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list of site prep and seeding techniques, please see Appendix A p. 23.
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PRAIRIE HABITAT

DEFINE THE STARTING CONDITIONS:

1) Remnant prairie with a significant population of native plants

2) Meadow with a significant population of native plants

3) Meadow with a few natives only

4) Uncultivated old fields and pasture with few or no natives

5) Cultivated agricultural field

6) Highly disturbed and/or steep areas where erosion is a concern (excavated, logged etc.)
7) Bare patches for native pollinators

SITE PREPARATION:

1&2: Remnant Prairie or Meadow with significant population of native plants

Use herbicide only in weedy areas with few or no natives. These areas can be planted with
plugs of native plants in the fall, or seeded if the area is relatively weed-free. In the native-rich
areas, you can spot-spray, or use mechanical control methods such as weed-eaters, and
pruners.

Many of our native remnant sites are rich in forb diversity but lack native grasses; or the native
grasses are few. In this is the case, you could use a grass-specific herbicide to target the non-
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native grasses, then enhance the site by adding native grasses and more forbs as the non-
native component is reduced. The Institute for Applied Ecology conducted research that
addresses the efficacy of the grass-specific herbicide Poast as a restoration tool in prairie
remnants. Please see the following link for more information.

http://www.appliedeco.org/conservation-research/prairie-restoration-research

In general, care must be taken any time herbicides are used to remove unwanted vegetation.

The space created may fillinwithundesi r abl e dnmperative ¢hat the desiredipland s
material be put in place to fill that space as quickly as possible. Initial findings of the study

indicate one of the most difficult non-native grasses to eliminate is creeping bentgrass (Agrostis

spp.) [see # 4 and 5 below]. The native fine-leaved bunchgrassRo e mer 6 s Fdstacac u e (
roemeri) and California oatgrass (Danthonia californica) have some tolerance for grass

herbicides depending on the time of application and the age of the plants, but you should do

careful trials in your project site.

3: Meadow with few natives only

Decide if it's less expensive and troublesome to lose the few native species present and then, in
possible, reestablish them from seed or plants. For example, many old fields have yarrow and
buttercup, but little else. Since these species are widely available, you can focus your efforts on
preparing a site substantially reduced of weeds, and re-seed or re-plant them. If possible, you
can also collect seed from these populations before site-preparation. For preparation
suggestions using herbicides, see #4 and 5 below.

An option for adding diversity to the site without herbicides is solarization of small patches and
interplanting plugs of native species, but this increases cost and can be tedious work.

4&5: Uncultivated fields and cultivated fields with few or no natives
Herbicide

Use the broad-spectrum systemic herbicide glyphosate for AT LEAST two seasons to Kill
existing vegetation and reduce the weed seed bank. This should be applied as soon as you the
site is accessible. Suggested application rates are 2 quarts/acre in cool weather and 1
guart/acre in warm weather [1 1 2% glyphosate solution]. For tough, perennial grasses the first
application can be as high as 3 quarts/acre. The addition a non-ionic surfactant [at 1 qt/100
gallons of water] is recommended. But a combination surfactant with ammonium sulfate Class
Act® [at 2.5 gal/100 gallon of water] will also increase the efficacy of the glyphosate. Herbicide
should be applied three times per year [fall, spring, and the following fall] at a MINIMUM. Timing
of the herbicide application is crucial. It is desirable to eliminate weeds before they flower. To
emphasize, it is important to realize that the weed seed bank is will never be exhausted. The
seed drill will invariably dredgeupwee d seed no matt er nmpseenfpost-e an o
herbicide application.

Most grasses will be killed in one season. A second season application is desirable due to the
persistence of hard-seeded species such as clover and vetch, glyphosate resistant deep-

rooted or rhizomatousf or bs such as Queen -Watmaeyesdaisyaande , St .
cr ail

Canadat hi stl e, and annual s s il ;mbstad,sand speedwdl that take | e
advantage of the vegetation-free space and emerge the second season.

Hard to kill perennial forbs can be treated with a broadleaf herbicide. The most effective
broadleaf chemical for these species is triclopyr (Garlon). The West Eugene Wetlands
vegetation manager Paul Gordon (2013 pers. comm.) has found a May-June spot treatment of
1.5% triclopyr with the addition of 0.5% aminopyralid (Milestone) works exceptionally well on
curly dock, s heep odtslohaswarty seoktch broam, blackbery, roxeye daisy éhd
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bachelor button. Hand-pulling or tilling these species is hote recommended due to their
persistent rhizomatous root character.

Cultivation vs. Herbicides

Cultivation is not necessary in the age of no-till drills. Tillage only brings weed seed to the
surface and dormant weed seed that has been built up in the soil for generations will never be
exhausted.

A 2005 restoration site-preparation forum hosted by the Lane Council of Governments and
attended by restorationists, researchers, water and soil scientists, and farmers concluded that

the best way to prepare a pasture or agricultural field for native prairie seed reintroduction is
herbicide application for at least two years without cultivation. Or, if you must till, do it ONCE

and then start the herbicide regime. If bare soil is a concern, plant a cereal cover crop such as
wheat, oats, or barley in September to control winter erosion and suppress weeds. According to
The Oregon State Extension Service (see Appendix Abel ow) cover crops i
surf ace, smot her weeds, éand scavenge nitrog
root zone by winter rains.o

prote
en fr
Problem weedy grasses - Bentgrass, Velvetgrass, Tall oatgrass, and Rattail fescue

In old fields and pasture the aggressive, non-native perennial grasses bentgrass, tall oatgrass
(Arrhenatherum elatius), and velvetgrass (Holcus lanatus and Holcus mollis) can be the
greatest threat to successful native plant reestablishment. Velvetgrass can be a problem
especially in wetter cultivated fields due to seed persistence in the soil.

These grasses often fill back in on restored sites even after the native grasses have

established. Theythreatent he Abunchgrassodo pr aismopeegrasitdfouct ur e (w
nesting sites, forbs, and native pollinator habitat) if not aggressively scouted and spot-sprayed

each season. The most common grass-specific herbicides used in restoration work are:

fluazifop (Fusilade), sethoxydim (Poast), and clethodim (Envoy, Select 2EC, and Section).

Choosing native graminoid species that show resistance to these herbicides is discussed in

later sections.

Another scourge of restoration sites is rattail fescue (Vulpia myuros). This annual grass takes
advantage of bare soil after herbicide treatment and can quickly fill the space as the natives try
to establish. One grass-specific herbicide (clethodim) is effective if used repeatedly while the
grass is young. Poast and Fusilade are ineffective herbicides on rattail fescue. There are a
couple of pre-emergent herbicides labeled for this species on non-crop/restoration lands but
care must be taken to understand the mode of action, the chemical specificity, and soil life of
pre-emergent herbicides. Some control can be obtained using contact (non-systemic) herbicide
such as diquat (Reward) as long as there are not native annuals present. Again, the target
weeds need to be young, coverage complete, and application repeated. Non-herbicide control
of this species is very difficult.

For native seeding options that allow herbicide treatment for the problem species see
Option 3, Grass Weeds, Possible Solutions below.

Good Site-Preparation and Follow-up Management are Critical:

Many native species (both grasses and forbs) are slow to establish. They need a site free of
other vegetation in order to germinate unimpeded and to flourish. Most bunchgrasses and
perennial forbs grow slowly and don't set seed until their second season (some forbs not until
the third or fourth.) They are poor competitors.

Once the prairie species are established, it is critically important to burn the site every 21 5
years to remove thatch. If you can't burn, mow. Burning, however, is the most effective tool to
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maintain native prairie. Willamette Valley prairie species evolved with fire. Fire reduces the
competition from thatch and woody species, stimulates the root crowns of the native grasses
and forbs, and reopens the site for native annual species. Burning yearly is not recommended
because it increases the abundance of weedy, non-native annual species and noxious
perennials such as Canada thistle and tansy ragwort. It is also desirable to augment the area
with new native seed and/or plants after burning or mowing to tip the competitive balance
toward a sustainable native stand.

A note on mowing: If there is heavy residue from mowing, it should be removed from the site.
Thatch reduces the vigor of native plants. If the site is open, options include swathing and
baling the straw or using a silage harvester that cuts and discharges it into a trailer. If this is not
an option, then use a mulching mower to hasten that decay.

6: Highly Disturbed Sites

If the site has been disturbed by earthmoving equipment it is absolutely essential to not let it lie
fallow. Both erosion and the tendency of weeds to occupy bare soil emphasize the need to
establish a desirable living plant cover on the soil as soon as possible. If the goal is to re-
vegetate the site with native plant species, try to allow any weed seeds that might be present to
germinate, and then spray them with glyphosate. Species to be sown should be fall and/or
winter germinating grasses and forbs that compete well with non-native species.

Native species are extremely small, even those that germinate in the fall or winter, so they will
NOT hold soil on sloped sites. It might be advantageous on erodible sites to either 1) sow a
summer cover crop such as Sudan grass at about 70 Ibs/acre, then mow and bail it when in
flower or 2) sow an early-fall nurse crop of a spring cereal grain such as oats at about 20-30
Ibs/acre (apply glyphosate if possible before sowing). Sowing the spring grain in early-fall will
ensure it establishes good roots and holds the soil during the fall and early winter. Spring grains
usually freeze out in winter. Oversow the area in October with native seed. If the nurse crops
do not freeze out, mow them in early-May to a height of 6-8 inches, well above the native annual
forbs. Barley has also been recommended due to its lack of regrowth if mowed. Winter wheat is
fine as a cover crop before seeding as long as it is killed before sowing natives but wheat
should never be used as a nurse crop due to its potential root allelopathic effects.

7: Bare areas for native pollinators

In all cases above, some bare patches should be retained in order to provide vital pollinator
nesting sites. Most native bee species nest in bare soil. The best sites to retain would be cut
banks or areas by fallen trees and snags that face the morning sun. To keep the area free of
vegetation, herbicide can be applied early in the morning or late in the evening when the bees
are in their nests. For more information on native pollinator conservation see Appendix A.

NATIVE SEEDING ORDER OF GRASSES AND FORBS:

OPTION 17 GRASSES AND FORBS TOGETHER
OPTION 27 FORBS FIRST, GRASSES LATER
OPTION 37 GRASSES FIRST, FORBS LATER

There are many possible ways to approach native seeding after site-preparation. On our sites,
we have had the most success with Option 1 (multiple herbicide applications following by
seeding forbs and graminoids at the same time). These sites have the greatest establishment
rate and highest diversity of native species several years later. Other restoration professionals
are using Option 2 in former grass seed fields or in order to establish high quality, forb-rich
pollinator habit. Option 3 is becoming less popular due to the difficulty in establishing forbs in
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the dense stand of grass. All native seed is best sown in the fall to ensure any seed
stratification needs are met. Many native seeds need 2-12 weeks of cold-moist pre-treatment
to germinate.

OPTION 1

If the site is very clean (when the top layer of weed seed has been reduced considerably)
grasses and forbs can be sown at the same time [this might be the case in grass seed fields
with little residual seed, fields and pastures with multiple herbicide applications, or areas
solarized for a long period].

The advantages to this method are numerous:

1) Every square inch of is occupied by a native seed.

2) Every seed has the best chance of establishing.

3) There is little competition from existing vegetation (native or non-native).

4) A diversity of species can be sown including species that need a long seed stratification
period over winter.

Sowing the seed

A. Broadcast forbs and drill grasses:

Broadcast the forbs using a hand-crank spreader, a large spinner-spreader pulled by an ATV or
tractor (rented at your local farm store), or a seed drill removing the seeding tubes from drill
openers so that the tubes dangle while spreading seed, or by hand. If this option is chosen, the
forbs should be sown at a higher rate than drilling due to diminished soil contact and possible
predation from field mice and birds (see below for sowing rate suggestions). Drill grasses over
the broadcast seed, or press into the soil with a cement or water drum roller (although this
disturbs the soil and could increase weed pressure).

When we first used this method in 2008, we drilled Festuca roemetri in upland areas and
Danthonia californica in wetter areas, then broadcast-seeded forbs in both plots. Surveys in
summer 2009 and winter 2010 indicated that the Festuca roemeri area had the highest cover of
both native grass and forbs (see TABLE 1 photos 1A and 1B below). This native grass
germinates in the fall so it was able to establish with or before the forbs. Danthonia californica
needs 12 weeks of cold-moist stratification to germinate, and did not establish well. Many
native and weedy forbs germinated in the fall (especially the annuals) and competed with the
desired native grass (1C). Follow-up surveys in the winter of 2010 showed very little
establishment of Danthonia (1D). The low cover of grass allowed short-lived perennials such as
Lupinus rivularis to cover large areas of the site (1E), but by summer of 2013 most of the area
was dominated by non-native velvetgrass and a low cover of native forbs (1F).
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TABLE 1 - Option 1: Broadcasting forbs and drilling grasses i Fall 2008 seeding

4 O

1A Summer 2009: Festuca roemeri with
annual forbs the summer after sowing

abundant native perennial forbs (pictured:
Sidalcea campestris, Prunella vulgaris var.
lanceolata, Eriophyllum lanatum, Clarkia sp.,
Potentilla glandulosa, and Lotus purshianus).

1 .-.‘ AV N\ 2\ lf‘ * ".
‘:-: i \ )\ , vr : : ‘

1C Summer 2009: Danthonia californica area
with native and non-native annuals (pretty, but
poor native grass establishment)

1D Winter 2010: Two Small tufts of Danthonia
californica. These were difficult to find due to
low abundance and annual weedy forbs in
high density.
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1E Summer 2010: Lupinus rivularis dominates | 1F Summer 2013: Non-native velvetgrass

the second summer. dominates the plot, some hearty perennial
forbs persist but Lupinus rivularis requires less
competition and died out.

fi P a nDudtothe persistence of non-native perennial grasses even after two years of site
preparation, in fall of 2010 we chose to seed only graminoid species that would tolerate a grass-
specific herbicide. The area had been a former Perennial bentgrass grass crop field so we
knew the grass would be persistent. Wetland areas were sown with a mixture of sedges,
rushes and forbs (TABLE 2 2A and 2B below). Upland areas were sown with the fine-leaved
bunchgrass Festuca roemeri which shows documented resistance to Fusilade and Poast (due
to its fine leaves and tough cuticle). Carex tumulicola and Luzula comosa (grass-like but not in
the grass family) and forbs were also sown due to their herbicide resistance. Since theses
desirable natives are grass-herbicide resistant, Fusilade was applied once the fall after seeding
and once again spring 2012 (2C) and the invasive forbs tansy ragwort, Canada thistle, and bird
vetch (Vicia cracca), spot-treated with clopyralid (2D). By year 3 (2E and 2F), many of the
perennial forbs and Roemer 6s f @lsaseusee the tolowingr eac hed
link for more information on grass-specific herbicides use in restorations).

http://www.appliedeco.org/conservation-research/prairie-restoration-research
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TABLE 2 Option 1: Broadcasting forbs and drilling grasses i Fall 2010 seeding and choosing
olerate grass

graminoids that t

-specific herbicides
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2A Summer 2012: Wetland area forbs
establishment rate high; many flowers
blooming (pictured: perennial forbs
Ranunculus orthorhyncus and Lomatium
nudicaule, and the annual Plagiobothrys
figuratus. Grindelia integrifolia also bloomed
late summer.

2B Summer 2012: Carex spp. established well
in wet areas.

2C Summer 2012: Perennial bentgrass
yellowing after Fusilade treatment.

2D Summer 2012: Spot treatment of invasive
forbs using backpack sprayers and clopyralid.
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