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Abstract

Amacher, Michael C.; Johnson, Amber D.; Kutterer, Debra E.; Bartos, Dale L. 2001. First-year
postfire and postharvest soil temperatures in aspen and conifer stands. Res. Pap.
RMRS-RP-27-WWW. Ogden, UT: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 24 p.

Aspen (Populus tremuloides Michx.) stands are in decline throughout the Interior Western
United States because of fire suppression, overbrowsing by domestic livestock and native
ungulates, and forest succession. We measured summertime soil temperatures in stable aspen,
decadent aspen, and mixed aspen/conifer stands; a mixed aspen/conifer clearcut; a mixed
aspen/conifer forest that was burned in a lightning-caused fire; and a decadent aspen stand and
mixed aspen/conifer stand that received prescribed burns. Soil temperature fluctuations and
mean soil temperatures were greater in cut and burned areas than in untreated stands. In
untreated stands, mean soil temperature increased in the order: mixed aspen/conifer < stable
aspen < decadent aspen. Soils under the closed canopy of mixed aspen/conifer stands tended
to remain cool in the summer favoring organic matter accumulation. The relatively open canopy
of decadent aspen stands allowed for increased light penetration and soil heating favoring
organic matter breakdown. Cutting and burning greatly increased summertime shallow soil
temperature, also favoring increased organic matter turnover and aspen suckering.
Postdisturbance regrowth of grasses and forbs and aspen suckering shaded soils. Eventually,
soil temperature in treated or disturbed areas should approach that of stable aspen stands.
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First-Year Postfire and
Postharvest Soil Temperatures
In Aspen and Conifer Stands

Michael C. Amacher
Amber D. Johnson
Debra E. Kutterer
Dale L. Bartos

Introduction

Aspen (Populus tremuloides Michx.) provides many
ecological benefits to resource users including protec-
tion of watersheds from erosion, some protection
against rapid wildfire advance, increased biological
diversity in the species rich grass-forb understory,
wood fiber, wildlife habitat, forage for domestic live-
stock and native ungulates, recreational sites, es-
thetic considerations (e.g., fall leaf colors), and more
water yield than conifers (Bartos and Campbell 1998a).
Some authors have suggested that aspen stands are in
decline throughout the Interior Western United States
(Bartos and Campbell 1998a). Although the extent of
decline has been the subject of much debate, National
Forestinventory and analysis dataindicate that about
60% have disappeared since the mid-19th century
(Bartos and Campbell 1998b). Decline of aspen stands
is attributed to forest succession (e.g., invasion of
conifers) (Harniss 1981), fire suppression (Jones and
Debyle 1985b), and overbrowsing by domestic live-
stock and native ungulates (Bartos and Mueggler
1981; Bartos and others 1994; Kay 1985, 1990, 1995;
Kay and others 1994). Aspen decline from over-
browsing, fire suppression, and conifer invasion was
noted as early as 1925 (Baker 1925).

Bartos and Campbell (1998a) identified five factors
associated with declining aspen stands. These are:
(1) more than 25% of the trees in the stand are conifers,
(2) aspen canopy cover is less than 40%, (3) the domi-
nant aspen trees in the stand are more than 100 years
old, (4) aspen regeneration is less than 500 stems/acre
where the stems are 5 to15 ft in height, and (5) sage-
brush cover is greater than 10%. The presence of any of
these factors identifies a declining aspen stand.

Western aspen, which reproduce primarily by
suckering from lateral roots, often need disturbances
to stimulate the suckering response (Schier 1981). In
the past, these disturbancesincluded lightning-caused
fires that killed mature aspen and insects and dis-
eases that weakened old decadent stands before top-
pling by wind. Suppression of human-caused and
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lightning-caused fires throughout the 20th century
has greatly reduced one of the main forces of aspen
regeneration. Even when a disturbance such as fire or
wind does stimulate aspen regeneration, overbrowsing
of new aspen suckers by domestic livestock and native
ungulates quickly suppresses regeneration (Kay 1993,
1997; White and others 1998). Overbrowsing and
conifer and sagebrush invasion of declining aspen
stands has led to the precarious state of aspen in the
Interior Western United States. This forest health
issue has been emerging over the past several decades
and needs to be addressed soon to restore aspen as an
integral part of forest diversity in the Western United
States.

Ecological Model of Aspen to Conifer
Succession

Cryer and Murray (1992) proposed an ecological
model of aspen to conifer succession that indicates
that aspen regeneration may be inhibited on land-
scapes that are dominated by conifers. This occurs
because conifers may alter soil properties to such an
extent that aspen regeneration is suppressed.

Soils in the Western United States that developed
under stable aspen are Mollisols. The O (organic)
horizon is absent or very thin and the A (surface
mineral) horizon is thick and mollic (dark and en-
riched with organic matter). The rapid breakdown of
aspen leaves added to the soil each year duringleaffall
(Bartos and DeByle 1981) contributes to formation of
the mollic horizon (Cryer and Murray 1992; Jones and
DeByle 1985a).

Aspen stands usually have a significant grass-forb
understory. The rapid breakdown of organic matter
from this understory also contributes to the formation
and maintenance of the mollic horizon. Declining
aspen stands without significant conifer invasion may
also have a significant sagebrush understory. Break-
down of grasses, forbs, and shrub leaves in decadent
aspen stands may compensate for decreasing aspen
leaf fall and maintain the mollic horizon to some



extent. However, continued trampling by ungulates
and overgrazing of grasses and forbs often leads to
increased soil compaction, decreased infiltration, and
increased runoff and erosion.

Soils developed under conifers in the climatic condi-
tions of the Interior Western United States are pri-
marily Alfisols. These soils often have significant O
horizons of conifer needles in various stages of decom-
position, have arelatively thin A horizon, may have an
albic(leached) E horizon, and have a prominent argillic
Bhorizon where layer silicate clays accumulate (Cryer
and Murray 1992; Jones and DeByle 1985a; Rust
1983).

In declining aspen stands, decreasing leaf fall can
lead to a decrease in organic matter accumulation and
eventually a decrease in mollic horizon thickness (Cryer
and Murray 1992). This may result in increased water
infiltration through the soil profile and formation of an
albic horizon. Conifer invasion can accelerate this
process. In the theory of ecological succession pro-
posed by Cryer and Murray (1992), as conifers invade
declining aspen stands, the mollic horizon thins, while
albic and argillic horizons form resulting in soil pH,
organic matter, exchangeable bases, cation-exchange
capacity (CEC), nutrient levels, and soil temperature
decreasing. The lower pH and nutrient levels are
postulated to suppress aspen regeneration.

Soils under mixed aspen/conifer stands are usually
transition soils with properties intermediate between
Mollisols and Alfisols. In such cases, soil properties
are most influenced by vegetation that has occupied
the site the longest (Jones and DeByle 1985a). Al-
though the processes and soil property changes de-
scribed in the Cryer and Murray (1992) ecological
succession model occur at different time scales, some
soil profile alteration can occur after only one genera-
tion of conifers (Jones and DeByle 1985a).

In apreliminary study of soil properties under aspen
and mixed aspen/conifer stands in the Burnt Flat
Analysis Area of the Fishlake National Forest, UT,
Bartos and Amacher (1998) found that conifer inva-
sion had not appreciably altered the nutrient status of
these soils, although a slight reduction in soil pH
occurred under mixed aspen/conifer stands compared
to pure aspen stands. These findings cast some doubt
on whether conifer invasion of declining aspen stands
does significantly alter soil properties. The findings
also indicate that these soils should support aspen
regeneration following treatment.

However, uncertainty remains about whether fire is
needed to return nutrients to the soil to support aspen
regrowth in areas where conifers haveinvaded. Where
nutrient return is unnecessary, cutting alone may be
sufficient to stimulate regeneration. In either case,
protecting regenerating aspen from overbrowsing is
important.

The ecological condition of aspen stands in the Inte-
rior Western United States and the need to initiate
regeneration of declining aspen stands provided an
ideal opportunity to quantify the effects of aspen to
conifer succession and aspen restoration treatments
(cutting and burning) on soil properties (primarily
nitrogen [N] and phosphorus [P] mineralization).

Soil Temperature, Forest Succession, and
Aspen Restoration Treatments

Soil temperature is an important soil property po-
tentially affected by forest succession processes and
aspen restoration treatments. Increasing soil tem-
perature accelerates seed germination, root growth,
suckering, soil drying, mineral weathering, and soil
microbial activity. Microbial activity, in turn, controls
element mineralization and immobilization (e.g., N
and P). Mineralization is the release of organic forms
of N to mineral forms (NH, and NOj) via microbially
mediated reactions. Immobilization is the transfor-
mation of mineral forms of N into organic N, again via
microbially mediated reactions (Stevenson 1986).

Soil temperature has a major effect on aspen
suckering response (Maini and Horton 1966a,b;
Steneker 1974; Williams 1972; Zasada and Schier
1973). Warmer soil temperature stimulates cytokinin
production by root meristems (Williams 1972) and
may also lower auxin concentrations in roots by accel-
erating its degradation (Schier and others 1985). The
effect is a higher ratio of cytokinins to auxin, which
stimulates aspen suckering (Peterson 1975; Winton
1968; Wolter 1968).

Wehypothesize that soil temperature in aspen stands
is affected by succession as shownin figure 1. In stable,
regenerating aspen stands, the leaf canopy, even at
shallow depths, keeps the soil relatively cool in the
summer. In declining aspen stands without conifers,
summertime shallow soil temperatures are greater
than in stable aspen stands because of greater solar
radiation penetrating the relatively sparse leafcanopy.
However, increased invasion of grasses, forbs, and
shrubs into declining aspen stands may help mitigate
the increase in soil temperature. Overgrazing by do-
mestic livestock or native ungulates would eliminate
any shading benefit from grasses, forbs, and shrubs.
In declining aspen stands with invading conifers, soils
are kept relatively cool by the shading effect of coni-
fers. Summertime shallow soil temperatures are low-
est in climax spruce-fir forests where almost all the
aspen have been replaced. The Cryer and Murray
(1992) model of ecological succession predicts that soil
temperature decreases as Mollisols are changed to
Alfisols by conifer invasion of aspen. As soil tempera-
ture decreases, microbial activity decreases, thus fa-
voring accumulation of soil organic matter.
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Stable Aspen

Soit Temp. A Soil Temp.
Decrease Increase
Soil Temp.
Decrease
Decadent Aspen Decadent Aspen
Conifer Sagebrush
Soil Temp. Soil Temp.
Increase Clearcut or Increase
Burned Stand

Figure 1—Descriptive model of summertime soil
temperature changes resulting from forest succes-
sion processes and aspen stand treatments.

Clearcutting and burning treatments increase soil
temperature (e.g., Hungerford and Babbitt 1987). Soil
temperature increases after clearcutting because the
leafcanopy has been removed. Slash left on the ground
acts as a mulch and helps mitigate the increased
heating of the soil surface (Hallin 1968). Burning also
removes the tree canopy but, depending on the inten-
sity of the burn, the dark-colored ash on the ground
following a fire will promote increased soil heating
because more solar radiation is absorbed. Summer-
time soil temperatures at several depths in burned

Table 1—Study sites and aspen regeneration treatments.

aspen were higher than corresponding soil tempera-
tures under unburned aspen during the first year after
a prescribed burn (Hungerford 1988).

Soil temperature differences between unburned and
burned aspen decreased the second and third summer
following a prescribed burn (Hungerford 1988). As
aspen regeneration and regrowth of grasses, forbs,
and shrubs proceed, summertime soil temperatures
decrease because of shade from new plant canopies
(Hungerford and Babbitt 1987) and because of plant
litter that acts as a mulch.

Theincrease in soil temperature following cutting or
burning will accelerate microbial activity, organic
matter breakdown, and N mineralization (Stevenson
1986). The accelerated breakdown of residual ash
from a fire or slash from a clearcut is an important
source of nutrients for aspen suckers until leaffall and
decay can again supply the nutritional needs of aspen.

This paper presents summertime shallow soil tem-
perature measurements in the first year following
clearcutting and burning of declining aspen stands.
These data are compared to summertime shallow soil
temperatures under stable aspen and untreated de-
clining aspen with and without conifers. The effects of
succession and aspen restoration treatments on soil N
and P mineralization/immobilization are presented
elsewhere (Amacher and others 1999, in press).

Methods

The aspen restoration treatments were planned and
conducted by personnel from the Fishlake and Dixie
National Forests, Utah. Main study locations and
treatments are listed in table 1. Main study locations
are shown in figure 2. The Pole Creek fire on Grind-
stone and Betenson Flats in June and July 1996 was
an 8,000-acre lightning-caused fire that burned a

Area of Time of
Location Treatment treatment treatment Exclosures
Acres
South Last Chance, Prescribed burn followed Spring 1996 1 (0.5-acre, four-compartment?)
Fishlake National Forest by selective cutting
White Ledge, Fishlake Clearcut 1996-1997 3 (10-15 acre, 4-ft

National Forest

Pole Creek natural fire
followed by selective
cutting

Betenson/Grindstone Flats,
Fishlake National Forest

Five-Mile Ridge,
Dixie National Forest

Prescribed burn

barbed wire fence)

June—July 1996 4 (0.5-acre, four-compartment)

May—June 1996 None

aEach four-compartment exclosure consists of no, low (4 ft), high (12 ft), and lay-down (12 ft) fence compartments each measuring 75 x 75 ft.
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Figure 2—Map of main study sites on Fishlake and Dixie National Forests, Utah.
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mixed aspen/conifer forest. The fires in the Last Chance
Creek and Five-Mile Ridge areas were prescribed
burns conducted during the spring of 1996. The Last
Chance burn was about 100 acres in decadent aspen,
while the Five-Mile Ridge burn was about 1,700 acres
in mixed aspen/conifer. Some selected cutting was
done in the Pole Creek fire area and South Last
Chance prescribed burn following the fires. The clearcut
(about 120 acres) was done in mixed aspen/conifer in
the White Ledge area adjacent to the Burnt Flat
Analysis Area.

Following the fires and clearcut, exclosures were
erected to control grazing. Three exclosures (about 10
to 15 acres each) of 4-ft high barbwire fence were
begun in the White Ledge clearcut in 1996 and were
completed in 1997. Two four-compartment exclosures
were built in the burn areas of the Last Chance
watershed during the summer of 1996. Four four-
compartment exclosures were begun in the burn areas
of Grindstone Flat and Betenson Flatin 1996 and were
completed in 1997. At the time this study was done,
the Five-Mile Ridge burn area had no exclosures.

Each four-compartment exclosure consists of an
unfenced compartment, a low (4-ft) fence compart-
ment, a high (8-ft) fence compartment, and a compart-
ment with a 8-ft lay-down fence, which could be set up

and taken down to control grazing access (fig. 3). Each
compartment measures 75 x 75 ft and is built of wire
mesh strung between cedar and steel fence posts.

Soil Temperature Measurements

We used Optic StowAway temperature sensors/data
loggers with 8K of memory to collect and record soil
temperature data automatically. The temperature
range of these sensors is —5 to 37 °C and accuracy is
10.2 °C. The temperature loggers are waterproof to a
submerged depth of 100 ft.

We set the temperature loggers to collect hourly
temperature data, and launched them according to the
manufacturer’s instructions. The loggers were buried
in the soil to a depth of 10 cm. This corresponded to the
depth at the bottom of the soil cores we used to measure
N and P mineralization/immobilization (Amacher and
others 1999).

Chaining pins were used to mark the locations of the
loggers. Because we had a limited number of temperature
loggers for the first year, we focused on measuring soil
temperature in treated mixed aspen/conifer stands and in
similaruntreated stands. Twelveloggers wereinstalledin
June 1997. Four additional loggers were installed in July
1997 to obtain more data in untreated areas.

Figure 3—The South Last Chance exclosure under construction in July 1996.
The low fence to exclude domestic livestock is in the immediate foreground. The
high fence to exclude all ungulates is in the background. Photo by Nate
Yorgason.
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Locations, stand types, treatments, elevations, and
aspects of the sites where the loggers were installed
areintable 2. The Five-Mile Ridge site was abandoned
in July 1997 because it is not easily accessible and did
not have any exclosures. Loggers at the other locations
were retrieved in September 1997. Because the chain-
ing pins were removed, the logger at the Burnt Flat
stable aspen site was located in September 1998 using
ametal detector, but the other logger at Betenson Flat
has not been found.

Data Analysis

Afterretrieving theloggers, the hourly temperature
data were downloaded into spreadsheet files and plot-
ted versus Julian day for each complete data set.
Hourly temperature data were also plotted versus
time of day for selected days. Box plots that display the
25th and 75t percentiles as a box centered about the
50th percentile (median), the 10th and 90t percentiles
as error bars, and the 5t and 95" percentiles as points
were constructed from the complete data set for each
logger. A t-test was conducted to compare mean sum-
mertime soil temperatures in treated (cut or burned)
versus untreated mixed aspen/conifer stands. A one-
way analysis of variance and mean comparisons test
(Tukey’s) was used to compare mean summertime soil
temperatures in untreated mixed aspen/conifer stands
with those in untreated aspen (decadent and stable)
and treated (cut or burned) mixed aspen/conifer stands.
Overlay and difference plots were used to compare
daily mean soil temperatures in different stand types
and treatment combinations. A mixed model with an
autocorrelation function was used to analyze the ef-
fects of stand type (aspen or mixed aspen/conifer),

treatment (none or treated [cut or burned]), and time
on daily mean soil temperature (Littell and others
1996).

Results

The temperature loggers were deployed in late June
1997, afew days after the summer solstice. Before then,
the sites were generally inaccessible because of remain-
ing snowpack and impassable roads. The June 1997 to
May 1998 soil temperature profile for the stable aspen
site on Burnt Flat indicated that soil warming did not
begin until May at this elevation and exposure (fig. 4).
Root growth and leaf development also began at this
time. The temperature loggers were deployed in the
middle to late part of the soil warming period. Slow soil
cooling appeared to take place in late summer and rapid
soil cooling began in the fall. The ground eventually
froze under the snowpack in January (fig. 4). The
temperature loggers at the other sites were removed
about the middle to near the end of the slow cooling
period. Summertime soil temperature profiles for all
sites are shown in appendix figures Al to A4.

Hourly Soil Temperatures Profiles

Hourly soil temperature profiles on selected days at
several locations are shown in figures 5 to 8. These
figures show more detail in the soil temperature pro-
file for a given day than figures Al to A4. The time of
daythat the soil temperature reaches the maximum or
minimum on a given day can be determined using
figures 5 to 8.

At Five-Mile Ridge on June 29, 1997, soil under the
burned conifer warmed faster and reached a higher

Table 2—Stand types, elevations, and aspects of study sites where temperature sensors were located.

Location Latitude/Longitude Stand type Treatment  Elevation Aspect
feet

South Last Chance N38E39.23' W111E30.26' Decadent aspen Prescribed burn 9,900 NE
White Ledge exclosure 1 N38E27.90' W112E04.05' Mixed aspen/conifer Cut 9,600 SSW
White Ledge N38 27.59' W112 03.73' Mixed aspen/conifer None 9,600 NE
Burnt Flat (Rt. 070) N38 25.74' W112 01.77 Mixed aspen/conifer None 9,400 NE
Langdon Mountain N38 24.41' W112 00.94" Mixed aspen/conifer None 9,500 NNW
Burnt Flat (Rt. 068) N38 26.21' W112 01.34" Decadent aspen None 9,100 E
Burnt Flat (site 1) N38 29.57' W111 59.83' Stable aspen None 9,100 SSE
Betenson exclosure 1 N38 13.51' W112 21.81' Mixed aspen/conifer Natural fire 9,900 Wsw
Betenson exclosure 2 N38 13.25' W112 21.91' Mixed aspen/conifer Natural fire 9,900 WSW
Grindstone exclosure 1 N38 15.11' W112 20.08' Mixed aspen/conifer Natural fire 9,600 W
Grindstone exclosure 2 N38 14.94' W112 20.29' Mixed aspen/conifer Natural fire 9,500 WNW
Betenson Flat N38 13.56' W112 22.45' Mixed aspen/conifer None 9,900 NE
Betenson/Grindstone Flats N38 14.55' W112 21.12' Young aspen None 9,600 WNW
Betenson/Grindstone Flats N38 14.54' W112 21.09' Mixed aspen/conifer None 9,700 WNW
Five-Mile Ridge N37 49.80' W112 33.62' Decadent aspen None 8,900 ESE
Five-Mile Ridge N37 49.80' W112 33.62' Mixed aspen/conifer Prescribed burn 8,900 ESE
6 USDA Forest Service Res. Pap. RMRS-RP-27-WWW. 2001
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Figure 4—Hourly soil temperatures (10-cm depth) from June 1997 to May 1998 under stable aspen

at Burnt Flat, Fishlake National Forest.
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under burned and cut decadent aspen in South
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stable aspen and untreated aspen/conifer
between Betenson and Grindstone Flats,
Fishlake, National Forest.
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maximum temperature than under unburned aspen,
although the differences were small (fig. 5). During the
morning hours, soil temperature under both stands
was similar. However, in late morning, soil tempera-
ture under burned conifer began to increase because of
heat trapped by the dark-colored burned conifer needles
and reached a maximum in late afternoon. In contrast,
soil temperature under untreated aspen did not begin
to warm until noon and did not reach a maximum until
the evening hours. Both of these sites had the same
elevation and aspect and were located within 500 ft of
each other (table 2).

At South Last Chance (burned and cut decadent
aspen), maximum soil temperatures were reached in
mid-afternoon (fig. 6). At Betenson and Grindstone
Flats, soil temperature profiles for Betenson exclosure 1
and the two Grindstone exclosures were almost iden-
tical on June 29, 1997, and reached a maximum in
early evening (fig. 7). Soil temperature in Betenson
exclosure 2 was significantly warmer than in the other
exclosures and reached a maximum temperature in
late afternoon. On August 8, 1997, soil temperature
profiles for Betenson exclosure 1 and Grindstone
exclosure 1 were still nearly identical, with an early
evening maximum. Soil temperature in Grindstone
exclosure 2 increased faster in the afternoon than in
Betenson and Grindstone exclosures 1 and reached
maximum in late afternoon. Soil temperature in
Betenson exclosure 2 continued higher than those in
the other exclosures and reached a maximum in late
afternoon. By late summer (September 17, 1997), soil
temperature profiles in all four exclosures were simi-
lar with maximum temperatures were reached in the
evening. Soil temperature in a young aspen stand
(regenerated as a result of a 1958 fire on Betenson
Flat) was similar to that in three of the exclosures. Soil
temperature in the unburned aspen/conifer showed
little diurnal fluctuation and did not reach a maxi-
mum until late evening. The four exclosures, the
stable aspen, and the unburned aspen/conifer all had
similar westerly aspects and were at similar eleva-
tions (table 2).

At White Ledge and Burnt Flat on June 29, 1997, soil
temperature was highest in the clearcut area com-
pared to the other sites and reached a maximum in the
evening (fig. 8). Soil temperature under decadent
aspen reached a maximum in late afternoon, whereas
the other sites did not reach their maximum tempera-
ture until the evening hours. On August 8, 1997, soil
temperature profiles in the clearcut and decadent
aspen were similar with maximums in the late after-
noon. The other sites showed less diurnal fluctuation
and continued to have maximum temperatures in the
evening. By late summer (September 17, 1997), soil
temperature differences among the sites decreased,
but the untreated aspen/conifer sites continued to
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reach their maximum temperatures later in the day
than did the clearcut and decadent aspen sites.
Throughout the summer, soil temperatures under
untreated aspen/conifer were almost always lower
than those under the clearcut or aspen sites. The
aspen/conifer sites (both clearcut and untreated) are
at higher elevations (9,400 to 9,600 ft) than the deca-
dent or stable aspen sites (9,100 ft), which are sur-
rounded by sagebrush. All the untreated aspen/coni-
fer sites had northerly exposures, while the clearcut
and aspen (decadent and stable) had southerly or
easterly exposures.

The time of day that soil temperatures reach their
maximum appears more related to plant cover than to
elevation or aspect. Soil temperature in treated stands
with little remaining canopy (whether burned or cut,
regardless oflocation) and stands with a sparse canopy
(decadent aspen on Burnt Flat) usually reached a
maximum in late afternoon. Soil temperature in un-
treated aspen/conifer did not reach a maximum until
the evening hours. Although a small shift in the time
of day of the maximum soil temperature existed in
some treated stands as summer progressed, there was
little if any shift in the time of day of the maximum
temperature in untreated aspen/conifer.

Effects of Stand Type and Treatment on
Soil Temperature Ranges, Medians, and
Means for the Entire Summer

The effects of stand type and treatment on the
distribution of summertime soil temperatures are
illustrated in figures 9, 10, and 11. At all locations,
treated stands had a greater range of summertime soil
temperatures than did untreated stands, and median
values in treated stands were greater than those in
untreated stands.

The mean summertime soil temperature for all
treated stands (burned or clear-cut) was significantly
greater than that for all untreated (table 3) and un-
treated aspen/conifer (excluding decadent and stable
aspen) stands (table 4). Mean summertime soil tem-
perature for untreated aspen (decadent and stable)
was also significantly greater than that of untreated
mixed aspen/conifer stands (table 5).

Effects of Stand Type and Treatments on
Daily Mean Soil Temperatures

We used overlay and difference plots to compare
daily mean, maximum, and minimum soil tempera-
tures under the different stand types and treated
areas. When overlaid on the same plot, daily mean soil
temperatures under burned aspen/conifer on Betenson/
Grindstone Flats were higher than unburned stands
throughout the summer (fig. 12). In contrast, daily
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Figure 9—Box plot of hourly summertime
(June 25, 1997, to July 20, 1997) soil
temperatures (10-cm depth) under unburned
decadent aspen and burned conifer on Five-
Mile Ridge, Dixie National Forest. The 25"
and 75% percentiles are shown as a box
centered about the 50t percentile, the 10"
and 90t percentiles are shown as error bars,
and the 5t and 95t percentiles are shown as
points.

mean soil temperatures under stable aspen were at
the low end of the range of observed daily mean soil
temperatures under burned aspen/conifer.

In the White Ledge and Burnt Flat areas, daily
mean soil temperatures generally decreased in the
order of clearcut aspen/conifer > decadent aspen >
stable aspen > aspen/conifer (fig. 13). In early summer,
daily mean soil temperature under decadent aspen
was less than that under clearcut aspen/conifer, but as
summer progressed daily mean soil temperature un-
der decadent aspen and clearcut areas were equal.
Daily mean soil temperature under stable aspen was
similar to that under untreated aspen/conifer in early
summer, but as summer progressed daily mean soil
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Location
1 = Burned aspen/conifer (Betenson 1)
2 = Burned aspen/conifer (Betenson 2)
3 = Burned aspen/conifer (Grindstone 1)
4 = Burned aspen/conifer (Grinsdtone 2)
5 = Stable aspen
6 = Unburned aspen/conifer

Figure 10—Box plot of hourly summertime
(June 25, 1997, to September 22, 1997) soil
temperatures (10-cm depth) under burned
and cut aspen/conifer in Betenson and
Grindstone Flat exclosures and stable aspen
and untreated aspen/conifer between
Betenson and Grindstone Flats, Fishlake
National Forest. The 25t and 75t percentiles
are shown as a box centered about the 50t
percentile, the 10t and 90™ percentiles are
shown as error bars, and the 5t and 95th
percentiles are shown as points.

temperature under stable aspen increased to above
that under untreated aspen/conifer.

Difference plots revealed increasing or decreasing
differences among soil temperatures under the differ-
ent stand types and treated areas as summer pro-
gressed. At Five-Mile Ridge where soil temperature
was measured from June 25 to July 20, differences
between daily mean, maximum, and minimum soil
temperatures under burned conifer and correspond-
ing soil temperatures under decadent aspen increased
as summer progressed (fig. 14). At Betenson/Grind-
stone Flats, differences between daily mean, maxi-
mum, and minimum soil temperatures under burned
aspen/conifer and corresponding soil temperatures
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Figure 11—Box plot of hourly summertime
(June 27, 1997, to September 23, 1997) soil
temperatures (10-cm depth) under clearcut and
untreated aspen/conifer at White Ledge;
untreated aspen/conifer at Langdon Mountain;
and untreated aspen/conifer, decadent aspen,
and stable aspen at Burnt Flat, Fishlake National
Forest. The 25t and 75t percentiles are shown
as a box centered about the 50t percentile, the
10t and 90t percentiles are shown as error
bars, and the 5t and 95" percentiles are shown
as points.
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Table 3—Comparison of mean summertime soil temperatures
for all untreated stands (decadent and stable aspen
and mixed aspen/conifer) with all treated (cut or
burned) stands (decadent aspen and mixed aspen/

conifer).
Number of Mean soil
stands temperature SEM?2
Deg C
Untreated stands 8 10.49 aP 0.51
Treated stands 7 13.35b 0.36

aStandard error of the mean.
bMeans not followed by the same letter are significantly different
according to the t-test (p = 0.001).

Table 4—Comparison of mean summertime soil temperatures
for untreated mixed aspen/conifer stands with treated
(cut or burned) mixed aspen/conifer stands.

Number of Mean soil
stands temperature SEM2
Deg C
Untreated 4 9.25 aP 0.18
aspen/conifer
Treated 7 13.35b 0.36

aspen/conifer

aStandard error of the mean.
bMeans not followed by the same letter are significantly different
according to the t-test (p < 0.001).

Table 5—Comparison among mean summertime soil tempera-
tures for untreated aspen (decadent and stable)
stands, untreated mixed aspen/conifer stands, and
treated (cut or burned) stands (decadent aspen and
mixed aspen/conifer).

Number of Mean soil
stands temperature SEM?2
Deg C
Untreated 4 9.25 ab 0.18
aspen/conifer
Untreated aspen 4 11.73 b 0.38
Treated stands 7 13.35¢c 0.36

a Standard error of the mean.
b Means not followed by the same letter are significantly different by
the Tukey test (p < 0.001).
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Figure 12—Overlay plots comparing daily mean summertime
soiltemperatures under burned and cutaspen/coniferin Betenson
and Grindstone Flatexclosures (solid lines), stable aspen (dashed
line), and unburned aspen/conifer (dotted line).
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Figure 13—Overlay plots comparing daily mean summertime
soil temperatures under clearcut aspen/conifer at White Ledge
(solid line), untreated aspen/conifer at White Ledge, Langdon
Mountain, and Burnt Flat (dashed lines), and decadent (dotted
line) and stable aspen (dash-dot line) at Burnt Flat.
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Figure 14—Difference plots obtained by subtracting daily mean,
maximum, and minimum summertime soil temperatures under
unburned decadent aspen from their corresponding values under
burned conifer at Five-Mile Ridge, Dixie National Forest.

under unburned aspen/conifer were greater in early
summer, but these differences decreased as summer
progressed (fig. 15). A similar response was observed
at the White Ledge and Burnt Flat sites. When daily
mean, maximum, and minimum soil temperatures
under untreated aspen/conifer were subtracted from
corresponding soil temperatures under clearcut as-
pen, decadent aspen, and stable aspen, differences
were greater in early summer and decreased as sum-
mer progressed (fig. 16).

Nonlinear Regression Analysis

Relationships between daily mean soil temperature
and time expressed as Julian days followed a qua-
dratic function. In figures 17 to 20, daily mean soil
temperatures were plotted as filled circles, the qua-
dratic regression equations as solid lines, and the 95%
confidence intervals around the regression equations
as dotted lines. Increasing, stable, or decreasing tem-
perature trends were seen as summer progressed
depending on location, treatment, and stand type.
These plots were used to delineate overall periods of
heating or cooling.

In treated areas, mean daily soil temperatures in-
creased until mid July (Betenson and Grindstone
exclosures, White Ledge clearcut) or early August
(South Last Chance), then decreased the remainder of
the summer. In most untreated areas, mean daily soil
temperatures increased until late August (Betenson/
Grindstone Flats unburned aspen/conifer, and all Burnt
Flat sites), then decreased. In the Betenson/Grind-
stone Flats young aspen and White Ledge and Langdon
Mountain untreated aspen/conifer, mean daily soil
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temperatures increased until late July to early August,
then decreased. However, rates of mean daily soil
temperature decrease in the White Ledge and Langdon
Mountain untreated aspen/conifer sites from late July
to late September were small. This is because mean
daily soil temperature from late July to late August was
largely unchanged at these sites, and most of the
temperature decrease was from late August to late
September, as was the case at the other untreated sites.

Daily mean soil temperatures at all sites were used to
develop predicted regression equations for daily mean
soil temperature as a function of time for untreated
aspen (stable and decadent), treated (burned and cut)
decadent aspen, untreated aspen/conifer, and treated
(cut or burned and cut) aspen/conifer (fig. 21). Regres-
sion coefficients for the different stand type and treat-
ment combinations are presented in table 6. Untreated
sites are expected to have symmetrical daily mean soil
temperature curves peaking at a maximum in early to
mid August. In contrast, daily mean soil temperatures
in treated areas are expected to be higher in early
summer when solar radiation and solar angle are at a
maximum and then decrease through the summer as
solar radiation and angle decrease and developing
plant canopies provide shading.

Discussion

Soils underneath mixed aspen/conifer stands with
more than 50% conifers are insulated by a litter layer
of conifer needles and branches in various stages of
decomposition. Also, the soils are shaded by a thick
canopy of mixed aspen and conifer. Thus, these soils

13
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Figure 18—Daily mean summertime soil temperatures under burned decadent

aspenin South Last Chance exclosure (filled circles) and fitted nonlinear regression
line with 95% confidence intervals (dotted lines).
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regression lines with 95% confidence intervals (dotted lines).
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Figure 20—Daily mean summertime soil temperatures under clearcutaspen/
conifer at White Ledge, untreated aspen/conifer at White Ledge, Langdon
Mountain, and Burnt Flat, and decadent and stable aspen on Burnt Flat (filled
circles) and fitted nonlinear regression lines with 95% confidence intervals
(dotted lines).
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Table 6—Quadratic regression coefficients for the relationships between daily mean summertime soil temperatures and Julian day
for stand type (decadent or stable aspen, mixed aspen/conifer) and treatment (none, cut, or burned and cut). The quadratic
regression equations are in the form of mean daily temperature = a + b * Julian day + ¢ * (Julian day)?, where a, b, and

c are the regression coefficients.

Location Stand type Treatment a b c
Burnt Flat Decadent or stable aspen None -53.00 0.606 -0.0014
Betenson/Grindstone Flats
Five-Mile Ridge
South Last Chance Decadent aspen Burned and cut -40.40 0.554 -0.0014
White Ledge - Langdon Mixed aspen/conifer None -55.51 0.606 -0.0014
Mountain - Burnt Flat
Betenson/Grindstone Flats
White Ledge Mixed aspen/conifer Cut or burned and cut -39.95 0.554 —-0.0014
Betenson/Grindstone Flats
Five-Mile Ridge
USDA Forest Service Res. Pap. RMRS-RP-27-WWW. 2001 19



remain cool throughout the summer (mean summer-
time soil temperatures of < 10 EC), show little diurnal
variationintemperature (usually <2 EC), donotreach
maximum daily temperatures until late summer, and
have little temperature trend throughout the summer
(fig. 12, 13, 19, 20, A3, and A4).

In contrast, soils in the Pole Creek fire area on
Betenson and Grindstone Flats had higher mean sum-
mertime soil temperatures because much of the tree
canopy was eliminated by the fire and by the subse-
quent cutting (fig. 12 and 15). Also, the dark-colored
ash layer absorbed heat. Because some of the insulat-
ing layer of conifer litter was destroyed in the Pole
Creek fire, these soils showed more diurnal variation
in temperature than unburned mixed aspen/conifer
(fig. 12, 15, and A3).

Much of the conifer tree canopy and conifer litter
layer survived the Five-Mile Ridge prescribed burn,
which was less intense than the Pole Creek fire.
Therefore, differences in soil temperature between
unburned and burned areas were less at Five-Mile
Ridge (fig. 14) than at Betenson and Grindstone Flats
(fig. 15).

Soil temperaturein burn areas at South Last Chance
(prescribed burn), Betenson and Grindstone Flats
(Pole Creek fire), and the White Ledge clearcut showed
a marked decrease from mid to late summer that was
not exhibited in untreated areas (fig. 18-20). We
attribute this decrease in soil temperature after mid-
summer to an increase in shading caused by under-
story regrowth at the South Last Chance and White
Ledge locations and developing aspen suckers at all
locations. Also, the insulating effect of the litter layer
in untreated mixed aspen/conifer stands delayed soil
heating until later in the summer.

Soil temperature under stable aspen was lower than
under decadent aspen because the leaf canopy was not
as sparse, but was not as low as under mixed aspen/
conifer, which provides more shade (fig. 13, 16, and
A4). However, we need additional soil temperature
data under stable and decadent aspen stands to con-
firm this.

Summertime soil temperatures during the first sum-
mer after aspen restoration treatments (fire, clearcut,
exclosures) and in stable aspen, decadent aspen, and
mixed aspen/conifer stands followed the descriptive
model presented in figure 1. A strong aspen suckering
response was observed as a result of the aspen resto-
ration treatments (Amacher and Bartos 1998), in part
attributed to the warmer postfire and postharvest
summertime soil temperatures. In time, we expect
shading from the canopy of restored aspen stands to
moderate the warmer postdisturbance summertime
soil temperatures. Data from a prescribed burn in
Idaho indicate that warmer summertime soil tem-
peratures do not persist beyond the first year following

20

treatment (Hungerford 1988). We will continue to
monitor soil temperature in treated and untreated
stands for at least 2 more years.

Although the effects of aspen to conifer succession
and aspen restoration treatments on soil properties
other than temperature are examined elsewhere
(Amacher and Bartos 1998; Amacher and others 1999,
in press; Bartos and Amacher 1998), some of the soil
temperature effects will be discussed here. Amacher
and others (1999, in press) found a large increase in
soil nitrification in the Pole Creek fire burn area
during the first, second, and third summers after the
fire. The increase was attributed to the increase in soil
NH, after the fire, which is the substrate for soil
microbial nitrification, a higher soil temperature in
burned than unburned areas, and adequate soil mois-
ture remaining in burn area soils even though soil
water content was significantly less in burned than
unburned areas. Soil nitrification rates in unburned
mixed aspen/conifer stands were very low, probably
because soil nitrification is very slow in cold wet soils
(Stevenson 1986). Thus, warmer postfire soil tempera-
tures affect aspen regeneration by stimulating
suckering and by accelerating soil nitrification so that
the increased NOj production acts as a source of N for
growth of aspen suckers until leaf fall and decay can
again supply the nutritional needs of aspen (Amacher
and others 1999, in press).
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Appendix A
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Figure A1—Hourly summertime (June 25, 1997, to July 20, 1997) soil
temperatures (10-cm depth) under unburned decadent aspen and
burned conifer at Five-Mile Ridge, Dixie National Forest.
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Figure A2—Hourly summertime (July 24, 1997, to September 21, 1997)
soil temperatures (10-cm depth) under burned and cut decadent aspen
in South Last Chance exclosure, Fishlake National Forest.
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Figure A3—Hourly summertime (June 25, 1997, to September 22, 1997) soll
temperatures (10-cm depth) under burned and cut aspen/conifer in Betenson and
Grindstone Flat exclosures and stable aspen and unburned aspen/conifer between
Betenson and Grindstone Flats, Fishlake National Forest.
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Figure A4—Hourly summertime (June 27, 1997, to September 23, 1997) soil
temperatures (10-cm depth) under clearcut and untreated aspen/conifer at White
Ledge; untreated aspen/conifer at Langdon Mountain; and untreated aspen/conifer,
decadent aspen, and stable aspen at Burnt Flat, Fishlake National Forest.
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ROCKY MOUNTAIN RESEARCH STATION
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found worldwide.
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