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Annual grasses and forbs of Eurasian origin have invaded foothill rangelands 

of interior southwestern Oregon changing the nature of these ecosystems. Several 

invaders: yellow starthistle (Centaurea solstitialis L.), medusahead rye 

(Taeniatherum caput-medusae (L.) Nevski), ripgut brome (Bromus diandrus Roth), 

rat-tail fescue (Ilulpia myuros (L.) K.C. Gmel.), hedgehog dogtail (Cynosurus 

echinatus L.), soft chess (Bromus mollis L.), and slender oat (Avena barbata Brot.) 

are especially problematic for landowners and stockgrowers. Yellow starthistle is 

expanding its range today by invading higher elevations and areas farther from 

original invasion loci. This study was designed to: 1) quantify standing crop 

production of the resident annual plant communities found at fourteen sites on the 

foothills, 2) identify sites where sheep fescue (Festuca ovina (L.) Koch. var. 

"Covar") and Palestine orchardgrass (Dactylis glomerata L. var. "Palestine") could 

be successfully established, 3) quantify production of these perennial grasses, and 4) 

quantify interference between the seeded perennial grasses and resident weedy 

annual grasses and forbs. 
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Mean total production in the control plots was highly dependent on weather 

(year). Other factors that influenced production varied among years. Factors that 

were consistently important included aspect (north or south), elevation, soil depth, 

and soil texture. 

Palestine orchardgrass established on 7 of 14 sites. By 1995 aboveground 

production of Palestine orchardgrass was positively correlated to soil depth and 

negatively correlated clay. Soil depth increases soil water-holding capacity, plant 

rooting ability, and soil fertility. Clay increases water-holding capacity however 

water molecules are tightly bound and not readily available for plant root utilization. 

Covar sheep fescue established on all 14 sites. By 1995 sheep fescue 

production was negatively correlated to elevation and coarse material and positively 

correlated to aspect and sand. Higher elevation sites may have had more 

precipitation, allowing for more competition from resident annual grasses and forbs. 

Coarse material, soil particles greater than 2mm, may have decreased soil water-

holding capacity. South aspects (0 = North, 1 = South) may have been warmer and 

had more direct light during periods of adequate soil moisture. Higher percent sand 

increases infiltration and permeability on heavy clay soil. 

Once established, these seeded perennials have the ability to acquire site 

resources and lower production of annual grasses. Five years after seeding 

production of yellow starthistle was higher, although not significantly different in 

both sheep fescue and orchardgrass plots than in the control plots. Both seeded 

species increased the amount of usable forage while decreasing the total production 



of annual grasses and forbs. They have also reduced variability ofyear to year 

production of usable forage. 
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Standing Crop Dynamics and Productive Potential of  
Southwestern Oregon Rangelands  

Chapter 1 

Introduction 

Invasion of Exotic Annual Grass and Forb Species 

Stress and Disturbance 

Annual grasses and forbs of Eurasian origin have invaded foothill rangelands 

of interior southwestern Oregon. Medusahead rye (Taeniatherum caput-medusae (L.) 

Nevski), ripgut brome (Bromus diandrus Roth), rat-tail fescue (Vulpia myuros (L.) 

K.C. Gmel.), hedgehog dogtail (Cynosurus echinatus L.), soft chess (Bromus mollis 

L.), slender oat (Avena barbata Brot.), and bulbous bluegrass (Poa bulbosa L.) are the 

most prevalent annual grasses. Yellow starthistle (Centaurea solstitialis L.) is the 

dominant weedy forb. Since their introduction, these plants have converted rangelands 

in the interior valleys of southwest Oregon from perennial to annual dominated plant 

communities. Native perennial grasses that once occupied and dominated these 

rangelands are now restricted to scattered pockets of limited distribution. 

It has been hypothesized that perennial grasses occupy sites with low stress 

and low disturbance regimes where they compete effectively for site resources (Grime 

1977). It has also been suggested that processes of stress and disturbance promoted 

the dramatic change in species composition that occurred during the past 150 years. 
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Borman et al. (1990a), Borman et al. (1990b), Young et al. (1972), and others have 

suggested that native perennial grasses would have decreased with the introduction of 

exotic annual plants, even in the absence of livestock grazing, because of their 

intrinsic competitive superiority. 

Grime (1977) classified factors limiting plant biomass into two categories. 

The first, described as stress, consists of conditions that restrict production, e.g., 

shortages of light, water, or mineral nutrients, and sub-optimal temperatures. The 

second, disturbance, is associated with partial or total destruction of plant communities 

that results from activities of herbivores, pathogens, man (trampling, mowing, and 

plowing), and from natural phenomena such as wind damage, frost, drought, soil 

erosion, and fire. According to Grime (1977) competition is defined as "the tendency 

of neighboring plants to utilize the same quantum of light, ion of mineral nutrient, 

molecule of water, or volume of space." Once these annual grasses invaded they were 

able to maintain site dominance over native perennial species by efficiently capturing 

and utilizing available resources. Barrington (1994) defined this ability of annual 

grasses and forbs as displaying high levels of plasticity. As an example, early fall 

precipitation in association with warm temperature allows for germination of many 

annual grasses, which then slow growth and over-winter as temperatures began to 

cool. As temperatures begin to increase in early spring these annual grasses begin 

rapid growth until late spring, complete their growth cycle and begin a reproductive 

(seed production) phase before senescence and death in early summer. Yellow 

starthistle demonstrates a high level of plasticity by quick tap root development, 

enhancing it's ability to extract soil moisture from deeper in the soil profile. These 
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physiological characteristics give resident annual grasses and yellow starthistle a 

competitive advantage over young, establishing native perennial seedlings. 

Grime (1977) described three primary competitive strategies of plants: 

competitive, stress-tolerant, and ruderal, and developed the following (Table 1.1) as a 

basis for the evolution of these strategies in vascular plants: 

Table 1.1 Suggested basis for the evolution of three strategies in vascular plants. 

Intensity of Stress 
Intensity of 
Disturbance Low High 
Low Competitive Stress-tolerant strategy 

strategy 
High Ruderal strategy No viable strategy 

Grime (1977) describes annual grasses as ruderal species, which occupy sites with low 

stress and high disturbance. 

On foothill rangelands of southwest Oregon the annual grasses and forbs can 

and should be classified as ruderal/stress-tolerant species due to their inherent ability 

to withstand long periods of drought (stress) and maintain site dominance. 

Westoby et al. (1989) proposed that dynamics observed on rangelands be 

described by a state-and-transition model. States are recognizable and relatively stable 

assemblages of species occupying a site while transitions between states are triggered 

either by natural events (e.g., weather, fire) or by management actions (e.g., grazing, 

prescribed fire, fertilization, or introduction of plants) or a combination of the these. 
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Wild fires often occur after annual grasses mature and their seeds have 

dropped to the ground. while the seeds of the native perennial grasses and herbs are 

still attached to elevated culms. During fires, temperatures are lower at and below 

ground level resulting in greater seed mortality on culms than in buried seed. Seed 

mortality decreases the native perennial grasses' ability to reproduce and maintain 

community dominance. 

Once these Eurasian annual grass and forb species were introduced, natural 

disturbances such as fire and anthropogenic disturbances such as vehicular traffic, 

plowing, mining and injurious grazing practices hastened invasion. Subsequent 

stresses such as naturally occurring droughts ensured continued dominance by exotics. 

Noble (1981) suggested that once a disturbance allows competitive annual 

plants an opportunity to invade they are well adapted to repetitive disturbance and 

high levels of environmental stress. Additionally, annual grasses inhibit succession, 

and their presence makes the establishment of perennial grasses difficult. 

Succession 

Grasses follow a successional pathway. Noble (1981) and Connell and Slayter 

(1977) described three alternative pathways of succession. The first, facilitation 

pathway, is essentially the classical relay floristic pathway, in which the presence of 

early occupants facilitates the entry of successive suites of species. The second, 

tolerance pathway, occurs when later species are successful whether or not early 

species have preceded them; they can become established and grow to maturity in the 
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presence of other species because they can persist and grow despite low levels of 

resources. The third pathway, inhibition, occurs when climax species cannot grow to 

maturity because of the presence of earlier ones. 

In its broadest sense succession is the observed sequence of vegetation 

associations through time (Drury and Nisbet 1973). Succession theoretically 

continues until the species best suited to the regional climate and site are established. 

Species existing on a site may delay or impede rather than facilitate successional 

replacement. Drury and Nisbet (1973) define climax community as the end point of 

succession, which is a community of relatively stable species composition and steady-

state function. adapted to and essentially permanent in its habitat, if undisturbed. 

Laycock (1991) described rangelands, such as ours in Jackson County, Oregon, as 

being in a "suspended stage of succession." Annual exotic plant communities remain 

almost unchanged in species composition for relatively long periods of time, not 

moving toward a perennial grass/forb climax. 

Annual weeds capture and utilize site resources during periods of adequate 

precipitation, reach reproductive stage quickly, and replenish viable seed banks. This 

process confers a competitive advantage that land managers must overcome if re-

establishment of perennial species is a goal. 

Problematic Plant Species 

Several plant invaders are problematic for public land managers and 

stockgrowers. Yellow starthistle (Centaurea solstitialis L.), medusahead rye 
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(Taeniatherum caput-medusae (L.) Nevski), ripgut brome (Bromus diandrus Roth), 

rat-tail fescue (1/It/pia myuros (L.) K.C. Gmel.), hedgehog dogtail (Cynosurus 

echinatus L.), soft chess (Bromus mollis L.), wild oat (Avena spp.), and bulbous 

bluegrass (Poa bulbosa L.) are the most prevalent. Yellow starthistle, which is 

opportunistic and toxic to equids, continues to expand its range in southern Oregon by 

invading higher elevations and areas farther from original invasion loci. Cattle, sheep, 

and goats consume yellow starthistle in the vegetative or rosette stage but 

consumption is limited as the plant matures. It is rarely grazed during the seed stage 

when sharp spines appear on the seed head. Yellow starthistle has the ability to 

produce two types of seed, plumed and non-plumed, which allows it to re-populate 

near the plant and at a considerable distance. This attribute also extends the period of 

seed rain because plumed seeds detach from the bracts earlier in the season than non-

plumed. Starthistle's ability to extend a taproot at 17 mm per day (She ley et al. 1993) 

during_ the fall or early spring is faster than most plants. Roots also penetrate to 

greater depths than most exotic annual grasses. Later in spring and early summer, 

after other annuals have died, it remains green. Yellow starthistle utilizes moisture 

throughout the profile and is quite competitive. Established, adapted perennial grasses 

have been shown to suppress yellow starthistle (Borman et al. 1991, Larson and 

McInnis 1989). 

Medusahead's high silica content results in low preference by herbivores, 

which facilitates competitive advantage over more palatable plants. It grows in tight 

patches that exclude other species. When this annual dies in late spring, its standing 

dead residue decomposes very slowly. This mulch or thatch prevents some seeds from 
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contacting the soil, preventing germination, and "shades out" seedlings of potential 

competitors. Heavy residual stands of medusahead add to the fire fuel load and 

increase threat from catastrophic fire. 

Ripgut brome is relatively coarse with harmful awns that cause injury to the 

nose, eyes, ears, and throats of both livestock and wildlife. These awns also penetrate 

clothing and shoes, which hinders recreational activity. Ripgut brome typically 

remains ungrazed resulting in site dominance in many areas. 

Hedgehog dogtail, soft chess, and wild oat are more desirable from a forage 

standpoint. However, they often do not maintain site dominance as other annual 

grasses and forbs become established. 

Bulbous bluegrass, a short-lived perennial, is sporadic in year to year 

production, depending on timing and amount of precipitation. It typically initiates 

growth in early spring, displays rapid growth to maturity and seed production, 

followed by late spring/early summer dormancy. In this respect bulbous bluegrass 

functions more as an annual grass within the plant community. During most years it 

completes its growth and reproduces by mid-spring. Above-ground production is 

always low, especially in droughts when it persists with limited leafoutput. These 

attributes diminish the value of bulbous bluegrass as forage for livestock or wildlife 

(Noble and Slayter 1980). 
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Climatic Effects on Annual Grasses and Forbs 

Production 

Germination, growth, reproduction, and death of annual grasses and forbs are 

influenced by numerous factors. Weather patterns play a significant role in annual 

grasslands, both within and between years (Pitt and Heady 1978). The climatic regime 

of an area or region is the principal controlling mechanism that determines total 

phytomass production of annual plants. Secondary factors include soil type, soil 

depth, aspect, elevation, topography, and slope. George et al. (1988a) explained that 

productive potential of annual grasslands is primarily dependent on the date of 

germination inducing rains, onset of cold winter temperatures, onset of warm spring 

temperatures, and ending date of effective spring rains. Precipitation controls the 

beginning and ending dates of annual grass and forb production while temperature 

controls the end of the fall and beginning of the spring growing season. Duncan and 

Woodmansee (1975) found that total forage yield on a central California annual range 

depended on adequate distribution of precipitation throughout the season. After fall 

germination, precipitation must be adequate to maintain seedlings until cold winter 

temperatures retard growth. Plant growth in the spring depends on water stored in the 

soil profile and on precipitation in March, April, and May. By May or June, 

depending upon the year, evapotranspiration will usually deplete soil moisture to the 

point that shallow rooted annual plants die. 
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Plant species mature and reach peak standing crop at different times. For 

example, medusahead matures two to four weeks later than other annual grasses 

(Young 1992). Duncan and Woodmansee (1975) found that the grass component of 

total forage yield was most closely related to October precipitation levels, indicating 

an importance of fall growth and root development prior to the winter cold period. 

Conversely, plants that remain green later in the season benefit more from late spring 

rains. There is also evidence that late summer and early fall rains, followed by a 

period of two to three months of drought, will favor annual forb production over 

annual grass production. This is presumably because of the rapid elongation of annual 

forb taproots during periods of favorable moisture conditions. 

Species composition 

Species composition, like production is influenced by climate and annual 

weather patterns. On California annual rangelands, George et al. (1985) found that 

autumn rains and temperatures determined plant species composition by December 1. 

In drier years, or in years of adequate but poorly distributed rainfall, filaree usually 

dominated. High rainfall years and years with continual late spring rain favored 

dominance of annual grasses (Pitt and Heady 1978). Work done by George, et al. 

(1988b) suggested that accumulated degree-days (ADD) and herbage yield are highly 

correlated, but this relationship can only be strong if soil moisture is not limited. Lack 

of winter precipitation usually coincides with cold temperatures. Pitt and Heady 

(1978) found total precipitation during the months ofDecember, January, and 
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February is positively correlated with relatively mild winters. This weather pattern is 

also positively correlated with June annual plant production. Ratliff and Heady (1962) 

also found that some annual species initiated growth earlier and matured before others. 

This sequence of maturity was consistent and predictable from one year to the next. In 

their study, the first plant species to reach its maximum weight was soft chess (Bromus 

mollis L.), followed in order by redstem filaree (Erodium cicutarium (L.) L'Her.), wild 

oat (Avena fatua L.). and Italian ryegrass (Lolium multiflorum Lam.). 

Soil type, soil texture, soil depth, aspect, slope, elevation, and topography may 

also influence species composition. In Jackson County Oregon, shallow soils and 

steep slopes provide short periods of adequate soil moisture, especially during years of 

below average and sporadically distributed precipitation. This tends to favor earlier 

maturing plants such as bulbous bluegrass over later maturing plants such as 

medusahead. Higher elevations and north slopes are wetter and cooler with a 

tendency toward more complex species composition, which may include some 

remnant native perennial species; south facing slopes with shallow soils appear to be 

lower in total phytomass production, as well as number of species. 

Perennial Grasses in Annual Rangeland 

Success or Failure 

Numerous studies have been conducted to determine competitive interactions 

between perennial and annual grass seedings. (Adams and Kay 1985; Harris 1967, 

1977; Harris and Wilson 1970; Jackson and Roy 1986; Rummell 1946; Young et al. 
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1968a,b). Climatic factors, seedbed preparation and competition from annuals during 

year of establishment have been cited as causes of perennial grass seeding failures. 

Many field studies have documented perennial grass failure (Adams and Kay 1985, 

Menke 1989). Success or failure of establishing perennial grasses into a system 

dominated by Eurasian annual grasses and forbs depends on the competitive ability of 

the seedling stage of the perennial species. Competitive ability of a plant varies with 

growing conditions. 

To survive, plants must actively Grow when moisture is available and 

temperatures are within their biological limits (Borman et al. 1992). Early growth by 

resident annual plants, which as a group have relatively high water requirement per 

unit production, resulted in lower soil moisture at the surface (Borman et al. 1992). 

Likewise, following a dry winter, appreciable soil moisture recharge may not occur 

below 30 to 45 cm because growing plants have used available moisture near the 

surface leaving less for percolation. 

If we are to establish perennial grass, stress from adverse weather condition 

should be avoided, i.e. avoid seeding during drought years. Annual grasses and forbs 

must be controlled by either mechanical or herbicidal means, at least during the 

establishment year. If new perennial stands are to persist, disturbance from fire and 

grazing must be managed. 

Native versus Introduced Perennial Species 

Between 1937 and 1951, in fifty-one California counties, the U.0 Agricultural 

Extension Service and the Division of Agronomy at Davis (now the Department of 
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Agronomy and Range Science) seeded thousands of test plots, evaluating more than 

two hundred forage species, both native and non-native (Jones and Love 1945). They 

found that native species were often difficult to establish because their seeds were 

relatively small and seedlings lacked competitive vigor. They also did not tolerate 

heavy grazing. Seed yields were low compared to other forage species and thus 

increased seed cost. 

A study conducted by Borman et al. (1991) suggested that those perennial 

grasses that initiated growth earliest in the fall, maintained some growth through 

winter, and matured earliest were the best competitors. Their study bypassed the 

establishment phase in order to determine species' potentials to maintain niche 

occupancy. The primary objective of the study was to determine the ability of several 

selected species to suppress the production of resident annual plants once the 

perennials were established. A review of their conclusions reveals that after the first 

year of study, Rush wheatgrass, Paiute orchardgrass, perennial ryegrass, tall fescue, 

Junegrass, and California oatgrass were eliminated on the basis of their inabilities to 

compete, as mature stands with resident annual species. Berber orchardgrass, Idaho 

fescue, and Palestine orchardgrass, which suppressed annual grasses most effectively, 

were suggested as species that needed more research to determine effective 

establishment techniques. 
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Study Objectives 

The objectives for this research were to: Determine if seeded introduced 

perennial grasses can germinate and grow on selected sites on the foothills of Jackson 

County, Oregon. 

1.	 Determine mean production of seeded perennial grasses and associated 

weedy annual plants. 

2.	 Determine if seeded introduced perennial grasses interfere with and inhibit 

growth of weedy annual plants. 

3.	 Determine site characteristics that permit germination, establishment, and 

continued production of Palestine orchardgrass. 

4.	 Determine site characteristics that allow for the germination, establishment, 

and continued production of Covar sheep fescue. (This variety was 

selected because it was readily available, closely associated to Idaho 

Fescue and native to North America). 
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Chapter 2 

Production of Two Established Perennial Grasses at Fourteen Sites 
in Jackson County, Oregon Based on Site Variables 

G.R. White, D.E. Johnson, M.M Borman, and M.R. Barrington 
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Abstract 

Annual grasses and weeds of Eurasian origin dominate the foothill rangelands 

of interior southwest Oregon. Principal grassy weeds are medusahead rye 

(Taenitatherum caput-medusae (L.) Nevski), soft chess (Bromus mollis L.), rat-tail 

fescue (Vulpia myuros (L.) K.C. Gmel.), downy brome (Bromus tectorum L.), and 

ripgut brome (Bromus diandrus Roth). Yellow starthistle (Centaurea solstitialis L.) is 

the dominant weedy forb. These weeds are undesirable for a variety of reasons. 

Except for yellow starthistle, they generally mature early which shortens the period of 

forage production for livestock and wildlife. Some have low nutritional value and 

some are injurious to grazers. Because of these traits, land managers would like to 

convert foothills from exotic annual grasses and forbs to more desirable perennial 

grasses. 

Southwestern Oregon has substantial climatic and topographic variation, which 

translates to variation in site potential and herbaceous production. Seedings in some 

areas have been successful, while at other sites seedings have failed. The purpose of 

this research was to determine where seedings of perennial grasses could be successful 

and to compare production of these stands to resident annual communities. We 

developed regression equations that helped identify site variables such as soil depth, 

texture, slope, etc. that were correlated with production of these species. 

In 1990, 14 experimental sites that represented an elevational gradient from the 

valley floor (565 m) to the upper limit of the annual plant zone (1030 m) were 

developed. At each site, a study was initiated consisting of a control and 
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herbicide/seeding treatments in a randomized block design. Species seeded were 

Covar sheep fescue (Festuca ovina L. Koch. var. Covar) and Palestine orchardgrass 

(Dactylis glomerata L. var. Palestine). 

Objectives of the study were: 1) determine yield of resident plant communities, 

2) identify sites where sheep fescue and orchardgrass could be successfully 

established, and 3) determine site characteristics (percent slope, aspect, elevation, 

percent sand. silt, and clay, and soil depth) that are correlated to establishment of 

orchardgrass and sheep fescue, and 4) develop regression equations that help identify 

site variables such as soil depth, texture, slope, etc. that correlate with production of 

these species. 

Mean total plant production in control plots during early June 1993 varied 

from 2205 kg DM/ha to 6766 kg DM/ha. Production ranged from 323 to 805 kg 

DM/ha and 1168 to 5288 kg DM/ha for 1994 and 1995, respectively. Production was 

highly dependent on weather (year). Other factors that influenced production varied 

among, years. Factors that were consistently important included aspect (north or 

south), elevation, soil depth, and soil texture. All 4 variables influenced moisture 

available to plants. 

Palestine orchardgrass established on 7 sites where its production ranged from 

644 to 2937 kg DM/ha in 1993, 657 to 3119 kg DM/ha in 1994, and 881 to 3001 kg 

DM/ha in 1995. By 1995 Palestine orchardgrass production was positively correlated 

to elevation, soil depth, aspect, and sand and negatively correlated to coarse material. 

Coarse materials were associated with shallower soils with less profile development. 
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Covar sheep fescue established on all sites. Its production varied from 220 to 

2068 kg DM / ha in 1993, 206 to 1867 kg DM/ha in 1994, and 115 to 2272 kg DM/ha 

in 1995. By 1995 sheep fescue production was positively correlated to south aspect 

and sand and negatively correlated to coarse material. 

Key Words: Annual grassland. weeds, perennial grasses, foothill rangeland, site
characteristics, production potential. 
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Introduction 

The interior foothills of southwestern Oregon rise from stream valleys below 

the Cascade Mountains to the east and the Coast Range on the west. Foothills have 

substantial climatic, topographic, soil, and environmental variability that results in a 

mosaic of plant communities. Native herbaceous plants found on these sites are a 

remnant of the vegetation that existed prior to the arrival of European Americans. 

Today, annual grasses and forbs of Eurasian origin dominate the foothill rangelands. 

The conversion to exotic annual plants began before 1900 and continues today. 

Weedy invaders typically have a short growing season, low palatability, or other 

characteristics that limit their usefulness as forage for livestock and wildlife, or for 

recreational and aesthetic values. Many land managers would like to convert the 

foothills from exotic annual grasses and forbs to perennial plants with beneficial 

characteristics. Several studies have screened native and introduced plants, usually in 

single rows or small plots, at sites on the foothills (Hickman pers. comm., Johnson et 

al.1990, Borman et al. 1990b). These studies have identified several perennial grasses 

with high potential: Covar sheep fescue (Festuca ovina L. Koch.var. Covar), Palestine 

orchardgrass (Dactylis glonierata (L.) var. Palestine), and Berber orchardgrass 

(Dactylis glomerata (L.) var. Berber). Success varied with both the site and year 

because of intense competition from annual grasses and forbs, as well as varying 

conditions. 

Studies on California annual grasslands found that germination and growth of 

plants were controlled by air temperature and precipitation (Duncan and Woodmansee 
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1975, George et al.1988, Pitt and Heady 1978, Young 1992). Precipitation determined 

onset of germination and death while temperature affected growth. These factors were 

moderated across an elevational gradient. Slope, aspect, and soil texture (sand, silt, 

and clay) also influenced plant growth. 

Our study was designed to determine where sheep fescue and orchardgrass,  

could be successfully seeded and to identify site conditions that best allow for their  

establishment and persistence. We also determined above-ground production of  

seeded species and weedy annual species across 3 years with varying precipitation 

amounts. This information can be applied in a spatial/geographical context to generate 

maps showing sites with high potential for reseeding with these perennial grasses. 

Our information should also improve estimates of: (1) biological and economical 

benefits of perennial pasture establishment on foothills across seasons and (2) peak 

standing crop and value of produced forages. 

Materials and Methods 

Site Selection 

A series of 14 experimental plots were constructed in Jackson Co., to cover the 

elevation gradient and extended from the Bear Creek Valley floor (565 m) to just 

below the Conifer Zone (1030 m elevation). Plots were established along 3 lines in 2 

watersheds (Figure 2.1): Larson Creek east of Medford, Oregon and Walker Creek 

northeast of Ashland, Oregon. Eight study sites were in the Walker Creek drainage 

(Ashland plots) and 6 in the Larson Creek area (Medford and Phoenix plots). To be 
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included, sites had to be accessible throughout the year and available through the 

cooperation of landowners /managers. Both private and public lands were used. Sites 

spanned the entire elevational range of the annual vegetation type. Whenever 

possible, several aspects and slopes were chosen at a location to provide information 

on those variables. 

Site Description 

Physical characteristics of the study sites were measured (Table 2.1). 

Elevations were determined from 7.5 minute US Geological Service quadrangle maps. 

Slope values were measured with an Abney level and aspects were determined with a 

hand-held compass. Soil type classification for each site was obtained from the 1989 

USDA Soil Conservation Service Soil Survey for Jackson County. Additionally, soil 

samples were taken and analyzed by the Soil Texture Laboratory, Department of Crop 

and Soil Science, Oregon State University, Corvallis. This provided soil textural 

classification that included sand, silt, clay, and coarse fragment content. Precipitation 

levels recorded at Ashland airport are given in Appendix Table 1. During the 3 years 

of the trial, precipitation was approximately 100%, 56%, and 111% of the long-term 

average for 1993, 1994, and 1995, respectively. 

Native vegetation found at lower elevations on terraces of streams consists of 

Oregon white oak (Quercus garryana Hook.), black oak (Quercus kelloggii 

Newberry), Oregon ash (Fraxinus latifolia Benth.), and Ponderosa Pine (Pinus 

ponderosa Laws.) with a shrub understory of poisonoak (Toxicodendron diversilobum 
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Torrey & A. Gray), common snowberry (Symphoricarpos albus (L.) Blake), Pacific 

serviceberry (Amelanchier alnifolia (Nutt.) Nutt. ex M. Roemer), and wedgeleaf 

ceanothus (Ceanothus cuneatus (Hook.) Nutt.). Native grasses found on these sites 

include Idaho fescue (Festuca idahoensis Elmer), blue wildrye (Elymus glaucus 

Buckl.), Junegrass (Koeleria macrantha (Ledeb.) J.A. Schultes), California brome 

(Bromus carinatus Hook. & Am.), pine bluegrass (Poa secunda J. Pres°, and 

Lemmon needlegrass (Achnatherum lemmonii (Swallen) Barkworth). Above stream 

terraces, foothill grasslands are either open or have an overstory of scattered Oregon 

white oak or poisonoak. These grasslands extend to and interdigitate with the conifer 

zone. Native grasses in these communities are bluebunch wheatgrass 

(Pseudoroegneria spicata (Pursh) A. Love), Idaho fescue, Junegrass, and Lemmon 

needlegrass. 

Principal grassy weeds are medusahead rye (Taenitatherum caput-medusae 

(L.) Nevski), soft chess (Bromus mollis L.), Spanish brome (Bromus madritensis L.), 

downy brome (Bromus tectorum L.), ripgut brome (Bromus diandrus Roth), slender 

oat (Avena barbata Brot.), hedgehog dogtail (Cynosurus echinatus L.), and rat-tail 

fescue (Vulpia myuros (L.) K.C. Gmel.). In years with early precipitation bulbous 

bluegrass (Poa bulbosa L.), a short-lived perennial, is also common. Yellow starthistle 

(Centaurea solstitialis L.) is the dominant weedy forb and is found with burclover 

(Medicago polymorpha L.), catchweed bedstraw (Galium aparine L.), narrowleaf 

plantain (Plantago lanceolata L.), redstem filaree (Erodium cicutarium (L.) L'Her.ex 

Ait.) and hairy vetch (Vicia villosa Roth). 

http:L'Her.ex
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Figure 2.1. Location of the study sites near Medford, Phoenix, and Ashland in Jackson County, Oregon. 
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Table 2.1. Physical site characteristics of the study sites 

Site Soil 
Type 

USDA 
Textural 

Classification 

Elevation 
(m) 

Slope 
( %) 

Aspect' Soil 
Depth 
(cm) 

Sand'` 
( %) 

Silt' 
(%) 

Coarse4 
Silt 
(%) 

F +M5 
Silt 
( %) 

Clay° 
( %) 

Coarse' 
( %) 

MI 17C Sandy Clay Loam 568 12 0 63 51.5 21.4 5.5 15.9 27.1 0.8 

M2 27D Sandy Clay Loam 565 8 1 51 45.4 24.3 8.5 15.8 30.2 1.4 

M3 29D Clay 826 12 1 76 9.9 26.8 5.5 21.3 63.4 2.2 

M4 29D Clay 853 10 1 75 16.4 30.6 7.0 23.6 52.9 7.3 

P1 28E Clay 603 27 1 48 18.6 32.8 10.7 22.1 48.5 4.8 

P2 27D Sandy Clay Loam 611 16 0 25 54.5 26.1 9.5 16.6 19.5 5.0 

Al 28E Clay 613 12 1 63 9.7 28.4 6.7 22.2 61.9 21.5 

A2 28E Clay 610 18 0 63 8.9 25.4 5.3 20.0 65.7 1.4 

A3 28D Clay 799 10 0 74 I8.4 25.1 3.5 21.6 56.5 4.2 

A4 28D Clay 801 40 1 51 31.2 27.2 5.3 21.9 41.6 10.7 

A5 28D Clay 802 55 I 46 33.7 24.2 4.3 19.8 42.2 11.2 

A6 27D Clay 853 5 0 66 20.6 31.4 7.7 23.7 48 6.4 

A7 28E Clay 860 20 0 68 22.3 27.5 4.9 22.6 50.2 5.1 

A8 28D Clay 1030 10 1 48 17.3 33.1 7.9 25.1 49.6 2.5 

(0 = north aspect, 1 = south aspect), Sand = 2 - .05 mm,' Silt = 0.05 
6 Clay < 0.002mm,' Coarse > 2mm 

0.002mm, 4 Coarse silt 0.05 0.02mm,' FandM silt = 0.02 0.002mm, 
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Treatments 

Field plots were established and seeded at each study site during fall 1990 

(Barrington, 1994). A Randomized Complete Block (RCB) Design was used to 

arrange treatments. Each site was divided into 3 blocks, which were further 

subdivided into experimental units (3 x 4.5 m). The following treatments were 

randomly assigned each experimental unit within each block: 

1. Control (no disturbance, herbicide, or seeding) 

2. Herbicide treatment and seeding to "Palestine" Orchardgrass 

3. Herbicide treatment and seeding to "Covar" Sheep Fescue 

4. Herbicide treatment and seeding to "Berber" Orchardgrass 

Berber orchardgrass established on only 2 sites, and is excluded from the analysis. It 

should be noted, however, that seedings on similar sites in Jackson County have been 

successful. Treatments to be seeded were mowed with a lawn mower to an 8-cm 

stubble height then plant residue was hand raked and removed from the site. 

After fall rains induced germination of weeds, experimental units to be seeded 

were sprayed with 1.1 kg/ha of active ingredient (ai) (1-lb ai per acre) glyphosate 

(Roundup) and were left for 1 week. Test species were then seeded into appropriate 

subplots in each treatment block using a Planet Jr. hand seeder. Seeding rate was 11 

kg pure live seed (pls)/ha. Seeding depth was set to 1 cm and row spacing was 25 cm. 

Concern over successful germination of the initial seeding prompted a broadcast 

seeding during fall 1991. There was no apparent germination from this seeding. 

All seeded subplots (non-control treatments) were treated with 2,4-D (at 1.1 kg 

ai/ha on April 12, 1991 and April 2, 1992) to control annual broadleaf plants. A single 
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application of Hoelon (0.84 kg ai/ha) was made on March 23, 1992 to control the 

annual grasses in the non-control treatments (Barrington 1994). 

Each site included an area covered with vispore® (Visqueen Ethyl Corp.), a 

black plastic landscaping cloth with 62 holes/cm2 to allow air and water movement 

while suppressing emergence of weeds. Plugs of the seeded grasses were transplanted 

in openings cut through the vispore® and used for the weight estimate sampling 

procedure (Pechanec and Pickford, 1937) within each exclosure. All plots were 

fenced to reduce disturbance by large herbivores. 

Data Collection and Analysis 

Within each experimental unit a 0.5 m buffer zone around the perimeter was 

delineated and excluded from sampling to reduce the effect of external plot factors. 

Ten permanent quarter-meter2 sample quadrats were randomly located to measure 

biomass of seeded species. Five of these were sampled for biomass of resident 

vegetation by species or group. Five randomly-located, permanent, quarter-meter2 

quadrats were measured in control plots. To avoid destructive sampling within plots, 

above-ground biomass was estimated using a modified weight-estimate method 

(Pechanec and Pickford, 1937). Trial quadrats within the buffer area were clipped to 

provided calibration for biomass estimates. Calibrations were made before sampling 

each treatment replication. 

Samples were oven dried to a constant weight at 55° C and reweighed to 

determine dry weight conversions. Standing crop samples were collected during the 

last week of May and first 2 weeks of June of 1993, 1994, and 1995. All standing 

crop values were analyzed and reported on a dry-weight basis. 
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The Statistical Analysis System (SAS) was used to store, manipulate and 

analyze data (SAS Institute Inc. 1988). Mean response was determined for each 

subplot receiving the same treatment at each site. 

The General Linear Models procedure (SAS Institute Inc. 1988) was used for 

analyses. Dry weights of seeded species, selected resident annuals, total annuals, and 

total perennials were used to determine mean production for each site. A forward 

stepwise regression analysis was used to determine site characteristics and climatic 

variables correlated to mean production on control plots and the 2 seeded grass species 

with their associated annual grasses and forbs. Null hypotheses for this experiment 

were: 

Ho:	 Establishment of Covar sheep fescue and Palestine orchardgrass is similar  
across all sites tested.  

Ho:	 Above-ground plant production is similar across all sites tested. 

Ho:	 Subplots with seeded perennial grasses have similar production to control 
subplots. 

Ho:	 Site characteristics such as elevation, aspect, soil depth, percent sand, percent 
silt, and percent clay, are not correlated to production of the seeded species. 

Ho:	 Precipitation regimes across the 3 years of the trial had no effect on total 
phytomass production. 

Ho:	 Mathematical models will not predict site characteristics best adapted to
production of seeded perennial species. 
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Results and Discussion 

Establishment of Seeded Species 

Covar sheep fescue established stands on 14 sites, but lower elevation sites 

tended to have more robust stands. Palestine orchardgrass established and maintained 

notable levels of forage on 7 of the 14 seeded sites. Sites with lower slopes (P = 0.058) 

and deeper soils (P = 0.071) were more successful (Table 2.2). A productivity index 

was also calculated for both successful and unsuccessful locations (Table 2.2). 

Productivity index was calculated as follows: 

( 
Xi,1994 Xi,1995 

productivity index = X1993 Y1994 x1995 .100 
3 

Sites with higher than average production across the test area had a greater 

probability for successful seeding of Palestine orchardgrass (P = 0.002). Site A6 was 

very productive but also saturated with water through much of the winter, which could 

have resulted in mortality of orchardgrass seedlings (Table 2.2). 



Table 2.2 Comparison of site characteristics of plots where Palestine orchardgrass was seeded successfully and where it failed.
Sites with successful orchardgrass seedings are indicated with a 1, failures are indicated by 0. 

Success Site Soil Type Elevation Slope Aspect' Soil Depth Sand Silt Coarse Fine Clay' Coarse' Productivity
(m)	 (%) (cm) (%) (%) Silt4 + (%) ( %) Index 

(%) Mediums 
Silt 
(%) 

1 MI Sandy Clay Loam 568 12 0 63 51.5 21.4 5.5 15.9 27.1 0.8 124 
1 M2 Sandy Clay Loam 565 8 1 51 45.4 24.3 8.5 15.8 30.2 1.4 123M3 Clay 826 12 7611	 9.9 26.8 5.5 21.3 63.4 2.2 131

M4 Clay	 853 101 1 75 16.4 30.6 7 23.6 52.9 7.3 107 
1 A3 Clay 799 10 0 74 18.4 25.1 3.5 21.6 56.5 4.2	 161 
1 A7 Clay	 860 20 0 68 22.3 27.5 4.9 22.6 50.2 5.1 87 
1 AS Clay 1030 10 1 48 17.3 33.1 7.9 25.1 49.6 2.5 860 P1 Clay 603 27 1 48 18.6 32.8 10.7 22.1 48.5 4.8 66
0 P2 Sandy Clay Loam 611 16 0 25 54.5 26.1 9.5 16.6 19.5 5 540 Al Clay 613 12 1 63 9.7 28.4 6.2 22.2 61.9 21.5 960 A2 Clay 610 18 0 63 8.9 25.4 5.3 20 65.7 1.4 860 A4 Clay 801 40 1 51 31.2 27.2 5.3 21.9 41.6 10.7 1060 A5 Clay 802 55 1 46 33.7 24.2 4.3 19.8 42.2 11.2 590 A6 Clay 853 5 0 66 20.6 31.4 7.7 23.7 48 6.4	 116Mean of Success 786 12 0.57 65 25.9 27.0 6.1 20.8 47.1 3.4 117Mean of Failures 699 25 0.57 52 25.3 27.9 7.0 20.9 46.8 8.7 83Student's T 0.28 0.08 1.00 0.08 0.95 0.62 0.45 0.97 0.96 0.07 0.03 

(0 = north aspect, 1 = south aspect), Sand = 2 - .05 mm, 3 Silt = 0.05 - 0.002nun, 4 Coarse silt = 0.051	 0.02min, 5 FandM silt = 0.02 0.002nun, 6Clay < 0.002mm, Coarse > 2mm 
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Control vs. Seeded Perennial Grass Plots Comparisons 

During 1993, a normal precipitation year, there was a significant difference 

between both seeded treatments, averaged over 3 blocks and 14 sites, and the control. 

Orchardgrass plots produced 5812 kg DM/ha compared to sheep fescue with 5487 kg 

DM/ha (P = 0.1323). The control had lower production (4865 kg DM/ha) than either 

orchardgrass (P < 0.0001) or sheep fescue (P = 0.0036). In 1994, a dry year, 

differences were significant (P < 0.0001) among all treatments. Palestine orchardgrass 

plots produced 1233 kg DM/ha, sheep fescue produced 932 and the control produced 

546 kg DM/ha. Total above-ground production on plots in 1995 was 2549 and 2598 

kg DM/ha for orchardgrass and sheep fescue, respectively, and only 2394 kg DM/ha 

for the control (P = 0.0072 orchardgrass vs. control, P=0.0044 sheep fescue vs. 

control). In 1995, precipitation was 111% of the long-term average. 

During the dry 1994 spring, above-ground production of the control treatment 

was only 55% of the Covar Sheep Fescue treatment and 42% of the Palestine 

orchardgrass treatment. Total above-ground production in 1994 ranged from 510 kg 

DM/ha in the control to 922 kg DM/ha and 1215 kg DM/ha in the sheep fescue and 

orchardgrass treatments, respectively. Because the control treatment produced less 

total above-ground biomass in both 1993 through 1995, we suggest that the seeded 

perennial grasses had the ability to decrease variability in year-to-year production in 

spite of fluctuating precipitation levels. 
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Above-ground Production Dynamics on Control Plots 

Control plots varied in production substantially between years (P = 0.001) and 

between sites (P = 0.032) (Table 2.3). 1994 was very dry and mean production of all 

plots was only 546 kg DM/ha compared to 4865 kg DM/ha in 1993 and 2394 kg 

DM/ha in 1995. Sites with the highest production were A3 with an average 

production across the three years of 3997 kg DM/ha, followed by plots M3, M2, M4, 

and Ml on the Medford line with 3454, 3319, 2984, 2880 kg DM/ha respectively. 

Plots on the Phoenix line had the lowest mean production with site P1 producing 1739 

kg DM/ha and site P2 only 1293 kg DM/ha. Phoenix site P2 has the shallowest soils 

(Table 2.1) of all sites tested. 

Table 2.3. Total above ground production of resident vegetation in the control plots 
(no mowing, herbicide, or seeding) for 1993 through 1995. Plots were measured in 
late May or early June of each year. 

Line Site Above Ground Production 
(kg DM/ha) 

1993 1994 1995 
Ashland Al 4647 457 2608 
Ashland A2 4507 396 2203 
Ashland A3 5941 762 5288 
Ashland A4 5805 655 1851 
Ashland A5 4417 197 1168 
Ashland A6 4766 808 2413 
Ashland A7 4309 491 1954 
Ashland A8 4218 500 1901 
Medford M1 4501 762 3376 
Medford M2 6511 654 2792 
Medford M3 6380 677 3304 
Medford M4 6765 635 1552 
Phoenix PI 3132 :322 1762 
Phoenix P2 2206 323 1349 

Mean 4865 546 2394 
Std Dev 1300 190 1069 
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Site Characteristics and Production on Control Plots 

By 1995, 5 years after seeding, stepwise analysis of site characteristics and  

their correlation to total above-ground production within the control generated the  

following equation:  

1995 Total Above-ground Production = 4794 132(silt) 30(slope) + 30(soil  
depth)  
R2= .56  

As soil depth increased, production increased. This is attributed to increased 

water holding capacity, greater rooting zone potential associated with deeper soils. 

Slope negatively influenced production probably because sites with high slopes lost 

precipitation to runoff. Percentage of sand, and clay did not influence peak 

production, however, silt was negatively correlated. The reason for the response to silt 

content is unknown, however, silt in combination with high clay content may increase 

soil water retention, limiting availability for plant root uptake. 

The following equation described total above-ground production across all 

years within the control treatment: 

1993 through 1995 Total Above-ground Production = 438 + 36(Soil Depth) 
R2= .06 

We also regressed production within the control treatment with the following 

precipitation factors: fall precipitation (September through November), winter 

precipitation (December through February), and spring precipitation (March through 

May) each year 1993 through 1995 measured in mm. Average production within the 

control treatment was described by: 
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1993 through 1995 Total Above-ground Production = -4816 + 31(Soil Depth) +  

75(Fall Precipitation) + 43(Winter Precipitation)  
R2= .87  

Fall precipitation (September through November) and winter precipitation 

(December through February) positively affected total production within the control 

treatment across the 3-year study period. Fall precipitation may allow for ground 

water recharge as well as germination and growth prior to winter cold period. Winter 

precipitation, especially during February, apparently permits root access to soil 

moisture at the beginning of spring, when warm temperatures facilitate plant growth. 

As with the 1995 regression and the 1993 through 1995 regression without 

precipitation, sites with deeper soils had more production. 

Total Above-ground Production on Palestine Orchardgrass Plots 

Year-to-year fluctuation of total above-ground production was less variable 

when Palestine orchardgrass was growing on the site (Table 2.4). By 1995 Palestine 

orchardgrass produced at least 800 kg DM/ha on 7 of the 14 seeded sites. Plots on the 

Medford line maintained stands as did Ashland plots A3, A7 and A8. Both Phoenix 

sites and most of the lower elevation Ashland locations were not successful. A 

previous seeding of Palestine orchardgrass on deeper soils near the Phoenix plots was 

successful in 1988 (Johnson unpublished information). 

During 1995, above-ground production in successful orchardgrass treatments 

ranged from 3001 kg DM/ha at M1 to 881 kg DM/ha at M3 (Table 2.4). Sites Ml and 

M2 had sandy-clay-loam soils and were the lowest elevation plots. A3 had very deep 
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soils (74 cm). north exposure and a 10% slope, which ameliorated the environment 

somewhat. A7 and AS were higher in elevation (860 m and 1030 m respectively) and 

maintained orchardgrass stands. 

Examination of orchardgrass production across years revealed that stands were 

still developing 4 years after seeding. Except for M4 and P2, orchardgrass increased 

production between 1993 and 1994 in spite of very dry conditions (Table 2.4). When 

expressed as a percentage of the total above-ground production in the plot, 

orchardgrass increased its dominance (in successful seedings) from a mean of 21% in 

1993 to 81% in 1994 (Table 2.5). This value decreased to 52% in 1995 (Table 2.5) 

with an increase in precipitation. Orchardgrass plants impacted annual plants more 

under drought conditions than with average or greater precipitation. During 1994, 

orchardgrass plants may have been using deep residual moisture from the previous 

year. With an established root system, orchardgrass may have been able to deplete 

scarce soil moisture more completely in a drought year than in a more moderate 

moisture year. Following the drought, annuals increased in the Palestine orchardgrass 

plots. Orchardgrass fell from 81% of all plant mass on the plots in 1994 (887 of 1233 

kg DM/ha) to 52% (890 of 2549 kg DM/ha) in 1995 (Tables 2.4 and 2.5). Production 

of Palestine orchardgrass was more consistent among years than annual plants but 

variation across sites was extreme. 
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Table 2.4. Total above ground production of all vegetation in the plots seeded to 
Palestine orchardgrass for 1993 through 1996. Plots were measured in late May or
early June of each year. 

Line Site	 Palestine Orchardgrass Total Above-ground 
Production (kg DM/ha) Production (kg DM/ha) 
1993 1994 19931995 1994 1995 

Ashland 0 01 0 4576 409 2062 
Ashland 2 0 1 0 4975 300 1826 
Ashland 3 1079 1248 1199 8172 1636 3950 
Ashland 4 0 4 7 7270 437 1719 
Ashland 5 0 0 0 5385 148 1240 
Ashland 6 0 69 87 8615 565 1577 
Ashland 7 1019 1543 1605 17545641	 2547 
Ashland 8 644 657 1468 4514 940 2700 
Medford 1704 30011 2288 4542 2738 5262 
Medford 2 1048 3119 2716 7271 3553 4916 
Medford 3 988 1201 881 6671 1691 3468 
Medford 4 2937 2277 1477 8098 2474 1944 
Phoenix 01	 0 0 3762 368 1310 
Phoenix 2 32 13 24 1871 246 1165 

Mean 675 887 890 5812 1233 2549 
Std Dev 870 1072 1053 10901944	 1351 

Table 2.5. Percentage of total above ground phytomass that was Palestine 
orchardgrass for 1993 through 1996 in Palestine orchardgrass plots. Plots were
measured in late May or early June of each year. 

Line Site Palestine Orchardgrass as 
Percent of Total Above-ground Production 

1993 1994 1995 
Medford	 M1 37.5 83.6 57.0 
Medford	 M2 14.4 87.8 55.2  
Medford M3 14.8 71.0  25.4 
Medford	 M4 36.3 92.0 76.0 
Ashland	 A3 13.2 76.3 30.4 
Ashland	 A7 18.1 88.0 63.0 
Ashland	 A8 14.3 69.9 54.4 

Mean 21.2 81.2 51.6 
Std. Dev. 10.8 8.8 17.8 
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Site Characteristics and Palestine Orchardgrass 

Equations describing site characteristics varied dramatically from 1993 

through 1995. Different variables were correlated with total above-ground production 

each year. This may have occurred due to changing climatic conditions combined with 

continued establishment of orchardgrass plants 4 years after seeding. 

By 1995, stepwise analysis of site characteristics and their correlation to total 

above-ground production within the Palestine orchardgrass treatments (sites on which 

Palestine established) generated the following equation: 

Total 1995 Above-ground Production = 7903 4(elevation) 295(coarse) 
R2= .98 

Low elevation sites (M1 and M2) accounted for 2 of the 7 sites that established 

and were on sandy-clay-loam soils. Both MI and M2 were high productivity sites 

(Table 2.2), while sites A7 and A8, both high elevation sites, were low productivity 

sites. Site characteristics, including less coarse material on the lower elevation sites, 

allowing for increased water holding capacity, apparently interacted to yield the above 

equation. 

Across all years (1993 through 1995) total above-ground production within the 

orchardgrass treatment was correlated to the following site variables: 

Total 1993 through 1995 Above-ground Production = 1577 4(elevation) + 67(fall 
precipitation) + 51(winter precipitation) 

R2= .79 
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Similarly to the control plots, fall precipitation and winter precipitation 

influenced total above-ground production. Elevation, as explained above, also 

contributed to the equation. 

By 1995, stepwise analysis of site characteristics and their correlation to 

Palestine orchardgrass (PO) production within the Palestine orchardgrass treatment 

(sites on which Palestine established) generated the following equation: 

Total 1995 PO Production = 4188 + 8(soil depth) 62(clay) 
R2 = .9987 

As soil depth increased, production also increased. This is attributed to 

increased water holding capacity and greater rooting zone capacity associated with 

deeper soils. Water holding capacity increases with increasing clay content, however, 

water molecules are bound very tightly to soil clay particles and are less available for 

root uptake. 

Total 1993 through 1995 orchardgrass production within the orchardgrass 

treatment was described by: 

Total 1993 through 1995 PO Production = 964 9(elevation) 637(aspect) +  
332(silt) 11(winter precipitation)  

R2 = .60  

We are not able to explain the biological significance of this equation. 

Observationally, orchardgrass plants in 1995, a year with increased precipitation 

levels, were yellow in color. Following a year of below average precipitation, rooting 

structure of orchardgrass plants on south slopes may have been unable to take 

advantage of winter precipitation, which may have decreased production. 
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Above-ground Production on Covar Sheep Fescue Plots 

Covar sheep fescue established populations on all subplots in which it was 

seeded. Production ranged from 220 kg DM/ha to 2068 kg DM/ha in 1993, 206 kg 

DM ha to1867 kg DM /ha in 1994, and from 143 kg DM/ha to 2272 kg DM/ha in 1995 

(Table 2.6). As with orchardgrass, sheep fescue increased its dominance of subplots 

between 1993 and 1994. When expressed as a percentage of the total above-ground 

production in the plot, sheep fescue increased its dominance across all seedings from a 

mean of 17% in 1993 to 66% in 1994 (Table 2.7). This value decreased to 32% in 

1995 (Table 2.7) with increased precipitation. Sheep fescue plants, like orchardgrass, 

impacted annual plants more under drought conditions than during average or greater 

precipitation years. 
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Table 2.6. Total above ground production of all vegetation in the plots seeded to 
sheep fescue for 1993 through 1995. Plots were measured in late May or early June of 
each year. 

Line Site Sheep Fescue Production Above Ground Production 
(kg DIM/ha) (kg DM/ha) 

1993 1994 1995 1993 1994 1995 
Ashland 3841 459 575 4063 647 2800 
Ashland 2 660 419 439 4475 585 1898 
Ashland 3 347 389 337 8972 810 4310 
Ashland 4 511 660 1065 6710 917 2355 
Ashland 5 469 370 801 5085 475 1742 
Ashland 6 281 21:3 115 7512 656 1436 
Ashland 7 220 206 143 5994 485 2235 
Ashland 8 324 503 979 4332 778 2110 
Medford 780 849 1249 3'363 1118 33191 

Medford 2 281 893 2272 6301 1327 4173 
Medford 3 980 499 611 7816 1015 :3910 
Medford 4 1421 655 796 7241 998 1726 
Phoenix 2068 1867 1735 2893 1958 25121 

Phoenix 2 1123 1209 540 2062 1282 1844 
Mean 704 656 833 5487 932 2598 

Std Dev 533 444 603 2051 402 962 
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Table 2.7. Percentage of total above-ground phytomass that was sheep fescue for 
1993 through 1995. Plots were measured in late May or early June of each year. 

Line Site Sheep Fescue as 
Percent of Total Above-ground Production 

1993 1994 1995 
Medford M1 23.2 75.9 37.6 
Medford M2 4.5 67.3 54.4 
Medford M3 12.5 49.2 15.6 
Medford M4 19.6 65.6 46.1 
Phoenix P1 71.5 95.4 69.1 
Phoenix P2 54.5 94.3 29.3 
Ashland Al 9.5 70.9 20.5 
Ashland A2 14.7 71.6 23.1 
Ashland A3 3.9 48.0 7.8 
Ashland A4 7.6 72.0 45.2 
Ashland A5 9.2 77.9 46.0 
Ashland A6 3.7 32.5 8.0 
Ashland A7 3.7 42.5 6.4 
Ashland A8 7.5 64.7 46.4 

Mean 17.5 66.3 32.5 
Std. Dev. 20.4 18.1 19.6 

Site Characteristics and Covar Sheep Fescue 

Covar sheep fescue (SF) 1995 above-ground production was regressed 

against site variables and yielded the following equation: 

1995 Total Above-ground SF Production 1995 = 7983 39(slope) +  
1040(aspect) 193(silt)  

R2 = .62  

As slope increases, soils tend to be shallower and runoff greater. During winter, 

when soil moisture is plentiful, south aspects are warmer and have more direct light 

allowing increased production. A silt layer can impede drainage and cause water to 

pond, which can decrease (Crown, 1985). This can lower production. 
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Total above-ground production across all years (1993 through 1995) within 

the sheep fescue treatment was correlated to site variables as follows: 

1993 through 1995 Total Above-ground Production = -4923 + 78(fall 
precipitation) + 47(winter precipitation) + 36(soil depth) 

R2 = .74 

Soil depth was the only physical site characteristic that influenced total above-

ground production. Fall (September through November) and winter (December 

through February) precipitation had a positive influence. Deep soil may have allowed 

soil water recharge during fall and winter, which would benefit the extensive root 

system of sheep fescue in upper soil profile. Both fall and winter precipitation would 

replenish available soil moisture for late winter and spring when sheep fescue and 

annual grasses and forbs produce most of their growth. 

By 1995, stepwise analysis of site characteristics and their correlation to sheep 

fescue production generated the following equation: 

1995 SF Production = 1666 2(elevation) + 989(aspect) + 12(sand) 50(coarse) 
R2 = .86 

Increased precipitation levels at higher elevations may have benefited resident grasses 

and forbs. More intense competition from them may have slightly decreased sheep 

fescue production. Sand may have provided greater available soil moisture during a 

year of above average precipitation and an increase in coarse material may have 

decreased the soil water holding capacity and subsequent production of sheep fescue. 

We also observed that sheep fescue plants on north slopes developed a fungus. 

South slopes are warmer and have more direct light. This combination may have 
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contributed to the increase production on south slopes during late winter and spring 

when soil moisture is most readily available. 

Stepwise regression of site variables on above-ground sheep fescue production, 

1993 through 1995, resulted in the following equation: 

1993 through 1995 SF Production = 1166 1(elevation) + 456(aspect) + 86(coarse  
silt) 28(coarse)  

R2= .55  

1993 through 1995 sheep fescue forage production was correlated to elevation, 

aspect, coarse silt and coarse soil (Table 2.1). Elevation, aspect, and coarse probably 

influenced the production similarly to that of 1995 production. Coarse silt may have 

increased soil water holding capacity. Additional data is required to determine how 

these factors, particularly soil texture, influence production. 

Conclusions 

When precipitation was not included in the models of site characteristics, 

averaged over the three-year study period, total production within the control 

treatment could only be explained by soil depth, which had a positive affect. When 

precipitation was considered, soil depth continued to be a positive factor in total 

production. Additionally, fall precipitation (September through November) and winter 

precipitation (December through February) decreased the variability of the model 

from R2 = .06 (without precipitation) to R2 = .87 (with precipitation). Over the 3 years 

of the study this would indicate that precipitation was an overall controlling factor in 

total production of weedy annual grasses and forbs. These findings agree with earlier 

studies by (Pitt and Heady 1978), (Duncan and Woodmansee 1975) (Noble and 

Slayter 1980), (George et al. 1985), (George et al. 1988) and others. 
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Seeded Palestine orchardgrass germinated and grew on 7 of 14 sites on which 

it was planted. It established best on sites with deep, sandy-clay-loam soils or deep, 

clay soils at elevations above 800 m. Production of Palestine orchardgrass on the 7 

sites where it established averaged 1345 kg DM/ha in 1993, 1761 kg DM/ha in 1994 

and 1763 kg DM/ha in 1995. Production of all vegetation on plots with orchardgrass 

was higher than on control plots in each year. Orchardgrass was more stable in year-

to-year production than was the annual plant community. Establishing an orchardgrass 

stand, therefore, increased the quantity and quality of forage available for domestic 

livestock and wildlife. It also extended the availability of green forage later into the 

summer than the weedy annual plant communities that currently occupy these lands. 

Orchardgrass stands are slow to develop and these seedings continued to develop 5 

years after seeding. Since the germination/seedling stage of development is when 

Palestine orchardgrass is weakest and surviving plants are relatively goodat self-

seeding, we believe that success or failure of a seeding effort should not be judged 

until 4 to 5 years after seeding. 

Covar sheep fescue grew across the entire elevational gradient tested with our 

plots. It averaged 704 kg DM/ha, 656 kg DM/ha, and 833 kg DM/ha in 1993, 1994 

and 1995 respectively. It did not grow well on a site with only 25 cm soil depth but 

established dominance on sites with 40 cm soil depth or greater. Some of the sites 

with very deep soils (>60 cm) had weaker stands, perhaps because of increased 

competition from deeper-rooted plants. 

Overall production was higher on sheep fescue plots in all years than on 

control plots. Sheep fescue had a broader ecological range than Palestine orchardgrass 

in the study area. Therefore, it has greater potential for improvement. It can grow on 

harsher sites with heavier clay soils than Palestine orchardgrass. This may enhance the 

use of sheep fescue for soil conservation programs. Orchardgrass is, however, better 
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suited to deep soils at elevations above 800 m. Orchardgrass is very palatable, making 

it an excellent forage crop for livestock and wildlife. 

Orchardgrass and sheep fescue will increase the period of green herbaceous 

cover, decreasing fire hazard and increasing forage production. This will also improve 

the aesthetic component of foothill rangelands currently dominated by weedy annual 

plants. 
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Abstract 

Exotic annual grasses and weeds dominate the foothill rangelands of interior 

southwest Oregon. Major grassy weeds are medusahead rye (Taenitatherm caput-

medusae (L.) Nevski), soft chess (Bromus mollis L.), California brome (Bromus 

carinatus H. &A.), downy brome (Bromus tectorum L.), and ripgut brome (Bromus 

diandrus Roth). Yellow starthistle (Centaurea solstitialis L.) is the dominant weedy 

forb. These weeds are undesirable because they are less nutritious and often injurious 

to livestock and wildlife and they diminish recreational opportunities and aesthetic 

value. This study was designed to document how Covar sheep fescue (Festuca ovina 

L. Koch. var. Covar) and Palestine orchardgrass (Dactylis glomerata L. var. Palestine) 

impact the production of weedy species. In 1990, 14 sites were developed that 

represented an elevational gradient from the valley floor (565 m) to the upper limit of 

the annual plant zone (1030 m). At each site, exclosures were established and 

treatments installed in a randomized block design. Treatments consisted of a control, 

which received no disturbance, herbicide or seeding; and applications ofherbicides to 

control annual weeds and planting with Covar sheep fescue or Palestine orchardgrass. 

The objective of the study was to determine to what extent seeded perennial 

grasses, as mature stands, interfere with weedy annual plants. Once established, 

seeded perennials had the ability to acquire site resources and lower production of 

annual grasses. Five years after seeding, production of yellow starthistle was higher in 

the sheep fescue and orchardgrass treatment than in the control plots (P= 0.07) and 

(P= 0.09), respectively. Both seeded species increased the amount of above-ground 
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production while decreasing the production of medusahead rye, hedgehog dogtail 

(Cynosurus echinatus L.), other annual grasses, and annual and biennial forbs. 

Additionally, they reduced the year to year variation in total above-ground production. 

Key Words: Interference, annual grasses and weeds, perennial grasses, foothill 
rangeland. 
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Introduction 

The foothill rangelands of interior valleys in southwestern Oregon have 

substantial topographic and environmental variability. The foothill rangelands have 

provided for livestock forage, home sites, recreation, and domestic water to residents 

as well as habitat for wildlife since humans first arrived in the area. Major changes 

have occurred to the landscape and vegetation since the arrival of Euro-Americans. 

Exotic weedy plants mostly of Eurasian origin have replaced original native perennial 

grasslands. Approximately 250,000 acres of Jackson County are presently dominated 

with weedy species (Johnson, unpublished). 

Our study was designed to determine to what extent established "Covar" sheep 

fescue (Festuca (Nina var. Covar) and "Palestine" orchardgrass (Dactylis glomerata 

var. Palestine) change a foothill community of annual grasses and forbs. We also 

documented the interference patterns between seeded species and resident annual 

grasses and forbs through several years and across the landscape. This information 

could be useful for creating geographically based regression models that predict site 

potential for restoration. Results from our study should facilitate 1) identifying 

biological and economical benefits of perennial pasture establishment on foothills, and 

2) estimating value of seeded perennial forages. 

Materials and Methods 

Site Selection 

A series of 14 experimental plots were constructed in Jackson Co., Oregon 

along 2 lines with elevational gradients that extended from the Bear Creek Valley 
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floor (565 m) to just below the Conifer Zone (1030 m elevation) (Figure 3.1). Lines 

were established in 2 watersheds. Larson Creek is located east of Medford, Oregon 

and Walker Creek is northeast of Ashland, Oregon. Eight study sites were in the 

Walker Creek drainage and 6 in the Larson Creek area. In order to be included, sites 

had to be accessible throughout the year and available through the cooperation of 

landowners/managers. Both private and public lands were used. Sites spanned the 

entire elevational range of the annual vegetation type. Several aspects and slopes were 

chosen at a location whenever possible to provide information on these factors. 

Site Description 

Physical characteristics of the study sites were measured and are given in 

Table 3.1. Elevations were determined from 7.5 minute (1:24,000) USGS quadrangle 

maps. Slope values were measured with an Abney level and aspects were determined 

with a hand-held compass. Soil type classification for each site was obtained from the 

1989 USDA Soil Conservation Service Soil Survey for Jackson County. Additionally, 

soil samples were taken and analyzed by the Crop and Soil Science Department at 

Oregon State University, Corvallis. They provided soil textural information that 

included sand, silt, and clay content. 

Precipitation levels recorded at Ashland airport are given in Appendix Table 1. 

During the 3 years of the trial, precipitation was approximately 100%, 56%, and 111% 

of the long-term average for 1993, 1994, and 1995, respectively. 

Native vegetation found at lower elevations on terraces of streams consists of 

Oregon white oak (Ouercus garryana Hook.), black oak (Ouercus kelloggli 
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Newberry), Oregon ash (Fraxinus latifolia Benth.), and Ponderosa Pine (Pinus 

ponderosa Laws.) with a shrub understory of poisonoak (Toxicodendron diversilobum 

Torrey & A. Gray), common snowberry (Symphoricarpos albus (L.) Blake), Pacific 

serviceberry (Amelanchier alnifoha (Nutt.) Nutt. ex M. Roemer), andwedgeleaf 

ceanothus (Ceanothus cuneatus (Hook.) Nutt.). Native grasses found on these sites 

include Idaho fescue (Festuca idahoensis Elmer), blue wildrye (Elymus glaucus 

Buckl.), Junegrass (Koeleria macrantha (Ledeb.) J.A. Schultes), California brome 

(Bromus carinatus Hook. & Am.), pine bluegrass (Poa secunda J. Presl), and 

Lemmon needlegrass (Achnatherum lemmonii (Swallen) Barkworth). Above stream 

terraces, foothill grasslands are either open or have an overstory of scattered Oregon 

white oak or poisonoak. These grasslands extend to and interdigitate with the conifer 

zone. Native grasses in these communities are bluebunch wheatgrass 

(Pseudoroegneria spicata (Pursh) A. Love), Idaho fescue, Junegrass, and Lemmon 

needlegrass. Principal grassy weeds are medusahead rye (Taenitatherum caput-

medusae (L.) Nevski), soft chess (Bromus mollis L.), Spanish brome (Bromus 

madritensis L.), downy brome (Bromus tectorum L.), ripgut brome (Bromus diandrus 

Roth), slender oat (Avena barbata Brot.), hedgehog dogtail (Cynosurus echinatus L.), 

and rat-tail fescue (Vulpia myuros (L.) K.C. Gmel.). In years with early precipitation 

bulbous bluegrass (Poa bulbosa L.), a short-lived perennial, is also common. Yellow 

starthistle (Centaurea solstitialis L.) is the dominant weedy forb and is found with 

burclover (Medicago polymorpha L.), catchweed bedstraw (Gahum crparine L.), 

narrowleaf plantain (Plantago lanceolata L.), redstem filaree (Erodium cicutarium 

(L.) L'Her.ex Ait.) and hairy vetch ( Vicia villosa Roth). 

http:L'Her.ex
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Figure 3.1. Location of the study sites near Medford, Phoenix, and Ashland in Jackson County, Oregon. 
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Table 3.1. Physical site characteristics of the study sites 

Site Soil 
Type 

USDA 
Textural 

Classification 

Elevation 
(nt) 

Slope 
(%) 

Aspect' Soil 
Depth 
(cm) 

Sand' 
( %) 

Silt' 
(%) 

Coarse' 
Silt 
( %) 

F f-M' 
Silt 
(%) 

Clay(' 
(%) 

Coarse' 
(%) 

M1 17C Sandy Clay Loam 568 12 0 63 51.5 21.4 5.5 15.9 27.1 0.8 

M2 27D Sandy Clay Loam 565 8 I 5 I 45.4 24.3 8.5 15.8 30.2 1.4 

M3 29D Clay 826 12 I 76 9.9 26.8 5.5 21.3 63.4 7.7 

M4 29D Clay 853 10 1 75 16.4 30.6 7.0 23.6 52.9 7.3 

P1 28E Clay 603 27 I 48 18.6 32.8 10.7 22.1 48.5 4.8 
P2 27D Sandy Clay Loam 611 16 0 25 54.5 26.1 9.5 16.6 19.5 5.0 

A 1 28E Clay 613 12 1 63 9.7 28.4 6.2 272 61.9 21.5 

A2 28E Clay 610 18 0 63 8.9 25.4 5.3 20.0 65.7 1.4 

A3 28D Clay 799 10 0 74 18.4 25.1 3.5 21.6 56.5 4.2 
A4 28D Clay 801 40 1 51 31.2 772 5.3 21.9 41.6 10.7 

AS 28D Clay 802 55 1 46 33.7 24.2 4.3 19.8 42.2 11.2 

A6 27D Clay 853 5 0 66 20.6 31.4 7.7 23.7 48 6.4 

A7 28E Clay 860 20 0 68 22.3 27.5 4.9 22.6 50.2 5.1 

A8 28D Clay 1030 10 I 48 17.3 33.1 7.9 25.1 49.6 2.5 

(0 = north aspect, 1 = south aspect), Sand = 2 - .05 mm, 
6 Clay < 0.002mm,' Coarse > 2mm 

= 0.05 - 0.002mm, 4 Coarse silt = 0.05 0.02mm, FandM silt = 0.02 0.002mm, 
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Treatments 

Field plots were established and seeded at each study site in the fall of 1990 

(Barrington, 1994). A Randomized Complete Block Design was used to arrange 

treatments. Each site was divided into 3 blocks, which were further subdivided into 4 

experimental units (3 x 4.5 m). The following treatments were randomly assigned 

each experimental unit within each block: 

1. Control (no disturbance, herbicide, or seeding) 

2. "Palestine" Orchardgrass 

3. "Covar" Sheep Fescue 

4. "Berber" Orchardgrass 

Berber orchardgrass established on only 2 sites, and is excluded from the 

analysis. It should be noted, however, that seedings on similar sites in Jackson County 

have been successful. 

Treatments to be seeded were mowed with a lawn mower to an 8-cm stubble 

height. Residue was hand raked and removed from the site. Control treatments were 

left undisturbed. 

After fall rains induced germination of weeds, experimental units to be seeded 

were sprayed with 1.1 kg/ha of active ingredient (ai) (1-lb ai per acre) glyphosate 

(Roundup) and were left for 1 week. Test species were then seeded into appropriate 

subplots in each treatment block using a Planet Jr. hand seeder. Seeding rate was 11 

kg pure live seed (pls)/ha. Seeding depth was set to 1 cm and row spacing was 25 cm. 

Concern over successful germination of the initial seeding prompted a broadcast 

seeding during fall 1991. There was no apparent germination from this seeding. 
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All seeded subplots (non-control treatments) were treated with 2,4-D (at 1.1 kg 

ai/ha on April 12, 1991 and April 2, 1992) to control annual broadleaf plants. A single 

application of Hoelon was made on March 23, 1992 to control annual grasses in the 

non-control treatments. Each site included an area covered with vispore®. Plugs of 

the seeded grasses were established within the vispore and used to calibrate visual 

weight estimates using the weight estimate procedure (Pechanec and Pickford 1937). 

All plots were fenced to reduce disturbance by large herbivores. 

Data Collection and Analysis 

Within each experimental unit, a buffer zone of 0.5 m around the perimeter 

was delineated and excluded from sampling to reduce the effect of external plot 

factors. Ten randomly located permanent quarter-meter2 sample quadrats were used to 

measure above-ground production of seeded species, 5 of which were used to measure 

above-ground production of selected resident annuals. Five randomly located 

permanent quarter-meter2 sample quadrats were used to measure above-ground 

production in the control subplots. Above-ground production was estimated using a 

modified weight estimate method (Pechanec and Pickford 1937). Quadrats sampled 

within the buffer area were used to calibrate estimates of above-ground production 

before sampling each treatment replication. 

Berber orchardgrass established on only 2 sites, and is excluded from the 

analysis. It should be noted, however, that seeding on similar sites in Jackson County 

have been successful. Samples of all other species and categories were collected for 
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each sample date and site. Samples were oven dried to a constant weight and 

reweighed to determine dry weight conversions. Peak standing crop samples were 

collected during late May and early June of the 3 sample years. All peak standing 

crop values were analyzed and will be reported on a dry-weight basis. 

Statistical Analysis System (SAS) was used to store, manipulate and analyze 

data (SAS Institute Inc. 1988). Mean response was determined for each subplot 

receiving the same treatment at each site. 

The General Linear Models procedure (SAS Institute Inc. 1988) was used for 

the analysis. Dry weights of seeded species, selected resident annuals, total annuals, 

and total perennials were used to determine mean production across an elevational 

gradient. A protected LSD (SAS Institute Inc. 1988) was used test differences among 

mean values and to analyze the interference between the established perennial grass 

species and the associated annual weeds. Null hypotheses for this experiment were: 

H.: Established seeded perennial grasses have no effect on the standing crop of 

weedy annual plants. 

H.: Production of established seeded perennial grasses has no year-to-year effect 
on production of weedy annual plants. 

Results and Discussion 

Sheep fescue established on all sites where it was seeded and Palestine 

orchardgrass established on 7 of 14 sites. By 1993, 3 years after seeding, seeded 

species had developed enough to contribute approximately 20% of the above-ground 
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production. Total above-ground production in 1993 was significantly higher in both 

seeded treatments than the control (P=0.0396) and (P=0.0035) in the orchardgrass and 

sheep fescue treatments, respectively (Table 3.2). Plots seeded to perennial grass had 

higher above-ground production than controls because of the mass of the seeded 

perennial grasses. This indicates that once established, seeded perennial grasses can 

decrease the year-to-year variability of above-ground production, associated with 

annual grasses and forbs. 

During 1994, a dryer than average year, the control plots decreased in total 

production from 1993 levels of 86% and 89% to 31% and 59% of the orchardgrass and 

sheep fescue treatments, respectively (Table 3.2). In the 1994-growing season, 

precipitation was approximately 50% of 1993 and production was dramatically reduced 

from 1993 levels. The control plots produced 11% of their 1993 levels while 

orchardgrass and sheep fescue total above ground production was 33% and 17% of 

1993 levels, respectively. Thus the presence of perennial grasses decreased the 

variability of production during a single year of drought. 

Within 1994, the control treatment only realized 59% of the total above-ground 

production of the sheep fescue treatment and 31% of the total above-ground production 

of the orchardgrass treatment. With closer to average precipitation amounts in 1995 

total production in the control treatment was 2120 kg DM/ha compared to 2550 kg 

DM/ha in the sheep fescue treatments and 2459 kg DM/ha compared to 3480 kg DM/ha 

in the orchardgrass treatments, respectively. 1995 percentages were 83% and 71% of 

sheep fescue and orchardgrass treatments, respectively. 
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Sheep fescue and orchardgrass treatments significantly increased the above-

ground production in 1995 (Table 3.2). Annual plants were the most variable 

components of these plant communities. 

Effect of Perennial Grasses on Production of Weedy Species 

Yellow Starthistle 

Production of yellow starthistle was greater in the Palestine orchardgrass and 

Covar sheep fescue treatments than in the control in 1993 (Table 3.3). Yellow 

starthistle production was substantially lower in 1994, a very dry year, (4% to 11% of 

1993 levels). The sheep fescue treatment had significantly less yellow starthistle 

production than did the control (P = 0.0111). The orchardgrass treatment, although 

not statistically significant, numerically had less yellow starthistle. Because 

precipitation was sparse, sheep fescue more completely used moisture in the upper 

profile and lower portions of the soil profile were not charged with water. This likely 

caused poor growth of the deep-rooted starthistle (Tables 3.3). 

By 1995, 5 years after planting, although not significantly different (Table 3.3) 

starthistle was still greater in the seeded treatments than the controls. Perennial grass 

presence in years with normal precipitation did not adversely affect starthistle 

production. This may have occurred because yellow starthistle was extracting soil 

moisture and nutrients from greater depth than the perennial grasses and recharge 

occurs in winter before grasses are actively using moisture. It appeared that 
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Table 3.2. Least square mean above-ground production (all species) in kg DM/ha 
within each treatment. Production on Palestine orchardgrass (PO) treatment is 
compared to production of the control for the seven plots on which it successfully 
established. Total production in the sheep fescue (SF) seeding is compared across all 
fourteen sites. 

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
kg DM/ha kg DM/ha PO = kg DM/ha kg SF = 

Control DM/ha Control 
Pr>lt1 Pr>ltf 

1993 6433 5538 0.0396 5498 4885 0.0035 
1994 2116 652 <0.0001 933 552 <0.0001 
1995 3480 2459 0.0041 2550 2120 0.0005 
Mean 4010 2883 2994 2505 

Table 3.3. Least square mean yellow starthistle production in kg DM/ha within each 
treatment. Yellow starthisle production in the Palestine orchardgrass (PO) treatment is 
compared to its production level in control plots for the seven plots on which 
orchardgrass successfully established. Yellow starthisle production in the sheep fescue 
(SF) seeding is compared across all fourteen sites. 

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
kg DM/ha kg DM/ha PO = kg DM/ha kg DM/ha SF = 

Control Control 
Pr >ItJ Pr>lt1 

1993 1067 841 0.1631 1213 987 0.0863 
1994 87 100 0.3719 53 79 0.0111 
1995 290 212 0.0881 429 315 0.0688 

Mean 481 384 565 460 
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orchardgrass and sheep fescue competed more strongly with annual grasses than with 

yellow starthistle. Both orchardgrass and sheep fescue plants continue to increase in 

number and size of individual plants, which may eventually decrease production of 

yellow starthistle, if rooting depth increases. We also observed that perennials on 

better sites were more competitive than those growing on poor sites. 

Medusahead 

Production of medusahead in 1993 was significantly higher (Table 3.4) in both 

Palestine orchardgrass and sheep fescue plots than in the control plots. This was 

probably because the perennial grasses had not achieved dominance 3 years after 

seeding. By 1994 there was a statistically significant reduction of medusahead in 

sheep fescue plots (P = 0.0041) and the Palestine orchardgrass plots (P = 0.0276) 

when contrasted with the control plots. In 1995 both the sheep fescue and Palestine 

orchardgrass plots produced significantly less (P < 0.0001) medusahead than the 

control, indicating a shift in species composition in favor of the seeded perennial 

grasses. Sheep fescue and orchardgrass appear to be strong competitors with 

medusahead. Although orchardgrass has a deeper rooting zone than does sheep 

fescue or medusahead it appears to effectively compete for soil moisture. 
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Table 3.4. Least square mean medusahead production in kg DM/ha within each  
treatment. Medusahead production in the Palestine orchardgrass (PO) treatment is  
compared to its production level in control plots for the seven plots on which  
orchardgrass successfully established. Medusahead production in the sheep fescue  
(SF) seeding is compared across all fourteen sites.  

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
Kg DM/ha kg DM/ha PO = kg DM/ha kg DM/ha SF = 

Control Control 
Pr >ItI Pr>lti 

1993 1461 561 0.0006 1257 439 <0.0001 

1994 88 169 0.0276 79 128 0.0041 

1995 289 585 <0.0001 236 445 <0.0001 

Mean 613 438 524 337 

Hedgehog dogtail 

On the foothill rangelands of Jackson County, Oregon, hedgehog dogtail grows 

best under Oak canopies with smaller amounts found in openings or on grasslands 

without a canopy. Over the 3 year period of the trial mean production of dogtail 

ranged from a low of 11 kg DM/ha in the sheep fescue treatment in 1994 to a high of 

195 kg DM/ha in the control treatment in 1993. There was a significant difference 

each of the 3 years between the control and seeded treatments (Table 3.5). It appeared 

that hedgehog dogtail is quite sensitive to competition from both sheep fescue and 

Palestine orchardgrass. 
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Table 3.5. Least square mean hedgehog dogtail production in kg DM/ha within each 
treatment. Hedgehog dogtail production in the Palestine orchardgrass (PO) treatment 
is compared to its production level in control plots for the seven plots on which 
orchardgrass successfully established. Hedgehog dogtail production in the sheep 
fescue (SF) seeding is compared across all fourteen sites. 

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
kg DM/ha kg DM/ha PO = kg DM/ha kg DM/ha SF = 

Control Control 
Pr>lti Pr>lti 

1993 20 90 <0.0001 29 195 <0.0001 
1994 19 30 0.0511 11 42 <0.0001 
1995 37 100 <0.0001 47 129 <0.0001 

Mean 25 73 29 122 

Bulbous bluegrass 

During the trial, bulbous bluegrass production was also highly dependent upon 

year- to-year precipitation and temperature levels. In this respect this short-lived 

perennial appears to function more as an annual than a perennial. Production levels 

ranged from a low of 1 kg DM/ha in the sheep fescue treatment in 1995 to a high of 20 

kg DM/ha in the sheep fescue and orchardgrass treatments in 1993 (Table 3.6). There 

was no detectable bulbous bluegrass production in any of the treatments in 1994. 

Drought was likely the limiting factor. Although there was statistically significant less 

production of bulbous bluegrass in the sheep fescue treatment than the control in 1995 

it made little difference on a landscape level. There was no significant difference 

between the orchardgrass plots and the control plots. 
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Table 3.6. Least square mean bulbous bluegrass production in kg DM/ha within each 
treatment. Bulbous bluegrass production in the Palestine orchardgrass (PO) treatment 
is compared to its production level in control plots for the seven plots on which 
orchardgrass successfully established. Bulbous bluegrass production in the sheep 
fescue (SF) seeding is compared across all fourteen sites. 

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
kg DM/ha kg DM/ha PO = kg kg DM/ha SF = 

Control DM/ha Control 
Pr>ltj Pr >jtj 

1993 17 20 0.4734 17 20 0.2979 

1994 0 0 * 0 0 * 

1995 1 3 0.0922 1 5 0.0095 

Mean 6 8 6 8 

Other annual and biennial forbs 

This category is a composite of burclover (Medicago polymorpha L.), 

catchweed bedstraw (Gahum aparine L.), narrowleaf plantain (Plantago lanceolata 

L.), redstem filaree (Erodium cicutarium (L.) L'Her.ex Ait.) and hairy vetch (Vicia 

villosa Roth) and others not specified. During the 3 years of the trial, other annual 

forb production was significantly different between the seeded treatments and the 

control in 1993 and 1994 (Table 3.7). Although seeded treatments were not 

significantly different from the controls in 1995 there was numerically less above-

ground production of other annual and biennial forbs in the seeded treatments. 

Above-ground production averages ranged from 43 kg DM/ha in the 1994 sheep 

fescue plots to 2272 in the 1993 control plots. Seeded grasses significantly reduced 

http:L'Her.ex
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above-ground production of other annual and biennial forbs in 1993 when moisture 

was plentiful. During 1994 there was little above-ground production by plants in this 

category, only 5% of 1993 levels. There were significant differences between the 

seeded plots and the control plots, however, little impact on a landscape level, during 

this dry year. The seeded perennial grasses impact each annual or biennial forb 

species differently, but on aggregate their production was reduced. 

Table 3.7. Least square mean other annual and biennial forb production in kg DM/ha 
within each treatment. Other annual and biennial forb production in the Palestine 
orchardgrass (P0) treatment is compared to its production level in control plots for the 
seven plots on which orchardgrass successfully established. Other annual and biennial 
forb production in the sheep fescue (SF) seeding is compared across all fourteen sites. 

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
Kg DM/ha kg DM/ha PO = kg DM/ha kg DM/ha SF = 

Control Control 
Pr >Itj PPM 

1349 2272 0.0050 894 1458 0.00061993 
70 108 0.0495 43 73 0.04361994 

1995 747 1040 0.1022 566 663 0.1736 

Mean 722 1140 501 731 

Other annual grasses 

Other-annual-grass species included all bromes, wild oats, and others not 

singled out for individual analysis. There were significant differences (Table 3.8) 
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Table 3.8. Least square mean other annual grass production in kg DM/ha within each 
treatment. Other annual grass production in the Palestine orchardgrass (PO) treatment 
is compared to its production level in control plots for the seven plots on which 
orchardgrass successfully established. Other annual grass production in the sheep 
fescue (SF) seeding is compared across all fourteen sites. 

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
kg DM/ha kg DM/ha PO = kg DM/ha kg DM/ha SF = 

Control Control 
Pr>ltj Pr>itl 

1993 1169 1709 <0.0001 1380 1756 0.0025 
1994 75 140 0.0034 83 161 <0.0001 

1995 352 508 0.0087 437 554 0.0166 
Mean 532 786 633 824 

in above-ground production of annual grasses among seeded plots and control plots 

each year. There was substantially less other-annual-grass production in both 

orchardgrass and sheep fescue plots compared to the control treatment in 1993, 1994, 

and 1995. It seems reasonable that competition is more direct between annual and 

perennial grasses with fibrous roots in the same zone than between tap-rooted forbs 

and perennial grasses, which likely draw moisture from different soil depths. 

Perennial forbs and other perennial grasses 

Perennial forbs and grasses are relatively rare on the foothill grasslands and 

production was very limited. The perennial forb category consisted principally of 
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plantain (Plantago lanceolata L.), curley dock (Rumex crispus L.) and chickory 

(Cichorium intybus L.). During the last 2 years of the trial, seeded grasses reduced the 

above-ground production of these plants (Table 3.9). 

Other-perennial grasses consisted almost exclusively tall fescue (Festuca 

arundinaceae Schreb.) with scattered individuals of Idaho fescue and Lemmon 

needlegrass. As with the perennial forbs, seeded sheep fescue and orchardgrass 

reduced production. Because of the limited production a significant difference was not 

realized any year of the trial (Table 3.10). 

Table 3.9. Least square mean perennial forb production in kg DM/ha within each 
treatment. Other perennial forb production in the Palestine orchardgrass (PO) 
treatment is compared to its production level in control plots for the seven plots on 
which orchardgrass successfully established. Other perennial forb production in the 
sheep fescue (SF) seeding is compared across all fourteen sites. 

Year Treatment and Null Hypotheses  

Palestine Control  Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
kg DM/ha kg DM/ha PO = kg DM/ha kg DM/ha SF --

Control Control 
Pr>jtj Pr>ltf 

1993 0 7 0.3343 1 3 0.4234 
1994 11 67 0.0275 7 47 0.0049 
1995 2 9 0.0230 1 6 0.0008 

Mean 4 28 3 19 
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Table 3.10. Least square mean perennial grass production in kg DM/ha within each 
treatment. Other perennial grass production in the Palestine orchardgrass (PO) 
treatment is compared to its production level in control plots for the seven plots on 
which orchardgrass successfully established. Other perennial grass production in the 
sheep fescue (SF) seeding is compared across all fourteen sites. 

Year Treatment and Null Hypotheses 

Palestine Control Sheep Control 
Orchardgrass Fescue 

Ho: Ho: 
kg DM/ha Kg DM/ha PO = kg DM/ha kg DM/ha SF = 

Control Control 
Pr>lti Pr>itl 

1993 3 39 0.1892 4 26 0.1931 
1994 0 32 0.2673 1 17 0.2451 
1995 0 2 0.2835 0 1 0.2736 

Mean 1 24 2 15 

Conclusions 

Once established, both species of seeded perennial grasses had substantial 

influence on production and composition of resident annual grasses and weeds on 

foothill rangelands of southwest Oregon. Yellow starthistle's persistence in the seeded 

treatments may have been directly related to its deep rooting and a decrease in both the 

annual grass and forb composition in the seeded treatments relative to the control. 

Medusahead above-ground production increased in 1993 in the seeded 

treatments when compared to control plots. Medusahead above-ground production 

decreased, however, in seeded treatments in both 1994 and 1995 when compared to 

control plots. This may have allowed for a release of site resources to the advantage of 

yellow starthistle. 
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Both seeded species increased the amount of usable forage while decreasing 

above-ground production of annual grasses and forbs. Additionally, they have 

decreased variability in year-to-year production of usable forage. These seeded 

perennial grasses may also enhance recreational activity and aesthetics on the foothill 

rangelands of southwest Oregon. Continued research is needed, especially to determine 

stand longevity of Covar sheep fescue and Palestine orchardgrass under a variety of site 

and climatic conditions. Research is also needed to determine the effects of grazing 

management by both domestic livestock and wildlife. Nutrient interactions and the 

effect of fertilizers on stands should also be explored. 

An economic analysis should be completed utilizing this data to help estimate a 

realistic cost per acre for seeding and establishment of these seeded species. A 

economic time-line should also be determined for a return on investment of an 

improvement project. 
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Chapter 4 

Summary 

Land managers need information to assess the ability of specific land areas or 

landscapes to establish and maintain stands of seeded perennial grass species. These 

species must be able to interfere with resident annual grasses and forbs and enhance 

both the quantity and quality of vegetation. Knowledge of site characteristics 

including soil depth, soil texture (sand, silt, and clay content), slope, aspect, elevation 

is critical in an overall determination of a site ability to respond to perennial grass 

seedings. Climatic factors, especially precipitation, appear to have a larger impact on 

yearly above-ground production of annual grasses and forbs than on perennial grasses. 

Once established the seeded grasses in this study appear to have the ability to enhance 

yearly vegetative production and to provide higher levels of above-ground production 

in drought years. 

The models generated in this study indicated that Palestine orchardgrass 

established best on sites with deep, sandy clay loam soils below 800 m elevation or 

deep clay soils above 800 m elevation. Production of vegetation on plots with 

established orchardgrass was higher than on control plots. Orchardgrass was less 

variable in year-to-year production than annual plant controls growing on the same 

site. Grazing animals generally prefer orchardgrass to annual weedy plants. Thus, 

orchardgrass stands provide greater quantity and quality of forage available for 

domestic livestock and wildlife. 
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Within the study period, production of annual grasses, other annual and biennial 

forbs, and perennial forbs was suppressed in orchardgrass plots. Yellow starthistle 

production was not impacted by orchardgrass during the same time period. It may 

take a longer period of time than this study allowed for orchardgrass seedings to 

impact on yellow starthistle. Berber orchardgrass and Palestine orchardgrass 

established stands have suppressed yellow starthistle in a prior study in the area 

(Borman et al., 1991) 

Covar sheep fescue established on all sites, but generally was more successful 

on sites with moderate soil depth. Shallow soils (25 cm) or deep soils (>60cm) had 

weaker stands. By 1995, total above-ground production was greater in sheep fescue 

plots than the control plots. It can grow on harsher sites with heavier clay soils than 

Palestine orchardgrass. 

Similar to orchardgrass, sheep fescue was able to enhance year to year 

production of usable forage. Although sheep fescue is not readily preferred to 

orchardgrass it is considerably better as forage than the resident annual, weedy grasses 

and forbs and will be a positive contribution to soil conservation programs in Jackson 

County, Oregon. 

Information from this study can be incorporated into currently available GIS 

programs to help land managers with range and foothill restoration projects. This 

information could ultimately be used in other geographical locations with similar 

topography and climatic regimes such as northern California. Likewise the 
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methodology used in these trials could be utilized in dissimilar locations to develop 

mathematical models suited to individual site characteristics and climate. 

Future work and research studies are indicated in many areas including but not 

limited to the following: 1) An economic analysis should be completed, utilizing data 

from this study to estimate a realistic cost/return per acre for seeding and 

establishment of these grasses. 2) Grazing management methods should be studied 

that determine best management practices for establishment and stand maintenance, 

which include timing, intensity, and duration. 3) Other site preparation procedures 

utilizing fire, mechanical, grazing, herbicide, and combinations of these should be 

studied. 4) Effects on establishment with use of other grasses in combination with the 

grasses in this study should be evaluated. 5) The effects of establishment of these 

species on native perennial grass establishment and production should be analyzed. 6) 

Timing of nutrient pulses, especially nitrogen, on production of both resident annual 

grasses and seeded perennial grasses should be determined. 
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Appendix Table 1. September to May precipitation received at the Ashland Airport, 
Ashland, Oregon for the years 1992 to 1995. 

Ashland airport precipitation levels (milimeters) 
September 1992 through May 1995 

Year 
Month 1992 - 1993 1993 - 1994 1994 - 1995 
September 1.3 0 18 
October 51 19 14 
November 36 22 133 
December 78 45 36 
January 95 25 102 
Febuary 45 42 4 
March 35 36 83 
April 43 25 87 
May 67 43 43 
Total 451.3 257 520 
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Appendix Table 2. September to May precipitation received at the Southern Oregon  
Research and Extension Center, 569 Hanley Road, Central Point, Oregon for the years 
1992 to 1995. 

Medford Experiment Station precipitation levels (milimeters) 
September 1992 through May 1995 

Year 
Month 1992 - 1993 1993 - 1994 1994 - 1995 
September 5 0 11 
October 67 31 14 
November 50 19 113 
December 125 80 38 
January 100 36 134 
Febuary 49 42 38 
March 46 30 103 
April 69 19 79 
May 73 19 26 
Total 584 276 556 
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Appendix Figure 1. Plot Diagram for Site M1 on the Study Area in Southwestern 
Oregon. 
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UTM Location: 
X= 517518 
Y= 4685450 
Elevation: 568m 
Aspect: 300 degrees 
Slope: 10 % 
Soil Type: 17c Brader - Debenger 
Date Seeded: November 12, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate (Roundup) November 2, 1990 (235 ml ae/7.5 I water / site) 
2,4-D _April 12, 1991 (47 ml ae / 7.5 1 water / site) 
2,4-D April 1, 1992 
Hoelon March 22. 1992 ( 72 ml ae / 7 5 1 water / site) 

Fenced: 
Barbed Wire: April 3, 1991 Net Wire: October 28 1991 

Vispore Plots Established: October 22. 1991 
Broadcast Treatment Over Row Plots- November :5, 1991 
Site History (disturbance. etc.): 
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Appendix Figure 2. Plot Diagram for Site M2 on the Study Area in Southwestern 
Oregon. 

I	
A Vispore Plots-Q-3m-a- I33 

\ 3C 3Block 2 
yrl 3 1 2 

Sheep Berber Palestine Control upFescue 
slope 

yr2 2 3 1 

1 
areaacast Ptah 

2 I 32 Berber Palestine Control	 Sheep :. : '"''''''""' 
Fescue 

a - dm.. 0........  
t - Id... 0.......  
I c.... a.. ...... 

3 2 1 

I
Palestine Control Sheep Berber 43 y r I3	 1 2 3Fescue in 

1 
a a C	 yr2 1 3 2C 8 A 
Z 2 2 I 1 1 

ULM Location:  
X 517612  
Y= 4685400  
Elevation: 56.5 m  
Aspect: 120 degrees  
Slope: 8 %  
Soil Type: 27d Carney clay  
Date Seeded: November 12, 1990  
Herbicide Treatment:  

Type	 Date 
Glyphosate November 2, 1990  

2 , 4 - D April 12, 1991  
2 , 4 D April 1, 1992  
Hoelon March 22 1992  

Fenced:  
Barbed Wire: November 2, 1991 Net Wire: October 28, 1991  

Vispore Plots Established: May 22. 1991  
Year Two Seedlings Established:  

Broadcast Treatment Over Row Plots: November 5. 1991  
Site History (disturbance. etc.):  
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Appendix Figure 3. Plot Diagram for Site M3 on the Study Area in Southwestern 
Oregon. 
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UTM Location:  
X= 520481  
Y= 4685475 
Elevation: 826 m 
Aspect: 180 degrees 
Slope: 10 % 
Soil Type: 29d Carney cobbly clay 
Date Seeded: November 11, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate November 2, 1990  

2 , 4 - D April 12, 1991  
2 , 4 - D April 1, 1992  
Hoelon March 22, 1992  

Fenced: 
Barbed Wire: April 4, 1991 Net Wire: October 29, 1991 

Vispore Plots Established: May 23, 1991 
Year Two Seedlings Established: 

Broadcast Treatment Over Row Plots: November 5, 1991 
Site History (disturbance, etc.): 
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Appendix Figure 4. Plot Diagram for Site M4 on the Study Area in Southwestern 
Oregon. 
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UTM Location:  
X= 520731  
Y= 4685700  
Elevation: 853 at  
Aspect: 245 degrees  
Slope: 5 %  

Soil Type: 29d Carney cobbly clay  
Date Seeded: November 9, 1990  
Herbicide Treatment: 

Type Date  
Glyphosate  November 2, 1990  

2 , 4 - D  April 12, 1991  
2 , 4 - D April 1, 1992  
Hoelon  March 22, 1992 

Fenced: 

Barbed Wire: June 16, 1992 Net Wire: 
Vispore Plots Established: 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 5 1991 
Site History (disturbance, etc.): 
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Appendix Figure 5. Plot Diagram for Site P1 on the Study Area in Southwestern Oregon. 
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UTM Location: 
X= 517375 
Y= 4682187 
Elevation: 603 m 
Aspect: 230 degrees 
Slope: 15 % 
Soil Type: 28e Carney cobbly clay 
Date Seeded: November 2, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate October 27, 1990 

2 , 4 - D April 12, 1991 
2 , 4 - D April 2. 1992 

Fenced: 
Barbed Wire: March 5, 1991 Net Wire: 

Vispore Plots Established: 
Year Two Seedlings Established: 

Broadcast Treatment Over Row Plots: November 6. 1991 
Site History (disturbance, etc.): 
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Appendix Figure 6. Plot Diagram for Site P2 on the Study Area in Southwestern Oregon. 
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UTM Location:  
X= 517749  
Y= 4681826  
Elevation: 611 m  
Aspect: 10 %  
Slope: 10 %  
Soil Type: 27d Carney clay  
Date Seeded: November 3, 1990  
Herbicide Treatment:  

Type Date 
Glyphosate October 27, 1990 

2 , 4 - D April 12, 1991 
2 4 - D April 2, 1992 
Hoelon March 23, 1992 

Fenced:  
Barbed Wire: March 5, 1991 Net Wire_  

Vispore Plots Established:  
Year Two Seedlings Established:  

Broadcast Treatment Over Row Plots: November 6. 1991  

Site History (disturbance. etc.):  
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Appendix Figure 7. Plot Diagram for Site Al on the Study Area in Southwestern 
Oregon. 
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UTM Location: 
X= 530439 
Y= 4671855 
Elevation: 613 in 
Aspect: 180 degrees 
Slope: 12 % 
Soil Type: 28e Carney cobbly clay 
Date Seeded: November 9, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate October 27, 1990  

2,4-D April 12, 1991  
2.4-D April 2, 1992  

Hoelon March 23, 1992  

Fenced: 
Barbed Wire: December 15. 1990 Net Wire: October 31. 1991 

Vispore Plots Established: April 3, 1992 
Year Two Seedlings Established: 

Broadcast Treatment Over Row Plots: November 1. 1991 
Site History (disturbance, etc.): 
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1 

Appendix Figure 8. Plot Diagram for Site A2 on the Study Area in Southwestern 
Oregon. 
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UTM Location:  
X= 530350  
Y= 4671936  
Elevation: 610 m  
Aspect: 300 degrees  
Slope: 12 %  
Soil Type: 28e Carney  cobbly clay  
Date Seeded: November  11, 1990  
Herbicide Treatment:  

Type  Date  
Glyphosate  October 27, 1990  

2 , 4 - D  April 12, 1991 
2 , 4 - D  April 2, 1992  
Hoelon  March 23, 1992

Fenced:  
Barbed Wire: December  15, 1990 Net Wire: October 31, 1991 Vispore Plots Established: May 25, 1991  
Year Two Seedlings Established: April 2, 1992  

Broadcast Treatment Over Row Plots: November  1, 1991 
Site History (disturbance, etc.): 
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Appendix Figure 9. Plot Diagram for Site A3 on the Study Area in Southwestern 
Oregon. 
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UTM Location: 
X= 533147 
Y= 4674512 
Elevation: 799 m 
Aspect: 350 degrees 
Slope: 10 % 
Soil Type: 28d Carney cobbly clay 
Date Seeded: November 11, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate October 27, 1990 

2 , 4 - D April 12, 1991 
2 , 4 - D April 2, 1992 
Hoelon March 23, 1992 

Fenced: 
Barbed Wire: May 15, 1991 Net Wire: October 25, 1991 

Vispore Plots Established: May 25. 1991 
Year Two Seedlings Established: 

Broadcast Treatment Over Row Plots: November 1, 1991 
Site History (disturbance, etc.): 
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I 

Appendix Figure 10. Plot Diagram for Site A4 on the Study Area in Southwestern
Oregon. 
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UTM Location:  
X= 533247  
Y= 4674338  
Elevation: 801 m  
Aspect: 260 degrees  
Slope: 40 %  
Soil Type: 28d Carney cobbly clay  
Date Seeded: November 8, 1990  
Herbicide Treatment:  

Type	 Date 
Glyphosate October 27, 1990  

2 , 4 - D April 12, 1991  
2 , 4 D April 2, 1992  
Hoelon March 23, 1992  

Fenced:  
Barbed Wire: May 20, 1991 Net Wire:  

Vispore Plots Established:  
Year Two Seedlings Established:  

Broadcast Treatment Over Row Plots: November 1, 1991  
Site History (disturbance, etc-):  
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Appendix Figure 11. Plot Diagram for Site AS on the Study Area in Southwestern
Oregon. 
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UTM Location:  
X= 533272  
Y= 4674325  
Elevation: 802 m  
Aspect: 190 degrees  
Slope: 55 %  
Soil Type: 28d Carney cobbly clay  
Date Seeded November 9, 1990  
Herbicide Treatment:  

Type	 Date 
Glyphosate October 27, 1990  

2 , 4 - D  April 12, 1991  
2 , 4 - D  April 2, 1992 
Hoelon March 23, 1992 

Fenced: 
Barbed Wire: May 20, 1991 Net Wire: October 30, 1991 

Vispore Plots Established: May 25, 1991 
Year Two Seedlings Established: 

Broadcast Treatment Over Row Plots: November 1, 1991 
Site History (disturbance, etc.): 
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Appendix Figure 12. Plot Diagram for Site A6 on the Study Area in Southwestern 
Oregon. 
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UTM Location: 
X= 533774 
Y= 4675088 
Elevation: 853 to 
Aspect: 280 degrees 
Slope: 5 % 
Soil Type: 27d Carney clay 
Date Seeded: November 10, 1990 
Herbicide Treatment 

Type Date 
Glyphosate October 26, 1990 

2 , 4 - D April 12, 1991 
2 4 - 1) April 2, 1991 
Hoelon March 23, 1992 

Fenced: 
Barbed Wire: May 21. 1991 Net Wire: 

Vispore Plots Established: 
Year Two Seedlings Established: 

Broadcast Treatment Over Row Plots: November 1, 1991 
Site History (disturbance, etc.): 
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Appendix Figure 13. Plot Diagram for Site A7 on the Study Area in Southwestern 
Oregon. 
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UTM Location: 
X= 533911 
Y= 4675087 
Elevation: 860 m 
Aspect: 280 degrees 
Slope: 20 % 
Soil Type: 28e Carney cobbly clay 
Date Seeded: November 10, 1990 
Herbicide Treatment: 

Type Date  
Glyphosate  October 26, 1990  

2 , 4 - D  April 12, 1991  
2 , 4 - D  April 2, 1992 
Hoelon March 23, 1992 

Fenced: 
Barbed Wire: May 26, 1991 Net Wire: October 29, 1991 

Vispore Plots Established: April 5, 1992 
Year Two Seedlings Established: 

Broadcast Treatment Over Row Plots: November 1, 1991 
Site History (disturbance. etc.) 
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Appendix Figure 14. Plot Diagram for Site A8 on the Study Area in Southwestern 
Oregon. 
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Year Two Seedlings Established:  
Broadcast Treatment Over Row Plots: November 4, 1991  
Site History (disturbance, etc.):  
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Appendix Figure 15. Site M1 Production of vegetative components (1993 1995) as
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 16. Site M2 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control 
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Appendix Figure 17. Site M3 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 18. Site M4 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 19. Site P1 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 20. Site P2 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 21. Site Al Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 22. Site A2 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 23. Site A3 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 24. Site A4 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 25. Site AS Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 26. Site A6 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 27. Site A7 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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Appendix Figure 28. Site A8 Production of vegetative components (1993 1995) as 
measured in late May and early June on each of the three treatments: seeded with 
Palestine orchardgrass in 1990, seeded with Covar sheep fescue in 1990, and a control. 
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