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WESTERN FORBS: BIOLOGY, ECOLOGY, AND USE IN RESTORATION
ARROWLEAF BALSAMR

lp

Balsamorhiza sagittata (Pursh) Nutt., hereafter
referred to as arrowleaf balsamroot, belongs to
the Artorhiza subgenus (Sharp 1935), Heliantheae
tribe, and Engelmaniinae subtribe of the
Asteraceae or aster family (Cronquist et al. 1994;
Moore and Bohs 2003; Weber 2006).

NRCS Plant Code. BASA3 (USDA NRCS 2017).

Synonyms. Balsamorhiza helianthoides (Nutt.)
Nutt., Espeletia helianthoides Nutt., and E.
sagittata (Pursh) Nutt. (Weber 2006).

Common Names. Arrowleaf balsamroot,
breadroot, graydock, spring sunflower (USDA FS
1937; USDA NRCS 2017).

Subtaxa. No varieties or subspecies are currently
recognized by the Flora of North America (Weber
2006).

Chromosome Numbers. Chromosome number is
2n = 38 (Weber 2006).

Hybridization. Hybridization is common within
the Balsamorhiza genus where distributions
overlap, and the genus is described as "notorious
for lack of genetic barriers to hybridization”
(Welsh et al. 1987). Intermediate forms resulting
from hybridization with Hooker's balsamroot (B.
hookeri), Carey's balsamroot (B. careyana), hoary
balsamroot (B. incana), and rosy balsamroot (B.
rosea) have been reported (Ownbey and Weber
1943; Welsh et al. 1987; Taylor 1992; Weber 2006),
but these may not represent all potential hybrids.
Arrowleaf balsamroot does not hybridize with
cutleaf balsamroot (B. macrophyilla), which is a
highly polyploid species (Weber 2006).

Although common, hybrids may be highly
restricted geographically. Arrowleaf balsamroot x
Hooker's balsamroot hybrids are restricted to the
ecotones between parent habitats in sagebrush
communities, which are deep soils for arrowleaf
balsamroot and shallow soils lacking defined
horizons for Hooker's balsamroot. A similar type of
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restricted geographic occurrence for parents and
hybrids was reported for overlapping distributions
of arrowleaf balsamroot and hoary balsamroot

in Wallowa County, Oregon (Ownbey and Weber
1943). Arrowleaf balsamroot occupied fertile
mounds, and hoary balsamroot occupied adjacent
rocky subsoils. Plants looking like arrowleaf
balsamroot and growing in rocky subsoils,
displayed some hoary balsamroot characteristics.
Plants growing on more fertile mounded sites
displayed arrowleaf balsamroot characteristics
(Ownbey and Weber 1943).

Recognized hybrids include (Weber 2006):

B. x tomentosa: hoary balsamroot x arrowleaf
balsamroot hybrid.

B. x bonseri: rosy balsamroot x arrowleaf
balsamroot hybrid.

DISTRIBUTION

Arrowleaf balsamroot is primarily a western
species occurring from the Cascade and Sierra
Nevada mountain ranges to the Black Hills

of South Dakota. It is found in the Canadian
provinces of Alberta, British Columbia, and
Saskatchewan and in the U.S. states of Arizona,
California, Colorado, Idaho, Montana, Nevada,
Oregon, South Dakota, Utah, and Wyoming (USDA
FS 1937; Weber 2006). It is particularly widespread
east of the Cascades at low to mid-elevations
(Hitchcock and Cronquist 1973).

Habitat and Plant Associations. Arrowleaf
balsamroot occurs most commonly in grassland
(Fig. 1), sagebrush (Artemisia spp.), oak (Quercus
spp.) brush, mountain brush, pinyon-juniper
(Pinus-Juniperus spp.), ponderosa pine (P.
ponderosa), Douglas-fir (Pseudotsuga menziesii),
and quaking aspen (Populus tremuloides)
communities throughout its range (Kuchler 1964;
Welsh et al. 1987; Shiflet 1994; Weber 2006).
Although found at sites receiving between 9

and 25 inches (229-635 mm) of precipitation,
populations are often more dense and plants
larger as annual precipitation increases beyond 12
inches (305 mm) (Wasser 1982; USDA NRCS 2000;
Tilley et al. 2012).

Grasslands. Arrowleaf balsamroot is a common
component of Altai fescue (Festuca altaica)-, Idaho
fescue (F. idahoensis)-, and bluebunch wheatgrass
(Pseudoroegneria spicata)-dominated rangeland
cover types (Shiflet 1994) where typically less
than 40% of annual precipitation falls during the
growing season (Garrison et al. 1977). In the Blue
Mountains of Idaho, Oregon, and Washington, the

Idaho fescue-bluebunch wheatgrass-arrowleaf
balsamroot vegetation type is common on warm,
moist sites, and the bluebunch wheatgrass-
Sandberg bluegrass (Poa secunda)-arrowleaf
balsamroot vegetation type is common on hot, dry
sites (Powell et al. 2007).

Figure 1. Arrowleaf balsamroot growing in Wyoming
grassland. Photo: USDI BLM WY 404 SOS.

Shrublands. Arrowleaf balsamroot is most
common in upland rangeland shrubland types
dominated by antelope bitterbrush (Purshia
tridentata), basin big sagebrush (A. tridentata
subsp. tridentata), Wyoming big sagebrush

(A. t. subsp. wyomingensis), and mountain

big sagebrush (A. t. subsp. vaseyana) (Shiflet
1994). It can also be found in low sagebrush (A.
arbuscula) communities (Shiflet 1994), but here
it is likely restricted to deep soil microsites (S.
Monsen, USFS retired, personal communication,
March 2018). Arrowleaf balsamroot abundance
is typically greatest in mesic sagebrush sites at
high elevations or north-facing slopes (Young
and Evans 1979). At Craters of the Moon National
Monument, south-central Idaho, it occurred on
less favorable, rocky outcrops in mountain big
sagebrush/bluebunch wheatgrass communities
(Day and Wright 1985).



Mountain brush sites with Gambel oak (Quercus
gambelii), mountain mahogany (Cercocarpus spp.),
snowberry (Symphoricarpos spp.), or serviceberry
(Amelanchier spp.) are also common arrowleaf
balsamroot habitats (Brown 1982). In the Teton
Range of eastern Idaho, arrowleaf balsamroot
occurred in all 15 Saskatoon serviceberry (A.
alnifolia) stands sampled. These stands occurred
on south to southwest slopes with young, rocky
loam or clay soils at elevations of 6,500 to 7,150
feet (1,980-2,180 m) (Major and Rejmanek 1992).
In the south Warner Mountains of Modoc County,
California, the curl-leaf mountain mahogany (C.
ledifolius)/arrowleaf balsamroot habitat type
occupies steep, dry, southeastern slopes (Riegel
et al. 1990).

Woodlands. In open, low- to mid-elevation conifer
(Fig. 2) and quaking aspen woodlands, arrowleaf
balsamroot can be abundant. It is a characteristic
species of western juniper (J. occidentalis)/big
sagebrush/bluebunch wheatgrass rangeland
types (Shiflet 1994). In the Steens Mountains of
southeastern Oregon, it was positively associated
with increasing soil moisture in western juniper
encroached vegetation on south-facing slopes
when stands across a heterogeneous landscape
were evaluated (Peterson and Stringham 2009).

Figure 2. Arrowleaf balsamroot growing in mixed-conifer
forest openings in central Idaho. Photo: N. Shaw, USFS-
retired.

Arrowleaf balsamroot was also very common in
ponderosa pine/bluebunch wheatgrass, ldaho
fescue, and antelope bitterbrush communities in
Oregon and Washington, but in these communities
in south-central Oregon, arrowleaf balsamroot was
restricted to residual soils and absent from pumice
soils (Franklin and Dyrness 1973).

Elevation. Arrowleaf balsamroot occupies sites
ranging from 330 to 9,850 feet (100-3,000 m) in
elevation but is most common between 2,950 and
8,200 feet (900-2,500 m) (Stevens and Monsen
2004; Weber 2006). The elevational range reported
for arrowleaf balsamroot in Utah is 4,400 to 9,900
feet (1,340-3,020 m) (Welsh et al. 1987) and for
Californiaiitis 4,600 to 8,530 feet (1,400-2,600 m)
(Hickman 1993).

Soils. Arrowleaf balsamroot occurs on sites with
deep, well-drained, generally neutral, fine- to coarse-
textured soils. While plants can withstand periodic
saturation, a shallow water table is not tolerated
(Tisdale 1947; Taylor 1992; USDA NRCS 2000;
Stevens and Monsen 2004). Plants do best in soils
that are only weakly acidic or alkaline (pH 6.5-8) and
have low salinity (Wasser 1982; Shaw and Monsen
1983; Tilley et al. 2012; Eldredge et al. 2013).

Arrowleaf balsamroot was a dominant forb in

climax grasslands in eastern ldaho on loamy soils
81to 16 inches (20-41 cm) deep (Rumsey 1971).

In a survey of sagebrush-grasslands in northern
Utah, northeastern Nevada, southern Idaho, and
west-central Wyoming, arrowleaf balsamroot was
generally absent from shallow soils unless porous
or fractured rock allowed for water accumulation
and root growth beneath the shallow soils. Plants
were also common on Aridisols and Mollisols but
often absent from deeply freezing soils without snow
insulation or with natric and argillic horizons (Passey
etal. 1982).

When 23 mountain grassland stands above about
4,000 feet (1,200 m) in central Idaho were compared,
arrowleaf balsamroot was associated with high clay
content soils from basalt parent materials (Mueggler
and Harris 1969). In high-elevation grasslands

of southeastern Washington, plants were most
common on dry slopes where soils were 25% sand,
73.5% silt, and 1.5% clay (Weaver 1915). In the Bear
River Range of northeastern Utah and southeastern
Idaho, plants were almost entirely restricted to
dolomite soils when dolomite and quartzite soils
were compared. Soil pH, silt content, and percent
moisture were significantly greater (P < 0.01) and
sand content was significantly lower for dolomite
than quartzite soils. Dolomite soils had an average
pH of 7 (range: 6.2-8.3) and averaged 44% sand,
42% silt, and 14% loam (Neely and Barkworth 1984).

DESCRIPTION

Arrowleaf balsamroot is a large, leafy, long-lived
perennial with striking early season yellow flowers.
Its root system and the large, multi-growing point
caudey, give the plant its drought tolerance and



ability to recover vegetatively following top-kill
(Hitchcock and Cronquist 1973; Welsh et al. 1987;
Kitchen 1994). The large, thick, partially woody
taproot contains a balsam-scented resin and is the
reason for the genus name (USDA FS 1937).

Below Ground. Roots of excavated plants in the
Palouse Prairie of southeastern Washington,
extended 5.5 to 9 feet (1.7-2.7 m) deep and spread
3 feet (1 m) laterally via many horizontal branches
(Weaver 1915, 1958). Weaver (1915) excavated 25
root systems. The upper, older portion of the taproot
was covered with deeply furrowed bark. Maximum
taproot diameter was 4 inches (10 cm). Numerous
lateral roots appeared about 6 inches (15 cm) below
the soil surface. These measured more than 1 inch
(2.5 cm) in diameter and ran horizontally for up to 2
feet (0.6 m) before turning downward to depths of 5
feet (1.5 m) (Weaver 1915).

Above Ground. Plants are strongly tufted, densely
leafy from the base, and large (up to 2.5 feet [75 cm]
tall when flowering) (Fig 3; Blaisdell 1958; Welsh et

al. 1987). Weaver (1915) counted up to 39 individual
shoots arising from a single crown measuring 9
inches (23 cm) in diameter. Stems are almost leafless
and end in large, yellow, typically solitary, sun-flower
like inflorescences (Weber 2006; Pavek et al. 2012;
LBJWC 2017). Stems and basal leaves are covered
in dense soft hairs giving them a gray-green color
(Hitchcock and Cronquist 1973; Weber 2006). Young
leaves are silver with fing, felt-like hairs, especially on
the undersides, but leaves become less hairy and
greener with age (Hitchcock and Cronquist 1973).
Basal leaves are arrowhead to heart-shaped and up
to 18inches (46 cm) long and 6 inches (15 cm) wide
with long petioles. Stem leaves, if present, are few
and reduced, almost bract-like (Welsh et al. 1987,
Taylor 1992; Cronquist et al. 1994).

Figure 3. Arrowleaf balsamroot growing in Wyoming. Photo:
USDI BLM WY 050 SOS.

Flower heads are terminal on the stems and
generally solitary, but can number as many as
three (Fig. 4). They are 2.5 to 4 inches (6.3-10 cm)
wide and are comprised of outer, yellow, female
ray flowers and inner, yellow, perfect disk flowers
(USDA FS 1937; Hitchcock and Cronquist 1973;
Welsh et al. 1987; Taylor 1992; Weber 2006;
LBJWC 2017). The number of ray flowers ranges
from 8 to 25 but is most commonly between 13
and 21 (Stubbendieck et al. 1986; Cronquist et
al. 1994). Both ray and disk flowers are fertile and
produce seed, although the greatest percentage
of seed is produced by disk flowers (Monsen,
USFS [retired], personal communication, March
2018). Fruits are smooth, 3- to 4-angled cypselas
up to 0.75 inch (2 cm) long and 2 mm wide (Wasser
1982; Belcher 1985; Welsh et al. 1987; Hickman
1993). Cypselas are brown to black when mature
and lack a pappus or bristles (USDA FS 1937;
Belcher 1985). Arrowleaf balsamroot cypselas,
although not truly achenes, are widely referred to
as such. Throughout this review, seed refers to
the fruit or cypsela and the seed it contains. This
is because the seed remains with the fruit during
cleaning and it is the fruit that is planted.

Figure 4. Arrowleaf balsamroot flowering is nearly uniform.
Photo: USDI BLM WY040 SOS.



Plant size, seed size, and reproductive output can
vary annually and by site. At the USDA ARS Sheep
Experiment Station (USSES) near Dubois, Idaho,
leaf height averaged 5.8 to 11.4 inches (14.8-28.9
cm) over a 19-year period (Blaisdell 1958). Flower
stalk heights ranged from O to 17.8 inches (44.6
cm), and flower stalk number ranged from O to
12.8 over a 9-year period. Increased early growth
was associated with high temperatures, low
precipitation, and relatively clear skies (Blaisdell
1958). In a drought year with winter precipitation
1.5 inches [3.8 cm] below average, plants
produced just 60% of the height attained in normal
precipitation years at the USSES. Plants produced
some flowers but little seed (Pechanec et al. 1937).
In a single year of observations, plants at a high-
elevation site (5,988 feet [1,825 m]) were smaller
and generally produced fewer and lighter seeds
than plants at lower elevations (3,609 to 5,003 feet
[1,100-1,525 m]) (Amsberry and Maron 2006).

Reproduction. Arrowleaf balsamroot reproduces
sexually from seed. Seeds are large, without
dispersal appendages, and fall close to parent
plants (Fig. 5). Although seeds are highly dormant
when ripe, the seed bank is not persistent
(Kitchen 1994; Amsberry and Maron 2006). Seed
production is considered more reliable at high-
moisture, high-elevation sites than at hot, dry,
low-elevation sites (Stevens and Monsen 2004).
Regardless of site conditions, predation by insects
and grazing by mammals and late frosts limit seed
production, and the lack of soil-stored seed is
largely attributable to rodent predation, which is
typically relentless (Stevens and Monsen 2004;
Amsberry and Maron 2006; Pearson and Callaway
2008).

Reproductive maturity is delayed for this long-
lived species. Under the best growing conditions,
plants require 3 to 4 years to produce seed.
However, it can take 10 or more years to produce
seed under less ideal growing conditions (Stevens
and Monsen 2004). Reproductive output can be
cyclical, with mast seed years and years with
minimal or no seed production resulting from
late-spring frosts or loss of seed crops from
herbivory. Mast seed years can often be linked to
favorable patterns and abundance of precipitation
and a lack of late-spring frosts (Kitchen 1994; S.
Monsen, USFS retired, personal communication,
March 2018). Monsen's observations also suggest
that seed production is often lower following site
disturbance.

Arrowleaf balsamroot is described as a long-
lived species, but only one study attempted to
estimate its life span and survival rate (Treshow
and Harper 1974). Life span was estimated at
40 years or more when researchers evaluated

taproot growth rings, annual mortality, and annual

vegetative replacement and survival rates. Over

4 growing seasons, annual mortality averaged

3% (range: 1-5%). Annual vegetative replacement

rate averaged 4%, and survival rate averaged 97%
(Treshow and Harper 1974).

Flowering and fruiting phenology. Arrowleaf
balsamroot is an early season species (Blaisdell
et al. 1952; Kitchen 1994). Flowers are generally
produced in the spring and fruits in early summer,
but site and weather patterns impact phenology.
At the USSES, plants began growing about 20
days after an area was free of snow (around April
20). Flowering was complete in very early June.
Seed was ripe by mid-June and dispersed about a
week later (Blaisdell et al. 1952). When phenology
was monitored from 1928 to 1937 on multiple
sites east of the Continental Divide in Montana
and in Yellowstone National Park, growth began
between April 3 and May 13, flowering started
between April 27 and June 18, flowering ended
between May 15 and July 8, and fruits were ripe
between June 13 and August 2 (Schmidt and
Lotan 1980).

Seed ripening depends on elevation and moisture
and occurs later on more moist and/or higher
elevation sites (USDA FS 1937). In western
Montana, seed maturation at a 3,609-foot (1,100
m) site was 3 weeks earlier than at a 5,988-foot
(1,825 m) site (Amsberry and Maron 2006). In a
drought year when winter precipitation was 1.5
inches (3.8 cm) below average, plants began
growing on March 25, about 1 month before usual,
in sagebrush-bunchgrass communities at USSES.
Plants were dry by May 1 and produced little seed
(Pechanec et al. 1937).

Figure 5. Arrowleaf balsamroot seed head and seeds. Photo:
USDI BLM OR030 SOS.



Breeding system. Although arrowleaf
balsamroot flowers can be insect- or wind-
pollinated (Stevens et al. 1996), cross
pollination and flower visits from pollinators
are key to seed production (Cane 2005). When
25 plants from two populations near Logan,
Utah, were studied, manually self-pollinated
flowers produced 18 plump seeds/flower
head, whereas manually out-crossed flowers
produced 30 plump achenes/flower head.
Flowers protected from pollinators produced
almost no achenes (Cane 2005).

Pollination. Native bees are important
pollinators (Cane 2005). In pollinator surveys
conducted in Utah, researchers collected

797 bees from 5,513 plants at 41 mostly
sagebrush steppe sites. The most frequently
collected bees were mason bees (Osmia spp.),
mining bees (Andrena spp.), long-horned

bees (Eucera spp.), furrow bees (Halictus
spp.), sweat bees (Laioglossum spp.), and
cuckoo bees (Nomada spp.). Total bee visitors
represented 15 different genera and 32 unique
species (Cane and Love 2016).

Predation. Seed production is commonly
limited by predation by insects and mammals
(Fig. 6). In western Montana, lepidopteran
larvae (Tortricidae) and tephritid (Tephritidae)
and cecidomyiid (Cecidomyiidae) fly larvae fed
on arrowleaf balsamroot flowers (Amsberry
and Maron 2006). Lepidopteran larvae were
the most abundant and damaging flower
herbivores. Of 902 seed heads sampled, 68%
were damaged by lepidopteran larvae. Plants
also lost an average of 5.9 flower heads or
43% of total good seed heads produced to
small mammal and ungulate herbivores, often
as seed was maturing (Amsberry and Maron
2006). Deer mice (Peromyscus maniculatus)
preyed heavily on arrowleaf balsamroot seed
in grasslands of western Montana. In the
summer and fall of a single year, deer mice
removed all seed provided in experiments, and
seedlings were almost entirely restricted to
areas protected from deer mice (Pearson and
Callaway 2008). For more on plant and seed
predation, see Grazing Response and Wildlife
and Livestock Use sections.

Figure 6. Lygaeid bug (Lygaeidae) feeding on arrowleaf
balsamroot seeds. Photo: R. Johnson, Brigham Young
University.

Arrowleaf balsamroot is a mid- or late-seral species
in grasslands and shrublands, and an early- to mid-
seral species in woodlands where it becomes less
abundant or disappears with increased shading.
Following disturbances in communities where

it is already established, arrowleaf balsamroot
generally recovers quickly and is present soon
after disturbance. However, in suitable habitats
where it was not present before a disturbance, it is
not an early colonizer.

Arrowleaf balsamroot was reported in many
climax and near climax grasslands and shrublands
across its range (Tisdale 1947; Rumsey 1971;
Franklin and Dyrness 1973). While some grazing
of these communities, led to increased arrowleaf
balsamroot abundance, heavy grazing often
resulted in decreased abundance (Tisdale 1947;
Johnson and Swanson 2005).

In general, plants do not tolerate dense shade and
grow in sun to partial shade conditions (McConnell
and Smith 1970; Habeck 1976; Gruell et al.

1982). In a restored site in south-central Idaho,
presence and importance of arrowleaf balsamroot
increased with increased distance from antelope
bitterbrush shrubs, and plants grew better in

open than shaded conditions (Monsen and Shaw
1983). In western Montana, plant abundance was
reduced dramatically or completely in ponderosa
pine forests as the density of young conifers
increased and reduced the abundance and

size of openings between mature trees (Gruell

et al. 1982). In ponderosa pine and Douglas-

fir forests in the Selway-Bitterroot Wilderness,
arrowleaf balsamroot was most common on warm
aspects with low tree cover and duff depths (<



1 cm). As tree cover and duff depths increased,
arrowleaf balsamroot decreased in abundance or
disappeared (Habeck 1976). In the Blue Mountains
of northeastern Oregon, frequency of arrowleaf
balsamroot was 15% in untreated forests with the
greatest tree densities and 34% in thinned and
burned plots with the lowest tree densities (Metlen
et al. 2004).

Seed Ecology. Arrowleaf balsamroot seed,
although dormant, likely to prevent same season
germination, does not persist long in the soil
seed bank (Kitchen 1994; Amsberry and Maron
2006; Crone et al. 2009). However in revegetation
monitoring, Stevens and Monsen (2004) found
that seedlings would emerge for 2 to 3 years after
fall seeding. In soil samples collected from British
Columbia’'s Okanagan Valley, just 0.1 arrowleaf
balsamroot seed/m? was recovered, where
aboveground density of plants was 3 plants/m>.
Soil was collected in late May or early June, likely
before arrowleaf balsamroot seed had matured
(Clements et al. 2007).

In western Montana, seedling recruitment was low
when as many as 100 seeds were added to native
bunchgrass plots (0.5 m x 0.5 m) lacking adult
arrowleaf balsamroot plants (Amsberry and Maron
2006). In plots seeded with 100 seeds, cumulative
recruitment averaged just 1.6 seedlings/plotin the
first year, and there was no significant relationship
between seed density and recruitment for the 5
seed densities tested (0, 13, 25, 50, and 100). In
the following year, however, cumulative recruitment
was positively influenced by seeding density (P
<0.002), although not at all sites (Amsberry and
Maron 2006). In central Idaho Douglas-fir forests
where arrowleaf balsamroot is considered a mid-
seral understory species, seedling establishment
was common following disturbances (fire, logging,
mechanical scarification, or some combination)
(Steele and Geier-Hayes 1995).

Seed dispersal is necessary for reproduction

and colonization of new sites. When abandoned
agricultural fields (< 52 years since tilling) and
adjacent never tilled vegetation were compared,
cover was significantly (P < 0.05) greater in never
tilled vegetation. Cover averaged 15.4% in intact
grasslands and 0.1% in old fields, which suggested
slow colonization of adjacent sites (Kulmatiski
2006).

While optimal conditions for good seedling
recruitment are not clear, a combination of factors
including good seed production paired with limited
seed predation followed by favorable winter and
spring precipitation and temperature patterns may
be involved.

Disturbance Ecology. Arrowleaf balsamroot

is generally tolerant of disturbance; however,
decreases in abundance are possible following
particularly severe or continual disturbances. Plants
are most resistant to disturbance in the summer

or fall when not actively growing. Mechanical or
chemical treatments that impact the root system
are generally not tolerated. In Rich County, Utah,
arrowleaf balsamroot was an indicator of burned
sites when disturbed sagebrush sites were
compared. Sites were disturbed up to 50 years
earlier by chemicals, mechanical treatments
(disking, aerating, or harrowing), or fire (Ripplinger et
al. 2015).

Fire response. Plants are rarely killed by even
severe fire, and sprout from the caudex following
burning (Bradley et al. 1992). Increases in
abundance following fire are common. In cases
where plants are damaged and abundance is
reduced by fire, recovery to prefire abundance
levels from increased growth of established
plants and seedling recruitment on burned sites

is typical within 2 to 5 years of a fire (Houston et
al. 2001; Miller et al. 2013). Fire tolerance may be
greatest when plants are dormant (Wasser 1982).
However, one study reported that an arrowleaf
balsamroot plant was dead following a late August
fire in big sagebrush in northern Nevada. Surface
temperatures of the fire reached 1,200 °F (650
°C), and soil temperatures reached 250 °F (120 °C)
where the plant was killed (Zschaechner 1985).

Increased abundance of arrowleaf balsamroot

was common in studies reporting the short-term
effects of fire. At mountain big sagebrush sites near
Salmon, Idaho, arrowleaf balsamroot increased
following a severe, spring prescribed fire that

killed all sagebrush plants. Abundance increases
occurred into the second post-fire year on less
severely burned sites and into the third post-fire
year on the most severely burned sites (Kuntz
1982). In ponderosa pine-montane grasslands in the
Selway-Bitterroot Wilderness of Idaho, production
was consistently higher on burned than unburned
plots for 4 years following fire. Production was
nearly equal on burned and unburned plots in the
first post-fire year and peaked in the third post-fire
year (Merrill et al. 1980). Density of plants increased
for 4 years after a July fire in big sagebrush/
Thurber's needlegrass (Achnatherum thurberianum)
communities near Reno, Nevada. Density of
arrowleaf balsamroot was 0.1 plant/m? at 1 month
after fire and 0.3 plant/m? 4 years after fire (Young
and Evans 1978). Six years following a July fire,
arrowleaf balsamroot cover was similar on burned
(low-, moderate-, and high-severity) and unburned
sagebrush and western juniper sites in Owyhee
County, Idaho. Cover averaged 0.65% on unburned
and 0.76% on burned sites (Weiner et al. 2016).



In an extensive study of post-fire recovery

in various vegetation types in northeastern
Oregon, Johnson (1998) found that arrowleaf
balsamroot consistently increased, often within
the first year, following moderate to severe fires
in bluebunch wheatgrass communities. However,
plants generally decreased for the first 1to 5
years following fire in ldaho fescue grasslands.

In woody-dominated communities, cover of
arrowleaf balsamroot often increased slightly after
fire, but following a low-severity fire in a Douglas-
firl'white spiraea (Spiraea betulifolia) forest,
arrowleaf balsamroot cover increased 25% within
5 years of the fire (Johnson 1998).

Cover of arrowleaf balsamroot was lower although
not significantly so following an August fire in
bluebunch wheatgrass-Sandberg bluegrass-
arrowleaf balsamroot habitats in the Salmon River
Canyon in northern Idaho. Cover was 13% before
the fire, 6.8% in post-fire year two, and 7.4% in
post-fire year three (Gucker and Bunting 2011).

Studies investigating longer-term fire responses,
suggest that periodic fire, especially in woodlands,
may encourage arrowleaf balsamroot growth and
persistence. In southwestern Idaho’s Owyhee
Mountains, response of arrowleaf balsamroot

to fire in a western juniper community ranged

from unchanged to four times greater by the

first or second post-fire year. From these

findings, Bunting (1987) predicted that arrowleaf
balsamroot would increase if western juniper
stands burned at an interval of 25 years or less,
remain unchanged if fires occurred every 50 years,
and decrease if fires occurred every 100 years.
When Koniak (1985) compared 1- to 60-year-

old burned singleleaf pinyon-Utah juniper (P.
monophylla-J. osteosperma) sites in Nevada and
California, arrowleaf balsamroot occurred in all
post-fire seral stages, but percent occurrence was
significantly greater on 1- to 8-year-old burned
plots than on 22- to 60-year-old burned plots (P <
0.05) (Koniak 1985).

Grazing response. Arrowleaf balsamroot is grazed
and preferred by many animals (see Wildlife and
Livestock Use section). Light to moderate grazing

may be tolerated but heavy grazing is not, and
plants are more sensitive to spring than fall grazing
(Blaisdell and Pechanec 1949; Laycock 1967).
Research and observations from the USSES
indicate that plant size and flower production

are reduced and plants can be killed with heavy
sheep grazing (Craddock and Fording 1938). In
southwestern Alberta bunchgrass communities,
the absence or scarcity of arrowleaf balsamroot
distinguishes poor rangeland condition from good
or fair condition (Hanson 1951).

Additional studies and observations from the
USSES indicate that abundance was reduced
dramatically with spring sheep grazing (Bork et
al. 1998). In pastures where heavy fall grazing
from 1924 to 1949 was changed to heavy spring
grazing from 1950 to 1963, production decreased
by more than 85%. These pastures were in good
condition in 1950 and poor condition in 1964. In
continually fall-grazed and protected pastures,
production increased between 1950 and 1964
(Laycock 1967).

Biomass removal resulted in reductions in the
following year's growth at USSES (Blaisdell and
Pechanec 1949). All plants clipped during the
growing season had reduced herbage and flower
stalk production the following year. Reductions
were greatest when clipping occurred in late May
and early June when plants were in full flower or
had produced seed (Table 1).

Arrowleaf balsamroot reductions, however, were
not reported on every grazed site. At sites near
Penticton, British Columbia, frequency was not
significantly different on grazed and protected
sites in the transition zone between sagebrush
and ponderosa pine vegetation (Wikeem and
Pitt 1991). Protected sites were ungrazed by
large mammals for 22 years. Grazed sites were
enclosures used year-round by bighorn sheep
(Ovis canadensis) and grazed at 60 to 70% use
levels for 2 years. Leaf length, basal diameter,
stem length, number of stems, and plant
frequency were not different on protected and
grazed sites (Wikeem and Pitt 1991). When grazed
and mostly protected big sagebrush grasslands

Table 1. Reductions in next season’s growth after clipping arrowleaf balsamroot plants at the USDA ARS Sheep Experiment Station

near Dubois, Idaho (Blaisdell and Pechanec 1949).

Clipping date 4/27 5/7 5/18 5/28 6/17 6/28

Plant phenology Initiated Flower stalks, | Flowers, not Full bloom Ripe seed Drying
growth no blooms full bloom

Production (%) of unclipped plants 89.7 69.6 53.0 40.1 49.3 62.5

in the following year




were compared in Sweetwater County, Wyoming,
frequency of plants was 2% on naturally
protected sites and 70% on grazed sites used by
domestic sheep in the winter. Sand content was
greater and clay content was lower on grazed
than protected sites, but otherwise soils were
similar (Marquiss and Lang 1959).

Additional studies suggest plants may be more
sensitive to livestock than wildlife grazing,
especially when livestock use is heavy. At big
sagebrush-grassland sites near Logan, Utah,
plants were six times more abundant in areas
grazed only by mule deer (Odocoileus hemionus)
than on sites grazed by milk cows and horses.
Livestock grazing was heavy and began in early
spring. Mule deer mostly avoided the livestock
use areas (Smith 1949). In another study in

big sagebrush-grasslands in northern Utah,
abundance of arrowleaf balsamroot increased
with the removal of summer cattle grazing. The
number of plants found on a total of 70 plots
(100 ft?) was 676 in 1948 and 1,696 in 1982 on
mule deer winter range avoided by livestock and
was 96 in 1948 and 704 in 1982 on mule deer
winter range used by cattle until 1957 (Austin
and Urness 1998).

Wildlife and Livestock Use. Arrowleaf
balsamroot is an important food and cover
source for many wildlife and livestock species
including elk (Cervus canadensis), deer
(Odocoileus spp.), bighorn sheep, various small
mammals, and game birds. It is one of the most
important, early season species for wildlife. It is
highly palatable and sought after from before the
time of first leaf emergence through flowering.
Large mammals are thought to migrate to large
arrowleaf balsamroot patches for feeding (S.
Monsen, USFS retired, personal communication,
March 2018).

Although a small percentage of seed may be
passed by large mammals, germination of
digested arrowleaf balsamroot seed is unlikely.
In captive feeding trials, about 10% of seeds
fed to bison (Bos bison) were recovered.
Neither passed nor control seeds germinated,
suggesting the digestive system did not impact
seed dormancy (Gokbulak 2002).

Elk, deer, and bighorn sheep. Elk, deer, and
bighorn sheep feed on arrowleaf balsamroot.
Feeding may be more concentrated in the
winter and spring but often occurs year-round
(Schallenberger 1966; Kufeld 1973; Kufeld et al.
1973; Beck and Peek 2005a).

Elk and deer competed for arrowleaf balsamroot
in early spring on the Pocatello Game Preserve
in the Caribou National Forest. Both sought new

shoots and cropped them close to the ground for
a 3- to 4-week period (Hoskins and Dalke 1955).
On winter ranges in the Sapphire Mountains of
western Montana, arrowleaf balsamroot was
consumed by mule deer and elk, but greater
quantities of the plant were recovered from

mule deer than from elk fecal samples. It was
considered "highly preferred” mule deer winter
forage (Lavelle 1986). In the Jarbidge Mountains
of Nevada, arrowleaf balsamroot made up a high
of 7% of spring and 4% of summer elk diets and
4% of spring and summer mule deer diets over 3
years (Beck and Peek 2005a).

Plant use by mule deer can change by site,
season, or individual preference. On critical
winter range in central Washington, use of
arrowleaf balsamroot increased with decreased
availability of antelope bitterbrush. From two
seasons of fecal analyses, use of arrowleaf
balsamroot was 6 to 8% where antelope
bitterbrush abundance was greatest and 19%
where it was least (Burrell 1982). In the Little
Belt Mountains of central Montana, arrowleaf
balsamroot was an important fall, but not
summer or winter mule deer food (Lovaas
1958). In the Bridger Mountains of Montana,

it was one of the most important year-round
forb foods with almost equal use in all seasons
(Wilkins 1957). On the National Bison Range
(NBR) in western Montana, it provided a high
proportion of spring and fall diets (25.3-42.8%).
Flower heads were eaten in the spring and dry
leaves and stems in the fall (Nellis and Ross
1969). Morris and Schwartz (1957) also working
on the NBR found arrowleaf balsamroot year-
round in individual mule deer stomach samples.
In one stomach sample taken on 6 June 1952,
arrowleaf balsamroot made up 35% of stomach
contents (Morris and Schwartz 1957).Ina
captive feeding trial, one mule deer consumed
arrowleaf balsamroot any time it was presented
but another mule deer refused it, suggesting that
preference can be individual (Smith 1953).

Arrowleaf balsamroot is an important spring and
winter food for bighorn sheep. Bighorn sheep
commonly paw away snow and soil to feed on
semi-decomposed leaves and roots in the winter
(Buechner 1960; Kasworm et al. 1984; Wagner
and Peek 2006). Plants are often grazed again

in the spring. In transitional vegetation between
the sagebrush and ponderosa pine zones in
southern British Columbia, arrowleaf balsamroot
was highly preferred. Plants were grazed in

the spring and again once they sprouted
following grazing damage. Use was greatest in
June when the months of May through August
were compared (Wikeem and Pitt 1979). In big
sagebrush-grasslands in the Frank Church-River



of No Return Wilderness in Idaho, arrowleaf
balsamroot provided 10% of bighorn sheep diets
from June to August (Elliott and Flinders 1984).

Diet composition and plant preference may
change year to year (Wikeem and Pitt 1991).
When bighorn sheep were kept in enclosures

in transitional sagebrush-ponderosa pine
communities in southern British Columbia, the
importance of arrowleaf balsamroot varied
from year to year. In fecal analysis, arrowleaf
balsamroot made up 88% of dietsin 1977, 20%
in 1978, and only a trace in 1979, even though
frequency of the plant was relatively unchanged
over the same time period (Wikeem and Pitt
1991).

Small mammals. A variety of small mammals
feed on arrowleaf balsamroot plants and seeds.
Red-tailed chipmunk (Tamias ruficaudus) use

of seeds was observed in Montana (Best 1993).
Adult and juvenile Columbian ground squirrels
(Urocitellus columbianus) fed extensively on
arrowleaf balsamroot throughout the summer in
a sagebrush-grassland in Idaho's Frank Church-
River of No Return Wilderness, where it made up
20 to 59% of diets (Elliott and Flinders 1985).

Deer mice feed heavily on arrowleaf balsamroot
seeds. In bunchgrass communities in western
Montana, they removed all seed provided in
experiments and largely limited seedlings to
protected areas (Pearson and Callaway 2008). In
captive feeding trials, arrowleaf balsamroot seed
ranked as the second or third most preferred
food of deer mice captured in western Nevada
(Everett et al. 1978).

Birds. Arrowleaf balsamroot provides important
cover and a seed and insect food source for
game birds. In Hells Canyon, Idaho and Oregon,
arrowleaf balsamroot seeds were recovered from
the crops of gray partridges (Perdix perdix) killed
during the hunting season. The seeds made up
0.6% of fall and winter diets at a time when seed
was likely scarce (Churchwell et al. 2004). In
south-central Wyoming, arrowleaf balsamroot is
common in greater sage-grouse (Centrocercus
urophasianus) habitats and researchers indicate
itis a likely food source (Kirol et al. 2012).

Plants are typical in rangelands used by game
birds and provide important cover and nesting
habitat. In shrublands in Washington County,
Idaho, summer sites used by sharp-tailed grouse
(Tympanuchus phasianellus) had significantly (P
< 0.05) higher cover of arrowleaf balsamroot than
did random sites (Saab and Marks 1992). Plants
provided important nesting cover and were
especially important during drought conditions
when annual cover was lacking (Marks and

Marks 1987). In southeastern Idaho, arrowleaf
balsamroot was more frequent on greater sage-
grouse nesting than non-nesting sites. Plants
were also associated with broods but reasons
for this relationship were not investigated
(Klebenow 1969). In canyon grasslands of west-
central Idaho, 2 of 23 chukar (Alectorus chukar)
nests were found in arrowleaf balsamroot plants
(Lindbloom et al. 2003).

Other. The Tiny Canyon mountain snail
(Oreohelix spp.), an endemic to dry forests in
the Entiat River watershed in Washington state,
is commonly found in the leaf litter and near
the caudex of arrowleaf balsamroot plants. The
plants may serve as a refuge during fires and
when snails enter a state of torpor to avoid
stress from high temperatures and aridity
(Gaines et al. 2011).

Livestock. Cattle, domestic sheep, and horses
feed on arrowleaf balsamroot. Usage is generally
greatest by sheep, and plants are most preferred
in the spring (Mueggler and Stewart 1980).
Horses prefer and selectively feed on the

flowers (USDA FS 1937, S. Monsen, USFS retired,
personal communication, March 2018). Cattle
consumed entire plants in late spring but avoided
dry plants on the Starkey Experimental Range
near La Grande, Oregon (Holechek et al. 1982).

Utilization by sheep is generally greater than by
cattle or horses. In western Montana, arrowleaf
balsamroot abundance in shrublands and
grasslands generally increased with cattle or
horse grazing but decreased substantially with
spring or early summer sheep grazing (Mueggler
and Stewart 1980). On summer range in the
Wasatch Mountains of northern Utah, utilization
was 76% by sheep and 20% by cattle when
monitored from July through September (Cook
1954).

Arrowleaf balsamroot is highly preferred by
sheep. In sagebrush grasslands at the USSES,
arrowleaf balsamroot was 66% of spring sheep
diets (Harniss et al. 1975). Sheep use was 47%
in early summer and 39% in late summer in the
same general area (Harniss and Wright 1982).
On big game winter range near Logan, Utah,
late-June utilization was a high of 22% with
moderate-intensity grazing and 71% with high-
intensity grazing (Jensen et al. 1972).

Nutritional value. Arrowleaf balsamroot is
generally more nutritious in the spring than in
the summer or fall. Protein, phosphorus, and fat
content in the spring as measured at the USSES
is considered good for livestock (Tables 2 and 3;
Blaisdell et al. 1952; Elliott and Flinders 1984).



Table 2. High and low average percentage chemical composition for arrowleaf balsamroot plants (20 plants/date) monitored for 4

years at the USDA ARS Sheep Experiment Station near Dubois, Idaho (Blaisdell et al. 1952).

Date Dry weight (g) Crude Crude N-free Crude Ca (%) P (%)
protein (%) | fat (%) extract (%) | fiber (%)

Mid- to late April 3-3.2 29-31 3.4-6.4 32-35 14.7-14.9 0.6-0.9 0.4-0.6

Early to mid-May 33-145 17-31 3.9-6.1 31-41 14-17 1.2-2.2 0.2-0.6

Late May to early June 189-263 12-19 2.6-4.7 37-45 15-21 1.4-2.2 0.2-0.3

Mid-June to late June 185-302 8-14 2.1-3.1 39-48 18-25 1.7-2.4 0.1-0.2

Table 3. Average chemical composition (%) of arrowleaf balsamroot growing in big sagebrush/grasslands in the Frank Church-River
of No Return Wilderness in Idaho (Elliott and Flinders 1984).

Month Crude fiber Crude protein Ca P

June 29 20 2.45 0.26
July 31 14 0.21 0.21
August 29 10 0.19 0.19

In the Jarbidge Mountains of Nevada, crude
protein content averaged 17% in early summer,
8% in mid-summer, and 6% in early fall over

a 2-year period. Digestible energy averaged
3,479 kcal/kg in early summer, 2,777 kcal/kg in
midsummer, and 2,294 kcal/kg in early fall. Only
early summer protein content and digestible
energy were considered good for elk. Calcium
and potassium levels exceeded the maximum
tolerable for elk (Beck and Peek 2005b).

Ethnobotany. Arrowleaf balsamroot has
antibacterial (Matsuura et al. 1996) and
antifungal properties (McCutcheon et al. 1994).
It was used extensively by western tribes as
food and medicine and was also important
ceremonially.

Foods. Western Indians ate young shoots and
stems, mature seeds, and roots of arrowleaf
balsamroot. At least some portion of the plant
was noted as an important food source of

the Atsugewi, Blackfoot, Cheyenne, Flathead,
Goshute, Miwok, Nez Perce, Okanagan-Colville,
Paiute, Secwepemc, Thompson, and Ute
peoples (Chamberlin 1911; Stubbendieck et

al. 1986; Moerman 2003). Young leaves and
stems were eaten raw or cooked. Juice from
stems was sucked to quench thirst, and stems
were chewed to ease hunger pains. Seeds
were often ground into a flour, which was often
stored or mixed with animal fat, nuts, and berries
and eaten as cakes or porridge. Roots were
used extensively. They were roasted and eaten
immediately, strung on a line and eaten later, or
used in trading (Moerman 2003).

The plant was also useful for other aspects of
cooking. Seeds were used as an oil for cooking

Chamberlin 1911), leaves were used in the
cooking of camas (Camassia quamash) bulbs
(Johnston 1970), and leaves provided a clean
space to lay or dry clean fish (Moerman 2003).

Aboriginal people of British Columbia harvested
and ate large quantities of roots (Mullin et

al. 1997; Turner et al. 2000). Ideal plants for
harvesting had 6 to 12 leaves and a taproot
about the size of a carrot. Large plants with 40
to 50 leaves were considered “mother” plants
and purposely not harvested to ensure future
plant recruitment. Women and children were the
primary root harvesters and used pointed wood
or antler digging sticks. Processing and cooking
the roots was also primarily the job of women
(Turner et al. 2000). Roots were pit cooked or
steamed for long periods in earthen ovens
(Mullin et al. 1997). Interior Salish women would
abstain from sex when digging or cooking roots,
and men were not allowed near the cooking pits.
Prayers were offered when eating the first roots
of the season (Turner et al. 2000).

Traditional pit-cooking increased the nutritional
value of roots. Protein content of roots
harvested in May ranged from 2% for fresh
roots and 4% for pit-cooked roots. Fiber content
was 52% for fresh unpeeled, 25% for fresh
peeled, 36% for unpeeled pit-cooked, and 43%
for peeled pit-cooked roots. Pit-cooked roots
were high in fructose (21-22%) and had a total
energy range of 202 to 211 kcal/100 g. (Mullin
et al. 1997). In experiments replicating Interior
Salish pit-cooking methods, the root energy
provided by simple sugars was increased 250%
by cooking that converted inulin to fructose
(Peacock 2008).



Medicines. Arrowleaf balsamroot was

taken internally and applied externally to
treat ailments and wounds (Chambers et al.
2002; Moerman 2003). A poultice from the
roots was used on burns, wounds, cuts, and
bruises. Roots also stimulated salivation and
bronchiole activity, which eased symptoms
of tuberculosis. Leaves have antibacterial
properties and were commonly used to treat
infections. Smoke from the leaves was used
to treat aches and pains associated with
illnesses. The Secwepemc still use the roots to
treat skin ailments and infections (Chambers
et al. 2002).

Roots and leaves were chewed or pounded
into a poultice to treat and prevent infection
of blisters, bruises, boils, burns, and other
wounds or sores by the Blackfeet, Gosiute,
Kootenai, Okanagan-Colville, Sanpoil,
Shuswap, and other Flathead Indian tribes
and aboriginal peoples of British Columbia
(Chamberlin 1911; Turner et al. 2000;
Chambers et al. 2002; Moerman 2003).
Blackfeet inhaled smoke from the roots for
body aches (Moerman 2003). Cheyenne used
a decoction or smoke of the plant for stomach
pains, labor pains, headaches, colds, and
fevers, and chewed roots for sore throats,
mouths, and teeth (Stubbendieck et al. 1986;
Moerman 2003). Flathead Indians used a
root infusion to treat whooping cough and
tuberculosis (Moerman 2003). The Miwok
used a root decoction to treat headaches
and to induce profuse perspiration as a way
to treat rheumatism. Okanagan-Colville put
leaves on glowing coals to induce profuse
sweating. Paiute tribes used the root in various
ways to treat stomach aches, insect bites,
swellings, syphilitic sores, and tuberculosis.
Shoshoni used the root as an eyewash and in
the treatment of syphilitic sores. The Paiute
and Washo burned the root to fumigate sick
rooms. Thompson ate the seeds to treat
dysentery and large quantities of young
shoots for a sleep aid (Moerman 2003).

Ceremonies and other. Before introduction
of the horse, the Blackfoot burned arrowleaf
balsamroot as an incense to prepare the
runner who would herd buffalo toward a jump.
The runner would bathe in the smoke from dry
roots. This ceremony was thought to help the
runner make the long distances of more than
20 miles a day. Arrowleaf balsamroot was also
used in the transfer ceremony of the Beaver
bundle (Moerman 2003).

In the winter, the Okanagan stuffed large
arrowleaf balsamroot leaves into their
moccasins for warmth (Chambers et al. 2002).
Leaves were also used to teach children how
to walk softly. Young Okanagan boys would
wrap leaves around their feet and challenge
themselves to make long distances without
tearing the leaves, which was an exercise in
being stealthy in the woods. Fibrous dried
roots were also gathered into tight bundles
and used as a slow burning match for building
fires (Chambers et al. 2002).

REVEGETATION USE

Arrowleaf balsamroot is an important
revegetation species for many reasons: it
provides forage for wildlife, livestock, and
pollinators; it is long-lived and mature plants
are competitive with nonnative species; and it
is generally persistent and tolerant of periodic
above-ground disturbances (Horton 1989;
Stevens et al. 1996; Stevens and Monsen
2004). For these reasons it is a choice for
restoration, and it has been used successfully
in revegetation of upper elevation big
sagebrush, quaking aspen, oak brush, and
pinyon-juniper sites (S. Monsen, USFS retired,
personal communication, March 2018).

As a long-lived, mid- to late-seral species,
initial plant growth is slow and even with the
best growing conditions it can take 3 or more
years to reach reproductive maturity and
develop considerable cover (Stevens and
Monsen 2004). Therefore use of arrowleaf
balsamroot in restoration must be carefully
considered based on long-term restoration
planning, goals, and strategies. Itis not a
species that will provide immediate soil
stabilization (Shaw and Monsen 1983).

A combination of factors, which include
predation by insects and rodents and seeding
on sites where arrowleaf balsamroot is

not adapted, may explain sporadic stand
establishment (Stevens and Monsen 2004).
Seeding has often failed at sites outside

of the species’' range and in mining or road
revegetation projects. The most successful
seedings have occurred in upper-elevation
sagebrush and mountain brush communities
(Stevens and Monsen 2004; S. Monsen, USFS
retired, personal communication, March 2018).



DEVELOPING A SEED SUPPLY

For restoration to be successful, the right seed
needs to be planted in the right place at the right
time. This involves a series of steps that require
coordinated planning and cooperation among
partners to first select appropriate species and
seed sources and then properly collect, grow,
certify, clean, store, and distribute seed for
restoration.

Developing a seed supply begins with seed
collection from native stands. Collection sites are
determined by current or projected revegetation
requirements and goals. Production of nursery
stock requires less seed than large-scale seeding
operations, which may require establishment of
agricultural seed production fields. Regardless

of the size and complexity of any revegetation
effort, seed certification is essential for tracking
seed origin from collection through use.

Seed Sourcing. Arrowleaf balsamroot plants
occur on a variety of soils and in many
precipitation zones. Population differences
related to palatability, seed production, and
drought tolerance exist, as do locally adapted
ecotypes and hybrids (Stevens and Monsen
2004). It is therefore recommended that planting
sites and seed collection sites be matched
(Wasser 1982; Stevens and Monsen 2004).

Because empirical seed zones are not currently
available for arrowleaf balsamroot, generalized
provisional seed zones developed by Bower et al.
(2014), may be used to select and deploy seed
sources. These provisional seed zones identify
areas of climatic similarity with comparable
winter minimum temperature and aridity (annual
heat:moisture index). In Figure 7, Omernik

Level lll Ecoregions (Omernik 1987) overlay the
provisional seeds zones to identify climatically
similar but ecologically different areas. For site-
specific disturbance regimes and restoration
objectives, seed collection locations within a
seed zone and ecoregion may be further limited
by elevation, soil type, or other factors.

The Western Wildland Environmental Threat
Assessment Center's (USFS WWETAC 2017)
Threat and Resource Mapping (TRM) Seed

Zone application provides links to interactive
mapping features useful for seed collection and
deployment planning. The Seedlot Selection
Tool (Howe et al. 2017) can also guide restoration
planning, seed collection, and seed deployment,
particularly when addressing climate change
considerations.

Figure 7. Distribution of arrowleaf balsamroot (black circles)
based on geo-referenced herbarium specimens and
observational data from 1870-2016 (CPNWH 2017; SEINet
2017; USGS 2017). Generalized provisional seed zones
(colored regions) (Bower et al. 2014) are overlain by Omernik
Level Il Ecoregions (black outlines) (Omernik 1987; USDI
EPA 2018). Interactive maps, legends, and a mobile app are
available (USFS WWETAC 2017; www.fs.fed.us/wwetac/
threat-map/TRMSeedZoneMapper2.php?). Map prepared by
M. Fisk, USGS.

Releases. As of early 2018, there were no
arrowleaf balsamroot germplasm releases.

Wildland Seed Collection. The majority of
arrowleaf balsamroot seed used for revegetation
is wildland collected (S. Monsen, USFS retired,
personal communication, March 2018). Seed is
typically harvested between mid-May and late
July (Jorgensen and Stevens 2004a), but exact
harvest dates will vary with weather and site
conditions (Pechanec et al. 1937; Amsberry and
Maron 2006; USDI BLM SOS 2017). Seeds ripen
relatively uniformly and are harvestable when the
inflorescence is dry and seeds are dark brown or
black (Fig. 8; Skinner 2004). Harvest plans should
include methods to avoid livestock use areas,
periodic phenology checks to estimate seed
predation, and inspections of flower heads for
extensive insect damage (Wasser 1982; Skinner
2004).

Often a high percentage of seed fails to ripen
or fill, making periodic checks of seed quality a
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critical part of efficient wildland seed monitoring.
Seed failures can be the result of insect predation,
weather, or a combination of factors. Failures vary
from stand to stand and year to year. Regardless
of the causes of poor seed development, careful
inspection of flower heads and seeds allows
collectors to concentrate their efforts on high-
quality stands. As flowers are maturing, collectors
can cut across the flower head horizontally to

see how many flowers are producing viable
seeds, which will appear white and plump. This
will allow collectors to return only to those sites
with the greatest percentages of filled seed. If
sites are visited as seed is maturing, seed fill can
be evaluated by cutting the seeds. Because filled
and non-filled seeds appear nearly identical,
seeds must be cut with a knife to determine fill.
Empty seeds will be papery on the inside and
often collapse under the pressure of the knife.
Stands where plants are producing flower heads
with about 50% of seed filled are considered
acceptable for collection (S. Monsen USFS retired,
personal communication, March 2018).

Several collection guidelines and methods should
be followed to maximize the genetic diversity

of wildland collections: collect seed from a
minimum of 50 randomly selected plants; collect
from widely separated individuals throughout a
population without favoring the most robust or
avoiding small stature plants; and collect from all
microsites including habitat edges (Basey et al.
2015). General collecting recommendations and
guidelines are also presented in available manuals
(e.g., USDI BLM SOS 2016; ENSCONET 2018).

Wildland seed certification. Wildland seed
collected for direct sale or for establishment of
agricultural seed production fields should be
Source Identified through the certification process
that verifies and tracks seed origin (Young et

al. 2003; UCIA 2015). For seed that will be sold
directly, collectors must apply for certification
prior to making collections. Applications and

site inspections are handled by the state where
collections will be made. For seed that will be used
for agricultural seed fields, nursery propagation, or
research, the same procedure must be followed.
Seed collected by some public and private
agencies following established protocols may
enter the certification process directly, if the
protocol includes collection of all data required

for Source Identified certification (see Agricultural
Seed Field Certification section). Wildland seed
collectors should become acquainted with state
certification agency procedures, regulations, and
deadlines in the states where they collect. Permits
or permission from public or private land owners is
required for all collections.

Figure 8. Appearance of arrowleaf balsamroot plants near
wildland seed harvest time. Photo: USDI BLM WY050 SOS.

Collection timing. From 13 years of collections
made by the BLM Seeds of Success field
personnel, the most common harvest dates
were in June or July. Earlier harvest dates were
generally associated with lower elevations, and
later harvest dates were associated with higher
elevations. Collection crews reported an earliest
harvest date of 10 May 2015 at a 4,729-foot
(1,441 m) elevation site in Crook County, Oregon.
The latest harvest date reported was 31 October
2012 from a 6,369-foot (1,941 m) elevation site in
Churchill County, Nevada (USDI BLM SOS 2017).
In western Montana, seed ripening was 3 weeks
earlier at 3,610 feet (1,700 m) than at 6,000 feet
(1,825 m) elevation (Amsberry and Maron 2006).
During drought conditions near Dubois, Idaho,
plants began growing about 1 month earlier than
normal (March 25). Plants were dry by May 1 and
produced some flowers but little seed. In this year,
annual precipitation was 2.5 inches (63 mm) less
and winter precipitation was 1.5 inches (38 mm)
less than average (Pechanec et al. 1937).

Seed is harvested when flowers are dry and the
achenes are dark brown or black and not dented
by fingernail pressure (Skinner 2004; Camp and
Sanderson 2007). Proper timing of harvests

is critical to avoid seed loss to birds and small
mammals (Skinner 2004). Insect predation of
flower heads is common, and immature seed is
retained longer in the flower heads than mature
seed (Stevens and Monsen 2004). Flower heads
are also eaten by wildlife and livestock, so areas
receiving heavy spring use may not be good
harvest sites (Wasser 1982).

Collection methods. Seed ripens relatively
uniformly and is easily collected by hand stripping,
beating flower heads into a container, cutting
stems, or plucking intact flower heads (Fig. 9



and 10; Stevens and Monsen 2004; Camp and
Sanderson 2007). When nearly pure stands of
arrowleaf balsamroot occur on level terrain,
combines or other reel-harvesters may be used
for wildland harvests (Shaw and Monsen 1983).
Seed vendors have developed modified reel-
harvesters for use on all-terrain vehicles (S.
Monsen, USFS retired, personal communication,
March 2018). Van Epps and Stevens (2004)
suggested that removing or flagging rocks and
other vegetation in a wildland setting may allow
for use of head stripper or beater equipment to

efficiently harvest large amounts of wildland seed.

However, recommendations are for wildland seed
collections to remove less than 5% of the seed
within a population (Bowen et al. 2006).

Figure 9. Collection of arrowleaf balsamroot seed heads.
Photo: USDI BLM WY030 SOS.

Collection rates. Monsen (USFS retired, personal
communication, March 2018) estimated 150 Ibs
(68 kg) of seed could be hand collected by 2 or 3
people over 2 or 3 days.

Figure 10. Collection of arrowleaf balsamroot seeds. Note
appearance of petals at collection time. Photo: USDI BLM
OR130 SOS.

Post-collection management. Seeds and
seed head materials may be somewhat green
at the time of collection, so should be dried
at room temperature for 2 to 4 weeks before
cleaning (Camp and Sanderson 2007). Soon
after harvesting, thorough dry of the seed by
allowing for air movement through the seeds
and flower heads is important to maintaining
seed viability. Seeds should be keptin a
location free of rodents. To limit seed loss to
insects collected with the seed head, dry seed
can be treated with an insecticide, put into

a freezer, or both (S. Monsen, USFS retired,
personal communication, March 2018).

Seed Cleaning. Because arrowleaf balsamroot
seed is large, smooth, and without appendages,
the cleaning process is simple. If there are
lightweight or empty seeds in the collections,
they are easily separated from filled seeds
using gravity, wind, or flotation cleaning
techniques (Stevens and Monsen 2004). The
basic steps for seed lot cleaning are running
dry seed through a Barley debearder and then
an air- or fan-screen separator (Stevens et al.
1996; Jorgensen and Stevens 2004a).

There are several multi-step cleaning
procedures for small seed lot collections of
intact flower heads. Hand cleaning can be done
by crushing flower heads and rubbing them
over a hand screen to separate the flowers and
seeds. An air column separator can be used to
eliminate trash and damaged seeds (Skinner
2004).

The Bend Seed Extractory, developed two
cleaning procedures for small (1-2 Ibs [0.45-0.9
kgl) seed lots:

1. Separate the seeds from flower heads in a
hand tumbler. Next, air-screen seeds using an
office clipper with a size 12, round, top screen
and 1/22, round, bottom screen, set at medium
speed with air. Use an air column separator

for final seed cleaning and separation (Barner
2009a).

2. Separate seeds from the flower heads
using a Westrup Model LA-H laboratory brush
machine with a #40 mantel and a speed of 3.
Finish seeds by air screening with an office
Clipper using a size 13, round top screen and
size 5 2, round bottom screen, set at medium
speed with air (Barner 2009b).

Seed Storage. Arrowleaf balsamroot seed

is orthodox (RGB Kew 2017). Reported

storage conditions for dry, clean seed were
temperatures of 33 to 40 °F (0.6-4 °C) and
humidity of 40% (Skinner 2004; Barner 2009b).



Seed can be stored for 5 to 7 years without
significant loss of viability, but seeds are
susceptible to insect damage so treatment with a
pesticide prior to storage is necessary (Stevens
et al. 1996; Jorgensen and Stevens 2004a).
When hand-cleaned, dry seed (= 85% purity)
was stored in an open warehouse in a semi-arid
location where the low temperature reached -21
°F (-29 °C) and high temperature reached 101 °F
(38 °C), germination was 42% after 3 years, 35%
after 5 years, 20% after 7 years, and 1% after 10
years of storage (Stevens et al. 1981).

Seed Testing. Minimum and maximum seed
weights for laboratory purity testing are 25 g
and 0.5 Ib (250 g), and approximately 100 seeds
weigh 1 gram (AOSA 2016).

Association of Official Seed Analysts (AOSA)
germination testing rules exist for arrowleaf
balsamroot seed. The rules require prechilling
at 36 °F (2 °C) for 70 days before testing
germination at 41 to 59 °F (5-15 °C). First
emergence counts are made at 7 days and last
counts at 14 days (AOSA 2016). Duration of
prechilling needed for germination is lower for
afterripened seed. Researchers found dry seed
stored for 3 years at 68 °F (20 °C) germinated
better than recently harvested seed (< 60 days
since harvest) (Kitchen and Monsen 1996).

While seed size is a good quick visual indicator
of viability (Cane 2005), a check of fill provides a
better estimate of fresh seed viability. Guidelines
for tetrazolium chloride (TZ) testing procedures
and staining evaluations are available (AOSA
2010).

Germination. Germination testing rules were
informed by several germination studies, many of
which reported low germination at temperatures
above 36 °F (2 °C) without prechilling for more
than 70 days (Evans et al. 1982; Mogensen et

al. 2001; Jorgensen and Stevens 2004b; Sheley
and Half 2006). In-depth investigations of seed
germination made by Kitchen and Monsen
(Kitchen and Monsen 1996) led Kitchen et al.

(1998) to develop the first testing rules.

Kitchen and Monsen (1996) conducted
laboratory and field tests on seed collected
in May and June from 7 populations in Utah
and Idaho (Table 4). Moist prechilling (34-36
°F [1-2 °C]) was required to break dormancy
and induce normal seedling growth for all
collections. Germination increased with
increased duration of wet prechilling (0-

12 weeks) but varied among collections.
Afterripened seed (stored 3 yrs at 68 °F [20
°C]) germinated better than recently harvested
seed following 4- and 8-week prechilling
treatments (Kitchen and Monsen 1996).

Wildland Seed Yield and Quality. Post-
cleaning seed yield and quality of seed lots
collected in the Intermountain region are
provided in Table 5 (USFS BSE 2017). The
results indicate that arrowleaf balsamroot
seed can generally be cleaned to high levels
of purity. Seed fill of fresh seed is variable but
viability of filled seed is generally high.

Arrowleaf balsamroot seeds are large,
averaging 49,608 seeds/Ib (110,240/kg) (Table
5; USFS BSE 2017). Other sources report
53,664 to 81,949 seeds/Ib (119,253-182,109/
kg), a range similar to that reported in Table 5
(Stevens et al. 1996; Jorgensen and Stevens
2004a; Skinner 2004; USFS GBNPP 2014; RBG
Kew 2017).

Marketing Standards. Acceptable seed purity
is between 90 and 99% (Stevens et al. 1996;
Jorgensen and Stevens 2004a; Stevens and
Monsen 2004). Acceptable germination of
arrowleaf balsamroot seed is 40% (Jorgensen
and Stevens 2004a; Stevens and Monsen
2004). Seed is physiologically dormant to
prevent fall and summer germination (Kitchen
1994), and maximum germination potential
may not be realized for 2 to 3 months after
harvesting (Stevens et al. 1996). Viability of
seed lots should be 80 to 90% (Stevens et al.
1996).



Table 4. Germination of seven wildland seed collections after moist prechilling treatments of fresh and afterripened seed (3 yrs at
68 °F [20 °C]). Germination conditions for treated seeds were alternating light/dark temperatures of 41/59 °F (5/15 °C) (12 hours for
14 days). Germination percentages were adjusted to reflect only viable seeds. Within a collection values followed by the same letter
were not significantly different (P < 0.05) (Kitchen and Monsen 1996; Kitchen et al. 1998).

Seed collection Seed age when | Germination percentages by duration of moist prechilling treatments
site tested (yrs) (36 °F [2 °C]) and incubation at 41/59 °F (5/15 °C) (12/12 hrs)
0 days 28 days 56 days 70 days 84 days
Glenn's Ferry, ID 0* Oe 7d 88b 100a 100a
3 1e 24c 96b - 100a
Lewiston, ID 0 od 1d 40c 90b 99a
3 od 28c 96a --- 100a
Black's Creek, ID 0 od 5d 22¢ 75b 99a
3 0d 21c 80b - 100a
I-84 Rest Stop, ID 0 1c 7c 43b 93a 94a
3 10c 35b 96a --- 100a
Hyde Park, UT 0 Oe 7d 64c 95b 100a
3 1e 64c 100a --- 100a
Springville, UT 0 od 1d 40c 81b 97a
3 1d 36¢ 97a - 100a
Hobblecreek, UT 0 Oe 1e 16d 58c 94b
3 Oe 15d 94b ——- 100a
Mean 0 of 4f 45d 85¢c 98a
3 2f 32e 94b - 100a

*Seed tested within 60 days of harvest.

AGRICULTURAL SEED

PRODUCTION

Although cultural practices for producing seed
have been investigated, and seed has been
produced commercially (Shock et al. 2012; Tilley
et al. 2012; BFI Native Seeds 2017), arrowleaf
balsamroot seed production fields are rare. This
is at least partly due to slow plant maturation and
adequate wildland seed harvests (S. Monsen,
USFS retired, personal communication, March
2018).

Once established, stands can be harvested

for 20 to 30 years, provided seed fields remain
certified (Young et al. 2003). Germination and
establishment can be slow and erratic, and plants
take at least 3 years to produce seed (Stevens et
al. 1996; Ogle et al. 2011; Tilley et al. 2012). Seed
production yields of 75 to 125 Ibs/acre (187-313
kg/ha) at 90% purity are typical (Stevens et al.
1996). Arrowleaf balsamroot seed production
fields were established successfully in a dryland
farming region in Nephi, Utah. These stands

Table 5. Seed yield and quality of arrowleaf balsamroot seed
lots collected in the Intermountain region, cleaned by the
Bend Seed Extractory and tested by the Oregon State Seed
Laboratory or the USFS National Seed Laboratory (USFS BSE
2017).

Characteristic Mean Range Samples (#)
Bulk weight (Ibs) 3.04 0.25-26.66 63
Clean weight (Ibs) 0.67 0.005-9.66 63
Clean-out ratio 022 0.01-0.79 63
Purity (%) 98 89-99 63
Fill (%)’ 85 45-97 63
Viability (%)? 94 79-98 50
Seeds/Ib 49,608 23,000-80,710 63
Pure live seeds/Ib 44,696 21,404-63,160 50

1100 seed X-ray test
2Tetrazolium chloride test

produced flowers by the third year, and although
pollinators were thought to be scarce in this
grassland-dominated area, seed production
and yield were good (S. Monsen, USFS retired,
personal communication, March 2018).




Agricultural Seed Certification. It is essential to
maintain and track the genetic identity and purity
of native seed produced in seed fields. Tracking
is done through seed certification processes

and procedures. State seed certification offices
administer the Pre-Variety Germplasm (PVG)
Program for native field certification for native
plants, which tracks geographic origin, genetic
purity, and isolation from field production through
seed cleaning, testing, and labeling for commercial
sales (Young et al. 2003; UCIA 2015). Growers
should use certified seed (see Wildland Seed
Certification section) and apply for certification
of their production fields prior to planting. The
systematic and sequential tracking through

the certification process requires pre-planning,
understanding state regulations and deadlines,
and is most smoothly navigated by working
closely with state regulators.

Site Preparation. Weed-free beds are best for
establishment of seed production stands (Tilley
et al. 2012). Protection of seeds from predation

is necessary. In establishment of fall-seeded
production fields at Oregon State University's
Malheur Experiment Station near Ontario, Oregon,
emergence of arrowleaf balsamroot was best
(66.7%) for untreated seed covered with a thin
layer of sawdust and further protected by row
cover (Shock et al. 2012). Emergence in the same
year was poorest (25.5%) when seed was covered
with sawdust but not protected by row cover. For
seeding done in the following year, results were
similar but emergence was best (69.9%) for seed
pretreated with a fungicide mixture, covered with
sand and sawdust, and protected by row cover.
Emergence was poorest (37.9%) for seed not
protected by row cover (Shock et al. 2012).

Seed Pretreatments. Afterripening, stratification,
and chemical pretreatments can improve
arrowleaf balsamroot germination but are less
effective than fall seeding for field emergence
and establishment. An afterripening period of 1
month to several years combined with cool, moist
stratification improves germination (Jorgensen
and Stevens 2004a). Emerging radicles of
stratified seed are easily damaged (Young and
Evans 1979). Ethylene exposure was shown

to increase seed germination from 2.5 to 25%
(Bowen et al. 2006; Chambers et al. 2006) but not
as much as natural stratification after fall planting
in eastern Oregon (Shock et al. 2012). At field
locations, where 3 months of continuous snow
cover is assured after fall seeding, dormancy is
overcome naturally (Wasser 1982).

Weed Management. Established plants are quite
competitive, but if weeds become problematic
they can be controlled by hand pulling, cultivation

between rows, or with pre-emergent or targeted
herbicide treatments (Stevens et al. 1996; Tilley
et al. 2012). Hand weeding is recommended until
arrowleaf balsamroot plants can be identified,
generally after the first year's growth (Stevens et
al. 1996).

Seeding. Fall seeding into hills that are 12 inches
(30 cm) apart with 4 to 5 seeds/hill or in rows that
are 36 to 42 inches (91-107 cm) apart with 20 PLS/
linear foot is recommended for seed production
stands (Stevens et al. 1996; Tilley et al. 2012). The
recommended distance between rows will allow
for between row cultivation (Tilley et al. 2012).
Seeds can be planted by hand or using a single-
row seeder (Stevens et al. 1996). Drill seeding

or using some other method to cover seeds is
important (Horton 1989; Tilley et al. 2012). Seeds
generally should be planted at 0.5- to 1-inch (1.3-
2.5 cm) depths, but ideal seeding depth may vary
with site conditions (Wasser 1982; Tilley et al.
2012). Wasser (1982) recommended a burial depth
of 0.5 inch (1.3 cm) on medium-textured soils or
moist sites and 1 inch (2.5 cm) on coarse-textured
soils or dry sites (Wasser 1982).

In experiments conducted in Utah, researchers
were successful in establishing a dense stand

of arrowleaf balsamroot designed to produce
transplant stock for seed production fields (Jones
and Whittaker 2011). Using nursery bedding
equipment, they created a flat planting surface
and seeded at 6-inch (15 cm) row spacings. A
dense stands was established in spring 2010 after
fall seeding in 2009. Plants were to be lifted after
3 to 4 years of growth and then transplanted into
a production field setting (Jones and Whittaker
2011). Reports of the later transplanting phase of
the project were not available.

Establishment and Growth. Seedling emergence
may continue for up to 3 years after seeding
(Stevens et al. 1996; Stevens and Monsen

2004). After emergence, young plant growth is
slow. It can take 3 to 6 years for plants to reach
reproductive maturity, but plants can produce
harvestable seed crops for 20 to 30 years
(Stevens 2004b; Ogle et al. 2011; Tilley et al. 2012).
Fertilizers are not recommended for establishment
or growth of seed production fields (Tilley et al.
2012).

Irrigation. Seed production fields need 15 to
20 inches (380-510 mm) of water each year,

so depending on the field location and annual
weather variations, irrigation may be necessary
(Stevens et al. 1996). Irrigation can be important
during the seedling establishment phase or
when spring soils are dry but should be avoided
(Stevens et al. 1996) or delivered in a way other



than by overhead methods during the pollination
period (Tilley et al. 2012). Over saturation or
prolonged saturation should be avoided (Stevens
et al. 1996; Tilley et al. 2012).

Pollinator Management. Bees are considered
essential to agricultural production of arrowleaf
balsamroot seed (see Pollination section). Easily
managed mason bees (Osmia california and

O. montana) readily pollinate flowers and are
available by the thousands from businesses that
trap nesting bees from the wild. Bees can usually
be provided to seed growers within a year of
requesting them (Cane 2012). Research suggests
at least 165 mason bees (O. californica) are
needed to pollinate a 2.5-acre (1 ha) production
field of 12,000 plants/acre (30,000/ha). Nesting
shelters for the bees should be widely spaced
throughout seed production fields (Cane 2005).

Pest Management. Arrowleaf balsamroot is
host to a number of fungi, rust, and insect pests.
Heavy seed losses from pathogens or diseases
have been reported, and seed damage from
insects and rodents is common. Insecticides
are recommended for seed production fields,
but proper timing to avoid harming pollinators is
crucial (Stevens and Monsen 2004).

The following fungi will utilize arrowleaf balsamroot
as a host: Cylindrosporium balsamorrhizae,
Erysiphe cichoracearum, Pleospora
balsamorhizae, P. chlamydospora, P. herbarum, P.
njegusensis, Puccinia balsamorrhizae, P. acroptili,
and Typhula spp. (Bruckart et al. 2012; Farr and
Rossman 2017).

The following insects have been collected

from arrowleaf balsamroot plants: adult black
grass bugs (Irbisia brachycera, I. cascadia, I.
fuscipubescens, I. serrata, and . shulli) (Schwartz
1984) and llnacorella argentata (Schwartz and
Scudder 2000). Lace bugs (Corythucha spp.
[Tingidae, Heteroptera]) feed on plants (Gibson
1918). Anguillulina balsamophila forms leaf
galls and stunts the growth of heavily infested
plants (Goodey 1948). Nymph and adult forms
of grasshoppers (Buckellacris chilcotinae) feed
on plants (Rehn and Rehn 1945), which are also
a favorite of Mormon crickets (Anabrus simplex)
(Vallentine 1989).

Seed production can be severely impacted by
rodent harvests (Stevens and Monsen 2004).
Deer mice preyed heavily on seeds in experiments
conducted in bunchgrass communities of western
Montana. In the summer and fall of one year, all
provided seed was removed by deer mice and
seedlings were limited to areas protected from
deer mice (Stevens and Monsen 2004; Pearson
and Callaway 2008). For more on potential

predation effects, see Grazing Response and
Wildlife and Livestock Use sections.

Seed Harvesting. Good seed production is
generally reached once stands are 3 to 6 years old
(Stevens et al. 1996). Seeds are usually ripe in late
May or early June when flower petals have dried.
Close monitoring of seed maturation is important
because filled seeds are dispersed first (Stevens
et al. 1996). Insect-damaged and immature

seeds, which may appear normal and viable, are
retained in the flower heads and can be harvested
mistakenly (Tilley et al. 2012).

Stands will produce harvestable seed crops for up
to 30 years. However, some stand maintenance
may be necessary to retain seed certification
status for the lifespan of the stand (Young et al.
2003). Seed can be harvested by hand beating
the stems into a container (Stevens et al. 1996),

or using vacuum-type or reel-type harvesters
(Stevens et al. 1996; Jorgensen and Stevens
2004a; Tilley et al. 2012).

NURSERY PRACTICES

Because arrowleaf balsamroot is a slow-growing
species, production and use of transplant
materials for seed production and in wildland
settings is appealing. Reports suggest that
successful establishment from transplanting
bareroot or wilding stock is low (Stevens 2004a),
and careful plant handling is required because

of the taproot (Tilley et al. 2012). See the Seed
Pretreatments section for strategies to encourage
seed germination.

Container stock was grown successfully outdoors.
When seeding occurred in the fall in Pullman,
Washington, growing temperatures were cool
enough for good arrowleaf balsamroot growth
(Skinner 2004). To grow plugs, wildland seed
collected near the outdoor nursery site was
planted into soil-filled containers. Seeds were
lightly covered with soil and a thin layer of pea
gravel, watered deeply, and placed outdoors in
late November or early December. Additional
watering was done only during extended warm,
dry periods. Seedling emergence began in March
and continued for about 3 weeks. Aboveground
seedling growth was slow, but taproots grew
more quickly. The active growing phase was

1- to 2-months, and total growing time for the
production of filled containers was 5 months. It
may be best to transplant the plugs before root
growth fills the container. Additional hardening
was not necessary for the outdoor-grown stock
(Skinner 2004).



Outdoor nurseries may also prevent over watering,
which plants do not tolerate. Mold is a reported
problem for arrowleaf balsamroot in growth
chambers (Bowen et al. 2006).

WILDLAND SEEDING AND

PLANTING

Arrowleaf balsamroot has been rated as excellent
for persistence, forage yield, and early spring
palatability; good for ease of seed handling, ease
of seeding, final establishment, grazing tolerance,
compatibility with other species, and seed
production; and poor for initial establishment,
seedling growth rate, and summer palatability
(Stevens and Monsen 2004).

With good seedbed preparation, proper seeding,
and rodent deterrence, arrowleaf balsamroot
establishes well, especially at upper elevation
rangeland sites. It is well adapted for revegetation
of mountain brush communities on north, east,
and southwest slopes, gambel oak communities
with open canopies, and mountain big sagebrush
communities receiving 12 or more inches (305
mm) of annual precipitation (Stevens 1983).

Methods. Arrowleaf balsamroot is often
recommended for inclusion in seeding mixtures
to be used on cleared sites or in natural or
created openings in vegetation where it is
adapted. Because of its slow growth rate, it
should be seeded in rows separate from rapidly
developing species to reduce competition

and improve growth and survival of seedlings
(Shaw and Monsen 1983; Tilley et al. 2012).
When seeded with rapidly establishing and
growing species, it may take 10 years or more
for arrowleaf balsamroot to reach reproductive
maturity (Stevens and Monsen 2004). Although
reproduction is delayed, established plants
become large and provide good soil cover as they
reach reproductive age (S. Monsen, USFS retired,
personal communication, March 2018). It may be
seeded with other slow-growing forbs or shrubs.
Seeding arrowleaf balsamroot in alternate rows
with bluebunch wheatgrass has been particularly
successful (S. Monsen, USFS retired, personal
communication, March 2018). Recommended
seed mix rates are between 5% and 25% of the full
stand rate of 20 to 25 PLS/ft? (215-269 PLS/ m?

) with a 12-inch (30 cm) drill width (Wasser 1982;
Kitchen 1994; USDA NRCS 2000).

Steven Monsen (USFS [retired], personal
communication, March 2018) recommends drill
seeding because broadcast seeding followed by

chaining has a low probability of success. Others,
however, found survival in post-seeding year 6 was
not different on drill-seeded sites or sites where
broadcast seeding was followed by a Lawson
aerator, Dixie harrow, or Ely chain to bury seeds in
Tooele County, Utah (Gunnell and Summers 2016).
While broadcast seeding, drill seeding, surface
compact seeding, or browse interseeding can

be used to seed arrowleaf balsamroot (Monsen
and Stevens 2004), covering seeds to protect
them from rodent predation is critical (Shaw and
Monsen 1983; Tilley et al. 2012).

Although earlier studies suggested shallower
seeding depths (Wasser 1982; Monsen and
Stevens 2004; Tilley et al. 2012), more recent
observations indicate seeds should be planted

at least 1inch (2.5 cm) deep (S. Monsen, USFS
retired, personal communication, March 2018).
Wasser (1982) suggested seeding at 0.5-inch (1.3
cm) depths on medium-textured soils or moist
sites and at 1-inch (2.5 cm) on coarse-textured
soils or dry sites. Monsen (USFS retired, personal
communication, March 2018) suggests seeding at
1-inch (2.5 cm) depths regardless of favorable soil
or moisture conditions.

Seeding should occur in fall or late fall to allow for
natural seed stratification. Although emergence
can be uneven and continue for 2 to 3 years after
fall seeding (Stevens and Monsen 2004), uniform
germination and establishment are possible
when good quality seed and appropriate seeding
techniques are used (S. Monsen, USFS retired,
personal communication, March 2018). Use of
cool-moist stratified seed can improve emergence
on sites where 3 months of continuous snow
cover is not assured or to allow for early spring
seeding (though not recommended) (Wasser
1982). In experimental testing, seed germination
was good at temperatures of 32 to 41 °F (0-5

°C) but was reduced at lower temperatures,
which suggested successful germination may

be restricted to the snow-litter interface on sites
with continuous snow cover for at least 3 months
(Young and Evans 1979).

In field experiments snow cover did not impact
germination but might have limited establishment
(Kitchen and Monsen 1996). Regardless of the
date of burial (June or October), 99% of bagged
and protected seeds germinated at a site east of
Boise, Idaho. This 3,180-foot (970 m) site received
limited snow and the seed zone was frozen much
of the winter. For unbagged and protected seeds,
dry spring weather at the Idaho site resulted in
early crusting of the soil surface and prevented
emergence, which was less than 5% and restricted
to cracks in the soil crust. Germination was 89%
for seeds at a 4,920-foot (1,500 m) site east of



Springville, Utah, which was relatively wet because
of periodic winter rains. Seedling emergence

was 49 to 69% at the Utah site for two seed
accessions. Differences in germination among
collections were not significantly correlated with
climatic conditions of the seed collection site
(Kitchen and Monsen 1996).

In field cultivation trials, use of a protective

fabric resulted in some increased emergence

of arrowleaf balsamroot (Jones and Whittaker
2011). A light-weight, permeable fabric increased
heat and improved moisture retention during the
germination period. At four sites, three in the Great
Basin and one on the Colorado Plateau, percent
germination averaged 5% with the fabric and less
than 2% without the fabric. Benefits of the fabric
were greatest at the driest sites. Use of the fabric
also increased the cover of cheatgrass (Bromus
tectorum) on sites where it was already present
(Jones and Whittaker 2011).

Stand Management. Newly seeded areas need
protection from grazing for many years (Stevens
2004b). Seedlings grow slowly, and even under
best growing conditions, plants require 3to 5
years to reach reproductive maturity (Stevens et
al. 1996).

Studies indicate that arrowleaf balsamroot does
not tolerate competition with spotted knapweed
(Centaurea stoebe) and is sensitive to broadcast
spraying of picloram to control spotted knapweed.
In Palouse Prairie vegetation in western Montana,
cover of arrowleaf balsamroot was 6.8% when
spotted knapweed cover was less than 10% and
less than 0.5% when spotted knapweed cover
was 10 to 100% (Ridenour and Callaway 2001). In
a rough fescue (Festuca campestris)-bluebunch
wheatgrass natural area near Missoula, Montana,
picloram herbicide applications in the fall did not
affect leaf density but did impact reproduction of
arrowleaf balsamroot. On sprayed plots, flowering
was just 33% and recruitment 5% of that on
unsprayed plots. Reductions in flowering and
recruitment persisted at least 4 years (Crone et
al. 2009). Ortega and Pearson (2010) found both
cover and fecundity of arrowleaf balsamroot were
reduced by as much as 60% with fall broadcast
spraying of picloram in spotted knapweed-
invaded bunchgrass communities in western
Montana. Selective removal of spotted knapweed
by clipping increased the abundance of arrowleaf
balsamroot seedlings. At these sites, arrowleaf
balsamroot inflorescence number and cover were
negatively correlated (P < 0.001) with spotted
knapweed cover (Ortega and Pearson 2010).
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