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Fire as a Tool for Controlling Tamarix
spp. Seedlings

Michelle K. Ohrtman, Sharon A. Clay, David E. Clay, and Alexander J. Smart*

Fire is often used in northern grasslands to control invasive grass species but has unknown effects on 7amarix spp.,
more recent invaders. Temperature (using an oven as a fire surrogate) and duration combinations that would be most
lethal to 7amarix seeds and seedlings were determined. 7amarix seeds were sown in soil-lined dishes, water added to
saturation, and seedlings grown for 1 to 5 d. Seeds were also placed in water-saturated or dry soil just before
temperature exposure (79 to 204 C [175 to 400 F]) by duration (1 to 5 min) treatments. After treatment, soil water loss
was measured by weight difference, and surviving seedlings were counted for 6 d. Tamarix seedling establishment and
survival decreased with increasing temperature and duration. The 5-d-old seedlings were the most affected. No 5-d-old
seedlings survived 1- and 2-min exposures to 204 C, whereas 1-d-old seedlings had greater than 25% survival. If soils
were saturated, two to four times more seedlings established following seed exposure to 177 and 204 C. Longer
durations at lower temperatures were required to reduce 7amarix survival. Increasing duration from 2 to 5 minat 121 C
decreased 5-d-old seedling survival from more than 80% to less than 10% and eliminated those seedlings at 149 C.
Five minutes at 149 C decreased dry-soil seed viability to about 15%, whereas germination on saturated soils remained
high (~75%). No seeds survived the exposure to 177 and 204 C. Soil moisture loss values associated with 90%
mortality of 5- and 1-d-old seedlings were 1.7 and 2.2%, respectively. On saturated soils, 90% of seeds died with 2.5%
water loss. Under suitable conditions, fire can decrease Tamarix seedling survival. Fire may be useful for controlling
Tamarix seedlings in northern grasslands and should be considered for management of new invasions.

Nomenclature: 7amarix spp.: Chinese tamarisk, Tamarix chinensis Lour. TAACH; saltcedar, Tamarix ramosissima
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Tamarix spp. (a.k.a saltcedar (7amarix ramosissima
Ledeb.) and Chinese tamarisk (7amarix chinensis Lour.
and hybrids) have been nominated as some of the 100
world’s worst invasive weeds (GISD, 2010). This nonnative
shrub/tree is the second most abundant riparian woody
plant in the western United States, with the highest
concentration of invasion located in the Southwest (Fried-
man et al. 2005; Morisette et al. 2006). Tamarix was
introduced for ornamental and flood control purposes in
the Northern Great Plains between 1930 and 1950 (Pearce
and Smith 2007; R. Mochring, personal communication)
and now forms dense, naturalized stands similar to those
observed at southern latitudes (Lesica and Miles 2001;
Pearce and Smith 2007). To date, northern 7Zamarix
infestations occur primarily in riparian habitats on
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regulated (Bighorn, Cheyenne, Missouri, and Yellowstone)
and unregulated (James, Powder, and White) rivers of
Wyoming, eastern Montana, and the western Dakotas
(Pearce and Smith 2007; R. Moehring, personal commu-
nication), but recent projections suggest this plant may
invade new northern habitat types (Jarnevich et al. 2011;
Morisette et al. 2006).

Tamarix habitat-suitability modeling predicts that about
35,000 km? (13,513 miz) of moderately to highly suitable
Tamarix habitat exists in Montana, North Dakota, and
South Dakota (Jarnevich et al. 2011), with grasslands
expected to be two times more likely to support 7amarix
than water areas (Morisette et al. 2006). Current maps of
Tamarix infestations report presence, albeit in low numbers
at few sites, in eastern South Dakota’s Prairie Pothole
region (South Dakota Department of Agriculture 2010).
Those data provide evidence that 7amarix is establishing in
moist-soil northern grassland habitats. Producers and land
managers in the Northern Great Plains can take proactive
measures to eliminate current 7amarix infestations and to
stop its spread into new areas. Prescribed fires often are
used to manage nonnative, invasive grass species in these
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Management Implications

Tamarix can invade moist-soil grasslands in the Northern Great
Plains, and it is necessary to treat seedlings before they become
well-established. Fire is an important management tool used to
control nonnative grasses in northern grasslands, but this practice
may also minimize Zamarix spread from seed. Although
temperatures and durations associated with prescribed grassland
fire are reported to be minimal, under appropriate conditions
controlled burns in northern grasslands can provide soil surface
temperatures and exposure periods lethal to most Tamarix seeds
and developing seedlings. Deposited seeds are more likely to
survive elevated temperatures than newly emerging seedlings but
because seeds germinate rapidly upon wetting, fire will more likely
encounter seedlings. To effectively control new infestations,
Tamarix  seedlings should be treated before they develop
belowground perennating buds that generate new shoots
following dormancy or disturbance. Repeated burning regimes
are less likely to increase nonnative invasions in grasslands than
other habitats suitable for 7amarix establishment because these
ecosystems have evolved with this disturbance. Fire is, therefore, a
viable option for Tamarix seedling control in northern grasslands,
but burn programs should not target this species until more
information is available.

rangelands (Higgins et al. 1989), and that practice may also
reduce Tamarix invasion.

Fire has not often been used to manage 7amarix in
southwestern riparian ecosystems for several reasons. Well-
established 7amarix plants can recover rapidly from fire by
producing new shoots from buds on root crowns and buried
stems (Busch and Smith 1993; McDaniel and Taylor 2003).
High soil moisture in riparian areas reduces the likelihood
that fires will occur at sufficient intensity to kill mature
Tamarix vegetative reproductive tissues (Busch 1995).
Desired native woody vegetation often exhibits poor fire
recovery response, and thus, fire disturbance can lead to new
Tamarix infestations from seed by removing vegetative
competition (U.S. Fish and Wildlife Service 2002; Ohrtman
et al. 2011). However, fire may be used in Northern Great
Plains grassland areas to destroy 7amarix seeds (Ohrtman et
al. 2011) with grasses quickly recovering.

To date, no studies have reported fire effects on Tamarix
seedlings, to our knowledge, presumably because seedlings
typically establish without competing vegetation required
to fuel fire (Sher et al. 2000, 2002; Stromberg 1997).
Tamarix, however, can establish in the presence of
grassland vegetation, although in lower numbers and with
reduced growth, and that vegetation is sufficient to fuel
spring burns (Ohrtman et al. 2011). Given this opportu-
nity for seedling establishment in grasslands, combined
with potential seed longevity in northern climates (Lehnh-
off et al. 2011), it is necessary to resolve if and how fire
treatments can be used to control new infestations before
they become well-established and fire-resistant. Indeed, if
young plants have not developed vegetative propagules,

postfire resprouting rates of shrub-type seedlings are often
low or do not occur (Boudreau and Willson 1992;
Hodgkinson 1998; Vesk 2006) resulting in excellent
control. As these seedlings age, however, they are more
likely to resprout from vegetative buds following distur-
bance (Hodgkinson 1998; Reyes et al. 2009).

Temperature and residence time (duration) of controlled
burns are important factors that contribute to fire-induced
plant mortality (Bova and Dickinson 2005), yet few studies
have documented these fire conditions in northern grasslands.
In a companion study conducted by our research group,
controlled grassland spring burns performed biennially, which
contained a mixture of dormant and green foliage, produced
soil surface (~1 cm [0.4 in]) temperatures that exceeded
200 C for 2 min and 150 C for 5 min (author’s unpublished
data). These temperatures are well above 60 C, the suggested
lethal level for nonresistant plant tissues (Whelan 1995), with
tissue loss accelerated by longer durations of exposure (Bova
and Dickinson 2005). Controlled burns in northern
grasslands, therefore, provide sufficient heat to kill plants
with actively growing tissues (Wright and Bailey 1982), and
our study results suggest that residence times may be longer
than previously reported (Fidelis et al. 2010; Stinson and
Wright 1969). Other aspects to consider for successful fire
management include burn timing (Drewa et al. 2002;
MacDonald et al. 2001) and amount of thatch present,
which is a function of prior fire and grazing management
(Fidelis et al 2010; Savadogo et al. 2007).

In this study, we sought to identify specific temperatures
and durations that would be most lethal to 7amarix seeds
and young seedlings. Oven/furnace experiments are often
used to test invasive plant propagule response to fire
conditions (Abella and MacDonald 2000; Emery et al.
2011). However, no one has reported, to our knowledge,
using this method to examine heat tolerance of weed
seedlings. In addition, seeds were placed on dry and wet
soils, and seedlings were grown in saturated soil to examine
the potential of soil and water on heat-buffering capacity;
factors more characteristic of field conditions. Results will
provide baseline data needed to understand 7amarix seed
and seedling fire response and can be used to develop
multispecies management plans that reduce the abundance
of exotic grasses and minimize the risk of 7amarix invasion.

Materials and Methods

A full factorial design was used to determine the
influence of six temperatures (79, 93, 121, 149, 177, and
204 C) associated with controlled burns in northern
grasslands at three durations (I, 2, and 5 min) on
germination of 7amarix seeds, sown on saturated or dry
soil and on young seedling survival (1, 2, 3, 4, and 5 d old)
in saturated soils. Although prescribed grassland burn
durations greater than 3 min are not reported in the
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literature, we selected a 5-min exposure time because data
from a related study indicated that surface soil temperatures
monitored at ~1 cm in controlled eastern South Dakota
grassland fires were sustained at greater than 150 C for
durations longer than 5 min (authors’ unpublished data).
Control treatments included seeds and seedlings of each age
maintained at 25 C. There were six replicates for each
treatment combination and 132 total treatments including
controls.

Tamarix seeds were obtained from seven states (Arizona,
California, Colorado, Montana, New Mexico, South
Dakota, and Utah) in 2010 to compare seed viability of
populations from different regions. Seeds were stored in a
3 C refrigerator before use (Merkel and Hopkins 1957;
Zaman et al. 2009). Germination tests to determine seed
viability before temperature exposure were done by
applying 100 7amarix seeds to wetted filter paper inside
closed germination dishes held at 25 C with 8 h of light
(Young et al. 2004). Root radical protrusion was visible
within 12 h, and seedlings were counted every day for 5 d
(Merkel and Hopkins 1957).

Aluminum weighing dishes (7 cm diameter by 2 cm deep
and 70 ml capacity) were selected because the type, size, and
depth of these containers were necessary to (1) withstand
extreme heat exposures, (2) support Tamarix seedling
growth for several days, and (3) facilitate the inclusion of a
large number of samples. Containers were filled with 50 g of
sandy clay loam topsoil collected from multiple sites near
Brookings, SD, which had been passed through a 2-mm
(.08-in) sieve. Twenty-five seeds were applied to the soil
surface of each dish. Soils were wetted to complete saturation
with deionized water to represent the saturated-soil
conditions necessary for Tamarix seed germination. The
saturated soil environment also served to reduce below-
ground tissue exposure to potentially lethal heat (tempera-
tures > 60 C rarely occur below 2 cm soil depth in grassland
burns; Wright and Clarke 2008) and to more closely mimic
moist-soil field conditions in riparian and wetland areas.
Dishes were placed in 25 C growth chambers and watered
daily until exposure to simulated fire temperatures.

Three-week-old 7amarix plants have been observed to
have roots longer than 1.5 cm with the slowest phase of
growth occurring in the first week (Merkel and Hopkins
1957). To ensure roots did not incur heat damage from
contact with the base of the aluminum containers, which
conducts heat better than soil, we did not grow seedlings
beyond 5 d before heat exposure. Tamarix seedlings
between 1 and 5 d old were used to determine whether
heat tolerance varied by seedling age. Immediately before
temperature tests, three additional treatments were initiated
with seeds sown onto soil as described above and soil
remaining dry (one treatment) or with water added (two
treatments). Dry-soil treatments were included to represent
Tamarix seeds that had not made contact with surface soil

moisture. Soils for the dry treatment were placed in
aluminum dishes 1 wk before temperature exposure and
set in a greenhouse to evaporate soil water. Following seed
application, dry-soil dishes were wrapped with aluminum
foil to prevent seed loss during treatment. One of the water-
added treatments was exposed to experimental temperature
and duration combinations, as described for seedlings, and
the second treatment was used as a 25 C control.

Because of the extreme variability in the behavior of field
fire (using a drip-torch method to start and maintain fire)
and simulated fire (using a blow-torch method in the
greenhouse), a Thelco oven (Model 130DM, Precision
Scientific/Napco, Winchester, VA) was used, which gave a
more controlled environment to obtain plant response.
Sensors spotted with six different Tempilaq (Tempil, South
Plainfield, NJ) thermo-sensitive paints, which melted at
specific temperatures, were placed in the oven for each trial
to verify oven temperature-gauge accuracy. Dishes con-
taining water-saturated soils were weighed at both
pretemperature and posttemperature exposures (five repli-
cates), and the difference was used to calculate water loss;
that information is required to determine the relationships
among soil water, seed viability, and seedling survival.
Water was added to resaturate soils following temperature
treatment, and dishes were placed in 25 C growth
chambers. Seedlings were counted every other day for 6 d.

ANOVA models were used to test the effects of
temperature and duration on Tamarix seedlings and seeds.
Percentage of seedling survival relative to control treat-
ments for each seedling age and seed treatment were used as
the response variables. The 2-, 3-, 4-, and 5-d-old seedling
responses were similar for all treatment combinations, so
results are presented for 5-d-old seedlings only. Logi
transformation was used to normalize the distribution of
the percentage of Tamarix seed/seedling survival data, but
nontransformed averages are reported. An ANOVA and
scatterplot matrix was used to determine the strength of the
linear relationship between the percentage of soil water loss
and the temperature and duration of heat. Percentage of
mortality was calculated, and an inverse prediction was
used to determine the critical percentage of soil water loss
values associated with 90% mortality of saturated soil seeds
and 1- and 5-d-old seedlings. Statistical analyses were
performed in JMP-In software (version 5.1.1, SAS
Institute, Cary, NC).

Results and Discussion

Tamarix Germination Tests. Northern 7amarix popula-
tions (i.e., Montana and South Dakota) had low
germination (average of 55%) compared with southern
samples (100%) (data not shown). A Tamarix population
with high viability was selected for further study (1) to
ensure high seedling numbers with minimal replication; (2)
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Table 1. ANOVA to test the effects of temperatures associated with grassland fires and three exposure durations on 7amarix seedling
survival relative to controls (25 C). Data are presented for 1- and 5-d-old seedlings (N = 216; R = 0.71; Fratio = 15.98; P <
0.0001). Log;o transformation was used to normalize the distribution of the data.

Parameter df? Sum of squares F ratio
Temperature 5 81.44 73.74**
Duration 2 16.15 36.57**
Seedling age 1 6.76 30.60**
Temperature X duration 10 13.50 6.11%*
Temperature X seedling age 5 0.84 0.76
Duration X seedling age 2 0.01 0.03
Temperature X duration X seedling age 10 4.83 2.19*

* Abbreviation: df, degrees of freedom.
Significance levels, **<< 0.0001; *<< 0.05.

to be able to easily distinguish differences among seed
treatments, rather than dealing with the confounding
influence of low germinability; and (3) to determine
temperature effects on the most robust population
sampled. 7amarix seeds used for temperature tests
originated from Riverside County near Blythe, CA, and
were collected by Dr. Bertin Anderson in April 2010.
Although phenotypic differences have been observed
between southern and northern 7amarix ecotypes, these
traits develop in individuals over the course of several
months (Friedman et al. 2008; Sexton et al. 2002) to years
(Friedman et al. 2011). Sample location is not likely to
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Figure 1. Average percentage of 1- and 5-d-old Tamarix
seedlings that survived temperatures associated with grassland
fires when compared with controls (25 C) for 1-, 2-, and 5-min
durations (ANOVA, N = 216; Fratio = 2.19; P = 0.02; mean
*+ SE). Percentages above 100% represent the establishment of
more seedlings in temperature treatments than controls. Seedling

m]ldold
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survival was high for 1- and 5-d-old treatments at 79 C,

irrespective of duration, so data are not shown.

influence individual growth response of 1- to 11-d-old
seedlings at 25 C, although it should be noted that seed and
seedling heat tolerance may vary by latitude.

Tamarix Seedling Responses to Temperature Treat-
ments. Seedling survival decreased with increasing tem-
perature, duration, and seedling age (Table 1). The 5-d-old
Tamarix seedlings were less heat tolerant than were 1-d-old
seedlings at almost all temperatures and durations
(Figure 1). Survival of 1-d-old seedlings declined compared
with nontreated seedlings when exposed to 121 C for 5 min
or when exposed to higher temperatures, regardless of
duration. At 204 C, the highest temperature tested, about
30% of the 1-d-old seedlings survived when durations were
1 or 2 min. The 5-d-old seedlings were more sensitive to
heat, with declines in survival evident at the second to
lowest tested temperature (93 C), even with a 1-min
duration, and these older seedlings did not survive when
exposed to 149 or 177 C for 5 min or to 204 C for any
duration.

Fire temperature and duration depends on the quantity
and type of aboveground biomass and the amount of
actively growing foliage (Bond and van Wilgen 1996;
Vermeire and Rinella 2009), which can vary considerably
in grasslands, depending on climate, species diversity, and
management (Bernhardt-Rémermann et al. 2011). Grass-
land fire intensity in areas with only dormant vegetation
can produce temperatures that exceed 700 C for up to
2 min (Stocks et al. 1996; Stronach and McNaughton
1989). However, grassland fires in areas with mixed
dormant and growing vegetation are typically lower in
intensity, with low average temperatures, rapid rates of
spread, and short durations (Fidelis et al. 2010; Morgan
1999; Stinson and Wright 1969); prescribed fires generally
have even lower intensity because managers select milder
burning conditions to facilitate more predictable fire
behavior (DeBano et al. 2005). However, our research
showed that controlled, spring, grassland fires in areas that
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Table 2. Average percentage of soil moisture loss by temperature
and duration for treatments with saturated soils (ANOVA, N =
90; R* = 0.88; F ratio = 38.95; P < 0.0001).

Time (min)

Temperature (C) 1 2 5

79 0.4 0.5 0.8
93 0.4 0.5 1.4
121 0.5 0.6 1.2
149 0.6 1.2 1.8
177 1.1 1.0 2.1
204 0.7 1.5 4.3

had a mix of dormant and growing vegetation maintained
elevated temperatures for durations similar to experimental
test conditions (2 min at 200 C and 5 min at 150 C)
(authors’ unpublished data). These results suggest that
prescribed grassland fires have the potential to reduce, but
not to eliminate, newly established 7amarix seedlings
because soil temperatures may not be high enough or
durations may not be long enough for complete control.
Survival of 1-d-old seedlings in this study (i.e., 55% at
149 C and 25% at 204 C for 2 min durations) was higher
than the 5% survival reported when 7amarix seeds were
exposed to fire 24-h after deposition on soil cores taken
from a grassland and observed 21 d after treatment
(Ohrtman et al. 2011). The 5% survival of the young
seedlings may be more akin to what occurs in fire-treated
grasslands because 7amarix does not compete well with
established vegetation (Ohrtman et al. 2011; Sher et al.
2000, 2002; Stromberg 1997). On the other hand,
reduction of sod-forming, cool-season, exotic grasses with
fire may initially create more openings for Tamarix
establishment in early summer (Ohrtman et al. 2011).
High levels of soil water have been observed to reduce
soil heating during grassland fire (Wright and Clarke 2008)

and may protect young 7amarix seedlings from exposure to

lethal temperatures. Heat duration and soil water loss were
positively correlated (» = 0.72; P < 0.0001), suggesting
that increased water loss was a direct result of longer
periods of temperature exposure (Table 2). Based on water
loss and seedling mortality data, soil water losses of 1.7 and
2.2% resulted in 90% mortality of 5- and 1-d-old
seedlings, respectively, and further suggest that less energy
was required to kill 5-d-old seedlings. 7amarix preferen-
tially establishes in riparian and wetland habitats that
contain high levels of soil water. Higher fire temperatures
and longer durations would be necessary to evaporate soil
water and to kill 7amarix seedlings in moist environments.
Less-intense fires would likely be effective at drier sites or
during periods of low surface soil water, although 7amarix
is less likely to establish under those conditions.

Fire is more likely to meet older 7amarix seedlings than
those used in our studies in field conditions. Research
performed on other fire-resistant species suggests that 2-
wk-old (MacDonald et al. 2001) to several week-old
(Boudreau and Willson 1992) seedlings may succumb to
heat. However, northern 7amarix plants have been
observed to die back each year (Lesica and Miles 2001),
suggesting that subsurface vegetative buds develop before
the end of the first growing season. Ultimately, survival of
young Tamarix plants will depend on fire intensity, plant
maturity, and the presence and depth of perennating,
belowground tissue (Pyke et al. 2010). If vegetative buds
develop at depths > 2 cm, grassland fire may not be an
effective management tool because lethal temperatures are
not observed below that depth (Wright and Clarke 2008;
author’s unpublished data).

Tamarix Seed Viability and Seedling Establishment
Following Temperature Treatments. Seed survival de-
creased with greater temperature and duration and was
dependent on soil condition (wet vs. dry) (Table 3).
Seedlings established in greater numbers in saturated soil

compared with dry soil when exposed to 177 and 204 C for

Table 3. ANOVA to test the effects of temperatures associated with grassland fires and three durations of exposure on Tamarix
seedling establishment relative to controls (25 C). Tests were performed on seeds sown on saturated and dry soils (V = 208; R =0.77;
F ratio = 20.38; P < 0.0001). Log;o transformation was used to normalize the distribution of the data.

Parameter df? Sum of squares F ratio
Temperature 5 57.51 87.56*
Duration 2 9.11 34.69*
Seed treatment 1 6.59 50.20*
Temperature X duration 10 8.46 6.44*
Temperature X seed treatment 5 4.33 6.59*
Duration X seed treatment 2 0.20 0.75
Temperature X duration X seed treatment 10 7.33 5.58*

* Abbreviation: df, degrees of freedom.
Significance level, *< 0.0001.
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Figure 2. Average percentage of Tamarix seedling establishment
(relative to 25 C controls) for seeds on saturated and dry soil
exposed to temperatures associated with grassland fire for 1-, 2-,
and 5-min durations (ANOVA, N = 208; F ratio = 5.58; P <
0.0001; mean * SE). Results for 79 and 93 C exposure were
similar for saturated and dry soil treatmens, so data are
not shown.

1- or 2-min durations and for 5 min at 121 and 149 C
(Figure 2). These results provide further evidence that soil
water buffers temperature effects. When soils contain
water, the temperature does not exceed water’s boiling
point (100 C) until the water evaporates (DeBano et al.
1976; Scotter 1970). Temperatures can increase more
rapidly and be higher in dry soils because heat is not
dissipated (Campbell et al 1995). Wet soils conduct heat
better than dry soils (DeBano et al. 2005), but because of
the small soil volume, shallow soil depth, and soil exposure
to heat from all surfaces (i.e., not only from a surface
treatment) used for our experimental treatments, dry soils
are expected to reach higher temperatures than wet soils,
especially when exposed to temperatures greater than
100 C. The dry soil used in this experiment may have
provided some temperature buffering because some water is
present in air-dried soil.

Although germination tests showed reduced viability of
Tamarix seeds sown on soil (85%) vs. filter paper (100%)
at 25 C, seeds exhibited moderate heat tolerance. Tamarix
seed viability decreased at temperatures = 121 C, irre-
spective of duration and soil water conditions (Figure 2).
Nearly 15% of dry seeds and 75% of seeds in saturated soil
survived 5 min exposures to 149 C, but that duration
eliminated all seeds (dry and saturated) at 177 and 204 C.
Germination rates for seeds exposed to high temperatures
in dry soil and then wetted were surprising when the small

size of Tamarix seeds is considered. Tamarix seeds typically
measure 0.1 mm by 0.5 mm and have half the thickness of
seed coats protecting some fire-resistant pine (Pinus spp.)
species (Little 1968; Merkel and Hopkins 1957; Vander
Wall and Balda 1977). Seeds of invasive Scotch broom
(Cytisus scoparius (L.) Link.], which are up to 30 times
larger than 7amarix seeds and can survive in the soil for
several years, were eliminated when exposed to tempera-
tures greater than 150 C for more than 2 min (Bossard
1993).

As expected, Tamarix seed was more resilient to high
temperature exposure than developing seedlings. Soil water
loss that caused 90% mortality of seed on saturated soils
was 2.5%, which was 12 and 33% more water loss than
was needed to induce 90% mortality of 1- and 5-d-old
seedlings, respectively. The greater amount of energy
required to kill nongerminated 7amarix seeds confirms
that, although these seeds are small, they possess a
protective barrier against heat damage. Differences between
the heat tolerance of the southern ecotype used in this
study and the northern ecotypes were not investigated.

Survival of Tamarix seeds applied to dry soil and
exposed to 204 C for 1 min suggests that seeds may be able
to withstand grassland fires when soil water is low; a
condition more typical of upland areas or drought
conditions. Rapid germination upon wetting and low,
long-term seed viability reduces the likelihood that fire
would encounter 7umarix seeds in the field. However,
seeds from a Montana 7amarix accession were observed to
maintain viability for several weeks to months at warm and
cold temperatures (30 d at 35 C and 180 d at 20 C, 5 C,
and —14 C) (Lehnhoff et al. 2011), suggesting that, under

dry conditions, 7amarix seeds may have some longevity.

Using Fire to Control Tamarix Seeds and Seedlings.
Results of this study suggest that prescribed grassland fires
can decrease new Tamarix infestations by reducing seed
viability and killing young seedlings. However, there are
limitations and disadvantages of using fire to manage
Tamarix seedlings.

Prescribed fire must be above threshold temperatures
and durations to optimize control, with longer durations
needed when fire temperature is low. Fires in areas with wet
soils and low vegetative cover, typical of disturbed riparian
areas where 7amarix commonly establishes, are unlikely to
produce these conditions, whereas fires in grassland areas
can provide favorable control conditions (authors” unpub-
lished data). Frequency (i.e., burn recurrence) and timing
(i.e. spring vs. summer vs. fall burn) of grassland fires could
influence its effectiveness for 7amarix management.

Grassland ecosystems have evolved with frequent fire,
but repeated annual treatments that may be required to
control 7amarix in the long term can have undesirable
effects. For example, annual burning has been found to
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reduce species diversity (Abrams and Hulbert 1987) and
biomass (Higgins et al. 2007) in grasslands. Losses in cover
could increase the potential for Tamarix establishment
(Ohrtman et al. 2011) although the risk for Zamarix
seedling establishment immediately after spring fire in
northern grasslands is low because seed release occurs after
vegetation has recovered. A biennial spring burning regime
is required for effective control of the cool-season exotic
Kentucky bluegrass (Poa pratensis L.) (Gibson et al. 1993;
Hartnett et al. 1996), so fire programs established for this
species would already incur environmental costs associated
with frequent burning.

In northern regions, 7Tamarix seed is released between
July and September (S. Burnette, personal communication;
Pearce and Smith 2003), and, therefore, spring fires will
only encounter 7amarix seedlings if seeds remain viable
over winter and germinate in colder soils (Lehnhoff et al.
2011). Tamarix may establish in early summer if spring fire
programs decrease cover of sod-forming, cool-season
grasses (Ohrtman et al. 2011). Summer fire programs
could coincide with early summer 7amarix seed release and
be used to improve productivity of native grasses (Cope-
land et al. 2002; Towne and Kemp 2008). However,
summer fires traditionally are not used because of increased
wildfire risk.

If summer seeds make contact with moist soils, fall fire
treatments can encounter first-year Tamarix growth. Burn
areas should be monitored to identify and treat 7amarix
seedlings before their leaves senesce and they harden-off for
winter, which, for northern ecotypes, occurs in mid-October
(Friedman et al. 2011). Fall burns, under some conditions,
may be desirable, although temperatures and burn durations
have not been monitored for northern grasslands.

Timing and amount of rain determine whether fire can
even be used in an area. For example, areas near Brookings,
SD, from September 1 through October 31, 2011, when
fall burning often occurs, received less than 2 cm of rain
(normal, 11.6 cm), and prescribed burns were not
permitted because of the very dry conditions. In addition,
depending on seasonal rainfall, older plants with peren-
nating buds may need to be controlled, and to date, the
effect of grassland fires on older plants has not been
reported. Based on these limitations and information gaps,
fire programs designed specifically to control Tamarix
seedlings over large areas are not advised at this time.

Spot fire treatments may be a better option for targeting
new Tamarix infestations because of the potential adverse
effects of prescribed burning. Spot-burning using a propane
torch has been successfully demonstrated to control invasive
seedlings in several Michigan preserves (Tu et al. 2001). This
method does not require vegetation for fuel and can be used
at any time during the growing season when conditions are
favorable with less concern about large-scale effects on
vegetation community dynamics. However, this method

may not be feasible across large expanses and has not been
tested on Tamarix.

Population explosions in western South Dakota, along
the Cheyenne River, and recent habitat-suitability model-
ing suggest that 7amarix may spread to suitable habitats
(e.g., sites with prolonged periods of surface soil moisture)
in the Prairie Pothole region, where prescribed burns are
already used to manage nonnative grasses. Fire is an
effective tool for managing invasive plants, but this practice
has not been considered a principal method for 7Tamarix
control because of this plant’s propensity for vigorous
vegetative reproduction (Busch and Smith 1993; DiTo-
maso et al. 20006). Research findings reported here suggest
that there may be opportunities to use fire for 7amarix
seedling control but the effectiveness of this technique is
dependent on the temperature and duration of the burn. In
this study, plants were watered soon after exposure to high
temperatures, if a dry period followed high-temperature
treatments, less seedling survival may have been observed.
Seedlings were not monitored beyond 6 d, and suscepti-
bility to pathogens and other effects of heat exposure could
cause mortality beyond this observation period.

This research provides the framework for beginning to
understand fire effects on 7amarix seeds and seedlings, but
more information is needed about older seedling fire
response, especially in northern regions where invasion is
relatively new and exposure to cold temperatures may
increase the effectiveness of fire control. Presently, there is
insufficient evidence to suggest that burns should be
implemented specifically for control of Tamarix, but fire
programs designed to manage other species have the
potential to minimize 7amarix invasion. In light of the
potential environmental problems associated with pre-
scribed fire, new 7amarix management practices, such as
spot burning, should be examined. In addition, prefire or
postfire herbicide and mechanical treatments, which have
been shown to effectively control mature 7amarix in other
regions (McDaniel and Taylor 2003), may provide novel
disturbances in northern grasslands and should be
evaluated before use.
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