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Cover picture: Water catchment structure at the Squaw Butte Range Unit..

COOL, CLEAR WATER - WATER - WATER
F. A. Sneva
A precipitation catchment may not be the answer to the popular
western song but it can provide water to grazing animals in range areas
underutilized because of a lack of water. It also helps reduce grazing
pressure at the water hole. With environmental pressures increasing on
rangelands, this aspect of management is an important issue. Fortunately
grazing animals do not demand the cool, clear water of song. Their primary
demand is that it be wet.
In the last decade, renewed interest has developed in the precipitation
catchment for storing water, a device dating back to biblical times.
Greater success has been reported in the southwestern United States than
elsewhere, mainly because more research has been done there. But problems
associated with research in that area are not the same problems faced in
the Great Basin rangeland.
Precipitation catchment research began at Squaw Butte in the late
1960s. Our objectives were to design, implement, and test a system that
would catch, store, and dispense precipitation caught without pipes, valves,
or floats. The system had to fit two requirements: capable of being
delivered by a pick-up and being erected by hand. A final objective was
that economic benefits must offset the cost associated with the system and
its maintenance over the years of effectiveness.
Forage utilization studies conducted throughout the western range
suggest that the distance between forage supplies and water should not
exceed three-quarters of a mile, that a one-half mile distance may provide for
greatest uniformity of grass utilization, and that in rougher topography,
a one-quarter mile distance may be most desirable. Water intake studies
suggest that the water requirement of yearlings varies from 8 to 10 gallons
per day and water needs of the lactating cow may vary from 10 to 15 gallons.
Range condition and production differs throughout Great Basin rangelands.
In excellent condition, only two acres may be required to support one animal
unit per month (AUM). Most of our range is not that productive nor is it
in excellent condition. The majority of our rangelands require at least
10 acres per AUM with the average requiring about 20 acres and sizable areas
requiring 30 or more acres. Thus, when these factors are all considered,
they suggest that a water catchment density that promotes uniform utilization
should provide 5,000 to 30,000 gallons per location, depending upon the
condition, productivity, topography of the rangeland, and the class of animal
being managed.
Precipitation catchments (cover page) are being tested at Squaw Butte.
They consist of a catchment apron and storage-drinking tank. The catchment
apron is supported by standard steel fence posts. Commercial "steel studs"
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are attached to them with a 1.5 inch pipe U-bolt. The apron is
standard galvanized steel roofing sheets anchored to the steel studs with
sheet metal screws. The apron has worked well, is easy to put up, and
should require minimum maintenance for many years.
Units providing more than 1,500-gallon capacity require a storage
tank of bottomless tank type construction. Our 5,000-gallon unit consists
of a six-section, 18-foot diameter galvanized steel ring which is two-feet
high. The tank bottom is sealed with a two-inch layer of pure bentonite.
We do not know how effectively bentonite will perform.
Evaporation is a significant factor starting in July and through the
fall months. Since it is possible to lose all stored water by evaporation,
it is necessary to reduce evaporation by 80 percent or more. The problem
is testing reduction methods for effectiveness and their maintenance.
Floating six-mil plastic or a parafin surface work well -- but only for one
year. Other materials will be tested.
We are just beginning a research program in precipitation catchments.
There is no doubt in this researcher's mind that practical and operable
solutions exist and that they will be found. Precipitation catchments
one day will help us manage desert and forested rangelands as well as
provide water for animals that graze there.

STREAMBANK EROSION IN A BLUE MOUNTAIN STRINGER MEADOW 1
IN RESPONSE TO LIVESTOCK AND BIG GAME GRAZING MANAGEMENT
J. C. Buckhouse and J. M. Skovlin
For several years, streambank erosion research has been conducted on
Meadow Creek, Starkey Experimental Forest and Range, Union County, in
conjunction with a larger project designed to study the vegetative, animal
production, terrestrial, and aquatic habitats as they relate to several
systems of livestock and big game grazing.
The experiments are being conducted on a four-mile long portion of
Meadow Creek. The creek drains the Starkey Experimental Forest Range which
lies at elevations between 3,680 and 4,500 feet. The stream varies in
discharge from 2 to 195 cubic feet per second. Low flows generally occur
in late August and peak discharges are associated with spring thaw in April.

1This research is supported cooperatively by the Pacific Northwest Forest and
Range Experiment Station, USDA Forest Service, LaGrande, Oregon, and the
Oregon State University Agricultural Experiment Station, Corvallis.
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METHODS
The study area was laid out in five blocks of streamside habitat
(Figure 1). Phase (block) I was broken into five units with No. 1
farthest upstream. This phase was under continuous grazing with one consecutive unit being scheduled for grazing each year. Phase II also
consisted of five units, two grazed under a rest rotation system, and one
each under deferred rotation, season long grazing, and no grazing (control).
Phase III was limited to cattle grazing only, with big game being excluded
by a game-proof fence. It was composed of a five-unit group, managed
similarly to Phase II. Phase IV has been separated into two units. Unit A.
was deferred from grazing until the middle of the season and Unit B was
deferred until the latter part of the season. A control area, composed
of three units, was at the upstream end of the study.

Figure 1. Meadow Creek study area showing Phase I, Phase II, Phase III,
Phase IV, and the control area
Bank cutting was assessed by distance measurements from reference
stakes driven into the ground along the stream course. Sixteen stakes were
located in each unit, for a total of 304 stakes. Each erosion stake was
read at the end of the grazing-free winter period and at the end of the
grazing season.
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RESULTS
Results were variable, as one might expect when looking at relatively
short treatment periods. During the years we have been monitoring Meadow
Creek, we have noticed that the overwintering periods tend to be more erosive
than the summer grazing periods. This situation holds true for the ungrazed
control areas as well as for each of the various grazing-system treatments.
Probably the anchor ice, ice floes, and high water associated with the winter
periods were responsible.
Another way of looking at this would be to check what happened to those
areas subjected to different kinds of grazing systems at any given time.
When we do this, we find that the areas being grazed tend to fall at the
higher end of the erosional scale. But interestingly enough, this is not
a significant trend. There are enough ungrazed areas exhibiting high erosion
rates, and enough grazed areas showing low rates, that no statistical
differences among the groups have appeared.
Finally, if one takes the approach that bank cutting on Meadow Creek
should be considered on an annual basis rather than during separate seasons,
similar results appear. In 1976, the average bank cutting loss from the
grazed areas was about 6.3 inches, while the ungrazed areas lost about
4.3 inches. In 1977, the grazed areas lost about 5.5 inches, and the
ungrazed areas lost about 3.3 inches. In both cases, the average annual
erosional losses were higher on the grazed areas, but they were not different
statistically.
SUMMARY
Streambank erosional losses in response to several managerial schemes
continue to be investigated on Meadow Creek in the Blue Mountains. Evidence
indicates that after two years of grazing treatment, no significant differences
are apparent. It seems that the overwintering processes of high water ice
floes and channel physiognomy are at least as important in this stream
system as the grazing management schemes under investigation.
This work represents the mid-point in the study. It is our intention
to monitor this stream through 1981 to quantify the processes at work
over a full five-year period.

5
EFFECTS OF HAYING AND NON-USE
ON FLOOD MEADOW VEGETATION
C. M. Britton and F. A. Sneva
Management of flood meadow vegetation appears to have dramatic effects
on the ability of these areas to produce and the species composition of what
is produced. The need to document these changes and their magnitude became
apparent when the Malheur National Wildlife Refuge initiated a program of
non-use management. The opinion was that certain bird species required
residual vegetation as a habitat component during specific time intervals
of their life cycles. Although the size of area, distribution, and physical
characteristics of this residual vegetation cover are not well defined, the
management to produce residual cover is strict non-use of the vegetation.
This non-use includes both grazing and haying.
The objectives of this study were to compare an area that was hayed
to an adjacent area that had no use. This comparison was through measurements
of herbage yield and plant species composition.
EXPERIMENTAL PROCEDURES
The study area was on the Malheur National Wildlife Refuge, about
30 miles south of Burns, Oregon. A portion of a field which had a history
of being hayed was divided, with one treatment being non-use and the other
being hay. Haying was done each year during the first week of August and
the hay was removed.
Estimates of herbage yield were made by clipping 20 quadrats on each
area. Clipping was done three times each year over the three-year study.
Within each year, the first harvest was in early spring before growth
started. In mid-July, the maximum standing crop of herbage was measured
and in October, the final measurement was made after the plants had become
dormant. In mid-July, species composition was measured using a 10-point
frame with 1,000 points examined on each area. Plants were grouped into
four categories as grass, forb, Carex, and Juncus species.
RESULTS AND DISCUSSION
The effect of non-use on plant growth and the resultant herbage yield
was dramatic. In 1976, maximum yield on the two treatment areas was similar
at slightly more than three tons per acre (Figure 1). Growth on the non-use
area after one year was cut almost in half to a level of two tons per acre.
At the same time, the hayed area produced more than three tons per acre.
This trend continued into 1978 as the yield on the hayed area approached
four tons per acre while yield on the non-use area dropped below two tons
per acre.
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Figure 1. Effect of haying (H) and non-use (N) on herbage yield during
three consecutive years.
The primary impact of non-use on yield is the accumulation of litter
on the soil surface. This mat of plant material prevents plants from growing
on relatively large areas. When the weight of litter on the soil surface was
added to the yearly plant yield, the total was about the same as new growth
on the hayed areas.
Changes in species composition were evident as a result of non-use
management (Figure 2). Juncus species increased rapidly on the non-use area.
In 1977, after one year in non-use, Juncus species more than doubled and by
1978, they had tripled as compared to the initial condition. On the hayed
area, Juncus species remained at about 18 percent of the total composition.
Grasses decreased on the non-use area and increased on the hayed area in 1977.
This shift in composition on the hayed area probably was caused in part by
dry conditions which prevailed in 1977. During the wet year of 1978, grass
composition was reduced on both areas. Carex composition on both areas was
lower than the initial condition measured in 1976. The lowest composition
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measured in 1977 was a drought effect but with the wet year of 1978, the
composition did not return to the initial condition level. Forb composition
was variable, although there was a three-fold increase during the dry year
of 1977.
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Figure 2. Effect of haying (H) and non-use (N) or percent species composition
during three consecutive years.
Non-use management has a pronounced effect on flood meadow vegetation.
The clearest impact was the reduction in growth from litter accumulation
on the soil surface. Juncus species increased with this non-use management.
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EFFECT OF HARVEST DATE AND DRYING PROCEDURES ON GERMINATION
OF KOCHIA PROSTRATA (L.) SCHRAD.
S. S. Waller, D. K. Schmidt, J. L. Stubbendieck
C. M. Britton and F. A. Sneva
Five species of Kochia commonly are found in the United States. Two
are native, perennial, half-shrubs, Kochia americana and Kochia caZifornica,
and three are annual, introduced forbs, Kochia aZata, Kochia trychophylla,
and Kochia scoparia. Kochia is a member of the Cheonopodiacea or Goosefoot
family which includes such desirable species of the western range as saltbrush
(Atriplex) and winterfat (Eurotia). Most members of the Kochia genus are
considered to be weeds, especially the annual, introduced forbs. Their main
economic importance has been due to the cost of control and crop losses
occurring with heavy infestations. However, several members of this genus
also have exhibited potential as forage sources. During the droughts of
the 1930s and again during 1976 in South Dakota, Kochia was baled and fed
to livestock when other forage was unavailable.
Several accessions of another species, Kochia prostrata (L.) Schrad.,
commonly called prostrate summer cyprus, were introduced into the United
States in 1959 by the New Crops Research Branch of the Agriculture Research
Service. It is a perennial, half-shrub, native to the arid and semiarid
regions of Russia, central Europe, and the eastern Mediterranean. This
polymorphic species ranges from one to four feet in height. Utricle type
seeds are born on the upper portion of the stem in the axis of reduced
leaves. The seed perianth consists of a persistent calyx that develops
five dorsal wing-like appendages at maturity.
Kochia prostrata has exhibited potential as a very useful plant for
revegetation of critical areas on western rangelands. In its native habitat,
it is drought resistant, salt tolerant, and considered to be a desirable
forage plant, particularly for big game animal browse. Kochia has been
reported to be easily established from seed, grow rapidly and, under favorable
conditions, to reach sexual maturity in one year. Once established it appears
to be a good natural spreader. These characteristics make Kochia prostrata
a potentially valuable shrub for areas normally dominated by big sagebrush
in the intermountain area. However, limited research has been reported on
the germination characteristics of the available varieties.
EXPERIMENTAL PROCEDURE
A cooperative research project between the Squaw Butte Experiment Station
of Oregon State University, Burns, Oregon, and the University of NebraskaLincoln was initiated in 1978 to document germination characteristics of two
varieties, Kochia prostrata var. virescens (green) and Kochia prostrata var.
canescens (gray). This research was designed to complement the current
investigations by researchers at the Squaw Butte Experiment Station regarding

9
the usefulness of Kochia prostrata as a rehabilitation species for eastern
Oregon. The effect of harvest date and the type of drying procedure on
germination were evaluated for both varieties.
Nursery plots for each variety were established in 1970 at the Squaw
Butte Experiment Station. The area was a non-irrigated sandy loam site
receiving approximately 11.7 inches of precipitation. Only 30 percent of the
total precipitation occurs during the growing season. Ten plants of each
variety were chosen randomly on each of six harvest dates beginning on
September 20 and at 10-day intervals until November 9. Seeds collected on
September 20 were determined to be immature and data obtained were not
used in subsequent analysis. Harvest dates were correlated to observe
phenological stages as they occurred in 1978 to allow application of this
data to subsequent years. One-half the seed stems collected from each
variety were oven dried at 86 degrees Fahrenheit for seven days and the
remainder was air dried for seven days. After drying, the plant material
was sent to the University of Nebraska-Lincoln for germination trials.
Stems were rubbed lightly to remove the seed and chaff. Seed was
partially separated from chaffy material with a South Dakota Blower. Seeds
were then separated and counted into 100 seed lots by hand. Each treatment
(variety by harvest date by drying procedure) was replicated five times, a
replication consisting of 100 seeds on a double layer of moist filter paper
in a petri dish. Thirty-day germination trials were conducted in a germinator
programmed to alternate from 59 degrees Fahrenheit for 16 hours (dark period)
to 77 degrees Fahrenheit for eight hours (light period). Trials were checked
daily for moisture and germinated seeds counted every three days. Germination
was determined when the radical, hypocotyl, and two cotyledons were extended
approximately one quarter inch from the calyx.
RESULTS AND DISCUSSION
Percentage germination after 30 days was significantly different for
the two varieties (Figure la). Regardless of harvest date or drying procedure
K. prostrata var. canescens consistently exhibited higher germination percentages
than K. prostrata var. virescens (48 and 28 percent, respectively). Both
varieties exhibited the highest percent germination, averaged over drying
methods, on the last harvest date with approximately 63 percent for the gray
variety and 36 percent for the green variety. The gray variety consistently
germinated earlier in the trial and obtained a higher percentage germination
than did the green variety at all harvest dates.
Harvest date also significantly affected germination. Neither variety
exhibited any germination from seeds collected September 20. Percentage
germination, averaged over variety and drying method increased from approximately
14 percent on September 30 to 50 percent on the last harvest date (Figure lb).
The last three harvest dates exhibited approximately the same germination
percentage. The majority of the ungerminated seeds were not mature until
the fourth harvest date. This may indicate a seed maturation process that
was occurring during the first three harvest dates.
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Figure 1. Thirty-day germination percentage for Kochia prostrata var.
canescens (gray) and K. prostrata var. virescens (green)
averaged over five harvest dates and two drying procedures
(a) and the effect of harvest date on 30-day germination
averaged over variety and drying procedure (b).
The drying method did not have a significantly different effect on
percentage germination, when averaged over variety and harvest date. Ovendried seeds had approximately 38 percent germination, while 39 percent
germinated from the air-dried treatment. Moisture content in air-dried and
oven-dried seeds was approximately the same for both varieties at each
harvest date. The small difference in percentage moisture between undried
and dried seeds may explain why significant differences did not exist between
drying methods.
Variation between years because of precipitation, length of growing
season, and mean daily temperature affects the germination characteristics
of both varieties. However, this research does provide valuable information
concerning what variety will provide the higher percentage germination,
approximately when to harvest the seed for maximum germination, and the
influence of seed drying procedure on germination harvest.
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RESPONSE OF UNDERSTORY VEGETATION IN MOUNTAIN BIG
SAGEBRUSH HABITAT TYPES AFTER SPRAY RELEASE
R. F. Miller, R. R. Findley, and J. Alderfer-Findley
The need for plant response data in chemical control programs on rangelands has intensified because of an increase in users of this resource.
Land managers must be able to predict accurately the outcome of brush control
programs. Researchers have reported numerous examples of increases in forage
production and beef production after chemical control of sagebrush (Artemisia
tridentata). Informatiqn also is available on changes in plant composition
after brush control with 2,4-D (2,4-dichlorophenoxy acetic acid).
Although numerous publications have dealt with the effects of spraying
big sagebrush, the specific subspecies being evaluated rarely was identified.
Taxa of Artemisia tridentata not only vary morphologically and phenologically
but also have distinct ecologic and hydrologic requirements.
The purpose of this study was to document changes in forage production
and plant species abundance after application of 2,4-D in the following
three habitat types: mountain big sagebrush-Idaho fescue (Artemisia tridentata
subsp. vaseyana/Festuca idahoensis), mountain big sagebrush/bluebunch wheatgrass (Artemisia tridentata subsp. vaseyana/Agropyron spicatum), and mountain
big sagebrush/Idaho fescue-bluebunch wheatgrass (Artemisia tridentata subsp.

vaseyana/Festuca idahoensis-Agropyron spicatum).
EXPERIMENTAL PROCEDURES

The study area was on a ranch in eastern Oregon, approximately 9 miles
southwest of the town of Ironside. Topography is steep with elevations
varying from 6,000 to 7,800 feet. Vegetation on the upper slopes is dominated
by mountain big sagebrush, with Idaho fescue on the north-facing slopes and
bluebunch wheatgrass on the south-facing slopes. Both grasses were commonly
associated together on the northwestern slopes.
In 1974, the area was sprayed with 2 pounds per acre of 2,4-D butyl
ester in water by helicopter during the last week of May. No flagmen were
used and alternate spray strip patterns resulted. The three sites were
selected on the basis of their homogeneity and the presence of adjacent
sprayed and non-sprayed strips. Density data for forbs and grasses were
recorded in 1977 for each species. Nine randomly selected line transects
on the contour of the slope were used to measure shrub cover in each stand.
Ninety circular quadrats in each stand were sampled for production in 1977
and 1978 by the ocular weight estimate method.
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RESULTS AND DISCUSSION
Chemical control of mountain big sagebrush reduced canopy cover 81,
97, and 95 percent in the mountain big sagebrush/Idaho fescue, mountain
big sagebrush/bluebunch wheatgrass and mountain big sagebrush/Idaho fescuebluebunch wheatgrass habitat types, respectively (Figures 1, 2, and 3).
Chemical control of sagebrush reported in other studies range from 80 to
100 percent kill. The lowest kill of sagebrush in this study occurred on
the mountain big sagebrush/Idaho fescue site where soils were shallow and
rocky.
On the two sites with deeper soils, reductions in sagebrush canopy
were 15 percent higher. These responses may indicate that percent reduction
of sagebrush after chemical control is more a function of the site
than subspecies.
Increases in perennial grass production on all three treated sites
averaged 280 pounds per acre excluding 1977 production on the mountain big
sagebrush/Idaho fescue site (Figures 1, 2, and 3). This was the only site
where perennial grass production was affected significantly by the low levels
of precipitation during 1977. A possible reason for the significant response
between years on the mountain big sagebrush/Idaho fescue stand was because of
the shallow soil. Although total precipitation was 47 percent of normal,
above average moisture occurred in May. This apparently reduced drought
effects on forage species on the two deep soil sites. Soil moisture storing
capacity was low on the mountain big sagebrush/Idaho fescue site so continual
replenishment of soil moisture throughout the 1978 spring greatly enhanced
forage production.
On these sites, existing levels of perennial grasses in the non-sprayed
stands appeared to be adequate for spray-release ranging from 180 to 270
pounds per acre. On all three habitat types the source of increased forage
production was caused partially by an increase in newly established plants.
However, a substantial increase in plant height and plant diameter was
observed.
Forbs made up a relatively small proportion of the total herbaceous
production across all three habitat types. This may be attributed to either
site factors or heavy sheep grazing before 1963. Forb production and, in
some cases, density tended to be depressed after chemical control. Forbs
most affected by the application of 2,4-D were lupine (Lupinus sp.) and
arrowleaf balsamroot (Balsamorhiza sagittata). Forbs that increased after
chemical control were western yarrow (AAI:ilea lanulosa) and leafy bract
aster (Aster foliaceus). Application of 2,4-D appeared to have little
effect on many of the other forbs, however, because of their low numbers,
these plants were inadequately sampled. Also, time of sampling occurred
after peak production of most forbs.
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THE RESPONSE OF BUNCHGRASSES TO PRESCRIBED BURNING IN
MOUNTAIN BIG SAGEBRUSH PLANT COMMUNITIES
M. R. Champlin and A. H. Winward
As the cost of both mechanical and chemical treatments continues to
rise and public sentiment against use of herbicides increases, interest
in prescribed burning also is increasing. Unfortunately, many land managers
and property owners hesitate to use prescribed burning because fire is often
viewed as a destructive force, not as a tool for management. Information
concerning the effect of fire on perennial bunchgrasses and associated
species often is considered inadequate for ecologically sound fire prescriptions.
This study provides additional insight into some impacts of prescribed
burning on mountain big sagebrush (Artemisia tridentata subsp. vaseyana
communities. Mountain big sagebrush is the most mesic subspecies of big
sagebrush, and, therefore, bunchgrasses associated with it are relatively
mesic species or ecotypes in comparison to bunchgrasses associated with
Wyoming or basin big sagebrush (Artemisia tridentata subsp. wyomingensis
and tridentata, respectively). Several researchers have stressed the
importance of differences in ecological potential associated with sites
supporting different subspecies of big sagebrush. Thus, the results of
this study must be interpreted in the context of mountain big sagebrush
communities.
STUDY AREAS
This study was conducted at two locations. The first study area was
on the Lava Beds National Monument, 26 miles southeast of Klamath Falls,
Oregon, where the mean annual temperature and precipitation are 48 degrees
The site was on a broken monoFahrenheit and 14.3 inches, respectively.
cline at an elevation of 4,440 feet. The second study area was on the
Crooked River National Grassland, 13 miles northwest of Prineville, Oregon,
where the mean annual temperature and precipitation were 45 degrees Fahrenheit
and 13.7 inches, respectively. This site was on the northwest aspect of a
steep ridge at an elevation of 3,360 feet. The upper 7.9 inches of soil
at Crooked River primarily were composed of tuffaceous gravel less than
1 inch in diameter with little soil between the coarse fragments.
METHODS
Production data were obtained from 26 quadrats on each site each year
of the study. Years were used as treatments to analyze productivity of
bluebunch wheatgrass (Agropyron spicatum) and Thurber needlegrass (Stipa
thurberiana) on each site studied.
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The prescribed fire on the two areas differed greatly. The Lava Beds
fire was a late spring burn, two days after 0.5 inch of rain. Temperature
and relative humidity ranged from 63 to 75 degrees Fahrenheit and 25 to
50 percent, respectively, during the burn. The Crooked River burn was a
fall burn. Four days before the fire, the area had received 0.4 inch of
rain. Temperature and relative humidity ranged from 73 to 75 degrees
Fahrenheit and 30 to 33 percent, respectively, during the burn. Shrub
canopy cover, and, therefore, shrub fuel loading were similar at both sites.
Strip head fires were used to ignite each area. Flame lengths were three
times greater and rate of fire spread 10 times greater at Crooked River,
resulting in a fire intensity much greater in comparison to the Lava Beds
fire.
RESULTS
Sagebrush cover was reduced to less than one percent on all sites
studied. One year after the fire (1977), there was no significant decrease
in production of bluebunch wheatgrass on any of the three Lava Beds sites
(Table 1). However, there was a significant reduction of this species on
the Crooked River site. Thurber needlegrass was not present on the Crooked
River site; consequently, no evaluation of fire prescription could be made
with this species. However, Thurber needlegrass did show a slight decrease
on the Hill Top site which was the most xeric site at the Lava Beds.
Table 1. Production (grams/per square meter) of two bunchgrasses before
and after prescribed burning on mountain big sagebrush sites.

Year

North Slope
Artry/Feid

Lava
Swale

Beds
Hill Top

Artry/Agsp-Stth Artm/Agsp-Stth

Crooked River
Artrv/Agsp

Bluebunch Wheatgrass Production
1976 (before)
1977
1978

12.7
20.4
53.8

11.5
6.6
67.6

26.9
35.4
30.8

21.1
0.04
35.8

Thurber Needlegrass Production
1976 (before)
1977
1978

4.6
5.4
14.2

20.4
28.5
12.0

14.6
6.0
14.7

Changes in grass cover two years after the fire appeared to be related
to site features as well as fire intensity. The driest site at the Lava Beds
(Hill Top) showed no response. Production on the North Slope and the Swale
sites at Lava Beds and the Crooked River site showed a considerable increase
in production. Thurber needlegrass remained near prefire levels except on the
Swale site where it showed a slight drop in production, perhaps at the expense
of increase in bluebunch wheatgrass.
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It is generally believed that burning associated with a subsequent
droughty period can be especially damaging to bunchgrasses. The timing
of the two fires in relation to the drought conditions of 1977 may have
influenced the recovery of bluebunch wheatgrass at the two sites. At Lava
Beds, the heavy 3.1 inch August rain occurred less than one month after the
fire; at Crooked River, the drought followed immediately after the fire.
In addition, Lava Beds received 61 percent of its normal precipitation
between September 1976 and June 1977 while Crooked River received only
41 percent of its normal precipitation during this period. This combination of factors cannot be ignored when evaluating the effects of these
two fires on bunchgrasses. However, edaphic and fire related factors
appeared to be overriding influences in the Crooked River fire.
Careful evaluation of this area after the fire indicated that because
of the steep slope, the soils had fallen away from the down hill side of
each grass clump. This directly exposed some of the roots to the fire.
Burned cavities up to 2 inches into the root zone were observed. The
gravelly soil also had greater porosity which facilitated movement of
hot air and water vapor into the root and bud zone. These features along
with season of fire appeared to have been responsible for the first year
damage to bluebunch wheatgrass plants. However, the amount of input
attributable to each cannot be ascertained from this study.
On sites similar to those at Lava Beds, late spring burning appears
to be a good method for controlling mountain big sagebrush with minimal
damage to bunchgrasses. Since little detrimental impact occurred on either
bunchgrass at the Lava Beds, it was felt the fire prescription had been
satisfactory for these sites. On steep areas where the root crown of
bunchgrasses is exposed to the flames, burning for sagebrush control
may not be feasible.

EFFECT OF HARVEST DATE ON FIVE BUNCHGRASSES OF EASTERN OREGON
C. M. Britton, F. A. Sneva, and R. G. Clark
One of the basic problems of range management is when to graze the
range. Plants grazed during early growth have difficulty in maintaining a
productive growth status since removal of leaves interferes with development
of an adequate root system. This early growth phase of shoot and root growth
usually is completed by early May in eastern Oregon. What happens to the
various grasses after this early growth phase is also an important factor
because this is the normal period of harvest by grazing.
A study was initiated to investigate the effects of harvesting range
grasses during the normal period of grazing. Objectives of this research
were to evaluate different harvest dates with respect to subsequent changes
in basal area of the grass plants and the resultant changes in yield.
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METHODS AND PROCEDURES
This study was conducted at the Squaw Butte Range Unit of the Eastern
Oregon Agricultural Research Center. In 1976, individual plants of five
bunchgrass species were marked and allocated to five harvest dates. Bunchgrasses evaluated were bluebunch wheatgrass (Agropyron spicatum), Idaho
fescue (Festuca idahoensis), junegrass (Koeleria cristata), squirreltail
(Sitanion hystrix), and Thurber needlegrass (Stipa thurberiana). Initial
harvest dates were May 15, June 15, August 27, October 12, and November 9.
Each plant subsequently was evaluated at the end of the growing season
in 1977 and 1978. Measurements included yield, and each plant was photographed to determine basal area. Since the different species inherently
are different in size, yield was expressed as grams per square decimeter
(about 16 square inches) of basal area.
RESULTS AND DISCUSSION
Date of harvesting has a substantial effect on basal area when compared
to the initial basal area (Figure 1). Plants harvested in May showed
almost a 40 percent reduction in basal area when measured in 1977 and this
increased to 45 percent by 1978. This reduction was most evident among
Idaho fescue and Thurber needlegrass plants. These two species also were
primarily responsible for the high reduction in basal area observed at
the June harvest date.
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Figure 1. Effect of initial harvest date on percent basal area reduction
averaged over five bunchgrass species in eastern Oregon.
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Reductions in basal area were small for the August and October treatment
dates even though regrowth was evident as a result of early August rainfall.
The November harvest date was low in 1977 but when measured in 1978, the
reduction had increased to 30 percent. This increase was mostly because of
reductions in basal area of Idaho fescue and junegrass.
The 1977 growing season was characterized by drought conditions; only
70 percent of crop year precipitation was received. This appeared to mask
the harvest date effects although the August date was higher than most other
dates (Figure 2). The yield from plants harvested in May was the highest,
but these plants contained some regrowth herbage produced after the initial
harvest in 1976. Yield measured in 1978 was at least two-fold higher than
1977 because near normal crop year precipitation was recorded. Plants
harvested initially in June were the lowest yielding and October plants
were highest. Although the basal area of the May harvest was reduced by
about half, the portion that survived was not affected appreciably with
respect to ability to produce hergage.

Impli•••■

1977

8-

1978
•■•••••■

N

E

IMMINENT

6

0'

0

4

_

VOINI■11,

11•1■11,

>7-

5/15

6/15

8/27 10/12

11/9

5/15

6/15 8/27 10/12

11/9

INITIAL HARVEST DATES
Figure 2. Yield in grams per square decimeter (about 16 square inches)
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Similar trends were evident for individual species (Figure 3) in the
average over-all harvest. Lower yields were observed for the drought year
of 1977 and higher yields in 1978. Bluebunch wheatgrass and Idaho fescue
were almost identical in response. Squirreltail was the most productive
species per unit basal area although it must be remembered that it is
typically a small plant. Thurber needlegrass was the lowest yielding
species of all. The combination of low yield and large reduction in basal
area makes Thurber needlegrass the least desirable bunchgrass studied.
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Yield in grams per square decimeter (about 16 square inches)
averaged over all initial harvest dates for bluebunch wheatgrass
(Agsp), Idaho fescue (Feid), junegrass (Kocr), squirreltail
(Sihy), and Thurber needlegrass (Stth)

Grazing from August to October exerts the smallest impact on these
bunchgrasses. Squirreltail, bluebunch wheatgrass, and Idaho fescue are
most resistant to grazing over the period studied.
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ANTICIPATED FORAGE RESPONSES AND
1/
ECONOMICS OF FERTILIZING EASTERN OREGON RANGELANDS-E. Schmisseur and R. F. Miller

As a result of changing economic conditions, eastern Oregon ranchers
should evaluate the economics of rangeland fertilization as one option of
obtaining needed feed at lower costs. Anticipated forage responses and the
economics of fertilizing high desert range, foothill range, foothill meadows,
and native flood meadows of eastern Oregon are briefly reviewed here. Forage
responses were obtained from a survey of fertilization research applicable
to eastern Oregon rangelands.
RESPONSES AND ECONOMICS
The primary objective of fertilization is increased forage production
at competitive costs. Other benefits might include increased forage utilization, increased plant vigor, and a reduction in soil erosion. In some cases,
fertilization increases total crude protein and digestible nutrients of the
forage. An indirect benefit often requiring additional management input is
better animal distribution and, thus, increased overall forage utilization
on previously underutilized, non-fertilized range. This also may reduce
grazing pressure on non-fertilized range areas.
A potentially negative effect of fertilization is an undesirable change
in species composition. Large increases in forage production are frequently
made up of less desirable forage species. Several other factors not well
identified are the possible shortening of the growing season from
earlier maturity of fertilized grasses, the possibility of decreasing plant
vigor through fertilization in below average rainfall years, and the possible
increase in grazing pressure created by certain wildlife species on fertilized
range areas.
High Desert
Yield responses to the application of nitrogen on native range where
annual precipitation rarely exceeds 11 inches have been highly variable.
Effects on air dry yields of native range varied from a six-pound yield increase
with 15 pounds of nitrogen per acre on a poor condition range site to a
77-pound yield increase at 30 poundsof nitrogen per acre on good condition
range. At these response levels, with urea costing $202 per ton, and application costs of $4.50 per acre, costs of obtaining forage from nitrogen

1/ Summarized from "Fertilizing Eastern Oregon Rangelands: Management
Insights," Oregon State University Extension Service Special Report 527,
January 1979.
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fertilization exceeded the cost of obtaining forage by purchasing grass hay
at hay prices in excess of $300 per ton. Furthermore, on sites containing
cheatgrass, fertilization led to an increase in this grass at the expense
of native grasses.
Yield responses to nitrogen fertilization of seeded, high desert range
have been reported to vary from 103 air dry pounds per acre with an application of 10 pounds of nitrogen to 900 pounds from an application of 20 pounds
of nitrogen. Crested and streambank wheatgrass usually responded better
and more consistently to nitrogen than other introruced grass species. Where
cheatgrass was present, nitrogen fertilization promoted its development.
Per unit costs of obtaining additional forage from fertilization of
seeded, high desert range were lowest with an application of 40 pounds of
nitrogen per acre. At this application rate, with urea costing $202 per ton
and application at $4.50 per acre, the cost of obtaining additional forage
from fertilization equaled the cost of obtaining forage by purchasing grass
hay priced at $36 per ton. Lower unit costs might be obtained with nitrogen
rates larger than 40 pounds per acre; however, this could not be determined
from the experimental data.
Foothill Range
Forage responses to fertilization of native, foothill range have been
highly variable. On sites receiving about 12 inches of precipitation,
60 pounds of nitrogen increased air dry yield an average of 300 pounds per
acre; whereas, on sites receiving 16 to 22 inches of precipitation, yield
increases ranged from 200 pounds per acre with 30 pounds of nitrogen to
990 pounds with 120 pounds of nitrogen. At these latter sites, phosphorus
and sulfur in combination with nitrogen also increased yield, but usually
the added yield response was small. Statistically significant yield increases
from nitrogen carryover also were observed with nitrogen rates of more than
90 pounds per acre. On many of the drier foothill range sites, cheatgrass
made the biggest yield increase to fertilization.
Per unit costs of obtaining additional forage from the fertilization of
native foothill range were lowest with an application of 60 pounds of nitrogen.
At this rate, with urea costing $202 per ton, and application at $4.50
per acre, the cost of obtaining additional forage from fertilization equaled
the cost of obtaining forage by purchasing grass hay priced at $35 per ton.
Lower unit costs might be obtained with nitrogen rates between 40 and 80 pounds;
however, this could not be determined from the experimental data.
Nitrogen and nitrogen in combination with phosphorus significantly
influenced yields of seeded, foothill range. Forage responses ranging from
250 air dry pounds per acre with 30 pounds of nitrogen to 510 pounds per acre
with 120 pounds of nitrogen were recorded with sites receiving about 12 inches
of precipitation. These yield responses, however, were lower than expected
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because of early season uses. On sites receiving more than 15 inches of
precipitation, yield increases were noted even at 140 pounds of nitrogen.
Statistically significant yield increases from nitrogen carryover were evident
at nitrogen rates of 40 pounds or more per acre.
Based on yield responses affected by early harvest, the minimum cost of
obtaining additional forage from nitrogen fertilization of seeded foothill
range just equaled the cost of obtaining forage by purchasing grass hay
priced at $88 per ton. Some level of fertilization, however, is expected
to be economical, particularly if harvest is delayed until later in the
growing season. With an application of 30 pounds of nitrogen costing $0.22
per pound and application at $4.50 per acre, a yield response of only 560 pounds
per acre is required to equate the cost of obtaining forage from fertilization
to that of obtaining forage as grass hay priced at $40 per ton. This or
even a larger response could be obtained on many seeded, foothill range
sites in eastern Oregon.
Foothill Meadows
Nitrogen alone and nitrogen in combination with phosphorus and sulfur
increased yields of native mountain meadows. But responses varied by
site. With an application of 90 pounds of nitrogen, forage response was
only 80 air dry pounds per acre at one site and 600 pounds at another location.
The average yield increase from 16 separate mountain meadow areas approached
770 pounds of forage per acre at 80 pounds of nitrogen.
Per unit costs of obtaining additional forage from the fertilization
of native foothill meadows responsive to fertilizer were lowest with 30 pounds
of nitrogen per acre. At this rate, with nitrogen at $0.22 per pound and
application at $4.50 per acre, the cost of obtaining additional forage
from fertilization equaled the cost of obtaining forage by purchasing grass
hay priced at $32 per ton.
Only nitrogen significantly increased yield of seeded, mountain meadows.
The greatest forage increase was 1,370 pounds of air dry forage per acre with
an application of 60 pounds of nitrgoen. Yield increases from nitrogen
carryover were evident with nitrogen rates more than 90 pounds per acre.
Creeping meadow foxtail, intermediate wheatgrass, and intermediate wheatgrasslegume mixes exhibited the largest response to nitrogen. Pure grass stands,
however, responded better to nitrogen than grass legume mixes.
Per unit costs of obtaining additional forage from the fertilization
of seeded foothill meadows were lowest with an application of 60 to 80 pounds
of nitrogen per acre. At these rates, with nitrogen at $0.22 per pound and
application at $4.50 per acre, the cost of obtaining forage from fertilization
equaled the cost of obtaining forage by purchasing grass hay priced at $35
per ton.
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Native Flood Meadows
Native flood meadows were found to be responsive to fertilizer, although
not all meadows responded equally well. Nevada bluegrass and rush-sedge-grass
meadows showed the greatest response to nitrogen. Mixed clover-rush-sedge
meadows showed the greatest response to phosphorus. At 21 sites, mean yield
responses to 60 and 120 pounds of nitrogen were 0.75 and 1.15 air dry tons
per acre. At still other locations, yield responses approached 2.0 air dry
tons per acre with 200 pounds or more of nitrogen. Yields were not statistically different at nitrogen rates more than 240 pounds and yield increases
from nitrogen carryover were not statistically significant. Applications of
18 pounds of phosphorus produced maximum yield responses of from 0.3 to 0.4
tons of air dry forage per acre.
Fertilization changed the botanical composition of meadows. Nitrogen
stimulated rush-sedge components; phosphorus stimulated the annual whitetip
clover component. But nitrogen had no effect on yield until late May;
thereafter, yields increased until about mid-July. No single source of
nitrogen was superior for fertilizing flood meadows. Fall and spring applications were equally effective, but spring applications must be completed
before June to attain maximum yield responses. Minor elements did not influence
yields when applied alone or in combination with nitrogen or phosphorus.
Neither nitrogen nor phosphorus stimulated regrowth after harvest; however,
nitrogen with supplemental irrigation stimulated regrowth.
Per unit costs of obtaining additional forage from the fertilization
of native flood meadows were lowest with an application of about 200 pounds
of nitrogen per acre. At this rate, with nitrogen at $0.22 per pound and
application at $4.50 per acre, the cost of obtaining additional forage from
fertilization equaled the cost of obtaining forage by purchasing grass hay
priced at $27 per ton. This comparison does not account for the added
cost of harvesting the forage production attributed to fertilization. Since
many native flood meadows are hayed, additional harvest costs can be expected
and will increase the cost of obtaining additional forage from fertilization.
Lower costs of production might be obtained with nitrogen rates exceeding
200 pounds, but this could not be determined from the experimental data.
EVALUATING FERTILIZER DECISIONS
Because responses to fertilization are so highly variable from site to
site, year to year, and even among grass species, it is imperative that
the economics of each fertilization decision be evaluated before the commitment
of any capital or physical resources. This evaluation should include
estimating fertilization costs, expected forage responses, and their value.
If costs exceed the value of the response, fertilization is not warrented.
When costs are less than the value of the response, fertilization is less
than that of obtaining forage by another option, say purchasing hay, lease
grazing, spray sagebrush, etc. Evaluating each decision can be both a time
and money saver as it diverts you away from unprofitable decisions.
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BUGS IN THE RANGE ECOSYSTEM
F. A. Sneva And J. A. Kamm
We all are aware of the damage that bugs can do to our backyard
garden and the economic loss associated with uncontrolled insects in intensive
farm vegetable, grain, or horticultural crops. However, neither the rancher
nor professional personnel has much feeling for insects in rangelands.
Except for black bug infestations in wheatgrass fields and an occasional
sagebrush web worm explosion, insect infestations have created little
interest. Little is known about what is there, where they are, how many
there are, and what they are doing.
In 1974, we surveyed the insect population on the Squaw Butte range
at six locations. Two locations were low sagebrush-Idaho fescue and four
in the big sagebrush-bluebunch wheatgrass. At each location, samples were
taken inside and outside exclosures where there had been no domestic grazing
since 1935. Insect sampling was conducted about every two weeks beginning
the first of April and continuing until late July. Samples of grass herbage,
both old and new growth, were obtained when new growth was in a pre-boot,
late boot, and mature development stage. In addition, comparative samples
of only bluebunch wheatgrass and of Idaho fescue were checked for bug
populations.
In total 39 families and over 100 genera of insects were identified.
They can be grouped broadly into phytophagous (plant feeders), saprophagous
(decayed matter feeders), and entomophagous (insect feeders). Despite
larger amounts of herbage inside the exclosures, phytopagous insects were
more numerous outside the exclosures. We believe this to be related to
higher nitrogen concentrations of grass herbage in grazed areas (1.77 percent)
as compared with concentrations in ungrazed areas (1.18 percent). Insect
selection for high nutrient quality also has been shown in other studies.
Saprophagous insects were numerous and their numbers fluctuated widely
but differences between grazed and non-grazed areas were small. Similarly,
differences in numbers of entomophagous insects between grazed and protected
areas were small; however, numbers of these kinds of insects were limited
but quite stable through the sampling period. All insects in the samples
of bluebunch wheatgrass also were in Idaho fescue samples. However, there
were differences in the abundance of specific insects between the two grass
species.
It is believed that the abundance of insects determined in this survey
represents a tolerable level for the sagebrush range. These data, limited
to only one year, also suggest that the resting of a range area and the
subsequent accumulation of old herbage do not result necessarily in a quick
rise in insect populations. The differential abundance of insects between
bluebunch wheatgrass and Idaho fescue suggests that these insects have
preference. If range manipulations favor one grass species more than others,
it is quite likely that such manipulation also will favor the increase of
particular insects. The increase of the black grass bug is a good example.
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We now know what insects are out there, some information on their
numbers, and their distribution. However, essentially we have no information about their benefits or detriments to rangeland productivity. These
answers are in limbo. Research plans in the near future do not include
any additional studies of range insects at this station. However, this may
change if specific insect populations should inflict immediate significant
losses or should research elsewhere suggest that insect relations have a
greater impact on rangelands than is believed.
People desiring more information about this research can request
Squaw Butte publication, No. 189, "Insect Graziers of the Cold Desert
Biome."

DIETS OF GRAZING ANIMALS USING COMMON RANGE IN EASTERN OREGON
M. Vavra and F. A. Sneva
A growing concern among land agency personnel and ranchers alike is
forage allocation. On ranges where several herbivores graze in common, it
is important to know the food habits of each so numbers of the various
species can be regulated to prevent overuse of the range and to prevent
excessive forage use by one species to the detriment of another. The results
presented herein discuss the food habits of cattle, sheep, deer, antelope,
and free roaming horses in two areas of eastern Oregon and provide a data
base for land managers to use in forage allocation decision making.
PROCEDURE
The studies were conducted near Burns, Oregon (Sagehen), and west
of Vale, Oregon (Westfall). The Sagehen Study was conducted from May 1975
to April 1977; the Westfall Study ran from September 1976 to September 1977.
The Sagehen Study encompassed several different pastures and no attempt was
made to include grazing systems into the study. At Westfall, particular
attention was paid to specific pastures and plant communities. The South
Gravel Pasture was not grazed in 1976 so winter deer and horse diets would
reflect forage availability not immediately affected by past cattle grazing.
The other pastures were grazed by cattle in 1976. The North Gravel Pasture
was not grazed by cattle in 1977. The East Miller Creek Pasture was divided
into two areas of differing plant communities. The east portion was primarily
cheatgrass range. The west portion, made up of bunchgrasses, was topographically
more irregular. Diets of grazing animals on the two study areas were determined
by analysis of fecal material under a microscope whereby cellular structure
of each plant species was identified. Similarity indexes were formulated
to evaluate the amount of dietary overlap present.
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RESULTS AND DISCUSSION
Horses on the Sagehen Study Area consumed nearly 100 percent grass
throughout the study. Cattle similarly preferred grass but diets in Year 1
in the summer contained 11 percent sagebrush (Artemesia tridentata) and in
the fall 12 percent bitterbrush (Purshia tridentata). Sheep also were
heavy grass consumers, deviating only in the summer when sagebrush was
consumed. Idaho fescue (Festuca idahoensis) and Thurber needlegrass
(Stipa thurberiana) were important grasses selected. Bluebunch wheatgrass
(Agropyron spicatum) was also consumed by cattle and horses. Horses shifted
their winter diets to squirreltail (Sitanion hystrix) probably as a reflection
of decreased availability of the other perennial species. Sheep consumed
63 percent Columbia needlegrass (Stipa Columbiana) in their spring diets.
Antelope and deer consumed large quantities of grass in the spring of
Year 1. Year 2 was the drought year of 1977 and grass consumption decreased
appreciably. In the spring deer and antelope selected strongly for Sandberg
bluegrass (Poa secunda), a species not consumed by the other herbivores.
Both deer and antelope consumed grass in the summers of both years. Needlegrasses and bluebunch wheatgrass were the primary grasses consumed. Fall
diets were very low in grasses. In the winter of Year 1, deer consumed
a variety of grasses up to a total of 20 percent of the diet, while antelope
did not consume grasses in Year 1. In Year 2, antelope diets contained
18 percent grass in the winter but again, like deer in Year 1, a variety of
grasses was consumed and preference for individual species was not evident.
Over all seasons, shrubs strongly dominated the diets of deer and antelope.
Sagebrush, bitterbrush, and juniper (Juniperus occidentalis) were all
selected. Deer consumed sagebrush and bitterbrush in the spring, summer, and
winter, and bitterbrush in the summer and fall. Antelope preferred juniper
in the spring, fall and winter; bitterbrush in the summer and fall, and
sagebrush yearlong.
Similarity indexes comparing each herbivore with the other for each
season and year studied are presented in Table 1. The most consistent
dietary overlap occurred between cattle and horses. An index of 0.54 or
greater occurred during all seasons of both years. Cattle vs sheep and
sheep vs horses exhibited extreme overlap during the summer of both years
but in spring when forage availability should be highest, much overlap was
not evident. Antelope and deer diets overlapped more during spring, summer,
and fall of Year 1 than Year 2. Similarity indexes of 0.62 and 0.63 were
recorded for the winters of both years, indicating a moderate amount of
overlap in the winter.
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Table 1. Diet similarity indexes presented by paired animal species for
each season and year of study for the Sagehen Study Area
Season Year C-A
Spring
Summer
Fall
Winter

a

C-D C-S C-H A-D A-S A-H D-S D-H S-H

1 b0.05 0.18 0.30 0.62 0.57 0.12 0.06 0.23 0.11 0.29
-0.21
-0.20
-0.72 0.40
-0.22 0.15
2
0.14 0.37 0.86 0.54 0.59 0.17 0.07 0.26 0.18 0.85
1
0.40 0.14 0.78 0.73 0.19 0.42 0.37 0.15 0.09 0.71
2
0.01
--0.01
-0.70 0.68
-0.12 0.12
1
--0.03
--0.80
--0.05
2
0.16
-0.01
--0.72 0.63
1
0.01 0.13
0.18
-0.20
-0.62
-2

aC = cattle, A = antelope, D = deer, S = sheep, H = horse.
b Year 1 = 1975-1976; Year 2 - 1976-1977.
As in the Sagehen Study, cattle on the Westfall area consumed mostly
grasses in their diets. In the sagebrush-bunchgrass pastures, most of the
diet was composed of perennial grasses with Idaho fescue and squirreltail
being most common. In the cheatgrass dominated area of the East Miller Creek
Pasture, this grass made up the major portion of the diets. However, in
the early sampling when cattle were first turned out, some perennials were
consumed suggesting a preference for these species. However, availability
limited consumption. Diets of cattle grazing in the bunchgrass portion of
the pasture were similar to those of the other pastures sampled.
In all pastures deer preferred shrubs and forbs over grasses. Sagebrush,
phlox (Phlox sp.), balsamroot (Balsamorhiza sp.), and penstemon (Penstemon
sp.) were the principal plant species consumed. Most grass use by deer
occurred in mid-March and most of the use was on Sandberg bluegrass. In
the disturbed portion of the East Miller Creek Pasture, deer consumed mostly
cheatgrass (Bromus tectorum) as that was all that was available.
Horses, like cattle, preferred perennial grasses. Idaho fescue, bluebunch wheatgrass, squirreltail, and Thurber needlegrass were the most common
in the diets. Horses avoided the cheatgrass areas in the disturbed portion
of the East Miller Creek Pasture. Fire caused the disturbance in this pasture.
Rocky knobs and ridges did not carry the fire so areas of bunchgrasses exist
here and that was where the horses grazed. Therefore, their diets were
similar to those from the other pastures. Horses did consume small amounts
of phlox yearlong. In the South Gravel Pasture, phlox became a major component of the diet in January, probably because of snow depth and limited
availability of other species.
The similarity indexes in Table 2 indicate that little competition
existed between horses and deer, and cattle and deer. As in the Sagehen
Study, deer were primarily shrub and forb consumers and horses and cattle
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primarily were grass consumers. The overlap in the diets of horses and deer
was primarily caused by the joint use of phlox by deer and horses during
January and March. Cattle and horses competed for the perennial grasses in
all pastures except the disturbed area of East Miller Creek where cattle
did not graze up on the ridges.
Table 2. Inter-animal similarity indexes for sample date by pasture unit
on the Westfall Study Area
North
South
Bunchgrass
Cheatgrass
Gravel
Gravel
E. Miller Creek
E. Miller Creek
Date
Horse-Deer
December 7, 1976
January 18, 1977
March 15, 1977

n.s.
5.9
36.5

8.8
11.3
33.6

n.s.
23.2
41.8

n.s.
8.3
n.s.

Overall

26.4

14.2

25.1

16.1

39.2
14.1

86.2
86.9

52.0
78.4

n.s.
n.s.

40.6

84.7

77.5

n.s.

4.2

12.6

n.s.

21.2

5.8

10.1

n.s.

Horse-Cattle
April 18, 1977
May 27, 1977
Overall
Deer-Cattle
April 18, 1977
Overall
n.s. = no sample.

Herbivores in both studies may be divided into two distinct groups:
(1) grass consumers (cattle, sheep, and horses) and (2) shrub consumers
(deer and antelope). Although grass consumers in the spring, sheep did not
prefer the same species of grass as did cattle and horses, as is indicated
by the relatively low similarity values. Shrub consumers did not seek out
grasses during any season of the year except spring. Sandberg bluegrass
was actively sought and was a major dietary constituent. It can be assumed
that Sandberg bluegrass is highly preferred by deer and antelope during
years of adequate production. Generally, grass consumers varied their diets
less than did shrub consumers. Horses were the least selective, followed
by cattle and then sheep. Shrub consumers (deer and antelope) tended to
be more opportunistic grazers, varying their diets with season and availability.
Drought conditions occurring during the latter part of the Sagehen Study
caused greater dietary shifts with browse consumers. Deer and antelope shifted
their spring diets more to shrubs (common in other seasons) and away from
grasses, probably because of the lack of production of Sandberg bluegrass.
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From the data generated, management guidelines of the herbivores studied
can be formulated relative to plant community and production information.
Population levels of cattle, horses, and sheep should be regulated so
adverse use on perennial grass species could be avoided. Cattle and sheep
numbers now are managed by the BLM for forage available. In these studies
cattle and sheep had little impact on deer and antelope forage. Horses on
the Westfall area did compete with deer for some forage in late winter and
spring. Large numbers of horses could have an impact on deer because of
the limited amount of forage available during this time.

IMPROVED BEEF PRODUCTION FROM FORESTED RANGELANDS
M. Vavra, J. L. Holechek, and R. L. Phillips
Historically, little management has been applied to livestock grazing
forested rangelands. Pastures, usually very large, are grazed season long.
As more and more Forest Service grazing lands are being brought under grazing
management systems, the opportunity exists to incorporate cattle management
considerations into the system and increase the output of red meat per unit
of rangeland without increasing the stocking rate.
The primary cattle management factor to consider when planning a
grazing system is nutrition. On any given plant community, forage quality
decreases as the season progresses and plants mature. Crude protein, dry
matter digestibility, and intake will decrease and lignin will increase
with advance in season. These changes all result in a decrease in animal
performance (average daily gain) as the grazing season progresses. On many
ranges, three-quarters of the total gain put on by cattle in the summer will
occur during the first half of the grazing season.
Because of slope exposure and/or canopy cover, forested rangelands are
made up of several plant communities. In this discussion, plant communities
will be considered broadly as grasslands, open forests, north slopes that
are densely forested, and subirrigated meadows in riparian zones. The
nutritional status of the forage on these communities varies at any given
time during the grazing season because of differences in phenology imposed
by the environment within each community. Therefore, where plant communities
exist in rather large acreages some consideration can be given to the nutritional
availability of these various communities and then these communities can be
incorporated into specific pastures within systems or modifications made
within the system to accommodate differences in the plant communities.
Data presented in this paper were gathered on the Hall Ranch in the
foothills of the Wallowa Mountains and at the Starkey Experimental Forest
in the Blue Mountains. Data gathered at the Starkey locations were the result
of a joing research program with the Pacific Northwest Forest and Range
Experiment Station.
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RESULTS AND DISCUSSION
In a study conducted at the Hall Ranch, meadow, open forest (primarily
a ponderosa pine-pinegrass, elk sedge community), and dense north slopes
were incorporated into a grazing scheme to take advantage of near optimum
quality of available forage. Cattle grazed a meadow in early June, were
moved to open forest pastures until late August, and then were turned onto
a north slope in 1975 and onto a meadow pasture in 1976.
During both years, crude protein percent decreased as the grazing
season progressed (Figure 1). Late season pasture moves increased crude
protein levels in cattle diets both years. The increase was more pronounced
in 1976. Lignin is a specific entity usually considered indigestible.
Increases in lignin would indicate a decrease in digestibility of forages.
Lignin increased as the grazing season progressed during both years of the
study. In 1976, the pasture change to the meadow decreased lignin levels.
Also, in 1976, lignin levels generally were higher and more variable
throughout the summer. This would indicate that shrubs were ingested by
cattle on some days as shrubs are high in lignin and observed levels reflect
this.
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Dry matter digestibility (DMD) decreased as the season progressed
during both years. The change to the north clope pasture in 1975 gave
only a slight increase in DMD but at least prevented any further decrease.
In 1976, the pasture move to the meadow increased DMD, but when cattle were
again turned onto the open forest pasture, the quality of forage was
quite poor and low DMD values were noted.
The seasonal changes in forage quality are reflected in cow and calf
gains (Figures 2 and 3). During both years, cows and calves gained more
weight early in the summer when forage quality was high. As the summer
progressed, weight gains began to decrease. Late season pasture moves to
better quality forage improved cow and calf performance. However, by late
September, forage quality was poor enough so cows lost weight and calf gains
were near zero. An optimum weaning time for similar range conditions would
be about September 15. After that time, little gain on calves can be
expected.
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Figure 2. Cow weights (lb) for the summer grazing seasons.

In a study on the Starkey Experimental Forest, yearling cattle were
grazed on forested and grassland range, each fenced separately. During the
first period, percent crude protein in the diet was lower on the forest
than on the grassland (Figure 4). During July and early August, crude
protein levels on both pastures declined. Rains in August allowed the
grassland to green-up and consequently crude protein levels increased.
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Rains were not strong enought to penetrate the forest canopy and provide
moisture for grass there to greenup. However, crude protein levels increased
during this same period. Cattle in the forest were able to improve crude
protein intake by switching their diet to shrubs, normally higher in crude
protein. This fact is substantiated by the increase in lignin levels in
the diets on the forest (Figure 5) during the same time. Shrubs, because
they are woody, normally contain high levels of lignin. Since lignin is
indigestible, any rise in this entity would adversely affect DMD and intake
and also animal gain. Table 1 demonstrates this relationship well. During
the last period, cattle on the forest consumed a diet of lower than those
on the grasslands in DMD (41.8 percent Vs 46.3 percent) on the grassland.
Forest grazed cattle also did not gain as well as those on the grassland
during this period.
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Table 1. Average daily gain (pounds) for cattle during the 1976 grazing
season
Sampling Period
6/21
7/20
8/22
9/15

-

7/19
8/21
9/14
10/11

Average Daily Gain

Combined

Grassland

Forest

+0.48
+0.95
+0.90
+1.25

-0.13
+1.34
+1.12
+0.92

0.48
1.34
1.12
1.25

0.88

0.84

1.05

Forest grazed cattle ate more and gained more weight per day during
mid-summer than did those cattle grazing the grassland. Grassland cattle
seldom grazed during the heat of the day while forest cattle, not bothered
by the heat because of the shading effect of the trees, continued grazing
during the day. If cattle were managed to take advantage of both pastures
during the summer, grazed early on the grassland, moved to the forest in
mid-summer and then returned to the grassland in the fall, overall gains
for the summer could have been about0.2 pounds more per day. Both pastures
were stocked with 26 head each. If the 52 yearlings were grazed by the plan
just mentioned, an additional 1,250 pounds of beef could have been harvested
from those pastures with no increase in stocking rate.
CONCLUSIONS
As grazing systems are implemented on forested rangelands, it is feasible
to include plant community manipulations into the systems. Grassland pastures
are best used early in the grazing season and again late if fall rains have
been sufficient to produce regrowth. Also, grassland pastures should be range
ready for cattle earlier in the spring than the north slope forested pastures.
Therefore, earlier turnouts should be possible if cattle are restricted to
these grasslands. Open forest pastures are best used in June, July, and early
August. North slope forested pastures are best used in mid-summer. Subirrigated meadows are best used in the fall as they provide green forage
at this time when other upland range areas may be dry or phenologically more
mature.
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SEASONAL RESPONSE OF BITTERBRUSH
TO BURNING AND CLIPPING IN EASTERN OREGON
R. G. Clark and C. M. Britton
Antelope bitterbrush (Purshia tridentata) is a valuable browse
species in western North America. Its leaves and twigs contain high levels
of protein, commonly above 15 percent in summer and fall, and are relished
by livestock and big game. Where it is abundant, bitterbrush contributes
significantly to the winter diets of deer, elk, and antelope.
The range of bitterbrush has been estimated at 340 million acres
making it one of the most widely distributed western shrubs. In Oregon
it grows in every county east of the Cascade Mountains and locally in
Jackson County. It has been found above the 7,000-foot level on Hart
Mountain to below 300 feet elevation near the Columbia River. It grows
extensively with ponderosa pine on the east slopes of the Cascades, and
is commonly associated with western juniper and big sagebrush in eastern
Oregon.
Thousands of acres of bitterbrush have been exposed to wildfires in
the western states. In general, bitterbrush has been harmed by fire on most
sites, and has been classified as a weak sprouter. Consequently, a study
was conducted to isolate some of the environmental variables which may be
responsible for sprouting of bitterbrush after burning or mechanical top
removal.
METHODS
Two sites representing different plant communities were used for several
treatments during the fall of 1977 and spring of 1978. Site I is about
19 miles northwest of Burns on a juniper/big sagebrush--bitterbrush site, and
supports an erect, tree-like form of bitterbrush up to 15 feet tall. Site II
is about 26 miles northwest of Riley on a ponderosa pine/bitterbrush site.
On site II, bitterbrush is a decumbant, free branching shrub seldom more
than three feet tall. Soil depth and texture are similar on both sites,
although the surface layer on site I is more coarse, and contains less litter.
Elevation and precipitation on both sites also are similar but snow persists
about two weeks longer on site II.
Fall treatments were applied in August when 95 percent of the seeds
had been shed. Burn treatments consisted of individually burned, pre-watered,
post-watered, or unwatered plants. The burning was conducted with an individual plant burner calibrated to attain a soil surface temperature of 500 degrees
Fahrenheit, 45 seconds after flame initiation. In the watered treatments,
water was applied as a fine mist either 24 hours before, or immedinately
after, burning to simulate a two-inch storm. Fall clip treatments included
severing two sets of plants within four inches of the soil surface. One of
the sets of severed plants also was watered.
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Spring treatments included burning one set and clipping one set of
plants on each site. The spring treatments were applied in early April as
soon as the sites were accessible.
RESULTS
Bitterbrush on both sites was damaged by burning. The pre-watered
plants were expected to sprout better than unwatered, fall-burned plants
because higher soil moisture should have protected dormant buds near the
soil surface. However, none of the unwatered or pre-watered, fall-burned
plants on site I sprouted, nor did any of the unwatered plants on site II.
Twenty percent of the pre-watered plants on site II did sprout.
Similarly, post-watered plants were expected to sprout more often than
unwatered plants because water was applied immediately after burning and
should have removed immediately the heat which damages both dormant buds
and cambium. Only 10 percent of the post-watered plants sprouted on each
site, however. The response of these plants, watered either before or after
burning, indicates that soil moisture on these two sites may not be critical
for sprouting of fall-burned plants.
Spring-burned plants sprouted better than fall-burned plants. On
site I, 30 percent of the plants sprouted, and on site II, 50 percent.
Because the plants were dormant during fall burns, but had initiated growth
before the spring treatments, and because soil moisture was considered not
to be a major factor, one possible explanation for the better spring response
is air temperature. The temperature during the spring treatments was
54 degrees Fahrenheit at site I and 50 degrees Fahrenheit at site II,
compared with 84 and 81 degrees Fahrenheit, respectively, during the fall
treatments. Thus, the spring burns were conducted under cooler conditions.
Clipped plants sprouted better than burned plants. On site I, 60, 40,
and 40 percent of the fall-clipped, fall clipped then watered, and springclipped plants sprouted, respectively. One site II, 40, 50, and 90 percent
of the plants under these treatments sprouted.
The results of this study have several implications for bitterbrush
management. First, growth form appears to affect sprouting after burning
or clipping. The decumbant growth form on site II sprouted better than the
erect form on site I in every treatment except the fall-clipped plants. This
result has been confirmed by studies in other areas. Second, plants treated
in the fall were harmed more severely than spring-treated plants even though
fall-treated plants were dormant and spring-treated plants were not. The
reason for this is unclear, although similar responses, especially to burning,
have been reported in other areas. Third, burning treatments were more
detrimental than clipping. Thus, planning fire treatments where bitterbrush is
an important forage species should consider growth form, and type and season
of treatment.
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HERBICIDES FOR CONTROL OF WESTERN JUNIPER
W. C. Krueger, T. R. Bunch, and K. Killingsworth
Western juniper (Juniperus occidentalis) is a native tree present in
much of central and eastern Oregon. Because of its large appetite for
water, it is considered a problem species on certain rangelands when
objectives are to produce satisfactory amounts of forage suitable for
livestock and wildlife grazing. Invasion of juniper from its native rocky
ridgetops into areas of deeper soil where it is not natural has greatly
reduced forage production on these previously desirable rangelands. The
general absence of wildfire through both man's intervention and ecological
change will maintain extensive stands of invaded juniper, unless direct
control programs are developed to arrest the spread of these trees and
reclaim the land they have invaded.
This study was developed to evaluate two herbicides (picloram and
karbutilate) previously known to be effective control agents for related
but different junipers in the Southwest. The study was partially supported
by Dow Chemical Company and FMC Corporation.
EXPERIMENTAL PROCEDURES 1
Study areas representative of juniper stands on good soils were
selected. In Wheeler County, the junipers were associated with: shrubs basin big sagebrush (Artemesia tridentata subsp. tridentata), antelope
bitterbrush (Purshia tridentata), gray and green rabbitbrush (Chrysothamnus
sp.), and snakeweed (Gutierrezia sp.); forbs - western yarrow 64chillea
goatsbeard (Tragopogon sp.), silvery lupine (Lupinus argenteus),
lomatium (Zomatium sp.), buckwheat (Eriogonum sp.), and a variety of annuals;
grasses - Idaho fescue (Festuca idahoensis), Sandberg bluegrass (Poa secunda),
bluebunch wheatgrass (Agropyron spicatum), cheatgrass (Bromus tectorum) and
other annuals. A total of 150 trees were selected for study representing
small (less than six feet tall), medium (6 to 12 feet tall), and large
(above 12 feet tall) size classes. Picloram was applied as Tordon beads
at 0.2, 0.4, and 0.6 grams active ingredient per plant. Karbutilate was
applied as Tandex granules at 4.7, 11.3, 17.0, and tablets at 1.25, 2.50,
and 5.00 grams of active ingredient per plant. The herbicides were broadcast
in late December 1971 in a uniform manner under the drip line of each tree.
All treatments were evaluated in the fall of 1972, 1973, and 1974.
In Crook County, the junipers were associated with: shrubs - basin big
sagebrush, mountain big sagebrush (A. t. subsp. vaseyana), low sagebrush
arbuscula), gray rabbitbrush; forbs - buckwheat, lupine, and yarrow;
grasses - Sandberg bluegrass, bluebunch wheatgrass, Idaho fescue, junegrass
(Koeleria cristata), squirreltail (Sitanion hystrix), and cheatgrass.
1 For clarification, trade names have been used in this report. This is
not to imply endorsement of products named or criticism of those not
included.
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A total of 50 trees were selected for study. All trees were in the small
size class. Picloram was applied as Tordon 10K pellets at two, four, and
six grams active ingredient per plant placed uniformly beneath the drip
line of the tree. In addition, a second treatment of four grams active
ingredient thrown at the base of the tree with no regard to the drip line
was established. The herbicide was applied in the fall of 1972 and evaluated
each fall in 1973 and 1974. Results were recorded as a visual estimate
of level of activity and rates as follows: (1) no dead tissue, (2) up to
one-quarter of the branches appeared dead, (3) one-quarter to three-quarters
of the branches appeared dead, (4) more than three-quarters of the branches
appeared dead and (5) no living tissue apparent.

RESULTS AND DISCUSSION
Picloram
In Wheeler County, no satisfactory kill was found for all sizes of
trees (Table 1). Activity of the herbicide did not tend to increase over
the three growing seasons studied. In Crook County, all the trees treated
were dead at the end of the second growing season. The herbicide thrown
at the base of the plant and not distributed around the drip line also
resulted in a complete kill. These studies established that the correct
rate of application is between 0.1 and 2 grams active ingredient for small
trees. The label for Tordon 10K recommends that small trees should be treated
with one tablespoonful of herbicide. This is approximately 2 grams active
ingredient per plant.
Table 1. Level of activity of picloram applied to three size classes of
junipers (1 = no dead tissue and 5 = all tissue dead) in 1974

Size

Wheeler County
0.2 g
0.4 g
Control
a.i.
a.i.

Small
Medium
Large

1.6
1.6
1.4

2.6
1.8
1.8

3.4
2.0
2.0

0.6 g
a.i.
3.6
2.6
1.6

Crook County
4 g
2 g
a.i.
a.i.
Control
1
-

5
-

5
-

6 g
a.i.
5
-

General observations of the study areas suggested that this herbicide
was also toxic to gray rabbitbrush and cheatgrass but not to perennial
grasses or sagebrush. Small junipers in the Crook County plots that
were with 4 to 5 feet of treated trees usually died.
Karbutilate
Activity of this soil sterilant continued to increase each of the three
years studied for all treatments on small and medium sized trees. No impact
was noted for large trees. The proper rate of application to kill small
trees was 5 grams active ingredient per tree and medium sized trees required
11.3 grams active ingredient (Table 2).
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Table 2. Level of activity of karbutilate applied to three size classes of
juniper (1 = no dead tissue and 5 = all tissue dead) in Wheeler
County

Size
Small
Medium
Large

Control
1.6
1.6
1.4

Granules (g a.i.)
11.3
5.7

17.0

5.0
4.6
1.4

5.0
4.5
1.7

4.6
3.2
1.5

Tablets (g a.i.)
5.00
2.50
1.25
2.6
1.4
1.3

3.4
2.4
1.6

5.0
2.4
1.2

Records of effects of karbutilate on associated vegetation were not kept
at this study site. However, in an allied study in Wasco County on an oak
site, we broadcast the herbicide at four pounds active ingredient per acre.
This eliminated annual plants, 70 to 80 percent of the perennial grasses
and forbs, about half the sedges, and had no effect on woody plants. This
effect occurred the first year after treatment. By the end of the third
growing season, a few annuals began to show in the plots but no recovery
of perennial vegetation had occurred.
POTENTIAL
We know picloram and karbutilate effectively will control western
juniper. Studies by Britton and Sneva indicated tebuthiuron also is effective
for controlling juniper. Of these, only picloram is registered for this
use on rangeland in Oregon. Karbutilate and tebuthiuron both act as soil
sterilants at rates high enough to kill juniper but on gentle slopes this
effect is restricted to the site of application. Since the juniper tree
competes with herbage some distance from the tree itself (perhaps 2 to
3 times its height), a local sterilization should still release considerable
suppressed forage and these herbicides are worth consideration. However,
picloram has little influence on grasses at the site of application and where
sagebrush is not dense it should be superior to these other herbicides.
Costs are too high to consider herbicides as a general management tool
to reduce overstories of dense juniper trees. However, they may be useful
for maintenance of improved or good condition rangeland where the need for
maximum forage production make a particular pasture especially important
to a ranching operation or for foraging by wildlife.

