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Broadcast Burning of Sagebrush in the Wintey »=x

L.F. NEUENSCHWANDER
Ahstract

Sagebrush-grass vegetation occupies about 5.5 million hectares
of ldaho rangelands, Rangeland productivity has decreased as
presettlement sagebrush densities have increased. Preseribed
burning of such rangeland has proven to be an cfficient and
economic tool to reclaim sagebrush- dominated areas, but firing
technigques and weather prescriptions for fire use have not been
developed. Feasibility of winter burning with snow or ice on the
surface of the soil was tested with the following restrictions: (1)
sagehrush was dense, with a canopy cover about 50%, and (2)
distance hetween plants cannot exceed 50% of their average
height. With these restrictions, fire carried through sagebrush
canopies when effective wind speed was above 8 km/hr (5 mph)
and winter ignition index was ¥,=29. Under the above
prescription, anly small areas burned. Winter burning might be
impractical in most areas hecause of imposed stand limitations
and the low number of days with proper burning conditions,
However, winter broadeast burning is possible, inexpensive, and
completely sale when snow or ice is present, and requires no fire
control preparation or mop-up,

Sagebrush-grass vegetation occupies about 5.5 million ha
(13.7 million acres) of [dahe rangelands (U.S. Dep. Agr. Forest
Service 1972). Sagebrush density during prescttlement times
was no doubt far less than today. Increase in sagebrush density
is due partly to early practices of heavy and uncontrolled
grazing. Range condition has deteriorated to a point where the
land is producing far fess than its potential forage (Pickford
1932; Tisdale et al. 1969). On some Idaho rangelands, big
sagebrush (Artemisia iridentata) has increased in size, density,
and cover, resulting in almost impenetrable stands, Livestock
movement is restricted, and yields of forage species are reduced
(Blaisdell 1953; Pechanec et al. 1954, Moomaw 1937). In such
areas, available forage is exceedingly low (<113 kg/ha), and is
of little value to ranchers. Therefore, reduction of big sagebrush
cover is considered a desirable range improvement practice
(Mueggler and Blaisdell 1958; Pechanec et al [963).

Although attempts to reclaim Idaho rangelands from
sagebrush have been successful, present-day methods of control
are expensive. Herbicide spraying has been the most effective
and least expensive method of controlling sagebrush (Bohmont
1954; Hyder and Sneva 1956; Mueggler and Blaisdeli 1958;
Taha and Payne 1976). However, the federal government
recently placed an unwritten moratorium on the use of
herbicides on the public domain, Ranchers are faced with the
inflated costs of labor, equipment, and materials associated with
mechanical methods of control as plowing. chaining, railing,
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Table 1. Sagebrush stand characteristics of the mesn, range, and
coefficient of variation (c.v.) is based fram 250 samples,

Characteristic Mean Minimum  Maximum Cv.
Canopy cover (%) 68.0 50 %0 19.7
Density

(plants/ha) 11907.0 6723 672334 141.%
Biomass (g/plant) 1580.0 36 9860 148.2
Fuel moisture {%) o m 44 124
Height (¢m) 105.0 54 173 52.6
Basal diameder

{em) 16 I 15 £2.2
Distance berween

plants {em) 128 I 150 121.6

and rotobeating, which may have to be followed by drilling and
broadcast reseeding. Because of the expense, these methods are
not practical on rangelands unless they are subsidized by a
tederal agency or unless alteration of the habitat is required.

Burning has been studied by Blaisdell { 1933}, Pechanecet al.
{1954), Blaisdell and Mueggler (1956), Mueggler and Blaisdell
(1958}, and Ralphs et al. (1973). Results from controlled
burning were reported by Blaisdell (1953), Wright and
Klemmedson (1963), Wright (1971), and Harniss and Murray
(1973). In contrast to chemical and mechanical methods of
control, prescribed buming has been shown to be both an
efficient and economical tool (Pechanec et al. 1965; Ralphs et
al. 1975).

Winter burning has not been previously reported in
sagebrush-grass. When buming of sagebrush-grass is possible
during the winter, the risk of fire escape is nonexistent, and fire
line preparation and fire control costs can be eliminated. The
primary objective of this study was to determine if and under
what conditions sagebrush rangeland can be burned in the
winter,

Methods

The study area was located in southeast ldaho near the Point-
Springs allotment of the Burley District of the Bureaw of Land
Management (BLM). Slope varies from 0 level to 60%. Winter
winds are predominately from the southwest,

Twenty-one stands of sagebrush were originally selected for
burning, but due to abnormal weather conditions, only five were
burned. Restrictions were placed upon stand selection: { 1) the canopy
cover of sagebrush was above 50%, and (2 the distance between
individual sagebrush plants was not more than 509 of their height.
Before each ignition measurements of density, canopy cover, distance
between plants, height, length of major axis, and basal diameter were
taken in ten pre-burm transects. Biomass was calculated according 1o
Brown { 1976). Multiple regression models were constructed to predict
burnable stands.

Within the five stands, 50 bums were conducted without fire lines
under differing weather conditions duning the winter when the soil
surface was frozen or covered with snow. In 33 areas the fire carried a
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Fig. 1. A big sagebrush (Artemisia tridentata} stand tvpical of the southern ldaho srudy area. Plam dispersion is variable in sagefrush stands. Even though the
density and CERMPY Civer :.lll"m_#nbmﬁ are high, the irregular distances between plants restriched the fire spread.

minimum of 10 m, and in 17 areas it did not. The forward rate of
spread was measured by determining the time the fire wok w travel 30
m. All bums were small (=0.25 ha) and fire control procedures were
MO MECessary.

Data on temperature (°C), effective wind speed (km/hr) (Albini
1976), relative humidity (%), and canopy fine fuel moisture (%) were
collected for each bum and were used as independent variables for
multiple regression equations to build a winter ignition index and to
predict the forward rate of fire spread. Weather conditions and stand
comparing burmed to unbumed sites were tested with a grouped r-test.

Results and Discussion

Burning of big sapebrush (Artemisia trideniara ssp. tei-
dentata, A. 1. ssp. wyomingensis and A_f. ssp. vasevana) is
feasible, because individual sagebrush plants easily burn.
Single plants burmned in the winter whenever canopy fuel
moisture was below 37%, air temperature exceeded 0°C (32°F),
relative humidity was below 45%, and the sky was clear.
Combustion of the canopy was rapid under above conditions,
but only fine fuels less than 0.64 cm (0.25 inch) in diameter
burned. Larger stems charred but did not burn. Therefore,
ignition of individual sagebrush plants could occur with snow or
ice on the ground surface, but the fire would not spread to other
plants except in limited cases.

Table 2. Comparison of average conditions in which fire did carry through
a stand of sagebrush to those in which fire did not carry.

Fire carried

Conditions Fire did not !
Ty
Canopy cover (%) T2 0.0 00,0006
Diensaty (plams/ha) 1142960  121,020.0 -
Bromass {g/plamt) 1.634.0 14055 -
Height {cm) 103.8 108.3 =
Basal diameter (cm) 3.8 32 -
Distance  between  planis  {om) 15.4 3.5 00067
Tenmperature (°C) 9.0 9.0 -
Relative humidity (%) 49.3 466 -
Effective wind {km/hr) 3.3 6.6 22
Fuel moisiure (%) 30 380 -

Signlicance bevel (=) for differences between grups is determined by & grouped s
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Prerequisites to broadcast winter burning when snow or ice
was on the ground were dictated by the structure of sagebrush
stands. In order to burn, stands were of high density (11,907
plants/ha) and high canopy cover (68%), and evenly distributed
plants. These stand characteristics are atypical throughout most
of the sagebrush areas in Idaho but occur in canyon and stream
bottoms.

Restrictive fire-weather conditions further limited bumning to
late winter or early spring. General fire-weather guidelines for
broadcast prescribed burning are a refinement of the fire-
weather conditions required for single plant ignition. Refine-
ments include: temperature above 0°C (32°F) and below 7.2°C
(45°F); relative humidity less than 45%; wind speed greater than
8 km/hr (5 mph); canopy fine fuel moisture content less than
37%; 3 days since last fog, rain, or snow; and clear skies.
Burning outside of these guidelines produced consistent
results; e.g., the fire usually did not spread.

When the temperature was below 0°C {32°F), the canopy of
sagebrush was difficult to ignite, and the fire did not spread
except in stands with dense canopies. When the temperature
was above 7.2°C (453°F), melting snow and ice in the understory
inhibited the rate and continuity of fire spread.

Relative humidity in southern Idaho in winter is seldom
below 30%. Within the burning conditions during this study,
relative humidities ranged between 35 and 57%. When the
relative humidity was above 40%, fire did not spread
satisfactorily. Hence, bumning in the winter required the lowest
possible relative humidity.

Wind is the most important weather factor affecting fire
spread through sagebrush canopies in the winter. With wi:gxl,
fire carried freely in dense and continuous sagebrush canopics
when temperatures and relative humiditics were within the
limits discussed above. However, fire did not carry without
wind unless the slope was greater than 30%. Albini (1976)
combined slope and wind to form a fire spread factor called
effective wind speed. An effective wind speed of about 8 km/hr
{5 mph) is a threshold value below which the fire usually does
not carry. Above this value the fire carries easily if canopy
coverage is greater than 68%.
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Table 3. Muliple regression for a winter ignition index, the rate of fire
spread, and Mame reach. Equations are based on 50 fires in § stands. !

Equation 7
Eg. 1. Ignition Index
¥,o= 9604 — 91.200X) — L1(X; R* = 0.811
where ¥, = ignition index,
X, = fine fucl mensture content of the canopy (%),
X, = relative humidity (%)
m rl:_-‘bi
Eq. 2. Rate of Fire Spread
¥, = 8160 + 19.200X,) - 75.79 (X} — D99 (X,); &® = 0.E74
where ¥, = predicied rate of fire spread {m/min],
X, = effective wind speed (m/min),
X, = fine fuel moisture content af the canopy (%),
X, = relative humidity (%),
Eqg. 3. Flame Reach

V= 1216 = 2.27 (x) + 429 (X,); B* = (.36
where ¥, = flame reach (m + lkm/hr) for winter bumning
X, = distance between plants (m},
and ¥, 0.

! D b a Jow sample number, regressbon equations should be used s peneral imdscators
andd not 25 absoluse predection values,

Fuel moisture is obviously important in ignition of sagebrush
canopies. The average fine fucl moisture was high (37%) in
sagebrush canopies at the time of the burn, However, leaves in
the canopies are persistent and dessicate in the winter. Most the
leaves of sagebrush are dry in the winter, but the twigs and stems
are moist.

Fire carried through the canopies of sagebrush 3 days after the
last period of moisture deposition when the skies were clear.
Solar radiation evaporated moisture that condensed on the
leaves at night. Even high cirus clouds were enough to
prevent evaporation from the leaf surfaces, inhibiting ignition
of winter sagebrush canopies.

Fire carried through dense sagebrush canopies whenever the
effective wind speed was greater than & km/hr and the ignition
index was greater than 29. The ignition index can be determined
by Equation | (Table 3). It is a combination of fine fucl moisture
content and atmospheric moisture, Equation 1 predicts fire
ignition based on the moisture parameters. Both fine fuel
mwisture content and relative humidity are negative in Equation
| because the higher the moisture content and relative humidity,
the lower the probability of ignition. ¥ must be greater than ¢
for the plants to ignite. When the ignition index was high and
wind was present, under proper stand conditions, broadeast
bumning was possible in winter.

The rate of fire spread for winter burning can be predicted by
Equation 2 (Table 3). ¥, must be positive in order for the fire to
spread. Since both fuel moisture and relative humidity, the
major parameters that affect ignition of the canopy, are
negative in Equation 2, they reduce the rate of fire spread.
The two most important variables are effective wind speed
and fine fuel moisture content. This is consistent with the
theoretical fire spread model developed by Rothermal
(1972),

Sarisfactory results from winter broadeast burning were
achieved when the burning index (¥,) was above 29 and the rate
of spread (V) was above 2m/min, At alower buming index and
rate of spread, the fire usually did not carry.

Proper stand conditions are paramount for broadcast winter
burning. Prediction of proper stand conditions is not solely a
funciion of vegetative characleristics. Since variation within
sagebrush stands is high, the resolution of site prediction is
low.
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The best prediction of stand conditions was based on the
distance between plants and the effective wind speed, as shown
in Equation 3 (Table 3). Basically, Equation 3 is flame reach
and reads: “*The farther apart the sagebrush plants, the more
effective wind is needed to camry the fire.” Without effective
wind, the maximum distance the fire will carry between
sagebrush plants is about 48 cm. At winds of 8 km/hr, Equation

3 predicts that the fire will carry from 0.6 to 0.9 m and that NEXT

fire will carry 2.65 m (B.75 fi) with a 32 km/he (20 mp
effective wind speed.

Probably Equation 3 over-predicts the maximum distance
between plants because: (1) it assumes a continuous, steady,
up-slope wind; and (2} it assumes the convective winds created
by the sagebrush plants have a negligible cffect. Both
assumptions are incomect. Continuous upslope winds are
common at high wind speeds, but at low speeds, winds are
usually gusty and variable in direction. At high wind speeds,
{e.g., winds =30 mph) the fire may “‘blow itsell out.”

Fire creates convective winds over individual sagebrush
plants that tilt the flames vertically. The degree of vertical tilting
is proportional to the rate of combustion. Therefore, the vertical
lifting effectively reduces the reach of the flames. Since flame
contact between sagebrush plants is necessary for the fire to
spread, and since the reach ol the flames is reduced by these
convective winds, the effective distance between individual
plants is probably less than the predicted value.

Conclusion

Winter burning of individual sagebrush plants when snow
and ice are on. the ground is possible, bul not practical.
However, broadeast buming of sagebrush is not only possible,
but also practical in very dense stands under restricted fire-
weather conditions. Many areas can be ignited in a short time.
resulting in the creation of numerous openings in dense stands,
The major benefit from winter buming is an increased edge
effect, although areas previously deminated by sapebrush
should produce increased forage as well. Adjacent unbumed
arcas provide a reseeding source for forage plants.

Winter burning is completely safe and easy w apply.
Environmental degradation does not accur. Fire sensitive plants
are unharmed. Fire control lines and activities are not required.
The difficulty with winter burning is not in controlling the fire,
but rather in maintaming its spread. Once ignited and spreading,
the fire will go out when the distance between plants or stand
muistere inereases, effective wind speed decreases, or changes
in fuel types occur. Fire only proceeds upslope and with wind.
Hence, winter broadeast burning might be impractical through
muost of the Great Basin because of imposed stand and fire-
weather limitations. However, winter burning in some stands is
leasible.
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TECHNICAL NOTES

A Relationship between Competition and Sex Ratio of

Shadscale

D.C. FREEMAN AND K.T. HARPER
Abstract

The sex ratie of shadscale populitions within and ouiside grazing
exclosures show significant depariures from random expectations. Males
are over represented within the ungrazed exclosures, while females are
mare prevalent in the prazed pastores. These unequal sex ratios could be
the result of three factors: differences in genetic compaosition, differential
grazing pressure on males and differences in water stress, Due (o the
increased plant cover within the ungrazed exclosures, we believe that plants
inhabiting these siles are under greater water stress. Moreoever, it appears
that females elther tolerate water siress less well than males or change sex
when stressed,

During the last century, there have been many investigations of sex
ratio in populations of dicecious plant species. Such investigations
have rarely considered the possibility that unbalanced sex ratios might
have an ecological interpretation. However, in recent years, scveral
authors have offered ecological explanations for unbalanced sex ratios
{Putwain and Harper 1972; Lysova and Khiznyak 1975; Richards
1975, and Freeman et al. 1976), In an earlier paper (Freeman et al.
1976) we showed that male and female plants are not equally
represented on xeric and better watered microsites in the semiarid
regions of Utah, Male plants were proportionately more abundant on
drier microsites, while females were more prevalent on mesic
locations. In this note, we report sex ratios for shadscale [Arriplex
confertifolin {Torr. and Frem.) 5. Wats,] populations within and
outside of grazing exclosures on the Desert Experimental Range
(DER) of the Forest Service, U.5. Department of Agriculure, in
western Urah.

Shadscale is the dominant or codominant shrub on millions of acres
of cold desert vegetations in the Imtermountain West. Unlike many of
its competitors, shadscale is protecied by sharp thoms and is not
heavily grazed by sheep, the principal herbivore on these ranges; as a
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consequence the species has flourished on grazed ranges {Hutchings
and Stewart 1953). In contrast, shadscale has progressively declined
in relative imponance inside grazing exclosures established in 1935 at
DER (Holmgren and Hutchings 1972).

We sampled the vegetation within exclozures and in adjacent grazed
pastures at DER in July, 1978. To estimate the amount of vegetation.
we centered (.25 m* quadrats over randomly selected shadscale plants
and estimated the amount of living cover of shadscale and associated
species in each quadrat. Twenty-five quadrats were sampled within
each of two exclosures: an additional 25 quadrats were sampled in
each pasture adjacent to the exclosures. In addition, 44 or more
flowering individuals of shadscale were randomly selected in each of
three grazed pastures and in three exclosurcs within those pastures 1o
provide sex ratio daia for grazed and unprazed populations.

A greater amount of non-shadseale cover, particuarly other shrubs,
occurred in the ungrazed than in the grazed areas (Table 1), We assume
that shadscale individuals in the ungrazed areas are under preater
competition for available resources because of the greater amount of
associated vegetation. As seen in Table 2, males occur proportionately
more often in the ungeazed exclosures while females are more
prevalent in the prared pastures,

How can the ohserved divergence in sex ratio of shadscale between
grazed and ungrazed areas be explained? The following occur 1o us as
possible explanations for the observed pattern: 1) populations differ
genetically between arcas, 2) male plants are more heavily grazed than
females by sheep, or 1) shadscale individuals inside exclosures
receive more competition from associated plants than do grazed
shadscale plants,

It seems unlikely to us that shadscale populations inside and outside
the 0.40 ha (one acre) exclosures differ genetically considering the fact
that the species is both dicecious and wind pollinated, Dicecy
feessitates outcrossing and wind pollination should insure that genes
regularly flow between exclosure and outside {grazed) populations,
Shadscale longevity {at least several years) and the age of the
exclosures (less than 45 years) also argue against a penetic
explanation.

Cursory observations do suggest that male shadscale plants are ess
thomy than seed-bearing plants of comparable size. That differential
in armor may be sufficient (o cause differential use of male and female
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