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The root system of a maturing juniper exposed by bank erosion in a deeply entrenched 
stream.  Note the deep taproot and the extensive network of surface roots. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sediment trapped on the up-slope side of sagebrush litter supports grass growth. 
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Chapter 1     

Introduction and Overview 
 
Introduction 
 
This guide is intended for use by field staff of the Oregon Watershed Enhancement Board 
(OWEB), soil and water conservation districts (SWCDs), local watershed councils, state 
and federal agencies, landowners, and non-governmental organizations.  It is meant to 
assist in determining the need for treatment and developing site-specific treatment 
alternatives for the management of western juniper (Juniperus occidentalis). In addition, 
the guide includes suggestions for conducting pre-treatment inventories to refine project 
design and to lay the groundwork for monitoring the long-term effectiveness of juniper 
control projects.  The guide focuses on the treatment of juniper that has expanded beyond 
its normal range in the last 130 years (the period since European settlement) and has 
encroached on sagebrush steppe, riparian areas, abandoned cropland, and other kinds of 
land. 
 
The guide consists of five chapters and a set of appendices.  Chapter 1 discusses the 
causes and effects of western juniper expansion in the arid environment and the methods, 
benefits, and cautions associated with its management.  Chapter 2 offers information 
about organizing observations of current conditions in order to identify the need for 
treatment and prioritize treatment areas.  As this material becomes more familiar, the user 
may be able to conduct a rapid reconnaissance of an area (pasture, ranch, drainage, 
watershed, or landscape) for treatment needs and priorities without intensive surveys. 
 
Upon selection of a treatment site, refer to the guidance in Chapter 3 for conducting a 
pre-treatment inventory.  The appendices provide further instruction, worksheets, and 
supporting information on this topic.  Chapter 4 focuses the results of observation and 
pre-treatment inventory by examining treatment alternatives for the various site 
conditions.  A dichotomous key presents descriptions of common site conditions, 
including phase of woodland succession, density of deep-rooted perennial grasses, and 
severity of erosion.  By comparing the results of observations and the pre-treatment 
inventory with the descriptions in the key, the user of the guide can identify the 
appropriate statement and proceed to a discussion of treatment alternatives and other 
considerations for that particular condition to use in designing and carrying out the 
treatment. 
 
Chapter 5 discusses methods for quantitative (measured) and qualitative (observed) post-
treatment effectiveness monitoring.  Not all projects require follow-up monitoring, but 
comparing treatment results to pre-treatment levels of function and productivity is the 
best way to reveal the effectiveness and cost-benefit ratios of the project. 
 
It is important to note that the level of ability and experience of every user of this guide 
will vary.  Strict adherence to every step of this guide is not the aim; rather, the guide is 
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intended to help focus observations in directing treatment, to offer information about site 
treatment in the sustainable recovery and/or maintenance of ecological functions and 
processes, and to encourage the best possible level of documentation of site conditions 
according to the skill of the user. 
    
 
Overview       
 
Causes of Juniper Encroachment 
 
Juniper does not tolerate fire.  In the past, its 
distribution was limited primarily to landforms and 
soils that did not support fire and were isolated from 
historic fire return intervals.  Lava blisters (top right), 
rimrock (center right), scree slopes, and boulder fields 
are typically the landforms where juniper is protected 
from fire.  Relatively un-productive soils, like the 
pumice soils of central Oregon (bottom right), and the 
claypan soils of eastern Oregon, tend to support long-
term juniper survival because of their limited 
production of fine fuels (typically grasses, which carry 
fire between trees) and ladder fuels (typically shrubs, 
which support flame lengths that reach into the tree canopy).   
 
 
Now, however, the general reduction 
of fire in the landscape is allowing 
juniper to spread beyond its pre-
European settlement extent and 
traditional habitats.  In The Biology, 
Ecology and Management of Western 
Juniper (Miller et al. 2005), the 
authors state that western juniper 
woodlands now occupy about 3.7 
million acres in Oregon, a ten-fold 
increase in the last 130 years.  This 
expansion appears to be the result of a 
number of factors working in  
combination: 
 

- increasingly sophisticated fire 
suppression;  

 
 
 
 



 

 4

- a period of wet, mild climatic conditions in the late 1800s and early 1900s 
coinciding with post-European settlement; 

 
- the introduction of, and season-long grazing by, large numbers of domestic 

livestock beginning in the late 1800s.  Uncontrolled livestock grazing reduced 
fine fuels and significantly reduced the frequency, extent and effect of 
naturally occurring fire; and  

 
- increasing atmospheric carbon dioxide since the beginning of the industrial 

revolution. 
 
Additionally, the cessation of aboriginal burning is considered to have had significant 
influence on the expansion of western juniper (Dr. Lee Eddleman, OSU Rangeland 
Ecologist, personal communication, 2002).  Eddleman further notes the following 
primary mechanisms of seed dispersal supporting juniper expansion: 
 

- Birds ingest seed, which is then dispersed throughout the environment. 
 

- Overland flow and concentrated flow in rills, gullies, and ephemeral drainages 
contribute to the downslope transport of seed.  

   
 
Effects of Juniper Encroachment 
 
If allowed to encroach on sagebrush steppe communities, riparian areas, and other lands, 
juniper competes with native vegetation for water, space, sunlight, and available soil 
nutrients. Understanding the effects of juniper encroachment is an important step in the 
decision to take action and determine treatment objectives and methods. Effects may be 
biotic (i.e. biological, pertaining to plants or animals) and/or abiotic (i.e. physical, 
pertaining to soil, water, or air).  The following abiotic and biotic effects of encroachment 
are significant: 
 

- The percentage of rain and snow intercepted in the juniper canopy is 
equivalent to the percentage of juniper canopy cover (e.g. a juniper canopy of 
20 percent equates to an interception of about 20 percent of the precipitation 
the site receives). 

 
- Precipitation through-fall (i.e. water reaching the soil surface through the tree 

canopy) generally occurs only after rain events of 0.30 inches or more. 
 

- Increasing juniper dominance on a site results in the die-off of shrubs and a 
reduction or die-off of native grasses and forbs. The ensuing loss of shrubs, 
grasses, and forbs reduces species richness and diversity and results in a loss 
of habitat value (cover, forage) for many wildlife species as well as a loss of 
forage for livestock. 
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- Increasing juniper dominance in stands of aspen (Populus tremuloides) and 
mountain mahogany (Cercocarpus ledifolius) often causes these important 
species to diminish and eventually die off. 

 
- Reduction or die-off of vegetation in the canopy interspaces results in a loss of 

protective plant cover, which contributes to increased overland flow and soil 
erosion.  According to Buckhouse and students (1980-83) and Miller et al. 
(2005), erosion rates can be as much as an order of magnitude higher on 
encroached sites than on similar sites without juniper encroachment. 

      
- Sixty to 75 percent of annual precipitation in central and eastern Oregon 

occurs during the fall, winter, and spring.  Through interception and the use of 
soil water, juniper hinders soil water moisture recharge and vegetation growth. 

 
- Juniper is capable of using soil water during any month of the year.  This 

characteristic is significant because native shrubs, perennial grasses, and forbs 
depend on soil water stored during the dormant period (fall, winter, and early 
spring) for initiation of growth in the spring. 

 
- Canopy interception, diminished infiltration rates, overland flow, and 

increased juniper transpiration (the consumption of stored soil water) are 
believed, in certain soil and geologic settings, to result in a significant 
reduction of flows from seeps, springs, and streams. 

 
 

 
 

Juniper roots fully occupy the upper horizons of this soil. 
 

 
- The loss of species diversity diminishes the function of the basic ecological 

processes of nutrient cycling and energy flow.   
 
 - Juniper encroachment into sage grouse habitat provides perches for avian 

predators, often causing sage grouse to abandon the area. 
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Briefly stated, juniper encroachment and eventual dominance alter the hydrologic 
cycle, which is the ability of the soil to capture, store, and safely release water 
(Barrett, 1981) and alters nutrient cycling and energy flow, reducing a site’s 
productive potential, biological diversity, wildlife habitat quality, and forage value. 
 
 
 
Methods of Juniper Treatment  
 
Two principal methods are commonly used to treat invasive stands of juniper: prescribed 
burning and mechanical treatment.  Often a combination of mechanical treatment and 
prescribed fire most thoroughly controls juniper. Applied appropriately, these treatments 
promote the recovery of basic ecological functions and processes on degraded lands, or 
maintain those functions and processes on sites still in the early stages of encroachment.  
Selecting the method(s) to use in a juniper control project depends on site potential, 
current site conditions, treatment objectives, and other factors addressed in Chapter 4. 
 
In addition, there are treatments that, while not directed at juniper, help to ensure a 
positive outcome of the initial juniper control. These include the use of herbicides to 
control undesirable vegetation that may be released by the treatment; seeding with 
grasses, forbs, and shrubs to restore site function and productivity; and the management 
of post-treatment grazing or other surface use.    
 
Prescribed Burning - Fire is often used to 
control juniper, particularly on sites in the early 
and middle stages of encroachment.  These are 
sites with adequate fine fuels and ladder fuels.  
Sites fully occupied by juniper are often “fire-
proof” since tree spacing and the lack of fine 
and/or ladder fuels in the understory prevent fire 
spread.  In this case, selective cutting of 25 to 35 
percent of trees in a stand can increase ground 
fuels and permit fire to carry into most of the 
remaining juniper.  Consideration of public 
safety, air quality, liability, erosion hazard, and 
site recovery is critical in designing and carrying 
out prescribed burning projects.   
 
 
                                                                                                                                           
 
 
 
 
 

This spring burn created a patchy 
vegetation mosaic and set back juniper 
encroachment on this Phase 1 site.   
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Mechanical - Several mechanical methods are used to control juniper. Young, small-
diameter trees can be hand-lopped or controlled with a brush-beater. Large-diameter trees 
are best controlled with chainsaws, dozers, feller-bunchers, pullers, mechanical shears 
and mulchers or other mechanical means.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Chemical - Although herbicides are rarely used to control juniper, they can control 
aggressive, undesirable vegetation that proliferates following treatment (e.g. rabbitbrush, 
knapweed, cheatgrass, or medusahead).  Consult with a licensed pesticide consultant 
before chemically treating juniper or other vegetation, and follow label instructions. 
 
Biological - There are currently no known biological controls for juniper. 
 
Seeding - In the later stages of 
juniper succession where juniper is 
the dominant vegetation, shrubs have 
usually died out, and grasses and 
forbs may lack the density to 
reoccupy the site following juniper 
control. If the density of deep-rooted 
perennial grasses is less than 2 plants 
per 10 square feet, plan to seed the 
appropriate species of grasses, forbs, 
and shrubs.  Consult regional 
seeding guides or confer with a 
qualified rangeland management 
specialist or rangeland ecologist to 
select the appropriate native or  
introduced species, seed mixes,  
 
 

Native seed, broadcast in the fall just prior to 
mechanical treatment resulted in successful seedling 
establishment the following year. 

The tractor mounted saw (above) can treat one 
to three acres per hour in this and similar 
juniper stands.  The gas powered brush cutter 
(right) is effective in controlling young trees.   
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seeding rates, and seeding methods.  When 
planning to seed, select plants that will sustain 
site functions and processes and meet land use 
objectives (e.g. requirements for livestock 
forage, wildlife habitat requirements, etc.).   
 
 
The two methods of seeding are drilling and 
broadcasting.  Where soil and topography 
permit, it is best to seed with a rangeland drill, 
grain drill, or Brillion seeder in order to achieve 
uniform seed distribution, seeding depth, and 
seed/soil contact (Whisenant 2001).  On sites 
where drilling is not feasible, consider 
broadcasting seed before mechanical treatment 
or after burning.  Incorporating the seed into the 
soil surface is essential to seeding success.  The 
use of a spike-tooth harrow, animal hoof  
action, or the activities associated  
with mechanical control may be adequate  
to incorporate seed into the soil.  When  
broadcasting seed, seeding rates should be 
increased by 1.5 to 2 times the recommended  
drilling rates.   
 
To help ensure seeding success, the timing (season) of seeding should be based on soil 
texture.  Where soil textures are medium (loamy) to coarse (sandy), seed in late summer 
or fall, allowing seeds to take full advantage of fall, winter, and spring precipitation for 
germination.  Where soils contain high amounts clay and frost heaving is common, 
consider seeding in the spring after the danger of frost heaving has passed, sacrificing 
some moisture and time for establishment, but avoiding loss of seed to frost heaving (Dr. 
John Buckhouse, OSU Rangeland Hydrologist, personal communication, 2007). Keep in 
mind that seedings can take up to 5 years to establish, especially on dry sites. When 
checking for seeding success, look for root development of seeded plants as well as leaf 
emergence and growth.    
 
 
Post-treatment Management - It is essential to carefully manage livestock grazing 
(through rest or deferral) or other surface uses (e.g. off-highway vehicle use) in the 
treated area that may negatively affect site hydrology, soil surface stability, native plant 
recovery, or the establishment of seeded species.  Until full control of post-treatment 
management is ensured, do not proceed with project design or implementation.  
 
    
 
 

Intermediate wheatgrass and dryland 
alfalfa were drilled after brush-beating 
this site. 
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Anticipating the Benefits of Treatment 
 
The benefits to be expected from juniper control are proportionate to site potential, the 
degree of juniper encroachment, and the length of time the site has been subject to the 
effects of occupation. Compare the listed effects of juniper encroachment on page 2 with 
the following: 
 

- Reducing the interception of precipitation can occur over varying periods of 
time depending on the treatment.  Falling whole trees and leaving them on site 
may increase the interception of precipitation until leaf-fall and stem 
degradation occur (in about 3 years). Removing the tree boles and leaving a 
light to moderate scattering of branches (slash) will minimize this loss of 
interception.  In addition, placing limbs in contact with the soil and providing 
retention/detention of overland flow increases the time available for 
infiltration to occur.  Slash also moderates soil temperature and other 
microclimatic variables (humidity, air flow, etc.), improving conditions for 
seed germination and seedling establishment, and protection from grazing use.  

 
- Reducing or removing juniper encourages establishment of seedings or the re-

occupation of the site by native grasses, forbs, and shrubs where juniper 
competition for space, sunlight, soil water, and soil nutrients has diminished 
native plant community diversity, cover, density, and productivity.  

 
- Re-occupation of the treatment area by native vegetation, or the establishment 

of seedings, will result in significant increases of herbaceous, deciduous, and 
semi-deciduous plant cover. This will reduce the amount of bare soil, increase 
surface litter and soil organic matter, improve infiltration of rainfall and snow-
melt, reduce overland flow and soil erosion, and increase soil water retention.  

 
- Removing the principal cause of dormant- 

and early-growing-season transpiration 
allows the soil’s capacity to store water to 
be more fully utilized, thereby increasing 
the amount of soil water available to shrub 
and/or herbaceous plants for initiation of 
growth in the spring. 

 
 
 
 
 
 
  
               Right: Flows increased significantly at this spring 
                              after the upper watershed was treated. 
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- Re-occupation of the site by diverse and productive native plant communities 
will restore habitat values for many wildlife species and increase forage 
available for livestock grazing. Carefully designed seedings of introduced 
species can have similar beneficial effects. 

 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The effects of juniper encroachment (left) become apparent when viewed in comparison with an 
adjacent, treated site at right (on same soil, aspect, slope and precipitation). 

 
 
 

In summary, increasing the opportunity for precipitation to reach the soil surface 
and taking steps to protect the soil surface and detain overland flow can be expected 
to improve infiltration rates over time.  Increased infiltration improves 
opportunities for the soil to meet its water holding capacity.  When precipitation 
exceeds the soil’s water holding capacity, surplus water may flow laterally beneath 
the soil surface, which can increase flows from seeps, springs, and streams or it may 
percolate into fractured bedrock, recharging groundwater. Removal of the principal 
cause of winter and early growing season transpiration and canopy interception of 
precipitation can increase soil water availability for native or seeded species when 
growth initiates in the spring.                                    
 
The recovery of hydrologic function in the treatment area sets the stage for the 
recovery of other important ecological processes and a number of environmental 
and economic values such as watershed health, wildlife habitat, and livestock forage 
production. 
 
 
 



 

 11

Cautions 
 
Do not proceed with the project application or project design without assurance that post-
treatment management of livestock or similar use or disturbance will be carried out in a 
manner that promotes soil, hydrologic, and plant community recovery objectives.  For 
example, livestock grazing management after treatment may entail temporary livestock 
exclusion (rest) or deferment, which may require temporary or permanent fencing and the 
identification of alternative feed sources. A grazing plan designed to promote plant 
community recovery or seeding establishment is essential.      
 
When deciding on a treatment, the first consideration is human safety.  On steep slopes, 
juniper tends to roll downhill when felled with chainsaws or other mechanical cutting 
devices.  Since this and other possibilities can have potentially fatal consequences, tree 
fallers should be experienced, safety-conscious and should not work alone. 
 
Private landowners intending to use fire for these purposes should be made aware of the 
importance of a sound burning prescription and of safety and liability issues.  Bureau of 
Land Management, U.S. Forest Service, Oregon Department of Forestry, and Natural 
Resources Conservation Service (NRCS) personnel can often help prepare a prescribed 
burning plan and may assist in carrying out the burn as part of a larger project that 
includes adjacent public or state lands. 
 
Problem plants occurring in significant amounts on the site before treatment will take 
advantage of the water, nutrients, space, and sunlight made available by the treatment.  
Aggressive annual grasses like cheatgrass (Bromus tectorum) and medusahead 
(Teniantherum asperum) may fully occupy the site following treatment and compete with 
desirable vegetation (i.e., vegetation that is part of the treatment objective).  This is 
especially true when fire is used in the initial set of treatments in the mesic soil 
temperature regime (see local Soil Survey Report).  Rabbitbrush (Chrysothamnus spp.), a 
native shrub is resistant to both fire and mechanical treatment and may also be released 
by these treatments and dominate the site.  Check with a licensed pesticide consultant or a 
qualified rangeland management specialist to determine appropriate control measures.  
Contact local county weed offices or OSU Extension Service for information on local 
weeds and their control. 
 
Do not attempt to predict changes in surface water yield (seep, spring, and stream flow) 
that may result from the treatment. Soil conditions and surface and bedrock geology vary 
too much to allow reliable forecasts of treatment effects. The project should be able to 
stand alone on the sustainable recovery and/or maintenance of basic ecological functions 
and processes and their associated environmental and economic benefits.    
 
Retain old-growth juniper trees.  Old-growth trees provide habitats for tree- and cavity-
nesting birds, and they are prized for their aesthetic and historic value.  Usually, they 
occur on the landforms and soils described earlier, where fire occurrence is rare.  
Occasionally, however, old-growth trees are found where they have escaped damage 
from historic and recent fires.  Check the potential treatment site for the presence of old-
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growth trees, basing the determination of “old-growth” on the following criteria listed in 
Miller et al. (2005): asymmetrical and rounded tops, spreading and sparse canopies, dead 
limbs and/or spiked tops, deeply furrowed reddish bark, and the presence of bright green 
arboreal lichens on the stem and branches.  Trunk diameter does not necessarily indicate 
tree age; younger trees may have the stature and some features of old-growth trees but 
lack other characteristics.   
 
                      

       
         
This old-growth juniper (left) has escaped fire for centuries on the shallow soil of this ridgetop in 
central Oregon. The old-growth juniper (right) in the background stands in contrast to the younger 
teardrop-shaped tree on the right.   
 
 
Juniper management is not juniper eradication.  The number of trees left standing on site 
should be a function of: 1) the number of old-growth trees occurring on site; and 2) 
treatment objectives of site function (e.g. hydrology, soil stability, nutrient cycling, and 
energy flow), biological diversity, wildlife requirements, and landowner needs. 
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Chapter 2      
Determining the Need for Treatment 

 
Woodland Succession of Juniper 
 
The full gradient of juniper encroachment extends from the period of seed introduction 
and germination, through stand maturation, to the full occupation of a site by juniper 
trees.  The following phases of woodland succession described in Miller et al. (2005) 
serve as useful benchmarks along this gradient. 
 
Phase I.   This early stage of juniper encroachment involves an actively-expanding, open 
canopy of young trees (usually 40 years old or younger), exhibiting no die-off of lower 
limbs.  The trees are a subordinate component of the plant community.  Active 
recruitment is taking place (tree seedlings in the shrub layer). Grasses, forbs, and shrubs 
are able to express their full productive potential, apparently uninhibited by competition 
from juniper.  In this stage, little or no observable change in plant community 
composition or in soil cover and overland flow can be attributed to juniper.  Sometimes, 
however, excessive shrub canopy closure or heavy, long-term grazing use causes 
perennial grasses and forbs to be sparse or absent.  In this phase, a number of treatment 
options are available for preventing further site degradation.  See Chapter 4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Phase I of Woodland Succession  
 
 
 
Phase II.   This mid-successional stage of juniper encroachment also entails an actively 
expanding canopy of trees now co-dominant in the plant community.  In this phase, the 
maturing juniper may produce berries at moderate to high levels.  Depending on several 
site factors including slope, soil depth, soil texture, and available water capacity of the 
soil profile, shrubs may die off as the network of shallow juniper roots begins to extend 
its occupation of the upper soil profile.  On moisture-limited sites (those with shallow 
soils) or on steep slopes with high rates of overland flow (low infiltration rates), shrubs 
may exhibit stress or die-off as a result of competition.  Moderately deep and deep soil 
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sites may retain their shrub, grass, and 
forb components and exhibit few 
biotic or abiotic effects.  As the site 
progresses into the later stages of 
Phase II, shrubs may die off on 
shallow and moderately deep soils 
while grasses persist.  In the mid to 
late-stage of succession, fewer 
treatment options will be effective in 
preventing further site degradation.  
Late Phase II and early Phase III 
constitute the period of transition when 
biotic and, in many cases, abiotic  
conditions worsen and the  
focus of treatment options  
changes from prevention to 
restoration or repair.        Phase II of Woodland Succession.  Note shrub die-off. 
 
 
 
Phase III.   At this stage, occupation of 
the site by juniper is complete, and juniper 
and its effects dominate the site (above 
right).  Full grow-out of the surface root 
network concludes; the tree’s leader 
growth has slowed; berry production has 
declined and tree recruitment is limited.  
Biotic and abiotic conditions on the site 
are visibly degraded.  Shrub die-off will 
likely exceed 75 percent.  Understory 
plant production declines, as do species 
richness and diversity (lower right).  In the 
tree interspaces, the loss of understory 
plant cover exposes bare soil, particularly 
on drier, harsher sites and those with an 
effective rooting depth of less than 20 
inches.  Soil organic matter declines, and 
raindrop impact promotes physical 
crusting of the soil surface, reducing 
infiltration rates and, on sloping sites, 
overland flow and soil erosion increase.  
Grasses like Idaho fescue (Festuca 
idahoensis), squirreltail (Sitanion hystrix 
syn. Elymus elymoidies), bluebunch 
wheatgrass (Agropyron spicatum syn. 
Pseudorogneria spicata), Thurber 
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needlegrass (Stipa thurberiana syn. Achantherum thurberianum), and others may persist 
on moderately deep and deep soils, especially on east- and north-facing slopes or high-
elevation terraces and sites with higher precipitation (average annual precipitation over 
14 inches).  On slopes with southern and western exposures (harsh sites) throughout the 
range of juniper, the loss of understory vegetation is often most pronounced.  Note, 
however, that under certain soil and site conditions, Idaho fescue may persist and in some 
cases increase in the northeast quadrant of the canopy of individual trees on some 
otherwise-harsh sites at mid-elevation.  This phenomenon is believed to be a response by 
Idaho fescue to a favorable microclimate created in the shade cast by the tree.    
 
Identifying the stand’s current phase of woodland succession is an important step in 
making the decision to apply control measures and/or to identify high-priority areas 
for treatment when several opportunities exist. 
 
 
Additional Factors to Consider: Physical and Biological Function 
 
Combining observations of woodland succession with observations and measurements of 
specific abiotic and biotic factors of site function can provide the detail necessary to 
establish the need for treatment, to prioritize areas for treatment, and to select the 
appropriate treatment method(s) (U.S. Dept. of Interior 2005).  These indicators include 
the following: 
 
Hydrologic function - When functioning properly, the soil is able to capture most of the 
precipitation where it falls, to store water in the soil profile for growth of desirable 
vegetation without excessive loss to plant transpiration or evaporation, and to safely 
release that moisture in support of the vegetation.  Where surplus water is available, it 
may recharge groundwater and/or provide additional water by lateral flow to meadows, 
seeps, springs, or streams.  Conditions that contribute to impaired hydrologic function 
include the following: 

 
1. Interception:  In general, the percentage of juniper canopy cover equates to the 

percentage of precipitation intercepted by the trees (in storm events of less 
than 0.30 inches) and lost by the site through evaporation or sublimation.  For 
example, in the 14 inch average annual rainfall zone, a 20 percent canopy 
cover of juniper can result in a loss to the site of 2.5 to 3 inches of 
precipitation annually, reducing the effective average annual precipitation of 
the site to less than 12 inches.  Increasing juniper dominance is believed to 
accelerate the loss of stored soil water through untimely and excessive 
transpiration.  Indicators of interception include shrub and forb die-off, 
reduced understory production, and increased bare soil. 

 
2. Loss of infiltration:  Shrub, forb, and grass cover declines with increasing 

juniper stand maturity and canopy closure.  This situation is most apparent on 
shallow soils and on the harsher south- and west-facing slopes.  The loss of 
plant cover, most pronounced in the canopy interspaces, exposes the soil 
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surface to increased solar radiation and the oxidation of soil organic matter.  
These conditions, combined with the effects of raindrop impact and the 
subsequent crusting of the soil surface, result in the loss of infiltration, the 
soil’s ability to capture the precipitation it receives.  The loss of the insulating 
properties of soil surface organic matter and plant cover may heighten the 
frequency and severity of frozen soil (“concrete” vs “open lattice”) conditions, 
further reducing infiltration of winter rain or water from rain-on-snow events.  
Indicators of impaired infiltration include physical soil crusting, evidence of 
active overland flow (flow paths, debris dams, sediment deposition, and rills 
and gullies), evidence of shrub and forb die-off, and reduced understory 
productivity. 

 
3. Overland flow and soil erosion:  Unless the site is level or is in a position to 

receive and collect flow from adjacent sites, the loss of infiltration causes 
water to accumulate at the soil surface, increasing the potential for overland 
flow events and further loss of water from the site (see Interception, above). 
Along with soil particle displacement caused by raindrop impact on bare soil, 
overland flow can cause additional soil displacement and soil transport 
(erosion), thereby reducing the site’s productive potential.  Indications of 
overland flow and active erosion include pedestaled plants, lichen lines on 
rocks, active flow paths, debris (plant litter) dams with soil deposition, and 
rills and gullies. 

 
Energy flow - Plants convert solar energy to chemical energy through photosynthesis and 
pass it through the food chain (via herbivores, carnivores, insects, and other organisms) 
until it is eventually dispersed through the environment in respiration and decomposition.  
Indications of optimum energy flow may include diverse and productive plant 
communities, wildlife populations, insect populations, and sustainable livestock 
enterprises.  The most observable indicators of impaired energy flow include the 
following: 
 

1. Loss of plant diversity: The plant community loses diversity, yielding to the 
dominance of vegetation that offers limited or minimal forage to herbivores 
(mammals, birds, and insects). An example is the conversion from a diverse 
sagebrush/bitterbrush, grass, and forb community to one dominated by 
juniper.   

 
2.  Long-term sequestration of chemical energy: Rather than progressing through 

the food chain via edible vegetation, chemical energy is retained in juniper 
wood, leaves and duff.  

 
Nutrient cycling - Nutrient cycling involves the movement of essential elements and 
inorganic compounds between the reservoir pool (the soil) and the cycling pool 
(organisms) in an exchange between organisms and their immediate environment. 
Indicators of dysfunction in nutrient cycling include the following: 
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1. Loss of plant diversity: Limited diversity in plant community composition and 
in functional plant groups prevents full root occupancy of the soil profile.  
This condition reduces the uptake and surface availability of essential 
elements and inorganic compounds.   

 
2. Change in surface litter: Plant litter and litter distribution change from mostly 

herbaceous and deciduous material distributed across the site to juniper duff 
concentrated beneath the trees. Slower litter decomposition in woodlands 
reduces nutrient availability. 

 
3. Soil erosion: Erosion degrades and can remove the soil surface horizons along 

with its constituent organic matter, soil microbes, essential elements, and 
inorganic compounds. 

 
4. Long-term sequestration of nutrients: The dominant vegetation—in this case, 

juniper—sequesters essential elements and inorganic compounds in the long 
term (see Energy Flow, above). 

    
5.   Loss of plant and animal productivity. 

 
 
Habitats - The degree of function in the ecological processes described above 
(hydrologic function, energy flow, and nutrient cycling) determines the quality of habitats 
available to wildlife (as well as substrate for insects and media for soil organisms).  When 
functioning properly, these processes usually support diverse and productive habitats.  
Indicators of a loss of habitat quality include loss of plant diversity and declining wildlife 
populations. Consider consulting with Oregon Department of Fish and Wildlife or U.S. 
Fish and Wildlife Service for assistance in determining wildlife habitat requirements. 
 
Water features - Assuming climate, soil, and geologic conditions are suitable, a fully-
functioning hydrologic cycle supports seep, spring, and stream flow and influences the 
quality, quantity, timing, and duration of those flows.  Increasing juniper dominance may 
result in a loss of flow from these sources.  Personal observations and interviews with 
landowners may identify if and where the potential for recovery of seep, spring, and 
stream flows exit. 
 
 
In summary, identifying the need for, and prioritizing, juniper treatment should be 
based on sound and realistic objectives.  For the project to be sustainable, its 
objective must be based on the maintenance or recovery of basic ecological 
functions, promoting site resilience and self-repair (Whisenant 2001).  
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Chapter 3    
Pre-Treatment Inventory 

 
Purpose of a Pre-Treatment Inventory 
 
After identifying the treatment site, it is essential to conduct a pre-treatment inventory of 
the site.  This inventory has the following objectives: 1) to determine the method(s) of 
juniper treatment most likely to succeed; 2) to identify additional treatments necessary for 
site recovery (e.g. seeding or weed control); 3) to establish post-treatment management 
requirements (e.g. grazing management, prescribed burning, fencing, or water 
development); and 4) to establish a baseline for monitoring change resulting from the 
treatment. 
 
 
Components of a Pre-Treatment Inventory 
 
At a minimum, the pre-treatment inventory should include information necessary for 
treatment design and long-term monitoring.  (See Appendices 4 and 5 for the suggested 
photo point and inventory format.)  Document the results of the inventory in this format 
and keep them in the project file.  The results of the inventory should be used in selecting 
the appropriate treatments (see Chapter 4) and will provide baseline information for use 
in project effectiveness monitoring (see Chapter 5). 
 
1. Identify the phase(s) of woodland succession in the treatment area.  Using the guidance 

in Miller et al. (2005), listed in Chapter 2, determine the phase of woodland 
succession, identify where along the gradient of succession the site occurs.  Do 
not limit your observations to tree density or tree size alone.  To determine the 
stage of woodland succession, look for effects of juniper encroachment as well.  
These effects may be biotic (e.g. stressed or dying shrubs) or abiotic (e.g. bare 
soil).  

 
2. Determine the ecological potential of the site(s) or plant association(s) in the treatment 

area. Consult with Natural Resources Conservation Service (NRCS) staff and/or 
obtain the applicable Soil Survey Report or NRCS Ecological Site Descriptions 
(ESD), NRCS (1990), for the area characteristics (such as climate, slope, and 
aspect) correlating to the soils.  These sources contain the most specific 
information available for determining the potential vegetation for a treatment 
area.  Keep in mind that erosion of the soil surface over time may have altered the 
site’s potential to support the kinds, amounts, and proportions of plants described 
in the Soil Survey Report or ESD.  Alternatively: 1) identify the existing shrub,  

 grass, and forb species on the site that may be released by the treatment, 2) if 
available, observe the native vegetation on an adjacent treated or un-encroached 
area on the same or similar soil type (depth, texture, slope, and aspect) and/or 3) 
consult with a qualified rangeland ecologist, soil scientist, or rangeland 
management specialist for assistance in determining site potential. 
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3. Determine slope, soil depth, soil texture, and sub-surface soil restrictions. Identify 

surface and subsurface soil textures in relative terms such as coarse, medium, or 
fine textured, or by soil textural class (e.g. fine sandy loam, clay, etc.).  Note 
subsurface restrictions to soil permeability or root growth (e.g. compaction or 
caliche layers, claypan, etc.) in the soil profile.  Consider slope and soil texture in 
determining overland flow potential and erosion hazard.  

 
4. Determine existing vegetation on the site. Identify the native trees, shrubs, grasses, 

forbs and seeded species (e.g. crested wheatgrass or Sherman big bluegrass etc.) 
on the site and record species composition by percent cover or relative abundance.  
In the same way, identify current and potential problem species on the site (e.g. 
knapweed, cheatgrass, medusahead, or rabbitbrush) that may increase following 
the treatment. See Appendix 5 for a suggested method for determining plant 
community cover. 

 
5. Determine the density of deep-rooted perennial grasses on the site.  In order to decide 

if seeding is necessary, measure or estimate the density (plants/sq. ft) of deep-
rooted perennial grasses on the site.  On harsh, low-precipitation Phase III sites, 
these measurements should be limited to the open interspaces of the tree canopy.  
Among the grasses to consider in this determination are the following: squirreltail 
(Sitanion hystrix), Thurber needlegrass (Stipa thurberiana), bluebunch wheatgrass 
(Agropyron spicatum), Idaho fescue (Festuca idahoensis), western wheatgrass 
(Agropyron smithii), prairie junegrass (Koleria cristata), and basin wildrye 
(Elymus cinerius).  Do not consider Sandberg bluegrass (Poa secunda), a shallow-
rooted perennial grass, in this determination (see Plant Guides, Appendix 6). 

 
6. Observe soil surface conditions.  Look for the following evidence of diminished 

infiltration rates: bare soil, physical crusting of the soil surface (capping), active 
flow paths, debris dams and sediment deposition, lichen lines, pedestaled plants, 
and active rill and/or gully erosion. See Herrick et al. 2005.  

 
7. Identify existing and historic water features and meadows.  Identify existing seeps, 

springs, streams (including perennial, intermittent, and ephemeral channels), and 
meadows within the treatment area or its zone of influence (e.g. downslope).  If 
flow rates of these features are available, record them.  Historic water features 
may be indicated on topographic maps or could be identified by the landowner 
and should be recorded on the treatment plan map.  Remnant individuals of 
phreatophytic and hydrophytic (water-loving) plant communities like willow 
(Salix spp.), cattail (Typha latifolia), and Baltic rush (Juncus balticus) may also 
indicate historic water features and should be identified and recorded. Soil 
features including an organic (histic) soil surface, organic staining, evidence of 
iron oxidation, gleying, or mottling in the subsoil may also indicate historic water 
features.  
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8. Establish a photo point.  Select a representative area within the treatment site to initiate 
the photographic record.  Ideally, a photo point should be located in the vicinity of 
the measurement or observation of the plant community, tree density, and soil and 
site conditions in the planned treatment area.  Wherever possible, include 
reference landmarks or permanent features (mountain peaks, rock outcrops, etc.) 
in the photographs. Record the location of the of the photo point on a topographic 
map, by legal description or GPS coordinates.  See Appendix 4 (Herrick 2005) for 
a suggested method of establishing photo points. 

 
 

Equipment needed: 
Project folder or copies of project application 
Topographic map 

 Shovel 
 GPS 
 Compass 
 Camera 

Photo point ID card (see Appendix 4) 
 Clipboard, paper, pencil 
 Pre-treatment evaluation form (see Appendix 1) 
 100-foot tape 
 Line-intercept form (see Appendix 5) 
 Steel pin or welding rod 
 10 square foot hoop or frame 
 Plant guides
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Chapter 4 

Selecting Treatment Methods 
 
The decision to treat juniper implies that long-term, site-specific, or landscape-scale 
objectives are established.  Primary objectives might include maintaining or improving 
watershed health, increasing livestock forage production, restoring wildlife habitat, or 
harvesting wood for power generation or wood products.  Whatever the case, the 
sustainable recovery and/or maintenance of the basic ecological functions and processes 
of the site (hydrologic function, nutrient cycling, and energy flow) should form the basis 
of any treatment or action.    
 
A thoughtfully developed objective includes a vision of the treatment outcome.  The 
objective should provide a description of the restored or recovering site; its degree of 
function; the short-, mid-, and long-term composition of the plant and animal 
communities that will occupy the site; and the expected site uses.  Once identified, the 
specific elements of the objective will be of further help in selecting the method(s) of 
treatment needed to reach those defined conditions.  Clearly describing the project 
objective will help refine specific treatment decisions. 
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General Key to Site Conditions for Determining Treatment Methods 
 
Using the Key: 
The following key enumerates common site conditions in the range of juniper in central 
and eastern Oregon.  The first step in using the key is to determine the phase(s) of 
woodland succession in the area being considered for treatment.  Proceed to the relevant 
section of the key and compare the results of observation and inventory with the 
descriptions of existing understory plant community composition and productivity and the 
density of deep-rooted perennial grasses.  Within the appropriate section, identify the 
degree of active erosion on site.  Finally, turn to the corresponding discussion on the 
pages immediately following the key.   
 
Woodland succession in Phase I 
 

All expected functional plant groups1 represented; annual herbage production 
within, to somewhat below, normal range; density of deep-rooted perennial 
grasses greater than 2 plants per 10 square feet……...……………………………1  

 
Little to no evidence of overland flow and soil loss…..............................1a 
 
Evidence of overland flow common; active rills and/or gullies  
present to common…...………………………………………..…………1b 

 
Shrubs dominate the site; density of deep-rooted perennial grasses less  
than 2 plants per 10 square feet……………………………………………………2 
  

Little to no evidence of overland flow and soil loss……………………..2a 
 

Evidence of overland flow common; active rills and/or gullies  
present to common..………...……………………………………………2b 

 
Woodland succession in Phase II or III 

 
All expected functional plant groups represented; annual herbage production 
within normal range to significantly reduced; density of deep-rooted perennial 
grasses greater than 2 plants per 10 square feet...…...…………………………….3 

   
Little to no evidence of overland flow and soil loss…………….……….3a 
 

                                                 
1Groupings of plants similar in growth form, structure, life cycle, etc. (e.g., deep-rooted perennial grasses, 
shallow-rooted perennial grasses, annual grasses, forbs, leguminous forbs, shrubs, trees). Expected 
functional plant groups are those described as part of a potential plant community in NRCS Ecological Site 
Descriptions.  Other sources may include the local Soil Survey Report or Plant Association Guides for the 
area.  Consult a qualified rangeland management specialist or rangeland ecologist for site-specific 
assistance.   
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Evidence of overland flow common; bare soil common; active rills  
and/or gullies present to common...………..…………………………… 3b 

 
 Expected functional plant groups significantly diminished or absent  
 

Skeletal remains of shrubs common; deep-rooted perennial grasses are  
the dominant understory vegetation beneath trees and in the canopy 
interspaces; density of deep-rooted perennial grasses greater than 2  
plants per 10 square feet…………...…………………………………..….4 

   
Little to no evidence of overland flow and soil loss……….….…4a 

 
Evidence of overland flow common; bare soil common;  
active rills and/or gullies present to common...…………….……4b 

 
Skeletal remains of shrubs common; deep-rooted perennial grasses,  
if present, restricted to within the drip line of the trees or the canopy  
of shrubs; canopy interspaces bare or nearly so; density of deep- 
rooted perennial grasses less than 2 plants per 10 square feet...…………..5  

 
Little to no evidence of overland flow and soil loss……..………5a 

 
Evidence of overland flow common; bare soil common;  
active rills and/or gullies present to common…...………….……5b 
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Discussion of Conditions and Treatment Alternatives 
 
1. Woodland succession in Phase I; all expected functional plant groups        
    represented; annual herbage production within, to somewhat below,          
    normal range; density of deep-rooted perennial grasses greater than      
    2 plants per 10 square feet. 
 

1a. Little to no evidence of overland flow and soil loss. 
   Treatment of a site in this stage of encroachment aims to prevent further site 

deterioration.  It is the stage in which the greatest number of treatment options are 
available.  Seeding should not be necessary. 

 
Prescribed Burning 

In most cases, adequate fine fuels and ladder fuels exist on site to carry fire among 
the trees and into the tree canopy.  If livestock graze the site, consider withholding 
grazing during the year preceding the planned burning to allow the accumulation of 
fine fuels.  Unless conditions are excessively dry, spring or winter burning can be 
expected to result in a patchy or mosaic burn.  This type of burn will conserve the 
shrub component of the plant community but does not fully control the juniper on 
site. 

 
Summer and fall burning (dry season) will remove all or most above-ground biomass 
in the treatment area.  While this method is very effective in eliminating juniper from 
the site, it also removes the protection of plant cover and plant litter.  This method 
dramatically increases the risk of overland flow and soil erosion during the following 
fall and winter, especially on slopes where soils exhibit low infiltration rates (e.g. clay 
or clay loam) or are prone to erosion (e.g. fine sandy loam, sandy loam, or loam). 
 
In most cases, perennial grasses respond to the fire with increased production and 
density.  Burning often produces a flush of forbs as well.  Since most desirable shrubs 
(e.g. antelope bitterbrush and sagebrush) do not tolerate fire, the treatment will 
remove them.  Depending on the site potential and seed source, it may take 15 years 
or longer for them to return to a level of co-dominance in the plant community.  
While burning creates habitat values for some wildlife species, it reduces them for 
other species, at least temporarily. 
 
Using fire creates a risk of promoting an increase in undesirable plants.  With the 
increase in available nutrients, water, and sunlight, annual grasses like cheatgrass and 
medusahead may proliferate, impeding the germination and establishment of deep-
rooted perennial grasses.  Cheatgrass may die off naturally as nutrients become scarce 
and existing perennial grasses recover, but medusahead may require early chemical 
treatment.  Rabbitbrush (gray and green) responds aggressively after fire and, if 
widespread, may require chemical treatment. 
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To promote recovery of perennial grasses following burning, livestock grazing should 
be deferred during at least the first growing season after burning. Under certain 
circumstances, early spring grazing to control cheatgrass should be considered.  

 
Mechanical Treatment 

With any mechanical treatment, all green juniper leaf material must be removed; 
otherwise, rapid regrowth will occur. Several mechanical treatment methods can be 
used on this site.  Individual trees can be removed with chainsaws, hand loppers (on 
trees with small diameters), or specialized machine-grubbers and shears or pullers. 
Another option, brush-beating, depends on the size of the main stem and machinery’s 
capability.  These methods can effectively carry out broad-scale treatment as long as 
all green leaf material is removed.  Like fire, a brush beater will remove most 
desirable shrubs, and may invigorate shrubs like rabbitbrush.  However, the 
thoughtful use of a brush beater may create a mosaic effect on the site that promotes 
site and landscape complexity. 
 
Slope and surface stones limit the areas where brush-beating can be used.  This 
method is best suited to level and moderately sloping areas, often on moderately deep 
and deep soils with few surface stones. 
 
Unlike fire, mechanical treatments will miss many small juniper seedlings.  
Anticipate the need for additional treatment, or prescribed burning as a follow-up 
treatment, 10 to 15 years after the initial treatment if juniper is re-occupying the site.   

 
1b. Evidence of overland flow common; active rills and/or gullies sometimes        
      present.  
   This condition occurs on slopes and soils at risk for erosion. The current plant 

community production or composition may indicate the effects of improper grazing 
use or other surface disturbance.  Soils may be shallow, contain a restrictive layer in 
the upper soil profile, and/or have erodible surface textures. Treatment of a site in this 
stage of encroachment should address the recovery of hydrologic function and 
consider overland flow originating on-site or upslope.  Evidence of overland flow and 
active erosion indicate that burning may exacerbate this condition.   

 
Prescribed Burning 

Burning is not recommended on this site due to increased erosion hazard caused by 
the removal of existing plant cover and plant litter.  

 
Mechanical Treatment 

With any mechanical treatment, all green juniper leaf material must be removed; 
otherwise, rapid regrowth will occur. Several mechanical treatment methods can be 
used on this site.  Individual trees can be removed with chainsaws, hand loppers (on 
trees with small diameters), or specialized machine-grubbers and shears or pullers. 
Another option, brush-beating, depends on the size of the main stem and machinery’s 
capability.  These methods can effectively carry out broad-scale treatment as long as 
all green leaf material is removed.  Like fire, a brush beater will remove most 
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desirable shrubs, and it may invigorate shrubs like rabbitbrush.  However, the 
thoughtful use of a brush beater may create a mosaic effect on the site that promotes 
site and landscape complexity. 
 
Slope and surface stones limit the areas where brush-beating can be used.  This 
method is best suited to level and moderately sloping areas, often on moderately deep 
and deep soils with few, if any, large surface stones. 
 
Unlike fire, mechanical treatments will miss many small juniper seedlings.  
Anticipate the need for additional treatment, or prescribed burning as a follow-up 
treatment, 10 to 15 years after the initial treatment if juniper is re-occupying the site.   
 
Brush-beating will result in the deposition of a large amount of woody and 
herbaceous plant material on the soil surface which will detain overland flow, trap 
sediment, and increase the time available for the infiltration of water.  This method 
should correct overland flow and erosion problems in all but the most severe cases of 
gully erosion.  Placing cut trees in gullies may trap sediment and prevent further 
down-cutting. 

 
 
2. Woodland succession in Phase I; shrubs dominate the site; density of     
    deep-rooted perennial grasses less than 2 plants per 10 square feet. 
 

2a. Little to no evidence of overland flow or soil loss. 
This condition commonly occurs on abandoned cropland where long-term tillage has 
removed native grasses and forbs and the soil’s seed reservoir, and sagebrush and/or 
rabbitbrush have re-occupied the site.  Sandberg bluegrass (Poa secunda) may be 
common. Where grazing has resulted in this condition, deep-rooted perennial grasses, 
bluebunch wheatgrass (Agropyron spicatum), or similar species will usually be found 
growing within the protection of remaining shrub canopy.  Exotic annual grasses (e.g. 
cheatgrass or medusahead) and other weedy species (e.g. knapweed) may be 
abundant.  Seeding that incorporates methods of competitive vegetation control is 
essential. 

 
Prescribed Burning 

If fine fuels and/or shrub spacing can adequately carry fire among the shrubs and 
trees, prescribed burning may be appropriate.  This site is highly susceptible to the 
invasion or increase of annual grasses and other weedy species.  It is essential to seed 
this site in order to control weeds and prevent erosion.  After burning, drill seed with 
a rangeland-drill or, conditions allowing, with a grain drill or Brillion seeder.   
Broadcasting seed into cooled, un-crusted ash as soon as possible (within 1 to 2 
weeks) may also be effective.  Consider herbicide use if rabbit brush responds 
aggressively to burning.   
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Mechanical Treatment 
With any mechanical treatment, all green juniper leaf material must be removed; 
otherwise, rapid regrowth will occur.  Several mechanical treatment methods can be 
used on this site.  Individual trees can be removed with chain saws, hand loppers (on 
trees with small diameters) or specialized machine-grubbers and shears or pullers.  
Another option, brush-beating, depends on the size of the main stem and the 
machinery’s capability.  These methods can effectively carry out broad-scale 
treatment as long as all green leaf material is removed.  Like fire, a brush beater will 
remove most desirable shrubs, and it may invigorate shrubs like rabbitbrush.  
However, the thoughtful use of a brush beater may create a mosaic effect on the site 
that promotes site and landscape complexity.  
 
Slope limits the areas where brush-beating can be used.  This method is best suited to 
level and moderately sloping areas, often on moderately deep and deep soils with few 
large surface stones. 
 
Unlike fire, mechanical treatments will miss many small juniper seedlings.  
Anticipate the need for additional treatment, or prescribed burning as a follow-up 
treatment, 10 to 15 years after the initial treatment if juniper is re-occupying the site. 
 
The treatment of individual trees will result in incomplete juniper control and does 
not address the need to restore the grass and forb components of the plant community.  
This type of site requires seeding.  If a brush beater is used, seed can be broadcast 
before the treatment or drilled following treatment with a rangeland drill.  Consider 
herbicide use if rabbitbrush responds aggressively to brush-beating. 

 
2b. Evidence of overland flow common; active rills and/or gullies sometimes  
      present. 

This condition is common where long-term heavy grazing use has occurred, or on 
abandoned cropland where long-term tillage has removed native grasses and forbs 
and the soil’s seed reservoir, and sagebrush and/or rabbitbrush have re-occupied the 
site.  Sandberg bluegrass (Poa secunda) may be common.  Where grazing has 
resulted in this condition, deep-rooted perennial grasses, bluebunch wheatgrass 
(Agropyron spicatum), or similar species will commonly be found growing within the 
protection of remaining shrub canopy.  Exotic annual grasses (e.g. cheatgrass, 
medusahead) and weedy species (e.g. knapweed) may be abundant.  Seeding that 
incorporates methods of competitive vegetation control is essential.     

 
Prescribed Burning 

Burning is not recommended on this site due to increased erosion hazard caused by 
the removal of existing plant cover and plant litter.  If burned, seeding is essential.  
After burning, drill seed with a rangeland-drill or, conditions allowing, with a grain 
drill or Brillion seeder.  Broadcasting seed into cooled, un-crusted ash as soon as 
possible (within 1 to 2 weeks) may also be effective.  Where annual precipitation is 
adequate (12-14 inches+), small amounts of quickly germinating annual grass 
varieties such as annual ryegrass (Lolium spp.) can be incorporated into the seeding 
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mix to provide over-winter cover on soils and slopes where the erosion hazard is 
moderate to severe.  

 
 

Mechanical Treatment 
With any mechanical treatment, all green juniper leaf material must be removed; 
otherwise, rapid regrowth will occur. Several mechanical treatment methods can be 
used on this site.  Individual trees can be removed with chainsaws, hand loppers (on 
trees with small diameters), or specialized machine-grubbers and shears or pullers. 
Another option, brush-beating, depends on the size of the main stem and machinery’s 
capability.  These methods can effectively carry out broad-scale treatment as long as 
all green leaf material is removed.  Like fire, a brush beater will remove most 
desirable shrubs, and it may invigorate shrubs like rabbitbrush.  However, the 
thoughtful use of a brush beater may create a mosaic effect on the site that promotes 
site and landscape complexity. 
 
Slope and surface stones limit the areas where brush-beating can be effectively used.  
This method is best suited to level and moderately sloping areas, often on moderately 
deep and deep soils with few large surface stones. 
 
Unlike fire, mechanical treatments will miss many small juniper seedlings.  
Anticipate the need for additional treatment, or prescribed burning as a follow-up 
treatment, 10 to 15 years after the initial treatment if juniper is re-occupying the site.   
 
Brush-beating will result in the deposition of a large amount of woody and 
herbaceous plant material on the soil surface which will detain overland flow, trap 
sediment, and increase the time available for the infiltration of water.  This method 
will correct overland flow and erosion problems in all but the most severe cases of 
gully erosion.  Placing cut trees in gullies may trap sediment and prevent further 
down-cutting. 

 
 
3. Woodland succession in Phase II or III; all expected functional plant 

groups represented; annual herbage production within normal range 
to significantly reduced; density of deep-rooted perennial grasses 
greater than 2 plants per 10 square feet. 

 
3a. Little to no evidence of overland flow and soil loss. 

This condition commonly occurs on deep, productive soils on level to moderately 
sloping areas.  Some shrub skeletons appear on the site.  Most shrubs are alive but in 
a weakened condition.  Grasses and forbs are common.  The site is at or near the 
threshold between Phases II and III where, without treatment, conditions will 
deteriorate.  Treatments on this site should address the prevention of further decline 
of ecological processes and the recovery of hydrologic function. 

 
Prescribed Burning 
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This site is suited to the use of fire to control juniper if fine and ladder fuels are 
adequate.  Consider excluding livestock during the year before burning to allow the 
accumulation of fine fuels.  Three methods of burning are available: broadcast 
burning that relies on adequate amounts of fine and ladder fuels to carry the fire 
between the trees and into the canopy; broadcast burning after felling some trees 
(about 25 to 35 percent) that will serve as ladder fuels if shrub amounts are 
inadequate, or burning individual trees.  Broadcast burning will remove shrubs from 
the plant community for 10 years or more.  Burning individual juniper trees permits 
young trees that escape burning to persist and require future treatment.  Hot fires 
(especially in Phase III stands) may damage seed in the soil seed reservoir and may 
kill much of the vegetation intended for growth after the fire.  Where herbaceous 
plant mortality appears high (especially in hotly burned areas), consider seeding. 

 
Mechanical Treatment 

At this stage of succession, tree diameters limit mechanical methods to chainsaws and 
heavy machinery such as feller-bunchers, shears, and dozers.  Dozing, along with 
often-associated pushing and piling, must be done with extreme care due to the great 
risk of eliminating desirable vegetation.  Dozing may also remove topsoil, which 
exposes the soil surface to erosion and/or invasion by weeds.  Seeding should 
accompany dozing. 
 
Falling whole trees and leaving them on site is believed to increase the interception of 
rain and snow until leaves have fallen, a period of 2 to 4 years (Tim Deboodt, OSU 
Extension Rangeland Specialist, personal communication, 2006).  This increase 
occurs because the area of ground covered by the length of the downed tree may be 
greater than the area of the crown diameter of the standing tree.  The leaf fall beneath 
the downed tree creates a mulch mat that usually smothers plants.  Burning during the 
first winter/early spring after cutting when soils are frozen or near field capacity will 
reduce the smothering problem and allow perennial grasses to recover.  Usually, the 
downed trees are burned individually or in a broadcast burn.  Cool/cold season 
burning results in less severe heat production, thereby reducing heating effects on the 
soil and on plants immediately beneath the tree.  Extracting tree boles before burning 
will reduce soil heating during burning. 
 
In treatment areas where the tree boles have been removed for firewood or wood 
products, slash usually remains.  This material serves several useful purposes.  It 
protects bare soil from raindrop impact, detains overland flow, and increases the time 
available for infiltration.  In addition, it provides a microclimate favorable to the 
germination and establishment of native grasses, forbs, and shrubs, and offers 
protection from grazing.  Determining the amount of slash to leave on site should be 
based on the treatment objective.  Too much slash may have the same smothering 
effect on understory vegetation as whole downed trees (but on a broader scale), and it 
may be considered a fire hazard.  The following rule of thumb can help determine the 
amount of slash to leave: Light enough for a cow or elk to walk through, or a little 
more if animal exclusion is the aim. 
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Skidding whole trees or tree boles off the site will scarify the soil surface.  On sites 
with any appreciable slope, drag trees across the slope (rather than up- or down-slope) 
to avoid creating areas of concentrated overland flow and subsequent erosion and 
water loss. Consider seeding and spreading slash on skid trails to control erosion and 
weed invasion if the disturbance appears excessive. When skidding to a road or 
landing, begin cutting at the far end of the treatment area and drag the material out as 
it is felled.  Skidding through slash, stumps, and downed trees can be difficult and 
dangerous. Follow-up burning may be necessary in 10 to 20 years to control young 
junipers that escape the treatment.   

 
3b. Evidence of overland flow common; bare soil common; active rills and/or    
      gullies sometimes present. 

This condition occurs on slopes and soils at risk for erosion. The current plant 
community production or composition may indicate the effects of heavy grazing use 
or other surface disturbance.  Soils may be shallow or contain a restrictive layer in the 
upper soil profile and/or have erodible surface textures. Treatment of a site in this 
stage of encroachment should address the recovery of hydrologic function and 
consider overland flow and erosion originating on site or on adjacent uplands.  
Evidence of overland flow and active erosion indicate that burning will exacerbate 
this condition.  

 
Prescribed Burning 

Burning is not recommended on this site due to increased erosion hazard caused by 
the removal of existing plant cover and plant litter.  If burned, seeding is essential.  
Where annual precipitation is adequate (12-14 inches+), small amounts of quickly 
germinating annual grass varieties such as annual ryegrass (Lolium spp.) should be 
incorporated into the seeding mix to provide over-winter cover on soils and slopes 
with moderate to severe erosion hazard.  

 
Mechanical Treatment 

At this stage of succession, tree diameters limit mechanical methods to chainsaws and 
heavy machinery such as feller-bunchers, shears, and dozers.  Dozing, along with 
often-associated pushing and piling, must be done with extreme care due to the great 
risk of eliminating desirable vegetation.  Dozing may also remove topsoil, which 
exposes the soil surface to erosion and/or invasion by weeds.  Seeding should be 
planned after dozing. 
 
Falling whole trees and leaving them on site is believed to increase the interception of 
rain and snow until leaves have fallen, a period of 2 to 4 years (Tim Deboodt, OSU 
Extension Rangeland Specialist, personal communication, 2006).  This increase 
occurs because the area of ground covered by the length of the downed tree may be 
greater than the area of the crown diameter of the standing tree.  The leaf fall beneath 
the downed tree creates a mulch mat that usually smothers plants.  Burning individual 
trees during the first winter/early spring after cutting when soils are frozen or near 
field capacity will reduce the smothering problem and allow perennial grasses to 
recover.  Cool/cold season burning results in less severe heat production, thereby 
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reducing heating effects on the soil and plants immediately beneath the tree.  
Extracting tree boles before will reduce soil heating during burning. 
 
In treatment areas where the tree boles have been removed for firewood or wood 
products, slash usually remains.  This material serves several useful purposes.  It 
protects bare soil from raindrop impact, detains overland flow, and increases the time 
available for infiltration.  In addition, it provides a microclimate favorable to the 
germination and establishment of native grasses, forbs, and shrubs and offers 
protection from grazing.  Determining the amount of slash to leave on site should be 
based on the treatment objective.  Too much slash may have the same smothering 
effect on understory vegetation as whole downed trees (but on a broader scale), and it 
may be considered a fire hazard.  The following rule of thumb can help determine the 
amount of slash to leave: Light enough for a cow or elk to walk through, or a little 
more if animal exclusion is the aim. 
 
Skidding whole trees or tree boles off the site will scarify the soil surface.  On sites 
with any appreciable slope, drag trees across the slope (rather than up- or down-slope) 
to avoid creating areas of concentrated overland flow and subsequent erosion and 
water loss. Consider seeding and spreading slash on skid trails to control erosion and 
weed invasion if the disturbance appears excessive. When skidding to a road or 
landing, begin cutting at the far end of the treatment area and drag the material out as 
it is felled.  Skidding through slash, stumps and downed trees can be difficult and 
dangerous. Follow-up burning may be necessary in 10 to 20 years to control young 
junipers that escaped the treatment.   
 
Removing limbs from the tree bole and broadcasting them across the site (“lop and 
scatter”) is recommended to detain overland flow, control erosion, and enhance 
seedling establishment. 
 
Falling trees to lay on the slope contour may promote detention of overland flow. 
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4. Woodland succession in Phase II or III; expected functional plant 
groups significantly diminished or absent; skeletal remains of shrubs 
common; deep-rooted perennial grasses are the dominant understory 
vegetation beneath trees and in the canopy interspaces; density of 
deep-rooted grasses greater than 2 plants per 10 square feet. 

 
4a. Little to no evidence of overland flow or soil loss. 

These conditions typically occur at the upper elevations of the range of juniper 
distribution on terraces and benches with moderately deep and deep soils, and at 
lower elevations on north- and east-facing slopes where soils are often derived from 
pumice.  Idaho fescue usually dominates the understory. 

 
Prescribed Burning 

The lack of shrubs (ladder fuels) in the understory makes burning of this site 
impractical.  If, however, the stand is partially cut and the downed trees serve as 
ladder fuels, using fire is appropriate.  Consider excluding livestock during the year 
before burning to allow the accumulation of fine fuels.  Three methods of burning are 
available: broadcast burning that relies on adequate amounts of fine and ladder fuels 
to carry the fire between the trees and into the canopy, broadcast burning after felling 
some trees (about 25 to 35 percent) that will serve as ladder fuels if shrub amounts are 
inadequate, or burning individual trees.  Both broadcast and individual burning 
methods have disadvantages.  Broadcast burning will remove the remaining shrubs 
from the plant community for 10 years or more.  Burning individual juniper trees 
permits young trees that escape burning to persist and require future treatment.  Hot 
fires (especially in Phase III stands) may damage seed in the soil seed reservoir and 
may kill much of the vegetation intended for growth after the fire.  Where herbaceous 
plant mortality appears high (especially in hotly burned areas), consider seeding. 

 
Mechanical Treatment 

At this stage of succession, tree diameters limit mechanical methods to chainsaws and 
heavy machinery such as feller-bunchers, shears, and dozers.  Dozing, along with 
often-associated pushing and piling, must be done with extreme care due to the great 
risk of eliminating desirable vegetation.  Dozing may also remove topsoil, which 
exposes the soil surface to erosion and/or invasion by weeds.  Seeding should follow 
dozing. 
 
Falling whole trees and leaving them on site is believed to increase the interception of 
rain and snow until leaves have fallen, a period of 2 to 4 years (Tim Deboodt, OSU 
Extension Rangeland Specialist, personal communication, 2006).  This increase 
occurs because the area of ground covered by the length of the downed tree may be 
greater than the area of the crown diameter of the standing tree.  The leaf fall beneath 
the downed tree creates a mulch mat that usually smothers plants.  Burning during the 
first winter/early spring after cutting when soils are frozen or near field capacity will 
reduce the smothering problem and allow perennial grasses to recover.  Usually, the 
downed trees are burned individually or in a broadcast burn.  Cool/cold season 
burning results in less-severe heat production, thereby reducing heating effects on the 
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soil and plants immediately beneath the tree.  Extracting boles reduces soil heating 
during burning. 
 
In treatment areas where the tree boles have been removed for firewood or wood 
products, slash usually remains.  This material serves several useful purposes.  It 
protects bare soil from raindrop impact, detains overland flow, and increases the time 
available for infiltration.  In addition, it offers protection from grazing and may 
support a microclimate favorable to the germination and establishment of native 
grasses, forbs, and shrubs.  Determining the amount of slash to leave on site should be 
based on the treatment objective.  Too much slash may have the same smothering 
effect on understory vegetation as whole downed trees (but on a broader scale), and it 
creates a fire hazard.  The following rule of thumb can help determine the amount of 
slash to leave: Light enough for a cow or elk to walk through, or a little more if 
animal exclusion is the aim.   
 
Skidding whole trees or tree boles off the site may scarify the soil surface.  On sites 
with any appreciable slope, drag trees across the slope (rather than up- or down-slope) 
to avoid creating areas of concentrated overland flow and subsequent erosion and 
water loss. Consider seeding and spreading slash on skid trails to control erosion and 
weed invasion if the disturbance appears excessive. When skidding to a road or 
landing, begin cutting at the far end of the treatment area and drag the material out as 
it is felled.  Skidding through slash, stumps, and downed trees is difficult and can be 
dangerous. Follow-up burning may be necessary in 10 to 20 years to control young 
junipers that escaped the treatment.   

 
 

4b. Evidence of overland flow common; bare soil common; active rills and/or  
      gullies sometimes present. 

These conditions typically occur at the upper elevations of the range of juniper 
distribution on terraces and benches with moderately deep and deep soils, and at 
lower elevations on north- and east-facing slopes.  Idaho fescue usually dominates the 
understory.  The evidence of overland flow and soil loss indicates site instability. 

 
Prescribed Burning 

Burning is not recommended on this site due to increased erosion hazard caused by 
the removal of existing plant cover and plant litter.  If burned, seeding is essential.  
Where annual precipitation is adequate (12-14 inches+) small amounts of quickly 
germinating annual grass varieties such as annual ryegrass (Lolium spp.) should be 
incorporated into the seeding mix to provide over-winter cover on soils and slopes 
with moderate to severe erosion hazard.  

 
Mechanical Treatment 

At this stage of succession, tree diameters limit mechanical methods to chainsaws and 
heavy machinery such as feller-bunchers, shears, and dozers.  Dozing, along with 
often-associated pushing and piling, must be done with extreme care due to the great 
risk of eliminating desirable vegetation.  Dozing may also remove topsoil, which 
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exposes the soil surface to erosion and/or invasion by weeds.  Seeding should follow 
dozing. 
 
Falling whole trees and leaving them on site is believed to increase the interception of 
rain and snow until leaves have fallen, a period of 2 to 4 years (Tim Deboodt, OSU 
Extension Rangeland Specialist, personal communication, 2006).  This increase 
occurs because the area of ground covered by the length of the downed tree may be 
greater than the area of the crown diameter of the standing tree.  The leaf fall beneath 
the downed tree creates a mulch mat that usually smothers plants.  Burning during the 
first winter/early spring after cutting when soils are frozen or near field capacity will 
reduce the smothering problem and allow perennial grasses to recover.  Usually, the 
downed trees are burned individually or in a broadcast burn.  Cool/cold season 
burning results in less-severe heat production, thereby reducing heating effects on the 
soil and plants immediately beneath the tree.  Extracting boles before burning reduces 
soil heating during burning. 
 
In treatment areas where the tree boles have been removed for firewood or wood 
products, slash usually remains.  This material serves several useful purposes.  It 
protects bare soil from raindrop impact, detains overland flow, and increases the time 
available for infiltration.  In addition, it provides a microclimate favorable to the 
germination and establishment of native grasses, forbs, and shrubs offers protection 
from grazing.  Determining the amount of slash to leave on site should be based on 
the treatment objective.  Too much slash may have the same smothering effect on 
understory vegetation as whole downed trees (but on a broader scale), and it creates a 
fire hazard.  The following rule of thumb can help determine the amount of slash to 
leave: Light enough for a cow or elk to walk through, or a little more if animal 
exclusion is the aim. 
 
Skidding whole trees or tree boles off the site may scarify the soil surface.  On sites 
with any appreciable slope, drag trees across the slope (rather than up- or down-slope) 
to avoid creating areas of concentrated overland flow and subsequent erosion and 
water loss. Consider seeding and spreading slash on skid trails to control erosion and 
weed invasion if the disturbance appears excessive. When skidding to a road or 
landing, begin cutting at the far end of the treatment area and drag the material out as 
it is felled.  Skidding through slash, stumps and downed trees is difficult and can be 
dangerous. Follow-up burning may be necessary in 10 to 20 years to control young 
junipers that escaped the treatment.   
 
Broadcast slash to detain overland flow, which traps sediment and improves 
infiltration.  Placing cut trees in gullies may trap sediment and prevent further down-
cutting. 
 
Consider seeding significantly large areas of bare soil. 
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5. Woodland succession in Phase II or III; expected functional plant 
groups significantly diminished or absent; skeletal remains of shrubs 
common; deep-rooted perennial grasses, if present, restricted to within 
the drip line of the trees or the canopy of shrubs; canopy interspaces 
bare or nearly so; density of deep-rooted perennial grasses less than 2 
plants per 10 square feet. 

 
5a. Little to no evidence of overland flow or soil loss. 

This condition is common in low- to mid-elevation sites on level to gently sloping 
terrain.  Indian ricegrass (Oryzopsis hymenoides), Thurber needlegrass (Stipa 
thurberiana), and/or needleandthread (Stipa comata) may occur in the tree 
interspaces where soils are sandy or derived from pumice.  Heavier textured soils 
(e.g. silt or silty clay) may support Sandberg bluegrass (Poa secunda).  In the latter 
case, deep-rooted perennial grasses such as bluebunch wheatgrass (Agropyron 
spicatum) grow within the protection of the remaining shrub canopy.  Exotic annual 
grasses (e.g. cheatgrass and medusahead) and weedy species (e.g. knapweed) may be 
abundant.  Seeding that incorporates methods of competitive vegetation control (e.g. 
herbicides) is essential.  Broadcasting slash should promote site recovery and may be 
necessary to prevent wind erosion on pumice or sandy soils. 

 
Prescribed Burning 

The feasible methods of treatment are burning individual trees and falling trees to 
serve as ground and ladder fuels in broadcast burning.  However, consider the value 
of retaining slash for protection from grazing use and for the resulting microclimatic 
conditions that support the establishment of seeded species on this harsh site. 

  
Mechanical Treatment 

Seed to native or adapted species prior to treatment.  At this stage of succession, tree 
diameters limit mechanical methods to chainsaws and heavy machinery such as 
feller-bunchers, shears, and dozers.  Dozing, along with often-associated pushing and 
piling, must be done with extreme care due to the great risk of eliminating desirable 
vegetation.  Dozing may also remove topsoil, which exposes the soil surface to 
erosion and/or invasion by weedy species. Seeding should follow dozing. 
  
Falling whole trees and leaving them on site is believed to increase the interception of 
rain and snow until leaves have fallen, a period of 2 to 4 years (Tim Deboodt, OSU 
Extension Rangeland Specialist, personal communication, 2006).  This increase 
occurs because the area of ground covered by the length of the downed tree may be 
greater than the area of the crown diameter of the standing tree.  The leaf fall beneath 
the downed tree creates a mulch mat that usually smothers plants.  Burning during the 
first winter/early spring after cutting when soils are frozen or near field capacity will 
reduce the smothering problem and allow perennial grasses to recover.  Usually, the 
downed trees are burned individually or in a broadcast burn.  Cool/cold season 
burning results in less-severe heat production, thereby reducing heating effects on the 
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soil and plants immediately beneath the tree.  Extracting boles before burning will 
reduce soil heating during burning. 
 
In treatment areas where the tree boles have been removed for firewood or wood 
products, slash usually remains.  This material serves several useful purposes.  It 
protects bare soil from raindrop impact, detains overland flow, and increases the time 
available for infiltration.  In addition, it provides a microclimate favorable to the 
germination and establishment of native grasses, forbs, and shrubs, and offers 
protection from grazing.  Determining the amount of slash to leave on site should be 
based on the treatment objective.  Too much slash may have the same smothering 
effect on understory vegetation as whole downed trees (but on a broader scale), and it 
creates a fire hazard.  The following rule of thumb can help determine the amount of 
slash to leave: Light enough for a cow or elk to walk through, or a little more if 
animal exclusion is the aim. 
 
Skidding whole trees or tree boles off the site may scarify the soil surface.  On sites 
with any appreciable slope, drag trees across the slope (rather than up- or down-slope) 
to avoid creating areas of concentrated overland flow and subsequent erosion and 
water loss. Consider seeding and spreading slash on skid trails to control erosion and 
weed invasion if the disturbance appears excessive. When skidding to a road or 
landing, begin cutting at the far end of the treatment area and drag the material out as 
it is felled.  Skidding through slash, stumps and downed trees is difficult and can be 
dangerous. Follow-up burning may be necessary in 10 to 20 years to control young 
junipers that escaped the treatment. 

 
5b. Evidence of overland flow common; bare soil common; active rills and/or  
      gullies present. 

This condition occurs on harsh, low- to mid-elevation sites and on south- and west-
facing sites.  It also arises on droughty soils of any slope or aspect.  Active sheet, rill, 
and gully erosion are common.  Seeding and broadcasting slash are essential to site 
recovery. 

 
Prescribed Burning 

Burning is not recommended on this site due to increased erosion hazard caused by 
the removal of existing plant cover and plant litter.  If burned, seeding is essential.  
Where annual precipitation is adequate (12-14 inches+) small amounts of quickly 
germinating annual grass varieties such as annual ryegrass (Lolium spp.) should be 
incorporated into the seeding mix to provide over-winter cover on soils and slopes 
with moderate to severe erosion hazard. 

 
Mechanical Treatment 

Seed to native or adapted species prior to treatment.  At this stage of succession, tree 
diameters limit mechanical methods to chainsaws and heavy machinery such as 
feller-bunchers, shears, and dozers.  Dozing, along with often-associated pushing and 
piling, must be done with extreme care due to the great risk of eliminating desirable 
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vegetation.  Dozing may also remove topsoil, which exposes the soil surface to 
erosion and/or invasion by weeds.  Seeding should follow dozing. 
 
Whole trees should be felled on the slope contour.  Falling whole trees and leaving 
them on site is believed to increase the interception of rain and snow until leaves have 
fallen, a period of 2 to 4 years (Tim Deboodt, OSU Extension Rangeland Specialist, 
personal communication, 2006).  This increase occurs because the area of ground 
covered by the length of the downed tree may be greater than the area of the crown 
diameter of the standing tree.  The leaf fall beneath the downed tree creates a mulch 
mat that usually smothers plants.  Burning individual trees during the first 
winter/early spring after cutting when soils are frozen or near field capacity will 
reduce the smothering problem and allow perennial grasses to recover.  Cool/cold 
season burning results in less-severe heat production, thereby reducing heating effects 
on the soil and plants immediately beneath the tree.  Extracting boles reduces soil 
heating during burning. 
 
In treatment areas where the tree boles have been removed for firewood or wood 
products, slash usually remains.  This material serves several useful purposes.  It 
protects bare soil from raindrop impact, detains overland flow, and increases the time 
available for infiltration.  In addition, provides a microclimate favorable to the 
germination and establishment of native grasses, forbs, and shrubs, and offers 
protection from grazing.  Determining the amount of slash to leave on site should be 
based on the treatment objective.  Too much slash may have the same smothering 
effect on understory vegetation as whole downed trees (but on a broader scale), and it 
is considered a fire hazard.  The following rule of thumb can help determine the 
amount of slash to leave: Light enough for a cow or elk to walk through, or a little 
more if animal exclusion is the aim. 
 
Skidding whole trees or tree boles off the site may scarify the soil surface.  On sites 
with any appreciable slope, drag trees across the slope (rather than up- or down-slope) 
to avoid creating areas of concentrated overland flow and subsequent erosion and 
water loss. Consider seeding and spreading slash on skid trails to control erosion and 
weed invasion if the disturbance appears excessive. When skidding to a road or 
landing, begin cutting at the far end of the treatment area and drag the material out as 
it is felled.  Skidding through slash, stumps and downed trees is difficult and can be 
dangerous. Follow-up burning may be necessary in 10 to 20 years to control young 
junipers that escaped the treatment. 
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Chapter 5    
Monitoring the Effectiveness of Juniper Treatment 

 
Purpose 
 
Monitoring the effectiveness of any kind of land treatment or change in management is 
important in 1) determining the biotic and abiotic changes resulting from the treatment,  
2) determining whether treatment effectively met the objective, and 3) learning from 
mistakes and oversights in order to incorporate new knowledge in the design and 
application of future treatments. 
 
Monitoring the effects of a treatment requires a record of pre-treatment conditions.  
Chapter 3 contains a set of site parameters to observe, measure, and record before 
applying treatment.  Appendix 1 is a suggested format for recording pre-treatment 
conditions. 
 
After treatment, visit the site at least annually to assess the early effects of the treatment, 
such as seeding establishment and the response of grasses, forbs, and shrubs.  Site visits 
also reveal any unanticipated effects or events, such as weed encroachment, juniper 
sprouting, erosion, or unplanned grazing.  Record the results of the visit in the project 
folder and correct any problems found.  Effectiveness monitoring, on the other hand, is 
best conducted over several years at predetermined intervals after the site has had 
adequate time to respond to treatment, usually within 2 to 4 years. 
 
Quantitative Effectiveness Monitoring 
 
Quantitative monitoring should be conducted by a qualified rangeland management 
specialist or rangeland ecologist with experience in soils and hydrology, rangeland 
vegetation, soil-plant-water relationships, and rangeland management techniques. For 
formats and instructions for post-treatment quantitative monitoring, see the appendices 
(Appendix 2 – Post-Treatment Evaluation, and Appendix 5 – Line-Point Intercept 
Method). 
 
Equipment needed: 
 Project folder or copies of project application, final report, and project notes 
 Pre-treatment evaluation form (completed) 
 Topographic map 
 Shovel 
 GPS 
 Compass 
 Camera 
 Clipboard, pencil, paper 
 Post-treatment evaluation form (see Appendix 3) 
 100-foot tape 
 10 ft² (1m²) frame for estimating grass density 
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 Line-point intercept form (see Appendix 4) 
 Photo point ID card (see Appendix 4) 
 Steel pin or welding rod 
 
Qualitative Effectiveness Monitoring 
 
On sites where quantitative monitoring is not feasible, the observer should complete as 
much of the Post-Treatment Evaluation (Appendix 2) as possible, record other 
observations, and take new photographs at the established photo points. 
 
Equipment needed: 
 Project folder or copies of project application, final report, and project notes 
 Topographic map 
 Shovel 
 GPS 
 Compass 
 Camera 
 Clipboard, pencil, paper 
 10 ft² (1m²) frame for estimating grass density 
 Pre-treatment evaluation form (completed) 
 Post-treatment evaluation form 
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Appendix 1 
 

OWEB Pre-Treatment Inventory – Juniper Treatment 
 
 
General Information: 
Applicant: _____________________________________________________________  
Address: ______________________________________________________________  
Phone: ______________________________ 
Observer: ________________________ Date of inventory: ___________________ 
 
Treatment Site Characterization: 
Location: legal description, latitude and longitude or UTM coordinates: ___________ 
_______________________________________________________________________  
Ecoregion: (Omernik) _____________________________________________________________  
Avg. annual ppt.: _______  Elevation: _________  Slope: _____%  Aspect: __________  
Landscape Position: (check applicable) Valley bottom ___  Riparian area ___  
Alluvial fan ____  Toe slope ____  Side-slope ____  Ridge ___  Other (describe) ________ 
___________ __________________________________________________________________________  
Dominant soil: ____________ Depth _________  Texture: Surface _________________  
Sub-surface _____________________________________________________________  
NRCS Ecological Site or Plant Assoc.: ________________________________________ 
Soil limitations for management/treatment:___________________________________ 
________________________________________________________________________  
 
Site Inventory: 
Method of inventory: (check applicable) Measured ________  Estimated _______  
Describe method(s) used: ___________________________________________  
Permanent plot established? (Y/N) ___ Photo point established? (Y/N) ___ 
 
Pre-Treatment Conditions: (attach copies of field notes and photos compiled during the inventory) 
Phase(s) of woodland succession: ____________________________________________ 
Pre-treatment foliar cover1: __________%  Basal cover: _____________% 
Trees: ______%  Forbs: _____%  Stones/gravels: ______%  
Shrubs: _____%  Cryptogams: _____%  Bare ground: ______%  
Grasses/grass-likes: _____%  Litter: ______%  
Density of deep-rooted perennial grasses: _______/10 ft² 
Weedy species (presence and abundance): _____________________________________ 
Evidence of overland flow? (Y/N) ______ 
Evidence of active soil erosion? (Y/N)_____  Kind:______________________________   
Springs and/or seeps in, or downslope of treatment area? (Y/N) ____________________ 
Long-term measurement of flow? (Y/N)___   If yes, what were the flows?_______ gpm 
Ephemeral, intermittent, or perennial streams in the stand’s area of influence?  (Y/N)___  

                                                 
1 See Appendix 5 (Line-Point Intercept Method) for definitions of foliar and basal cover.  See also 
Appendix 3 (Comparison Charts for Visual Estimation of Foliage Groundcover). 
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Appendix 1 
 
 
Long-term measurement of flow? (Y/N) ___   If yes, what were the flows? _______  cfs 
Grazed? (Y/N)___  Rest/Deferment? (Y/N) _______  
Timing, duration and density of grazing use: 
________________________________________________________________________ 
________________________________________________________________________ 
 
Other surface disturbances? (Y/N) _____   Describe: _____________________________ 
________________________________________________________________________ 
 
 
Planned Treatment Description: 
Objective: _______________________________________________________________ 
________________________________________________________________________
________________________________________________________________________  
Planned timing of treatment: __________________  Acres to be treated:_____________  
Planned method(s) of treatment, including follow-up: ____________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________  
Slash disposal: (broadcast, pile, burn, remove, etc.)__________________________________________ 
______________________________________________________________________________________  
Seeding planned? (Y/N) ____ Method: ________________________________________ 
Species (including seeding rates) recommended: ________________________________ 
________________________________________________________________________ 
 
 
Notes: 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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Appendix 2 
 

Post-Treatment Effectiveness Monitoring Report – Juniper Treatment 
 
 
       OWEB Grant #: ____________ 
General Information: 
Grantee: ____________________________________________________________  
Address: ________________________________________  Phone: _____________  
Reviewer: ___________________________    Date of review: _________________ 
 
Treatment Description: 
Objective: (from grant application)  
Date(s) of treatment: _______________  Acres treated: ________  Time spent: _____ 
Method of treatment: ___________________________________________________ 
Slash disposal: (broadcast, piled, etc.) _________________________________________________  
Cost of initial treatment ($/ac): _________________ (from final report) $_____________  
Post-treatment burn? (Y/N) ____  Date: _______ Method: ______________________  
Seeded? (Y/N) ____  Date: _________  Method: ______________________________  
Species seeded: (include rates)  _______________________________________________________ 
Costs ($/ac.): Burning: $ __________  Seeding: $_____________  
 
Treatment Evaluation: 
Method of evaluation: (check applicable) Measured ________  Estimated _______  
Describe method(s) used: ___________________________________________  
Permanent plot established? (Y/N) ___ Photo point established? (Y/N) ___ 
 
Results of Evaluation: (attach copies of field notes, photos and monitoring data compiled during the 
evaluation) 
Post-treatment foliar¹ cover : ____________% Basal1 cover: ______________% 
Trees: ______%               Forbs: _____%   Stones/gravels: ______%  
Shrubs: _____%                        Cryptogams: _____%  Bare ground: ________%  
Grasses/grass-likes: _____%    Litter: ______%  
Density of deep-rooted perennial grasses: _______/10 ft² 
Weedy species (presence and abundance): _____________________________________ 
Evidence of overland flow? (Y/N) ______ 
Evidence of active soil erosion? (Y/N)_____  Kind:______________________________   
Springs and/or seeps in, or downslope of treatment area? (Y/N) ____________________ 
Long-term measurement of flow? (Y/N)___   If yes, what were the flows?_______ gpm 
Ephemeral, intermittent, or perennial streams in the stand’s area of influence?  (Y/N)___  
Long-term measurement of flow? (Y/N) ___   If yes, what were the flows? _______  cfs 
   
Grazed? (Y/N)___  Rest/Deferment? (Y/N) _______  

                                                 
1 See Appendix 5 (Line-Point Intercept Method) for definitions of foliar and basal cover.  See also 
Appendix 3 (Comparison Charts for Visual Estimation of Foliage Groundcover). 
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Timing and duration of grazing use: __________________________________________ 
________________________________________________________________________ 
Other surface disturbances? (Y/N) _____   Describe: _____________________________ 
________________________________________________________________________ 
 
Conclusions: 
Was the target species effectively controlled? (Y/N) _____  (If no, explain below) 
Were the objectives of the project achieved? (Y/N) ______  (If no, explain below) 
 
Notes: (include grantee’s comments and observations, notes on further treatment needs, etc.) 
________________________________________________________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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Big Sagebrush
Artemesia tridentata Nutt. 

At least 4 or 5 subspecies of this Native 
shrub have been identified. Those described 
here are: A. tridentata ssp. tridentata (Beetle 
& Young) Welsh - basin big sagebrush, A. 
tridentata ssp. vaseyana (Rydb.) Bovin - 
mountain big sagebrush; and A. tridentata 
ssp. wyomingensis Beetle & Young-Wyoming 
big sagebrush. Though each subspecies may 
occur in distinct in pure stands, introgression 
may blur the distinctions at contact points. 

A. t. tridentata A.t. wyomingensis A.t. vaseyana

Form and 
structure

Erect, rounded or somewhat 
spreading crown, 1-2 m (3 to 
10 ft), often with a thick single 
trunk. Occasionally a dwarf 
shrub or treelike to 5 m  (16 ft).

Rounded uneven crown 46-76 
cm (18 to 30 in) tall, main stem 
usually branched at or near 
ground level into 2 or more 
substems.

Flat-topped compact crown,  
generally < 76 cm (30 in) height.

Leaves Long, wedge-shaped, much 
longer than wide, leaf margins 
straight.

Short, broad at the tip, tapering 
sharply at the base, leaf margins 
inrolled.

Leaves intermediate in shape, 
leaf margins straight.

Persistent leaves 3-lobed, deciduous leaves non-lobed, 1 – 3 cm long

Stems Grayish shredding bark on older stems, young twigs densely hairy

VEGETATIVE CHARACTERISTICS

 Artemesia tridentata ssp vaseyana (top photo), 
May 22 2004, growing near the summit of Grizzly 
Mountain, Crooked River National Grassland, Crook 
County, Oregon. Note the flower stalks that all arise 
from the top of the shrub, resulting in a rather flat-
topped profile. A close-up view of the foliage (below) 
shows leaves intermediate between the long, relatively 
narrow and wedge-shaped A. t. tridentata and the 
shorter bell-shaped A. t. wyomingensis. This specimen 
was growing on the west-facing slope at just below 
1697 m (5600 ft), in association with juniperus 
occidentalis and Pinus ponderosa.
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A. t. tridentata A .t. wyomingensis A .t. vaseyana

Soil Types and
Conditions

Generally occurs on deep, 
well-drained, and generally 
fertile soils. Intolerant of 
alkaline conditions.

Occurs on frigid, mesic, and xeric 
soils of silty, clayey, skeletal, and 
mixed textures. Tends to grow on 
shallowest, most well-drained, 
and hottest soils relative to the 
other 2 subspecies.

Moderately deep, well-drained, 
slightly acid to slightly alkaline 
soils, variable in texture, though 
finer textures are favored.  

Moisture
requirements

250-460 mm  (10 to 18 
in) per year. Frequently 
coincides with high water 
tables or deep moisture 
accumulations.

200-300 mm (7-12 in) per 
year.  Most precipitation occurs 
as rain.

Characterized by late-melting 
winter snow cover and summer 
moisture. Tends to occupy 
soils that are wetter and cooler 
than those occupied by A . t. 
wyomingesnsis.

GENERAL HABITAT CONSIDERATIONS

A very robust Artemesia tridentata ssp tridentata (top photo), May 8 2004, growing near the marina at Lake Billy Chinnok, 
The Cove Pallisades State Park, Jefferson County, Oregon. The specimen is in excess of 2 m in height. Balsamorhiza sagit-
tata grows in the foreground.

Prepared by Stephen Dowlan, May, 2004
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A. t. tridentata A .t. wyomingensis A .t. vaseyana

Forage and 
Palatability

Least palatable. May serve 
as emergency food during 
severe winter weather, but it 
is not usually sought out by 
livestock or wildlife. May 
be heavily used, particularly 
during winter when preferred 
taxa are not available.

Second most palatable.  
Regional differences 
in ungulate use of A. t. 
wyomingensis relative to other 
big sagebrush subspecies. 
Moderately palatable to cattle 
and domestic sheep. Heavily 
browsed by pronghorn fall 
through spring, by rabbits and 
hares in winter, and by sage 
grouse.

Most palatable. Described as a 
highly preferred and nutritious 
winter forage for mule deer.
USDA “Hobble Creek” 
cultivar is a highly preferred 
sagebrush that exceeds most 
other winter forage values in 
energy, protein, phosphorus, 
and carotene.

In general, big sagebrush is highly digestible and nutritious, though levels of crude terpenoids  
can reduce palatability. Though eaten by domestic sheep and cattle, big sagebrush subspecies have 
generally been considered to be of low palatability to domestic livestock.

Wildlife Use Poor to good cover value 
for pronghorn, bighorn 
sheep, elk, mule deer, small 
mammals, non game birds, 
and upland game birds. 
Provides important cover for 
sage grouse.

Provides cover for pronghorn 
, bighorn sheep, rabbits and 
hares, shrub-nesting birds, and 
some ground-nesting birds 
including sage grouse. Cover 
of mature shrubs is especially 
important to pronghorn fawns 
and sage grouse broods.

Fair to good cover value for 
pronghorn, bighorn sheep, elk, 
mule deer, small mammals, non 
game birds, and upland game 
birds.

VEGETATIVE CHARACTERISTICS

Artemisia tridentata ssp. wyomingensis, Washoe County, Nevada. Photos 
Copyright © 2000 Gary A. Monroe (Calphotos).
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DISTURBANCE
Response to Grazing: All three subspecies are likely to increase under heavy grazing, though A. t. wyomingensis will increase 
relatively less than the other two. 
Response to Fire: None of the three subspecies resprout after fire.
Response to Drought: Drought delays reestablishment of  stands after fire or other disturbance. A .t. wyomingensis is the 
most drought tolerant of the 3 major subspecies. Drought conditions favor establishment of this subspecies over perennial 
bunchgrasses.

A. t. tridentata A .t. wyomingensis A .t. vaseyana

Growth Season Evergreen.  New leaf production begins in spring. Smaller unlobed ephemeral leaves produced in 
late winter and early spring and retained until onset of summer drought. Larger lobed perennial 
leaves develop slowly from late spring until July, retained until second summer.

Establishment Emergence of seedlings on 
burned soil reduced compared 
to emergence of the other 2 
subspecies.

Particularly recommended on 
dry upland sites where other 
shrubs are difficult to establish. 
Seedling growth is slow 
compared to growth of other 
subspecies.

Addition of topsoil increases 
plant cover in one study.

Wind is the primary dispersal agent, although animal and water dispersal can also occur. 
Germination may occur during winter or even late fall at mild winter sites , but at cold winter 
sites, may be delayed until snowmelt. Seedling survival often depends on precipitation. Seedlings 
under mature sagebrush plants are more likely to survive, and survival tends to be lower in grazed 
and unsheltered areas. Reestablishment may be inhibited in areas that lose sagebrush cover due to 
frequent fire and become dominated by nonmycorrhizal species (such as cheatgrass). 

Propogation Plants 2 to 3 years of age are capable of producing viable seed. Approximately 90% of big 
sagebrush seed is dispersed within 9 m (30 ft) of the parent shrub. Grows rapidly and spreads readily 
from seed. Can be broadcast-seeded or drilled, however, it is important to select site-specific seed. 
Seedlings can be easily transplanted. Wild plants are best moved while dormant in winter. A. t. 
vaseyana can reproduce vegetatively by layering.

PLANTING

 Howard, Janet L. 1999. Artemisia tridentata ssp. wyomingensis. In: Fire Effects Information System, [Online]. U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). Accessed 
January, 2004. 
 Johnson, Kathleen A. 2000. Artemisia tridentata spp. vaseyana. In:  Fire Effects Information System, [Online]. U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). Accessed 
January, 2004.
 Tirmenstein, D. 1999. Artemisia tridentata spp. tridentata. In: Fire Effects Information System, [Online]. U.S. Department 
of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory (Producer). Accessed January, 2004.
 USDA NRCS Plant Materials Program (2002) Big sagebrush, Artemesia tridentata. In: Plant Materials Program Web site,  
http://plants.usda.gov/ Accessed January, 2004. 
 Wambolt, C.L, and M. R. Frisina. 2002. Montana sagebrush guide. Montana Department of Fish, Wildlife & Parks, 
Helena, MT.
 Winword, A. H. 1980. Taxonomy and ecology of sagebrush in Oregon. Agricultural Experiment Station, Oregon State 
University, Station Bulletin 642, Corvallis, OR
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Jim Hancock (left) and Dan Tippy of the Bureau of Land Management, Prineville assess 
treatment options on this mixed-stage juniper stand, encroaching into a low sage/Idaho 

fescue site in central Oregon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Run-off from recent rains yielded this sediment from the bare soils of the juniper stand. 
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