 A58 E 055 4.87 + 0.79 4.19 + 0.62
cm a b ab a g
Number of 37.20 + 12.86 12.15 + 427 1990 + 597 13.00 + 4.41 10.7 + 3.42
seed heads a a a a a

Values within rows with different letters differ significantly at & = < 0.05.

Shoot Biomass

Clipping significantly reduced shoot biomass. Clipped plants produced on the
average 42 percent less shoot biomass than did the controls (Table 1). No signifi-
cant differences in shoot biomass were observed when the burned plants were
compared to either the clipped plants or the controls.

Leaf Length
Clipping and burning significantly reduced leaf length. The leaves of burned
and clipped plants were on the average 18 percent and 20 percent, respectively,
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shorter than controls (Table 1). No significant differences in leaf length were ob-
served when the clipped plants were compared to the burned plants.

Flowering Culm Length

Clipping significantly reduced flowering culm length only on those plants that were
treated as part of a 3.14 m? area. Culms of plants clipped as part of an area were
on the average 55 percent shorter than those of both the controls and the burned
plants (Table 1). Culms of plants burned as part of 2 3.14 m? area were slightly,
though not significantly, longer than those of controls. No significant differences
were observed in culm lengths of controls, burned plants, or individually clipped
plants.

Seedhead Length

Clipping significantly reduced seedhead length only on those plants that were
treated as part of a 3.14 m?® area. Seedheads of plants clipped as part of an area
were 53 percent shorter than the seedheads of the controls and the singly burned
plants (Table 1). Seedheads of plants burned as part of an area were slightly, though
not significantly, longer than those of controls. Average seedhead lengths of con-
trol plants, burned plants, and individually clipped plants were not significantly
different,

Number of Flowering Culms

The number of flowering culms produced per plant was highly variable, regardless
of treatment. No significant treatment effect on the average number of flowering
culms per plant was detected (Table 1).

The results of this study generally support those of other clipping studies (Sauer
1978, Blaisdell and Pechanec 1949). Clipping bluebunch wheatgrass plants dut-
ing summer dormancy caused a decrease in shoot biomass and leaf length in the
first growing season following treatment. Clipping did not appear to affect the
number of seedheads produced per plant. The seedhead and culm lengths were
reduced only on those plants that were clipped as part of an 3.14 m? area. Simi-
larly, the results of this study are in agreement with other fire studies (Uresk et
al. 1978, Willms et al. 1980). Burning bluebunch wheatgrass during dormancy
had no effect on shoot biomass or reproductive performance (seedhead number,
culm length and seedhead length) during the first growing season following treat-
ment. The only effect of burning on bluebunch wheatgrass appeared to be a
measurable decrease in leaf length.

Seasonal changes in stress sensitivity and competition induced by neighbor-
ing plants are thought to be the major factors responsible for the deleterious ef-
fect of grazing and clipping on bluebunch wheatgrass productivity. Grazing and
most experimental clipping studies are done during the most active part of the
growing season (spring) when root energy reserves (carbohydrates) are low and
plants are susceptible to damage (Wilson er al. 1966). However, rangeland fires
usually occur during the dry season (summer) after the plants have matured and
dried (Wright and Klemmedson 1965). Fires also cover large areas and can reduce
plant competition by killing sagebrush and some of the associated grasses and forbs.
Presumably this temporary reduction in competition makes soil water and mineral
nutrients more available to the surviving plants. In contrast to fire, grazing has
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a selective impact on plants. Generally only the most palatable species are grazed
and plant competition is unaffected. In fact, a study in southwestern Montana
showed that the negative effects of clipping on bluebunch wheatgrass productiv-
ity were significantly reduced by clipping to ground level or removing neighbor-
ing plants (Festuca idaboensis Elmer and Lupinus argenteus Pursh, as well as
Agropyron spicatum) (Mueggler 1972).

In this study we tried to control the seasonal and competitive differences be-
tween fire and clipping. Plants were treated in the fall and the surrounding vegeta-
tion within a 1 m radius was either left undisturbed or subject to the same treat-
ment as the study plant. However, plants treated as part of an area did not re-
spond differently from those treated as individuals. These results do not agree with
those of Mueggler (1972) most likely because of seasonal differences. Based on
the results of this study, it appears that differences in autumn clipping and burn-
ing on the productivity of individual plants is not due to reduced competition
or treatment effects on neighboring plants.

Autumn burning and clipping both remove standing dead foliage from bunch-
grasses, Standing dead foliage left in place may benefit the growth of new shoots
by protecting them from wind and by shading them from direct sunlight. Shading
also tends to reduce evapotranspiration stress and conserves soil water during the
spring growing season (Sauer 1978). In addition, standing dead foliage has a role
in water retention. It acts as a substrate for moisture condensation and retains snow
longer than open areas. Standing dead foliage also is important in nutrient cycling
via stem flow (Parker 1983). Therefore, it would be expected that burning and
clipping would create somewhat similar microhabitats and have similar effects on
bluebunch wheatgrass shoot production. However, in this study, burning had no
measurable effect on shoot biomass when compared to control plants, while clip-
ping reduced shoot production. It appears that the method of removing standing
dead foliage does influence bluebunch wheatgrass shoot production during the
following growing season.

Burning in contrast to clipping or grazing produces ash. Although it is doubt-
ful that grassland fires produce enough ash to increase soil fertility (Daubenmire
1968), the ash does blacken the soil surface. The darkened suface may create higher
early-season soil surface temperatures resulting in the initiation of earlier plant
growth which may lead to increased production (Vogl 1974). Therefore, some
of the detrimental effects of the removal of standing dead material by burning may
be somewhat ameliorated by the initiation of early-season growth prompted by
higher soil temperatures early in the spring growing season. As demonstrated by
this study, removal of standing dead foliage by clipping a bluebunch wheatgrass
plant and surrounding vegetation as well should have the most detrimental effect
on productivity. The treated plant is devoid of the sheltering effects provided by
its own standing dead foliage or that of the surrounding vegetation, and lacks the
compensating effects of higher soil surface temperatures caused by ash deposi-
tion. Therefore it appears likely that the difference in the effects of autumn clip-
ping and burning on the productivity of individual bluebunch wheatgrass plants
is a consequence of microclimatic differences induced by treatment,
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