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THE HALL RANCH

W. C. Krueger and M. Vavra

The Hall Ranch is the range portion of the Union Station of the
Eastern Oregon Agricultural Research Center. It was originally leased in
1936 as summer range for the station's sheep and cattle. In 1941, it was
purchased from George F. Hall of Union, Oregon, and grazing was very heavy
until 1956.

Initially this summer range was used only for livestock production.
In the 1940s research centered on a nursery experiment that tested
adaptability of some 54 potential forages. The range was in poor
condition and an early survey showed the ranch was "largely covered with
cheat." The surveyors also noted junegrass, bluegrass, sedges, and weeds
as present. In 1956, Dr. James McArthur was appointed superintendent. In
that same year he initiated a formal range survey by the Soil Conservation
Service. This survey showed the range was in poor condition, particularly
the meadows and open pine sites. In the mid 1970s the ranch was again
surveyed by the Soil Conservation Service. Twenty years of modest grazing
management had resulted in improvement of all range sites on the Hall
Ranch. Most improved a full condition class.

From the middle 1950s through the 1960s, research on range management
and forestry was conducted through cooperative programs of Drs. J. A. B.
McArthur, Donald Hedrick (range management), and Robert Keniston
(forestry). In 1960, a major research project was initiated to evaluate
selective logging in the mixed coniferous forest. They removed much of
the grand fir and left ponderosa pine and Douglas-fir seed trees. Grand
fir reestablished in the site and a still useful body of information on
understory/overstory competition and forest grazing was developed.
Logging improved forage yield by 130% overall. Areas within sun spots
produced six times as much forage as similar stands growing in the shade.
They also initiated studies of plantation grazing in a mixed forest stand
clearcut in 1963 and grazing studies in a stand clearcut in 1969. Studies
of forage adaptability were carried on through the 1960s into the middle
1970s by Vance Pumphrey, now an agronomist at the Experiment Station in
Pendleton.

In 1971, Drs. William Krueger (Rangeland Resources), Martin Vavra
(Eastern Oregon Agricultural Research Center), and William Wheeler
(Forestry) assumed management of the research program. They focused most
of their early attention on grazing plantations and pastures within the
mixed coniferous forest clearcuts and on grazing behavior and nutrition of
cattle as well as interaction of cattle and big game. This research
effort was interrupted by a decision of the Army Corps of Engineers to dam
Catherine Creek and flood the Hall Ranch. In 1973, all research plans
were revised to bring all projects to a close by 1977, and the Union
Station was merged with the Squaw Butte Station to form the Eastern Oregon
Agricultural Research Center. As it turned out, the decision to flood the
ranch was changed and the research program continued.
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In 1978, Krueger and Vavra initiated the riparian zone research
program. In the early 1980s Dr. Richard F. Miller developed a series of
ecophysiology studies to evaluate competition between conifer seedlings
and forages. The plantation grazing projects also continued and have
yielded much basic information utilized throughout the Northwest in
developing grazing management programs for plantations. We are now at the
stage of thinning the 1963 clearcut and will follow its development for
the next several years. These early studies of transitory range showed
that introduced forages are not more competitive to planted conifers than
native forages when grazing is managed. Cattle can graze plantations
heavily (1 acre/AUM) and tree growth is improved over not grazing by 10 to
20% for ponderosa pine and Douglas fir and even more for other species.
Big game were also beneficial in controlling brush. With the planted
forages and cattle grazing program, big game damage to trees was low, i.e.
less than 20%. The riparian study indicated that full grazing did not
have any substantial overall effect on wildlife species using the riparian
zone. Plant succession changed markedly in about 30% of plant communities
in the riparian zone, but wasn't affected very much on most of the area.

The management of cattle grazing has changed over the years as we have
incorporated the results of the grazing research program. Until 1973,
cattle were trucked to the ranch in early May (ranging from April 28,
1971, to May 28, 1957). Cattle were removed and returned to Union with
the advent of deep winter snows in late November. Since 1973, cattle use
has decreased and turnout is in mid-June with fall gathering in late
October. The current cattle management program focuses on maintaining
gains through manipulation of pasture use to utilize the forage when it is
at its optimum quality. The grazing system is called prescription grazing
and has resulted in improved weight gains of calves. The Hall Ranch is
like most summer ranges with a complex of plant communities. Some begin
to grow yearly and the north slopes start growth late. As long as time
and intensity of grazing are controlled to prevent damage to the forage,
it is possible to graze each pasture at the best time for meeting the
nutritional needs of the cattle. The grazing prescription is used to slow
the growth of the meadows early to improve their quality later and then to
use each major community type when it is best suited for the cattle.
Cattle graze the meadows for the last two weeks of June, then move to open
ponderosa pine forests until late August. In September, the cattle graze
the mixed coniferous forest and then graze meadows again in October. This
practice maintains an optimum intake of green forage. Calves come off the
Hall Ranch 20 pounds heavier with this system than with the more
traditional deferred rotation that doesn't consider plant community
differences.

Now the Hall Ranch is being used for a new and intensive research
program evaluating grazing and forestry practices in the ponderosa pine
and mixed coniferous forest. The study is designed to evaluate impacts of
grazing intensity and timing on forest tree growth and impacts of systems
of forest harvest on forage growth. It involves cooperation of Oregon
State University's rangeland resources, watershed and forestry scientists
from the Eastern Oregon Agricultural Research Center, and Departments of
Rangeland Resources and Forest Science.
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TWELVE YEARS OF PLANT SUCCESSION ON A SEEDED CLEARCUT UNDER
GRAZING AND PROTECTION FROM CATTLE

Richard F. Miller, William C. Krueger and Martin Vavra

Forested foothills in northeastern Oregon are an important resource
providing timber, and forage for livestock and wildlife. Work has shown the
importance of seeding forage species after logging, to provide forage for big
game and livestock (Miller and Krueger 1976, Miller et al. 1981). But little
information, which evaluates changes in plant composition in seeded logged
communities or the influence of grazing by domestic livestock on this succes-
sional process, is available. The primary purposes of this study were to
evaluate changes in plant composition over 12 years in three habitat types
after logging and seeding, and to measure the impact of cattle grazing on plant
composition in these sites.

STUDY AREA

The study area is a 66-acre clearcut in the foothills of the Wallowa
Mountains in northeastern Oregon on the Hall Ranch, part of the Eastern Oregon
Agricultural Research Center. Three habitat types represented within the
clearcut are grand fir/pachistima (Abies grandis/Pachistima myrsinites),
Douglas-fir/ninebark (Pseudotsuga menzieM7Thysocarpus malvaceus) and ponder-
osa pine/snowberry (Pinus ponderosa/Symphoricarpos albus). Aspect and soil
depth are the two key factors influencing water availability for plant use
across the three habitat types represented on the clearcut. Elevation ranges
from 3,300 and 4,000 feet. Annual precipitation averages 25 inches, the
majority falling as winter snow. The clearcut was logged in 1969, burned in
July of 1970 and seeded at a rate of 6 pounds per acre in September 1970 to a
mixture made up of orchardgrass (Dactylis glomerata), timothy (Phleum
pratense), Manchar smooth brome (Bromus inermis), blue wildrye (Elymus 

tall oatgrass (Arrhenatherum elatiuST7rir;hite Dutch clover (Trifo-
lium repens).

METHODS

Plant composition measurements were recorded in the third year after
logging (1973) and again in 1984, across all three habitat types. During the
summer of 1972, a 1-acre exclosure was constructed on each of the three habitat
types to exclude cattle grazing from a portion of each habitat type. The
exclosure did not exclude deer and elk. In 1984, similar plant measurements
were recorded on the same sites, both where cattle had grazed and where cattle
had been excluded since logging in 1969. Beginning in the summer of 1973 and
continuing through 1984, cattle were grazed on the pasture under a deferred
rotation system. Utilization levels on the clearcut ranged from 50 to
75 percent (ocularly estimated). Plant measurements recorded in 1973 and 1984
were frequency and peak standing crop for all herbaceous species and frequency,
density and canopy cover for shrubs in 1984 only. Percent composition for the
herbaceous component is based on a percent dry weight basis.
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Frequency: Frequency of occurrence of plant species was recorded in 40 plots
x 2 foot2 ) in all three habitat types in 1973 and inside and outside the

cattle exclosure in all three habitat types in 1984.

Standing Crop: Near peak standing crop, by each species, was sampled by
the weight estimate method (Pechanec and Pickford 1937) on twenty 4.8 foot2
circular plots in all three habitat types in 1973 and inside and outside the
cattle exclosure in all three habitat types in 1984.

Shrub Canopy Cover: Canopy cover, by species, was measured with four 100-foot
line intercepts on all three habitat types, inside and outside the exclosure,
in 1984.

Shrub Density: Density, by species, was recorded in four belt transects 100 x
6 feet inside and outside the cattle exclosure in each habitat type. Density
of shrubs was separated into height classes of 1 foot increments.

RESULTS AND DISCUSSION

Precipitation in 1973 was only 71 percent of average; in 1984 it was
150 percent. Herbaceous production was 2 to 5 fold higher in 1984 than
1973 across the three habitat types. A large part of this increase in produc-
tion came from increased soil moisture availability in 1984, especially on the
ponderosa pine/snowberry habitat type. The of 3 to 5 fold increase in the two
wetter habitat types, however, cannot be explained by precipitation alone.
This large increase probably is also caused by seeded grass species becoming
well established and fully occupying the site.

Major changes in vegetation composition occurred from 1973 to 1984
on both the grazed and ungrazed (Tables 1,2,3). Twelve years of grazing by
cattle, however, had little effect on the successional process of herbaceous
species but did influence the shrub component (Table 4). Bull thistle (Cirsium
vulgare) and California mullein (Verbascum thapsus) made up a large portion of
the biomass (14 to 32 percent) during the early stages of succession following
logging. However, both species declined during the 12-year period to less than
1 percent on all three habitat types. All the seeded grass species increased
over the 12-year period with the exception of timothy. In 1973, both timothy
and orchardgrass were the two most abundant grasses within the grand fir/pachi-
stima and Douglas-fir/ninebark habitat types.	 In 1984, orchardgrass had
maintained its superiority in abundance while timothy had declined. Tall
oatgrass, smooth brome and blue wildrye contributed only a small portion of the
total forage production on these two habitat types in 1973, but had become
important forage producers by 1984. In the ponderosa pine/snowberry habitat
type, seeded grass species established poorly. Factors attributing to seeding
failure were the site being drier and competition from Kentucky bluegrass which
had established before logging. Percent composition of seeded grasses declined
in the ponderosa pine/snowberry habitat type while Kentucky bluegrass increased
both on the grazed and ungrazed portions of this site. White Dutch clover
contributed little to production across the three habitat types in either 1973
or 1984.

Very few shrubs occurred in the frequency or production plots in 1973 so
neither cover or density were recorded. However, by 1984, they had increased.
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Cover, density and size of shrubs were influenced by livestock grazing
(Table 4). On the grand fir site, only a trace of redstem ceanothus (Ceanothus 
sanguineus) occurred on the grazed area. On the Douglas-fir and ponderosa pine
sites, shrubs were both fewer and smaller on the grazed as compared to the area
ungrazed by cattle. Holechek et al. (1982) reported shrubs contributed a
significant part in the diet of cattle on forested range in the Blue Mountains.

CONCLUSIONS

Orchardgrass and timothy established rapidly during the early stages of
succession along with less desirable plants such as bull thistle and California
mullein. As succession progressed, orchardgrass maintained its dominance while
smooth brome, blue wildrye and tall oatgrass increased and timothy, bull
thistle and California mullein decreased. Cattle grazing had little effect on
plant composition of herbaceous species across the three habitat types.
However, 12 years of cattle grazing influenced the presence of shrubs, reducing
both density and size.

LITERATURE CITED

Holechek, J.L., M. Vavra, J. Skovlin and W.C. Krueger. 1982. Cattle diets in
the Blue Mountains of Oregon II. Forest. Journal Range Management.
35:239-242.

Miller, R.F. and W.C. Krueger. 1976. Cattle use on summer foothill rangelands
in northeastern Oregon. Journal Range Management. 29:367-371.

Miller, R.F., W.C. Krueger and M. Vavra. 1981. Deer and elk use on foothill
rangelands in northeastern Oregon. Journal Range Management 34:201-204.
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Table 1.	 Frequency, standing crop and percent composition of the abundant
herbaceous species in 1973 and 1984 ungrazed (UG)1 and grazed (G) grand
fir/pachistima habitat type

Frequency Standing crop Percent composition

19732
Species

1984 1973 1984 1973 1984
UG G UG G UG

Graminoids
Orchardgrass	 30 88 98 181 1493 1346 34 50 51
Timothy	 80 T 48 129 25 207 25 1 8
Smoothbrome	 5 65 43 7 463 337 1 15 13
Blue wildrye	 15 48 45 35 184 337 7 6 13
Tall oatgrass	 5 45 60 30 458 284 6 15 11
Kentucky bluegrass	 5 18 53 7 T 26 1 T 1
Sedge sp.	 12 5 1 21 6 T 4 6 T

Total Graminoids 416 2790 2537 80 92 95

Forbs
Bull thistle	 40 7 5 84 15 14 16 0.5 0.5
California mullein 23 2 3 12 2 T 2 T T

Total biennial 96 17 14 18 0.5 0.5
Total perennial 12 221 116 2 7 4
Total forbs 108 237 130 20 8 5

Total herbaceous 523 3027 2667

1 Ungrazed refers to the lack of cattle use only. These plots were grazed by
deer and elk.

2 Plant frequency across the 1984 UG and G treatments was significantly
different (P<0.05) than 1973 using Chi-square.
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Table 2. Frequency, standing crop and percent composition of the abundant
herbaceous species in 1973 and 1984 ungrazed (UG)1 and grazed (G)
Douglas-fir/ninebark habitat type

Frequency Standing crop Percent composition

19732
Species

1984 1973 1984 1973 1984
UG G UG UG

Graminoids
Orchardgrass	 5 50 85 104 409 418 19 25 25
Timothy	 55 3 45 50 15 135 9 1 7
Smoothbrome	 3 43 53 4 356 394 1 22 23
Blue wildrye	 8 40 55 6 159 329 1 10 19
Tall oatgrass	 8 28 28 13 136 111 2 8 6
Kentucky bluegrass 53 100 85 127 288 93 24 17 5
Sedge sp.	 8 5 25 11 174 4 2 11 T
Mountain brome	 8 15 38 0 14 7 0 9 T

Total Graminoids 345 1560 1531 64 94 89

Forbs
Bull thistle	 55 0 8 49 3 9 0
California mullein 35 0 0 120 T 23 0

Total biennial 169 0 3 32 0
Total perennial 27 92 182 4 6 11
Total forbs 196 92 187 36 6 11

Total herbaceous 541 1652 1718

1 Ungrazed refers to the lack of cattle use only. These plots were grazed by
deer and elk.

2 Plant frequency across the 1984 UG and G treatments was significantly
different (P<0.05) than 1973 using Chi-square.



Table 3.	 Frequency, standing crop and percent composition of the abundant
herbaceous species in 19731 and 1984 ungrazed1 (UG) and grazed (G)
ponderosa pine/snowberry habitat type

Frequency Standing crop Percent composition

19732
Species

1984 1973 1984 1973 1984
UG G UG G UG

Graminoids
Orchardgrass	 5 23 5 17 27 7 3 3 1
Timothy	 25 3 0 52 0 0 10 0 0
Smoothbrome	 3 20 3 0 29 0 0 3 0
Blue wildrye	 18 50 18 52 90 51 10 10 5
Tall oatgrass	 3 18 3 4 T T 1 T T
Kentucky bluegrass 35 98 100 134 588 678 25 68 64
Sedge sp.	 5 T T 3 38 20 T 4 2
Mountain brome	 T 30 15 2 21 0 T 2 0

Total Graminoids 292 797 841 55 92 79

Forbs
Bull thistle	 28 0 0 91 T 21 17 T 2
California mullein 26 0 0 15 T T 3 T T

Total biennial 106 T 21 20 T 2
Total perennial 131 66 205 25 8 19
Total forbs 237 66 226 45 8 21

Total herbaceous 529 863 1067

1 Ungrazed refers to the lack of cattle use only. These plots were grazed by
deer and elk.

2 Plant frequency across the 1984 UG and G treatments was significantly
different (P<0.05) than 1973 using Chi-square.
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Table 4. Shrub canopy cover and number of plants/0.1 acres for three habitat
types in 1984

Percent
cover

Density (size classes inches)
Total0-12 12-14 24-36 36-48 48+

Grand fir/pachistima
Redstem ceanothus

ungrazedl 2 22 9 4 0 35
grazed T 0 0 0 0 0

Total ungrazed 2.2 34 121 13 0 0 168
Total grazed T 0 0 0 0 0 0

Douglas-fir/ninebark
Ninebark

ungrazed 6 40 34 43 41 27 111

grazed 0.6 18 39 11 0 0 68

Total ungrazed 7 56 45 43 43 27 214
Total grazed 0.7 32 40 11 2 0 85

Ponderosa pine/snowberry
Snowberry

ungrazed 3 90 76 0 0 0 166
grazed 0 22 14 0 0 0 36

Oceanspray
ungrazed 0.8 0 2 0 2 0 4

grazed 0 0 0 0 0 0 0

Ninebark
ungrazed 2.5 14 20 18 2 0 54
grazed 1 20 0 0 0 2 22

Total ungrazed 6 104 97 18 4 0 223

Total grazed 1 38 14 0 0 2 54

1 Ungrazed refers to the lack of cattle use only. These plots were grazed by
deer and elk.
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GRAZING AS AN ALTERNATIVE SILVICULTURAL PRACTICE

Paul S. Doescher and Mabel Alejandro

One important factor restricting reforestation of many forestlands is
the failure of tree seedlings to survive on sites characterized by rapid
establishment of shrub and herbaceous vegetation. Because of accelerated
juvenile growth rates exhibited by many of these species, resources are
quickly made less available for tree growth.

In southwest Oregon, reforestation has been particularly difficult
because of the combined effects of competitive understory vegetation and
dry climatic conditions. In the past, silvicultural prescriptions have
strongly emphasized the use of herbicides to control competing
vegetation. However, recent court decisions banning the use of herbicides
on federal properties have forced foresters to consider alternative
vegetation management approaches. Methods such as hand slashing and
paper-mulching are being considered as alternatives to herbicides. These
techniques are often expensive in comparison to herbicides.

One management approach which may effectively promote forest
regeneration is the incorporation of controlled cattle grazing with
intensive forest management. We are developing a research program in
southwest Oregon which has as its primary goal the assessment of cattle
grazing as a means to promote establishment of conifer seedlings. It is
assumed that controlled grazing will reduce competing vegetation and
increase the availability of soil moisture and nutrients for tree growth.
If livestock grazing increases growth and survival of conifer seedlings,
then this research will provide a basis for improvement of both grazing
and forest management systems.

METHODS

The study area is approximately eight miles northeast of Butte Falls,
Oregon, on land administered by the Medford District of the Bureau of Land
Management. The forest community in the area is mixed conifer with
Douglas-fir being dominant. Elevation of the study area is 3,000 feet,
with slope gradients ranging from 5 to 25 percent. Average annual
precipitation is 35 inches, and average seasonal temperatures range from
30° F in January to 64° F in July.

Experimentation was carried out on two adjacent sites. The first was
a 26-acre unsuccessful ponderosa pine plantation. Severe soil compaction
caused by logging practices and improper establishment of pine had
significantly reduced wood production of this site. Site preparation in
1984 involved scarification and piling of pine by bulldozing, followed by
ripping of the soil to reduce soil compaction. Piles were burned in the
fall.

The second site was a 24-acre mixed-conifer forest community
tractor-logged in 1984 using designated skid trails. Slash on the site
was burned during fall 1984.
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Research was designed to examine tree growth response as influenced by
cattle grazing on sites allowed to revegetate naturally after site
preparation, and on sites seeded with palatable forage species.
Appropriate treatments were seeded in fall 1984. Because of poor winter
growing conditions, sites were reseeded in March 1985. Pastures were
seeded with a mix of perennial ryegrass, orchard grass, white clover, and
subterranean clover. Douglas-fir and ponderosa pine seedlings (2-0) were
planted (5:1 ratio) during the spring of 1985. A 6 x 6 planting density
(approximately 1,000 trees/acre) was used.

The following treatments were applied to both sites:

Treatment 1 
After initial site preparation and tree planting, this treatment was

managed according to silvicultural prescriptions. No grazing occurred on

this treatment.

Treatment 2 
After site preparation, native vegetation was allowed to establish on

the site. This treatment received livestock grazing.

Treatment 3 
This treatment compared ungrazed seeded forages with tree growth

response. This treatment was designed to assess conifer survival and
growth under maximum competition from forage species.

Treatment 4 
This treatment was similar to Treatment 3, but included livestock

grazing. A carefully controlled grazing management program was employed
to achieve proper utilization of forage species and minimize browsing of

Douglas-fir seedlings.

Both units were grazed during the first week of June 1985. Treatment
2 of the burned unit was not grazed because of lack of forage. Vegetation
regrowth of seeded forages on the burned unit was sufficient to warrant
regrazing during the second week of June. At the time of grazing, forages
were in vegetation stages of growth (i.e., high palatability) and
Douglas-fir seedlings were initiating current year's growth.

Information recorded after the grazing treatments centered around
impacts to Douglas-fir seedlings. This included:

1. Browsing of terminal and lateral branches before and after

grazing.

2. Trampling before and after grazing. Trampling effects were
classified as superficial (surface scarring) or cambial (deep scarring).

3. Water stress of seedling throughout the growing season using

pressure chamber techniques.
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RESULTS AND DISCUSSION

Browsing and Trampling 

Browsing and tramping of Douglas-fir seedlings before and after cattle
grazing are summarized in Tables 1 and 2, respectively. Data presented
for "before grazing" is a reflection of browsing and trampling attributed
to wildlife. The "after grazing" values indicated impacts resulting from
cattle grazing on the site.

Overall, wildlife appeared to browse Douglas-fir seedlings to a
greater extent than did cattle. This relationship was particularly
evident on both units when comparing percent lateral browsing for the
before and after grazing periods. Higher browsing percentages found on
the burn unit in comparison to the scarified unit for the "after grazing"
period were most likely the result of the two grazing periods.

In contrast to browsing, cattle appeared to inflict a greater degree
of trampling on Douglas-fir seedlings than did wildlife. Again, the
higher values on the burn unit in comparison to the scarified unit were
probably a reflection of the longer grazing period on this site.

Water Relations of Douglas-fir 

Pre-dawn water relations values during the course of the growing
season for the burn and scarified units are presented in Figures 1 and 2,
respectively. Water stress of Douglas-fir seedlings did not significantly
differ between treatments in both the burned and scarified units.
Seedlings on the burned unit exhibited low water stress as values did not
exceed -1.5 MPa (-15 bars) during the growing season. Seedlings on the
scarified unit exhibited greater water stress than seedlings on the burn
unit, but only exceeded the -1.5 MPa value during the August 8, 1985,
reading.

CONCLUSIONS

Cattle appeared to have a greater tendency to trample seedlings and
wildlife appeared to have a greater propensity towards browsing of
seedlings. Overall levels of browsing and trampling were relatively low
when considering the number of trees planted on a per acre basis. Water
stress levels during the first year did not appear to limit growth and
survival of Douglas-fir seedlings on this site. First year results
indicated cattle grazing may be an effective silvicultural tool in
establishment of conifer plantations. How browsing, trampling, and water
stress affect long-term growth and survival of Douglas-fir seedlings will
be evaluated in future research.
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Table 1. Percent Browsing of Lateral Shoots of Douglas-fir Seedlings on
Burned and Scarified Units

Burn Unit	 Scarified Unit 

% Terminals % Laterals	 % Terminals % Laterals 

Before Grazing 1.8 14.3 1.3 15.0

After Grazing 5.3 4.6 .5 .9

Table 2. Percent Superficial and Cambial Trampling of Douglas-fir
Seedlings on Burned and Scarified Units

Burn Unit	 Scarified Unit 

% Superficial % Cambial % Su erficial	 % Cambial

Before Grazing

After Grazing

.3

10.8

.1

7.2

-0-

4.4

.8

4.6
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FOREST GRAZING: WILLAMETTE VALLEY PLOTS REVISITED 20 YEARS LATER

Raymond Jaindl and Steven H. Sharrow

Although agroforestry in Oregon has received increasing public
attention in recent years, the concept of optimizing land productivity by
combining livestock grazing with timber production on Oregon's timberlands
is far from new. In 1952, Dr. D. W. Hedrick (then professor of range
management) and Dr. R. F. Keniston (professor of forest management) at
Oregon State University, together with a graduate student (F. C. Hall),
began a small-scale agroforestry study in the foothills of the Coast Range
near Corvallis. The goal of their project was to evaluate ways to
increase the productivity of Oregon white oak (Quercus garrvana)
woodlands. The three specific alternatives which they selected for study
were: (1) maximize forage production for livestock by clearcutting all
oak trees, then seeding the area to improved pasture plants; (2)
increasing timber production by converting from oak forest to a commercial
Douglas-fir (Pseudotsuga menziesii) plantation; and (3) converting from
oak forest to a Douglas-fir plantation, then managing for concurrent
livestock and timber production. For this paper, we will focus on the
latter two alternatives. Two specific questions studied were: (1) Is
removal of oak trees required for successful establishment and subsequent
growth of Douglas-fir trees? and (2) Is grazing compatible with
establishment and growth of Douglas-fir plantations in the white oak
woodland? This portion of the study involved Douglas-fir production under
several levels of site preparation, with or without interim grazing in the
establishment years. Initial collection of tree growth and site data was
discontinued in 1964. Trees on the study area have been left undisturbed
since that time. The site was revisited in 1985 to evaluate the influence
of grazing and site preparation on tree development during the past 20
years.

METHODS

The study area is three miles northwest of Corvallis, Oregon, on a
north-facing slope. Oregon white oak was the principal tree species
present in 1952, although Douglas-fir was believed to have been formerly
more abundant (Sprague and Hansen 1946). Three levels of site preparation
were applied to two-acre plots in 1952: (1) no treatment, (2) oak
thinned, and (3) oak clearcut. In the oak thinned treatment,
approximately 50% of the oak stems were removed, resulting in
approximately 70% reduction of the original crown cover. On the clearcut
plot all oaks were removed. All three sites were planted with 2-0
Douglas-fir seedlings at the rate of 1,000 trees per acre during 1952-53.

From 1954 to 1960, inclusive, yearling ewes were grazed for three or
four weeks each spring on one-half of each of the three thinning
treatments. Sheep were weighed during grazing and were removed when they
failed to maintain weight gains. By the time the sheep were removed each
year, approximately 50% of the available palatable forage had been
consumed. Grazing was discontinued after 1960 because of the scarcity of
good forage and the difficulty of handling sheep in the dense oak coppice.
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In the original study, eight random sites were permanently marked on
each treatment combination. Each planted tree found in a 3-mil acre area
centered on each site was staked and lettered in a clockwise direction
starting from true south of the plot center. Survival and height of
Douglas-fir trees were recorded each year until 1964. In 1985, the
original markers were relocated. Using the original data sheets,
individual trees in the 3-mil acre sites were identified and their height
recorded.

RESULTS AND DISCUSSION

Of the original sample sites established in 1953, several could not be
relocated. Therefore, 1985 estimates are based on seven of the eight
original sample sites in each of the treatment combinations.

Treatment effects on Douglas-fir survival and growth during the past
20 years are generally consistent with those which were already evident in
1964 (Hedrick and Keniston, 1966). Although both site preparation and
grazing had a small effect on conifer survival during the initial four
years after planting, no treatment effects were evident in 1964. Average
survival of planted conifers during the 1952-1985 period was 56% and did
not vary among either site preparation or grazing treatments.

Effects of site preparation or grazing on Douglas-fir height are
summarized in Table 1. As one might expect, site preparation had its
largest effect upon Douglas-fir growth during the early years of the
plantation. The effect of thinning reached its maximum in 1960, eight
years after planting, when trees on clearcut plots were almost twice as

tall as trees on the unthinned control plots. After 33 years of growth,
in 1985, difference in height between clearcut and unthinned plots had
declined to 21%. However, the absolute value of the difference (about 90
inches) was considerable. It is interesting to note that although trees
on clearcut plots were taller than those on thinned plots during the first
eight years after planting, by 1985, there was no difference between them.

Heights of trees from sheep-grazed plots were approximately 48 inches
greater than those of ungrazed plots in 1985. Of this difference,
approximately half (22 of the 48 inches) accumulated during the 1958-1964
period. The effects of grazing have apparently continued long after
grazing ceased in 1960. Tree height growth from 1960 to 1985 was 454
inches per tree on grazed plots compared to only 419 inches per tree on

ungrazed plots.

OVERVIEW

The results previously reported for this study (Hall et al., 1959;
Hedrick and Keniston, 1966), together with our data, suggest two simple

conclusions:

(1) Thinning of oak trees is not necessary to successfully establish
a stand of Douglas-fir on better sites within the oak woodland. Growth of
Douglas-fir regeneration, however, was substantially greater where oaks
were thinned or clearcut. Conifer growth response to thinning of the oak
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overstory will probably be greatest during the first 10 years of a
plantation, when site preparation effects are "fresh." It is not
necessary to clearcut oaks to establish a Douglas-fir plantation. Both
conifer survival and growth were similar regardless of whether oaks were
thinned or were totally removed by clearcutting.

(2) Grazing during the early years of plantation life was beneficial
in that growth of young conifers was substantially greater on grazed than
on ungrazed plots, while tree survival was unaffected by grazing.
Increased vigor of conifers on grazed plots carried over to years well
beyond 1960 when grazing ceased. Increased tree height resulting from
grazing was still evident in 1985, 25 years since sheep left the
plantations. These results, together with those of several other
researchers working in Oregon (see Recommended Readings) strongly suggest
that PROPERLY APPLIED livestock grazing may be a useful silvicultural
tool, as well as an economic component of timberland management systems in
Oregon. Additional information concerning forest-grazing in Oregon may be
found in articles from past year's Range Field Day Reports:

Carlson, D. H., S. H. Sharrow, and D. P. Lavender. 1984.
Agroforestry: Optimizing livestock and forest productivity. p.
25-29. IN: 1984 Research in Rangeland Management. Oregon
Agricultural Experiment Station Special Report 715.

Doescher, P. S., and M. Alejandro. 1985. Cattle and establishment of
conifer seedlings: Preliminary findings for southwest Oregon.
p. 7-10. IN: 1985 Research in Rangeland Management. Oregon
Agricultural Experiment Station Special Report 743.

Leininger, W. C., and S. H. Sharrow. 1983. Sheep and timber: are
they compatible? p. 23-27. IN: 1983 Research in Rangeland
Management. Oregon Agricultural Experiment Station Special
Report 682.

Wheeler, W. P., W. C. Krueger, and M. Vavra. 1980. The effect of
grazing on survival and growth of trees planted in a northeast
Oregon clearcut. p. 28-31. IN: 1980 Research in Rangeland
Management. Oregon Agricultural Experiment Station Special
Report 586.
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Table 1. Mean height (inches) of Douglas-fir trees from thinning and
grazing treatments. 1 Data for 1954-1964 were taken from Hedrick
and Keniston (1966)

Site Preparation Grazing
Year None Thinned Clearcut Grazed None

1954 7.5a 9.0a 13.5b 9a lla

1956 13.5a 18.5b 25.0c 18a 19a

1958 24.0a 35.0b 47.5c 37a 34a

1960 38.5a 57.5b 72.0c 62a 49b

1962 53.5a 86.0b 99.5b 90a 68a

1964 72.0a 116.0b 126.5b 117a 92b

1985 426.0a 534.0b 516.0b 516a 468b

1 Means for each treatment group in a row (i.e., site preparation and
grazing) not sharing a common letter differ (P<.10).
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PONDEROSA PINE AND UNDERSTORY VEGETATION RESPONSE
TO WESTERN JUNIPER REMOVAL

Jeffrey Rose and Lee Eddleman

Western juniper (Juniperus occidentalis) and ponderosa pine (Pinus
ponderosa) occur together in many areas of Oregon. Western juniper
occupies the driest coniferous zone in North America. Ponderosa pine has
a wide distribution, extending from the subalpine forest to the mesic end
of the sagebrush/grassland. In areas where western juniper and ponderosa
pine forests merge, the main management goal is livestock production.
Little management effort is directed toward timber production in these
areas.

In the past, much concern has been placed on the encroachment of
western juniper into more productive sagebrush/grasslands. Western
juniper's highly competitive nature permits it to move into areas and
dominate the site, reducing understory herbage production. Bedell and
Bunch (1978) found that removal of western juniper in central Oregon could
increase herbaceous understory production by almost 30%. Much of the past
research has concentrated on the effect of western juniper on associated
understory species; little work has been done on the effect of western
juniper on other tree species.

In the summer of 1984, this study was begun to examine the effects of
western juniper on herbaceous understory and ponderosa pine growth.
Objectives of the study are (1) to determine the effect of western juniper
on diameter and height growth of ponderosa pine, (2) to determine the
effect of western juniper on ponderosa pine water status and soil
moisture, and (3) to determine the effect of western juniper on understory
production.

METHODS

Two study areas are in Crook County, Oregon, near Prineville. Study
Are One is approximately 12 miles east of Prineville on a northeast slope.
Area Two is 15 miles northwest of Prineville on a southern slope near
Grizzly Mountain. Both study areas are on private land.

Both areas contain western juniper and ponderosa pine intermixed, with
western juniper occurring more frequently. Soils range from a shallow
rocky clay loam to a moderately deep sandy loam. No one soil type is
dominant, and there are intergrades between the two. All areas are
bordered on the upper slope by ponderosa pine forest and on the lower
slope by a continuous juniper woodland. Dominant shrubs are: mountain
big sagebrush (Artemisia tridentata vaseyana), gray rabbitbrush
(Chrysothamnus nauseosus), green rabbitbrush (Chrysothamnus 
viscidiflorus), wax currant (Ribes cereum), and bitterbrush (Purshia 
tridentata). Perennial grasses present include: Sandberg's bluegrass
(Poa sandbergii), bluebunch wheatgrass (Agropyron spicatum), Idaho fescue
(Festuca idahoensis), and junegrass (Koeleria cristata).

Four treatments were established: (1) control, (2) ponderosa pine
thinned to 130 tress/acre, (3) western juniper cleared, and (4) ponderosa
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pine thinned (130 trees/acre) and western juniper cleared. Ponderosa pine
and western juniper were handcut in summer 1984. Before trees were
removed, all western juniper were measured for diameter (at 12 inches),
height, and canopy radius. Ponderosa pine were measured initially in
spring 1985, before growth started, and one year later in spring 1986.
Diameter at breast height, and tree height were taken in both years.

Pre-dawn water potentials of ponderosa pine were measured every three
weeks throughout June, July, and August. Trees were separated into three
size classes: under 1 meter, 1 meter to 3 meters, and more than 3
meters. Two trees in each size class were sampled in each treatment.

Understory herbaceous production was estimated by hand clipping by
species. Plants were oven-dried and weighed. Production values in this
report are for groups of plants, perennial and annual grass, perennial and

annual forbs, and shrubs.

RESULTS

Basal Area Growth 

No significant response in basal area growth was found in the first
year after ponderosa pine thinning and western juniper removal. Basal
area growth was greatest in plots where ponderosa pine had been thinned
and western juniper removed (Figure 1). Ponderosa pine trees in the 4- to
8-inch diameter class did not have the same level of diameter growth as
trees in treatments where only western juniper was removed. Trees in the
plots where only western juniper was removed had the greatest increase per
tree. In treatments where ponderosa pine was thinned and western juniper
removed, trees under 4-inch diameter had the greatest growth per tree,
0.45 square inches. This growth far exceeded the growth in basal area of
any group. Pine trees 4 to 8 inches in diameter had the smallest growth
in basal area in treatments where ponderosa pine had been thinned and
western juniper removed.

Trees 4 to 8 inches in diameter had the greatest growth in basal area
per tree in plots where only western juniper had been removed and
ponderosa pine left at original density. Pine trees under 4 inches in
diameter had the least growth in basal area in this treatment.

Growth in treatments where western juniper was left standing was less
than ponderosa pine trees in treatments where western juniper was
removed. Pine trees in plots where no cutting was done had the least
basal area growth per tree in all diameter classes.

In general, trees under 4 inches in diameter benefited the most from
the removal of western juniper, and trees between 4 and 8 inches benefited
the least from western juniper removal.

Pine Water Potential 

All ponderosa pine trees had higher water potentials in June than in
August. Water potentials of trees in plots cleared of western juniper
decreased faster than trees in plots with juniper present. Water
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potentials increased from -12 bars, on July 6, to under -10 bars, on July
22. A small amount of precipitation fell on July 21 (0.2 inches),
possibly accounting for the increase, but trees in plots where western
juniper was present did not show this increase. Trees more than 3 meters
showed a steady decline in water potential throughout the measurement
period.

Understory Production 

Understory plants were hand clipped and sorted into species to
determine understory production. In this report, plants were placed in
groups with similar growth forms to make analysis easier.

Perennial and annual grasses, annual forbs, and shrubs had higher dry
weights in plots where western juniper had been removed (Figure 2).
Perennial grasses composed the majority of the understory production,
outproducing annual grasses by almost fourfold. Perennial forbs were the
only group that did not show increased production in plots where juniper
had been removed.

CONCLUSIONS

The lag in response of the basal area growth to thinning and western
juniper removal may be caused by opening up the canopy too quickly,
placing the trees under additional stress. Two years may be needed for
the ponderosa pine to adapt to the additional light. A similar condition
may exist with the water relations of the plant. The first year may have
been spent extending its roots and canopy to capture the additional
resources made available by removal of other trees.

Understory responses have been shown to be slow. In a study
conducted by Vaitkus and Eddleman (1985) in the general area of
Prineville, two years were needed before any significant response of the
understory vegetation was observed. Bluebunch wheatgrass and Idaho fescue
were the dominant perennial bunchgrasses on this site. Both followed the
general trend of the perennial grasses, higher production in areas without
western juniper. Two or three years may be needed before any response can
be seen to western juniper removal.
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MONITORING ELK IMPACTS IN THE SUBALPINE
OF MOUNT RAINIER NATIONAL PARK

Barry J. Schrumpt and William J. Ripple

INTRODUCTION

There is concern that the apparent population growth of Mount
Rainier's north elk herd may be subjecting several Park ecosystems to
overuse, damage, and substantial alteration. The purpose of this project
is to develop a system to inventory and monitor trails and wallows caused
by elk in the northeastern part of Mount Rainier National Park. One
objective of this project is to determine if trail and wallow impacts to
vegetation and soils can be documented as elk impacts, using remote
sensing and other analytical techniques. The task of establishing an
inventory and monitoring system was started in August 1985. Two
approaches have been initiated: 1) complete enumeration of elk trails
conducted in the field for forested areas with the aid of topographic maps
and resource aerial photographs, and 2) mapping of trails and wallows in
non-forested areas from large scale aerial photographs conducted in the
laboratory and field checked for accuracy.

Field Enumeration and Mapping 

Methods were developed to map and quantity elk trail impacts in areas
covered partially by forest canopies. This elk trail enumeration and
mapping are sensitive to both the number and location of trails. This
procedure identifies elk trails and provides statistics showing the areal
extent of vegetation loss to elk trails.

The methods involved enlarging Park resource aerial photography from a
scale of 1:24,000 to a scale of 1:6,000. Topographic contour lines and
stream locations were transferred from 7.5 feet topographic quadrangles to
clear overlays on the enlarged photography. Elk trails were mapped in the
field, using topographic overlays on photographic enlargements. The areas
selected for trail enumeration were completely canvassed by hiking each
enumeration area. All elk trails that were discovered in enumeration
areas were delineated on photo enlargements. Oblique, 35mm photographs
were acquired from the end of each trail. Trail width measurements were
taken at points five meters from the ends of each trail and at
approximately the midway point between the two ends of each trail. The
line intercept method was used to record the extent of any green
vegetation that intercepted the tape measure as it was laid across the
trails for the width measurements.

The enumeration areas were in areas with significant elk impacts and
in areas with little or no present impacts. Five elk trail enumeration
areas were established at various locations (Table 1).
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Table 1. Location of Five Elk Trail Enumeration
Areas in Mount Rainier National Park

Number of trails
Location	 enumerated 

1) South of Clover Lake	 45

2) West of Sunrise Lake	 6

3) West of Bear Park Lake	 16

4) Lower Huckleberry Basin	 42

5) Upper Huckleberry Basin 	 0

Aerial Photographic Interpretation 

185 natural color aerial photographs were obtained from flights on
August 6 and August 12, 1985. The flight lines were located over a
selected area in a region extending from Elysian Fields to Bear Park. The
scale of the 9 x 9 inch color negatives is approximately 1:6,000

Standard aerial photographic interpretation methods were used to
delineate elk trails for four non-forested areas selected for preliminary
analysis. The photographic interpretation and mapping were performed in
the laboratory on enlarged prints at a scale of 1:2,400. Elk trails were
delineated in four areas with four different elope aspects.

Field checking for elk trail mapping accuracy was accomplished in
September 1985. The preliminary interpretation overlays of delineated
trails were removed from the enlargements before the field trip. The
field checking consisted of a complete canvassing of each of the four
areas. All trails were delineated on photographs in the field for each
area using methods described in the elk trail enumeration and mapping
section of this paper.

An accuracy assessment was conducted by comparing the results of the
laboratory mapping to the results of the field mapping. Table 2 contains
the results of the accuracy assessment. Overall, the results ranged from
61.0% of the trails interpreted correctly on Green Park Ridge to a high of
95.8% at the Bear Park East site. The ridge sites resulted in the lowest
accuracies because of a lack of contrast between non-vegetated trails and
slopes with drying vegetation cover. Since the 1985 season was very dry,
the color of the herbaceous vegetation was brown instead of green on the
aerial photography. This resulted in little contrast between the
vegetation and the elk trails, causing mostly omission errors on the
ridges and other dry areas. The average trail width ranged from 40 cm at
the Bear Park East site to 59 cm on Bear Park Ridge.
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Table 2. Remote Sensing Mapping Accuracy of Elk Trail Mapping at
Four Sites in Mount Rainier National Park

Percent Average
Location Aspect Correct Trail Width

Bear Park North North 92.4% 43cm

Bear Park East East 95.8% 40cm

Bear Park Ridge West 64.8% 59cm

Green Park Ridge South 61.0% 52cm

Critical Area Inventory 

An inventory was conducted to identify critical areas for elk
trampling and wallowing. A critical area was defined as a site in a wet
meadow having bowl-shaped depressions or showing evidence of trampling.
Trampling activity was characterized by a loss of vegetation, while the
bowl-shaped depressions were identified as features used by elk for
wallowing.

All 185 aerial photographs were examined for critical areas.
Twenty-three critical areas were identified on the aerial photographs.
These locations were transferred to 7.5 foot quadrangle maps which
illustrate the location and the index number of each critical area.

CONCLUSION

Two methods were selected for identification of elk impacts to allow
for data collection in both forested and non-forested areas. The field
enumeration and mapping were conducted in areas covered partially by
forest canopies; the aerial photographic interpretation method was used in
non-forested areas.

Overall, the preliminary results look encouraging in that it should be
possible to monitor elk trail and wallow impacts using remote sensing
techniques. It seems that a large aerial photographic scale of at least
1:2,400 is required for the monitoring of elk trails and wallows. This
work will continue during 1986 with further development and testing of
monitoring procedures.
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USING COMPUTER SIMULATION TO ESTIMATf
GRAZING CAPACITY AND BEEF PRODUCTION

Michael L. McInnis, Thomas M. Quigley and Martin Vavra

Increased efficiency of red meat production is an important goal of
livestock management that can be enhanced by properly applied rangeland
improvement practices. However, the outcome of such improvements cannot
always be predicted. A method of estimating potential grazing capacity
and beef production would be a welcomed tool for ranchers and resource
managers in selecting the kind and location of improvements. Such a
method would also be helpful in coordinating livestock management with
other rangeland activities. Toward this end, a computer model is being
developed to simulate animal unit months (AVM's) of grazing, and pounds of
beef production potentially available from specific sites in central
Oregon. The objective of this report is to outline the structure,
operation, and behavior of the preliminary model.

MODEL STRUCTURE

The structure and flow of the model is outlined in Figure 1. The
model includes two main subroutines: one which calculates potential
grazing capacity expressed as AUM's, and one which calculates potential
beef production expressed in pounds. The model operates at 3 spatial and
5 temporal levels of resolution. Levels of spatial resolution are:
pastures within ranches (or grazing allotments); resource units (mapping
types) within pastures; and slope/distrance from water polygons within
resource units (Figure 2). Levels of temporal resolution are: May
15-June 14; June 15-July 14; July 15-August 14; August 15-September 14,
and September 15-October 14.

Operation of the model begins by calculating seasonal forage
availability within each resource unit. Once determined, forage
availability is compared to the dry matter forage requirement of a 1,000
pound animal unit to calculate AUM's of grazing potentially available.
Seasonal forage availability is also compared to seasonal dry matter
intake of a yearling heifer to estimate heifer unit days (HUD's) of
grazing capacity as an intermediate step to estimating beef production.
Next, average Zaily gain (ADG) of a yearling heifer is determined from
daily intake of crude protein and digestible energy. Finally, potential
beef production is calculated as the product of HUD's and ADG.

1
This research is being conducted as a cooperative effort between the

USDA Forest Service Pacific Northwest Research Station and the Eastern
Oregon Agricultural Research Center as part of the Oregon Range Evaluation
Project. Authors acknowledge Norman Cimon for his assistance with
computer programming.

25



{

-CRUDE PROTEIN AND
DIGESTIBLE ENERGY
INTAKE

DRY MATTER
INTAKEAVM's

OUTPUT
SUMMARY

INPUT RANCH
CODE

•
USABLE ACRES

AVAILABLE
FORAGE

O

-DRY MATTER
FORAGE
REQUIREMENT

{{

-PASTURE ACRES
-RESOURCE UNIT ACRES
-"USE FACTOR"

-FORAGE BIOMASS
-FORAGE USE FACTOR

{-LIVE BODY WEIGHT

AVERAGE DAILY
GAIN

• 
LBS OF BEEF

PRODUCED

Figure 1. Flow diagram of grazing capacity and beef production model.

RANCH

Figure 2. Levels of spatial
resolution of model.

SLOPE a DISTANCE
i FROM WATER POLYGON

26



MODEL OPERATION

A. Grazing Capacity Subroutine

The core of the subroutine is the equation:

(UA) (FB) (FUF)
AUMn

DMFR

where AUMn is animal unit months at resolution "n"; UA is usable acres; FB
is forage biomass; FUF is forage use factor; and DMFR is dry matter forage
requirement.

Cattle use of a given area is especially influenced by its terrain
(percent slope) and distance from water. Most research has shown forage
utilization decreases as percent slope and distance from water increase
(Gillen et al. 1984; Roath and Krueger 1982). An input file was created
to accommodate classification of acres within each resource unit into 4
slopes, and 5 distance from water categories. Cattle "use factors"
(Percent of the total area suitable for grazing) were estimated for each
combination of slope and distance from water (Table 1). The model
calculates usable acres (UAO of each polygon by multiplying this use
factor by the number of acres within the polygon. Standing crop biomass
was measured by forage class (grass, forbs, and shrubs) within each
resource unit at time of maximum production. Forage biomass (FB) in the
core equation is the sum of grass, forb, and shrub biomass. A generalized
growth curve was developed from published values to allow adjustment of
forage biomass for each of the 5 grazing periods by ecosystem. The model
calculates the amount of forage available to cattle as the product of
forage biomass (FB) and a forage use factor (FUFO which reflects the
percent desirable utilization. The model allows input of any level of
FUF, but we assumed 50% during periods of plant growth, and 65% after
plant maturation. Because cattle show seasonal dietary preference for
specific forage classes, a separate file was created to adjust amounts of
grasses, forbs, and shrubs consumed during each of the 5 grazing periods
within each ecosystem. Once calculated, the amount of forage thus
available for grazing is compared to the dry matter forage requirement
(DMFR) of a 1,000 pound animal unit for 30 days. This is assumed to be
2.5% of live body weight per day, or 750 pounds for one month.

27



Table 1. Estimated "use factors" for slope/distance from water polygons

E

(1)

0-5%

PERCENT SLOPE

(2)	 (3)

6-15%	 16-45%

(4)

45+%

100% 100% 90% 60%
(X (1)	 0-200m

(2)	 201-400m 100% 100% 80% 50%

20 (3)	 401-600m 100% 90% 70% 50%

Wu (4) 601-1500m 90% 80% 70% 50%

( 5)	 1500+m 75% 60% 50% 40%

B. Beef Production Subroutine

Operation of this subroutine begins at the resource unit level by
first dividing pounds of available forage by pounds of dry matter intake
consumed by a heifer in one day. This value is multiplied by the average
daily gain (ADG) of heifers to yield pounds of beef produced within the
resource unit. Beef production within a given pasture is easily
calculated as the sum of beef produced within the resource units of that
pasture. The core equation is:

AVAILABLE FORAGE (lbs) / INTAKE (lbs/day) X ADG (lbs)

AVAILABLE FORAGE calculated by the model as described above is input
into the beef production subroutine (Figure 1). Daily dry matter INTAKE
is calculated as the product of live body weight and forage intake
expressed as a percentage of live body weight. Live body weights of
yearling heifers grazing forest and grassland communities in northeastern
Oregon were obtained during each grazing period from 1977 through 1980.
Corresponding values of forage intake expressed as a percentage of live
body weight were obtained from Holechek and Vavra (1982). AVERAGE DAILY
GAIN was calculated using the function given by Holechek (1980):

Y = 0.125A + 0.104B - 1.182 X 2.2

where Y is ADG (lbs); A is crude protein intake (kg/day); and B is
digestible energy intake (Mcal/day). Our values of crude protein and
digestible energy intake are from Holechek et al. (1981).
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MODEL BEHAVIOR

The model was used to estimate grazing capacity of resource units of
18 cooperating ranches in central Oregon. Values of actual grazing
capacity were obtained through interviews with personnel of the Soil
Conservation Service (SCS). Simulated values were divided by actual
values for each resource unit to obtain an index of concordance (S/A
Ratio). The S/A Ratio may vary from zero to an undefined positive value.
A value of 1.0 represents perfect concordance; values less than 1.0
indicate simulated AUM's are less than observed; and values greater than
1.0 indicate simulated AUM's are greater than observed. We are presently
calibrating the model, using a random selection of one half of the
resource units for which we have data. The remaining resource units

represent a "hold out" data set which will be used to validate the model
once we are comfortable with results of the calibration phase.

Results of initial model calibration are illustrated in Table 2, in
which seasonal S/A Ratios are pooled by ecosystem. S/A Ratios generally
differ by ecosystems. Grazing capacity in Douglas-fir and larch
ecosystems are underestimated. We believe this error is a reflection of
input data rather than model performance. Forage biomass data were
gathered from private and public forests, and pooled to obtain an adequate
sample size for use in the model. Intensively managed timber stands were
not included in biomass sampling. These sites were common in stands of
privately-owned forests, and probably resulted in an increase of
understory production and grazing capacity compared to less intensively
managed forests. Pooling understory biomass from public and private lands
which excluded intensively managed timber sites may have underestimated
actual forage biomass within these ecosystems, resulting in conservative
simulated AUM's. Simulated grazing capacity in juniper and mountain
grassland ecosystems was higher than reported by SCS, especially on fair
and poor condition rangeland. SCS estimates of potential AUM's were based
only on production of perennial plants, whereas the model includes biomass
of annual species. Therefore, simulated AUM's exceed SCS values on areas
where annual plants composed a large proportion of total biomass
production.

At the present stage of development, the beef production subroutine
remains untried. Work is continuing on this portion of the model, and we
expect to provide validation of its results using data collected from the
Blue Mountain of northeastern Oregon.
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Table 2. Mean S/A Ratio by Ecosystem

S/A Ratio

Ecosystem N (seasons)aMean S.E.

Douglas-fir 0.4 0.1 4

Ponderosa pine 1.0 0.1 5

Larch 0.8 0.1 4
Sagebrush 1.1 0.1 5
Juniper 1.2 0.1 5

Mountain grassland 1.2 0.1 5

Mountain meadow 1.1 0.1 5

a Douglas-fir and larch communities are not normally grazed during the
first season (May 15-June 14).

SUMMARY

This paper outlines the structure, operation, and behavior of a
preliminary computer model designed to simulate AUM's of grazing capacity
and pounds of beef production potentially available from rangelands. The
model operates at several levels of spatial resolution including resource
unit (mapping type), pasture, and ranch. The model can provide estimates
for each of 5 periods throughout a grazing season beginning in mid-May and
lasting through mid-October. Driving variables are easily obtainable, and
not data intensive. Although we are still in the calibration phase of
model development, preliminary simulation results are encouraging. Future
reports of the model should provide validation of grazing capacity and
beef production simulation, as well as statistical analysis of results.
Potential application of the model should assist land managers in
predicting consequences of specific rangeland activities on red meat
production.
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