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ABSTRACT
Forests of the Sierra Nevada have historically expegfire. Fire suppression has

increased forests fuel loads. Land managers use prescsilaeoheans to reduce forest
fuel loads. Research has found fire to increase sail ke to thermal breakdown of

soil organic matter. Factors affecting the magnituddisfpulse have gone unaddressed.
This study looks at antecedent soil properties and firerisg's impact on NH'

availability following vegetation fire. N} increases were seen in both studies.
Antecedent water content showed a significant influemchiH;", NOs', and mineral N
concentrations in one study. Soil chemical propertiésidt demonstrate influence over
post fire concentrations of mineral N in either stUelye severity was seen as an
influential property in both studies. Implications biststudy directly influence land

management for ecosystem health and sustainability.
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INTRODUCTION

Background

Fire has long been an active ecological pressuresidé¢kielopment and sustainability of
many wildland ecosystems. Among these ecosystems ferést of the Sierra Nevada
Mountains (McKelvey et al., 1996). Before European settl¢mitie area, forest in the
Sierra encountered fire on a mean fire return intes¥/&} 20 year basis (Taylor, 1998).
Mean fire return intervals were dependent on aspestt@a, vegetation type, climate,
and ignition sources. Both natural lightning and aboriginatimns were common
throughout the area (Gruell, 1985; McKelvey et al., 1996; Tag@08). Such short
return intervals produced patchy low intensity fires Mot tree mortality. Resulting
forest have been described as open park-like standshevibaceous and grass
understories (McKelvey et al., 1996). Fuels build up wasdaebby the relatively

constant removal by fire.

In the 1800’s significant European settlement began to @dcng the Sierras. Settlers
heavily logged much of the Sierra’s forests. Althoughdbrevegetated, a policy of fire
suppression had been adopted throughout the United Statiéslifdy et al., 1996;
Monleon et al., 1997; Taylor, 1998). With the absence ofr&aicing fires,
accumulation of forest floor and coarse woody debrisin@gtable (Stephens et al.,
2004). Forests developed thick closed canopies with woody uodessthick forest
floors, and abundant ladder fuels (Stephens et al., 2004jolgaources in these new
forests generated large, destructive wildfires with high mortality (McKelvey et al.,

1996; Dombeck, 2001; Stephens et al., 2004). As an effort to psaw@ntevastating



fires, land managers have undertaken numerous silviculaafaigues to reduce fuel
loads, remove ladder fuels, and decrease stand densitgaMeal removal has often
been used to achieve such an objective. However, questasesragarding the impact of
the total absence of fire from a system and its preses€onsequently, prescribed fire
and the combination of prescribed fire plus mechanical vahi@ave also been

implemented (Raison, 1979; Monleon et al., 1997; Neary,e1399).

Researchers have frequently investigated the impactesénived fire chemically,
physically, and biologically (Monleon et al., 1997; Nearglet1999; DelLuca and
Zouhar, 2000; Choromanska and DelLuca, 2001; Caldwell et al., 2Q0%) notable
chemical response to prescribed burning is the incredsieljhavailability often seen
following treatment (Christensen, 1973; DeBano et al., 18a@%on, 1979; Monleon et
al., 1997; Neary et al., 1999; Grogan et al., 2000). Nitrogempisally the main nutrient
in a terrestrial ecosystem limiting plant growth (Kppend Swank, 1995). While the
ecosystem may have abundant organic N, the inorgampieuatr available N is usually
very small. Consequently, changes inflEind NQ" availability are important for
biological processes such as seedling establishment, tregédtealth, and invasive
species encroachment, as well as non-biological presssgh as water quality.
Therefore, understanding the inorganic N response torfireddire is vital for proper
land management. As stated above, studies have oftesl@dvan increase in
exchangeable NH following prescribed fire (Christensen, 1973; DeBano etlal79;
Raison, 1979; Monleon et al., 1997; Neary et al., 1999; Grogan 2000; Certini,

2005). However, the size and duration of these pulsesani&si\greatly. Previous



research has attributed the source of the increasklinthl the breakdown of soil
organic matter due to heat applied from the fire, butdewlies have addressed the

factors that affect the pulse (DeBano et al., 1979; Wetaal., 1999; Certini, 2005).

If NH4" release is from the thermal alteration of soil aiganatter, as suggested by
previous studies, then it may be deduced that factorsfthat soil heating during a fire
would affect organic matter break down andNkelease. Soil physical properties such
as texture, bulk density, structure, and water contgnifsiantly affect soil thermal
conductivity and specific heat and thus soil heating prigsefeBano et al., 1976;
Raison, 1979; Chandler et al., 1983; Certini, 2005). In thenabs& major disturbance,
the physical properties texture, structure, and bulk deresigin relatively constant.
However, soil water content can vary greatly witasem of year and even time of day. In
the Sierra Nevada, the two prescribed fire burn seasoneide with two drastically
differing water content periods. Spring burning in the Sieoeurs when fuels and
underlying soils are still quite moist from snow meltll Barning, on the other hand,
takes place after summer drying when hydrophobicity oftesagein Sierra soils (Miller
et al., 2005). Thus fall rains which moisten fuels mayweitsoils leaving them with low

water contents during prescribed fires.

Water content can have great influence on heat intesusetypropagation of heat in the
soil (DeBano et al., 1976; Raison, 1979; Chandler et al., 18&8ause water has a
higher specific heat and thermal conductivity than satiigdas, wet soils will heat less

but heat will be transmitted to greater depths thanaity. Ory soils will heat intensively



at the surface, but heat will not be readily transf@down into the soil (DeBano et al.,
1976; Chandler et al., 1983). It may be inferred that becdusaters influence on soll
heating that antecedent water content could greatly ird@udre increase in available

NH," often seen due to vegetation fires.

Soil chemical properties might also play a role in;Nklease during a fire. Because the
NH," pulse has been attributed to the thermal breakdownlafrg@inic matter, the
presence and abundance of organic matter seems to begshiegial factor.

Antecedent levels of total N, total C, and the C:Noratie potential pathways for
assessing the influence of soil organic matter on pesinlarganic N concentrations.
Other potentially influencing chemical factors are thefjpeeconcentrations of NH,

NOs, and total mineral N.

While antecedent soil conditions may play a inl&lH;" release, they are properties of
the soil itself and say nothing of the heating elemextire. Fire variables such as fuel
loads, fuel moisture, fuel type, weather, and local gogphy are integrated into the
temperature of the flame front and the rate of flapread (DeBano et al., 1976; Raison,
1979; Chandler et al., 1983; Little and Ohmann, 1988; Certini, 2005).irteraction of
temperature and duration is often combined as fire se@astini, 2005). Severity of a
fire may be assessed in a number of ways: ash caot, K@tio, and forest floor loss
(Raison et al., 1985; Little and Ohmann, 1988; Caldwell e2@02; Murphy et al.,
2006). If the source of the NHincrease is thermally altered soil organic mattemtie

severity of the overlaying fire would be an obvious infice not yet quantified.



Thesis Overview

The purpose of this study is to assess the influencet@teaent soil properties (water
content, total N, total C, and inorganic N) and fire sigwen the release of N on
Sierra Nevada soils. This was carried out in a sefiéield and laboratory monitoring.
Reported in this thesis are two papers submitted for publicafieapter One is a
prescribed fire experiment in which the affects of smisture, soil chemical properties,
and fire severity by forest floor loss on inorganicQtapter Two addresses the
availability of inorganic N following burning in a contralldaboratory experiment. Soils
were subjected to a combinations of 3 water contents, Stéomperatures, and 3 burn
durations. Deeper understanding of these processes aradttiaies will allow land
managers in this area to better adapt silvicultural pescto desired goals and
objectives, including season of burn and anticipated éverty. The summary section of
this thesis provides some suggestions to the implicationsthis study for land

managers.
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Chapter One

Factors Affecting Ammonium Release by Prescribed Fire oan Andesite Soil in the
Lake Tahoe Basin.

Dallas W. Glass, M'S Dale W. Johnson, PRDWatkins W. Miller, PhD; Robert R.
Blank, Ph3: and Chad M. Stein, MS

!Natural Resources and Environmental Science, Universiieséda, Reno, Reno, NV
89557
2USDA Agricultural Research Service, 920 Valley Road, R&h689512



ABSTRACT

Vegetation burning can increase plant available N forntisersoil, particularly Nif, in
surface soil layers. Elevated N-availability followifuge influences vegetation growth,
especially of herbaceous species, and water quality. Thé p#ise has been attributed
to the break down of soil organic matter, but few reseaschave addressed how the
release is affected by antecedent soil conditiong w&ader content might influence the
magnitude of the NI pulse because of its influence on soil specific heat laawinal
conductivity. Other potentially influencing factors are pre §oil total N, total C, and
fire severity. The purpose of this study was to assessagotentially influencing
factors effects on NH release due to fire in a field study. Results from oseaech
showed a significant impact on exchangeableNtthd mineral N (NEf-N plus NGQ-N)
immediately following fire. One year following the busignificant treatment
differences were seen in soil NHNOs, and mineral N. However, resin capsules and
resin membranes exposed during winter after the fire atlow significant treatment
effects. No significant relationships between watattent, total N, or total C and post
treatment soil N, or mineral N were found. Fire severity, characterizgdorest floor
loss, was significantly correlated with immediate gmsin concentrations of NfHand
mineral N. We conclude that post burn NEnd mineral N responses in this study were

driven by the fire characteristics rather than predoi# water content, total N, or total C.
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INTRODUCTION

Prior to European settlement in the 1800'’s, forestseoSibrra Nevada Mountains
experienced fire return intervals of 6- 20 years dependiragpeact and elevation
(McKelvey et al., 1996; Taylor, 1998). Mixed conifer forestshe Lake Tahoe area had
a mean fire return interval of 8 years (Taylor, 1998pBeas et al., 2004). Ignition
sources included both natural lightning fires and NativeeAcan burning (McKelvey et
al., 1996; Taylor, 1998). Such frequent fires produced low irtiegsiface fires with
little tree mortality. During the late 1800’s, however, &pgan settlement along the
Sierra Nevada Mountains drastically reduced fire in tusgstem. For the past hundred
years fire suppression has drastically altered the st&wrra forests increasing stand
density, ladder fuels, fuel loads, and forest floor defitelvey et al., 1996; Monleon
et al., 1997; Taylor, 1998; Stephens et al., 2004). Unfortunditely,ignited under these
conditions are more intense, resulting in greaterriregality (McKelvey et al., 1996;
Stephens et al., 2004). In an effort to prevent and praggahst stand replacing fires
land managers have implemented a variety of fuel redustmategies including
mechanical removal and prescribed fire (Monleon efil@by).

Many studies have been conducted on the impact of prescnibexhfnutrient
availability (Monleon et al., 1997; Neary et al., 1999; Ded.aad Zouhar, 2000;
Choromanska and DeLuca, 2001; Caldwell et al., 2002). Thesassstidign reported
increased levels of soil exchangeable;Nafter burn treatments (Christensen, 1973;
DeBano et al., 1979; Raison, 1979; Monleon et al., 1997; Neaty €999; Grogan et
al., 2000). The magnitude and duration of these'NidIses varies widely. The source of

the NH," response has been reported as the break down soilomatter due to heating
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(DeBano et al., 1979; Neary et al., 1999). However, liggearch has been conducted to
determine the antecedent factors influencing the magnituddumation of this NH'
pulse. This is of great concern since the presence mf glailable N in a system impacts
seedling establishment, invasive species encroachmenmt,realth, and water quality.

If thermally altered soil organic matter increases;Navailability in surface
soils, it may be inferred that the mechanisms thatemite soil heating in turn affect the
release of Nif. Heat conduction in a soil matrix is a function efhapplied, duration of
heating, type of soil, soil water content, and othdmdyysical properties (DeBano et al.,
1976; Raison, 1979; Chandler et al., 1983; Certini, 2005). Heat @apieeheat duration
are components of the fire itself, integrating varialdech as weather, fuel type, and fuel
loads; all of which affect fire intensity and fire satye(Certini, 2005). Soil physical
properties such as water content, soil texture, strycncebulk density affect the
maximum internal temperature reached in the soil. drexistructure, and bulk density
are relatively constant with time in wildland systerut soil water content varies
frequently. In the Sierra Nevada, the climate is ad@t@d by cold wet winters and mild
dry summers. Soil moisture mimics this climatic tremdhiat spring water contents are
higher due to water infiltrating from snow melt. Convérsautumn soil water contents
are significantly lower following the dry summer monghsl the hydrophobicity that
developes during the dry summers, often prevailing untifdh@wing snowmelt season
(Miller et al. 2005). Management burn seasons correspomgse two moisture seasons.
Spring burns occur prior to elevated summer temperatures sdgils are still moist from

winter snowmelt, and fall burns occur following elevasedhnmer temperatures in
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combination with the initial rainfalls of the winterhen soils remain dry because of the
inherent soil water repellency.

Moisture plays a large role in the degree and depth ohsating (DeBano et al.,
1976; Raison, 1979; Chandler et al., 1983). Because watemgheatar specific heat and
thermal conductivity than soil (Chandler, 1983), moisisdweat less than dry soils, but
heat to greater depths and retain the heat longer. &ahyedry soils have a tendency to
heat to higher temperatures than moist soils, buteheik not propagated downward as
far into the soil as it would be when the soil is vetther potentially influential factors
effecting NH;" release with fire are the amount and form of N piosdil heating, the
amount of organic matter in the soil, and the C:N ratio

The purpose of this paper is to address these potentifiligricing factors,
antecedent soil factors and fire severity, the presenagnitude, and duration of post
fire NH4" availability. We hypothesize that:
H1: Soils with higher water contents at time of fwi#l release less NI than drier soils,
because wet soils will heat to lesser degrees andléss¢hermal alteration of soil
organic matter.
H2: Soils with higher levels of pre fire total N witlease more NH than soils with less
total N, because soils with more total N have more betreleased from thermal
breakdown of soil organic matter.
H3: Soils experiencing higher degrees of burn severitgas By forest floor loss by
weight will release more NH, because soil experiencing higher burn severities will

experience more thermal breakdown of soil organic matter
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MATERIALS AND METHODS

Site

This study site area is located on the north shotaké Tahoe, California between
Carnelian Bay and Tahoe City, CA. The site has avaglon of approximately 1935 m
above mean sea level and receives an average annualtptecipf 89 cm, most of
which occurs during the winter and spring months. Soilérare the Jorge-Tahoma
Series Association formed from volcanic parent mdtefiandesite, basalt, and latite and
are classified as loamy-skeletal isotic frigid Andiagtbxeralfs and fine-loamy isotic
frigid Ultic Haploxeralfs respectively. This site c@ts of mixed conifer overstory
including Jeffrey PineRinus Jeffrey), Ponderosa Pind’{nus ponderoga Sugar Pine
(Pinus lambertiang White Fir (Abies Concoloy, Incense CeddCalocedrus decurrens)
and a shrub understory. Significant nitrogen fixers instfgtem are squaw carpet
(Ceanothus prostratydsmountain whitethornGeanothus cordulatysand snowbrush

(Ceanothus velutinyis

Experimental Design and Sampling

There were four study treatments were used on thisl3ita:mechanical thinning, 2).
prescribed fire, 3). combination of thinning and fire, and Aurtreated control.

Thinning occurred in the summer of 2003, with a goal to reramaer fuels, diseased
trees, and reduce stand basal area. All logging slasbhi@sed and chips spread over
the thinned area. The prescribed fire for both the burn awlytlan plus burn treatments
occurred June 12004, and were conducted by the Tahoe Basin Management Wwmd of

US Forest Service with intent to use prescribed firetluce forest understory fuel loads.
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Five sampling plots were established in each treatmedtfize subsampling points
randomly associated with each sampling plot. All samgp{both before and after the
fire) was conducted at the same sub sampling point. &oples were taken within 12
hours prior to burn, immediately follow fire (allowingnie for surface cooling but before
any precipitation event), and one year following burn. daswere 0-10 cm in depth,
oven dried at 5% for 48 hours, passed through a 2 mm sieve, and sericonical
analysis to Oklahoma State University Soil, Water aochge Laboratory (SWAFL). At
SWAFL, total C and N were analyzed using a dry combustion C aawbNzer (LECO,
St. Joseph, MI). For extractable soil NHind NQ", 10 g of dried, ground soil were
shaken with 20 ml of 1 M KCI for 30 minutes. The extractaas filtered through a
Fisher P4 qualitative filter and analyzed for Nidnd NQ" on a Lachat 8000 flow-

injection analyzer

Antecedent water contents were determined gravimetrifeallgll pre-burn soil samples.
Samples collected in the field within 12 hours prior tonbwere placed in soil cans, the
lids taped shut, and placed in a cooler to prevent moigisse $ample weights were
recorded immediately following field sampling and oven dryhd10C (weights were

adjusted for individual can tare weights). All watentents are reported as a§y g

At each subsampling location, Western Agricultural lrat@mns Plant Root Simulator
(PRS) probes and WESCA- UNIBEST PST-1 resin capsudes used to monitor

nutrient changes in the system (Johnson et al., 2008).rBsin techniques were exposed
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over the winter snow season prior to and following liteatments. The capsules and
PRS probes were washed with distilled water to remdterang soil and then extracted
for NHs" and NQ'. The capsules were extracted with three sequential 20lations of

2 M KCI on a platform shaker for 20 minutes each. The coetbextractant solution (60
ml) was analyzed at SWAFL as described above. Values ev@ressed at pmol N &m
of resin area (which for two sides of the capsule i8 28f). The PRS probes were sent
to Western Ag Innovations, Saskatoon, Canada for exiradit Western Ag, the probes
were extracted with 17.5 ml of 0.5MCI for one hour in a zip lock bag, and the
extractant was analyzed for iWHand NQ" using a Technicon Autoanlyzer. The values
for both the probes were reported in units of 10 pmohi¥ of resin surface, and these
were converted to pmol N ¢hin this study for the purpose of comparing to the resin

capsules.

We used forest floor loss as an index of fire sevelftg. fire forest floor mass was
determined at all subsampling locations by destructive kagnpsing a fixed area litter
ring of 0.07Mas described by Murphy et al (2006). The ring was placed on an
undisturbed area of forest floor and all organic mater&d removed less than 2.54 cm in
diameter. Removed forest floor was classified a$J@j,Oa, or other, oven dried at
105°C for 24-48 hours, and weighed. Post burn forest floor lmmpere taken within 1
meter of pre burn samples by the same method adding cate@uorash and char. For

the purpose of determining total forest floor loss wesidiam O-horizon categories: Oi,

Oe, Oa, other, ash, and char were combines for a toéatffloor mass per unit area.
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Statistical Methods

All statistical analyses were completed using statisgoftware DataDesk v. 6.0 (Data
Description Inc. Ithaca, NY). Soil and resin statstianalyses for treatment affects were
performed using analysis of variance. Post hoc tesidoificant differences among
treatments and time was carried out with Bonferroni’d pos test. Regression analysis
was performed using a using simple regression analysiséar Imodels. Regressions
consisted solely of pre burn independent variables toluwatNH," and mineral N
combined from both burn areas. Regressions were notm@dfioon post burn NOsince
no burn effects were seen immediately following fiseburned area data was not used
for regression analysis, because the concern objedtive regressions was assessing
the affects of antecedent conditions and fire severitpurn released NFHand mineral

N.

RESULTS

Soil Chemical Data

Table 1 presents the soil chemical ANOVA p-valuesreatinents, time, and
interactions. Figures 1 and 2 illustrate the data fof'NNO; ™, mineral N, total C, total
N, and C:N ratios before, immediately after, and oxer wafter the fire. Significant
differences between sampling times within a treatraeminoted my upper case lettering.

Lower case letters note differences between treatwetitin a sampling time.

Prior to treatment no significant difference was ss®ong any of the soil chemical data

except C:N ratio (Figures 1 and 2). Immediate post butistital analysis revealed that
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there was a significant difference in NHtotal mineral N, total C, and C:N ratio among
treatments but no significant differences in treatméntpost-burn N@, or total N. Soil
NH." levels showed a decline from pre to post burn in theahin treatment; however,
the burn only and thin plus burning show NHevels remaining near pre treatment
values. This is supported by the ANOVA time*burn interac{jp<0.01; Table 1). This
could be viewed as a relative increase in\Neaused by the burning treatment. Similar

results are seen for the total mineral N by treatment.

Data from one year following burning shows slightly diéfet trends (Figures 1 and 2).
NH," levels were not significantly different among treants within this time. However,
NOs values a year after the burn were significantly ekvat both burn treatments. This
shows the likely nitrification of the significantly highNH,” immediately post fire.
Nitrification of NH;" to NOs;” would also explain the return of burn areaJNH
concentrations to those seen in unburned areas in an@g@st sampling. The response
of mineral nitrogen one year post burn is again dominateéteo)H,", showing no
significant differences among treatments at that tifitgs is a result of NI levels being

nearly a full order of magnitude larger than N€ncentrations.

ANOVA results showed harvest and harvest*time efféat$otal C and C:N (Table 1)
Significant differences between individual treatmeatstétal C were only found during
the immediate post burn collection. C:N ratios, howeskow significant differences
between treatments in both the pre and immediatelposed soils. Significantly higher

ratios are seen in the thinned areas, suggesting an irdloétize chipped logging slash
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on C:N ratios and subsequent decomposition. Total N slaosignificant differences
among treatments or sampling time.

Resin Chemical Data

Figures 3 and 4 show pre- and post-season resin capsul®8mutébe data and Table 2
shows all ANOVA p-values. Comparisons among resin daamade between
treatments, and all data is for one water year.rRespsules showed a trend toward
higher values after treatment, but no statistically §icamt changes in NH, NOs’, or

total mineral N levels were seen between treatmemtsippost burn (Table 2 and Figure
3). PRS probe data for NHand NQ™ shows post treatment significant differences
between thin only and burn only treatments but does ot slsignificant burn
treatment effect (Table 2 and Figure 4). PRS probes shasignificant differences
among treatments pre or post fire for total mineral N.

Linear Regression Analysis

Since soil data showed a significant relative incrémsatractable N and total

mineral N, we could begin to assess the factors thatimlaence the size and duration
of this release. To do so, several pre burn variables vegressed against post fire
concentrations of NI and mineral N. Since no significant difference was detect
between post burn levels of NHand mineral N for burn only and thin plus burn
treatments, all burned area data points were poole@doession. Independent pre fire
variables which were used for regression included gravime#ter content, total N,
total C, C:N ratio, N@, NH,4", and total mineral N. Since pre burn soil samples were
taken within twelve hours prior to fire ignition, these jpurn values may be considered

to be at the time of fire. Table 3 shows the resulth®linear regression analysis for
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figures 5 and 6. None of the pre-fire independent varigdnteged to be a predictor of
post fire NH'-N or total mineral N concentrations. Since neitherlpna soil moisture
nor post burn total N showed to be an accurate indicdifgost burn N or mineral N

concentrations, neither Hypothesis 1 nor Hypothesis Zswgsorted.

To test Hypothesis 3, forest floor loss was regresseidsigmst fire NH'-N and total
mineral N concentrations as well as change in'N¥and total mineral N by point.

Table 4 shows all four regressions to significant to tB@Dlevel. The resulting
regressions and trend lines are shown in Table 3 and figunehis case forest floor loss
demonstrated to be a significant influencing factor for past NH;" and mineral N
concentrations and changes in Nidnd mineral N concentrations. However, fire severity

showed to be a poor predictor for either.

DISCUSSION

The prescribed fire treatment showed a significant ilmpa@xtractable Nk and total
mineral N levels in this study, as has been seen iausother studies. Treatment effects
were not apparent for other soil chemical measurenmamediately following fire. One
year following the fire N concentrations were no longer significantly differieatn
unburned area. However, NOwas significantly elevated suggesting the nitrificatdn
the NH," released by the fire. Resin data showed mixed results Emssules showed

no treatment affects for NF NOs’, or mineral N. PRS probes showed significant
treatment effects for NA and NQ', but not for mineral N. However, post hoc test did

not reveal a significant burn treatment effect. Ttwtiadiction between soil and resin
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chemical data raises some interesting questions congemaw resin collectors measure
chemical changes. Resin collectors can be thoughtani adinite sink for collecting
nutrients over a certain period of time (Skogley and Doben, 1996)Over time,
however, they may come closer to equilibrium with cursenl conditions, and that may
have been the case in this study. SoibN&hd NQ" values, on the other hand, represent
snapshots of soil N availability and do not necessagilgct the integrated values over a
specific period of time. Other possible explanation&ithe environmental factors of such

as water and temperature (Johnson et al., 2005).

Hypotheses 1 (soils with higher water contents at tififee will release less NH than
drier soils), and 2 (soils with higher levels of pre fw&al N will release more NH than
soils with less total N) were not supported the resilthis study. We found no effect of
pre-fire water content, total C, or total N on post fitH;"-N, NOs-N, or mineral N
concentrations. Hypothesis 3 (soils experiencing higher degreburn severity as seen
by forest floor loss by weight will release more NHwvas supported, however. The
linear regressions of Table 3 and figure 7 support Hypothethat3soils experiencing a
higher degree of burn severity as seen by forest ftessrproduce higher post fire
concentrations of NFH-N and mineral N. In this study soil C, N, and waterteahwere
not shown to influence NH release due to burning. However, burn severity, ratlaer th
soil physical and chemical properties, was demonsttatbd the major factor in NA

response to burning.
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Table 1: Soil chemical data ANOVA p-values by treatmimig, and interactions
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Source df  Wilks N@ NH,* Mineral N TC TN C:N

Constant 1 0 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Time 2 0 <0.01 <0.01 <0.01 <0.01 0.05 <0.01
Harvest 1 0 0.53 0.87 0.81 <0.01 0.39 <0.01
Burn 2 0 <0.01 <0.01 <0.01 0.26 0.01 <0.01
Time*Harvest 2 0 0.9 0.46 0.5 0.07 0.82 <0.01
Time*Burn 1 0.04 0.33 <0.01 <0.01 0.44 0.73 0.99
Harvest*Burn 2 081 0.49 0.63 0.67 0.72 0.82 0.57
Time*Harvest*Burn 1 0.52 0.94 0.27 0.29 0.76 0.22 0.37




Table 2: Resin chemical data ANOVA p-values for preost burn time periods.

Resin Capsules PRS Probes

p Before p After p Before p After

NH," 0.51 0.51 0.34 0.04
NOs 0.2 0.46 0.53 0.06

Mineral N 0.23 0.47 0.82 0.34

25



Table 3: Linear regressions of pre fire independent vasatol post fire Nk -N and

mineral N concentrations.
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Pre Burn NH," Mineral Nitrogen
Independent

Variable Y-intercept Slope r2 p Y-intercept Slope r2 p
Water Content 63.02 -25.83 0.013 0.452 69.49 -23.63 -0.013 0.511
Total Nitrogen 54.23 13.85 0.011 0.483 61.08 13.84 -0.012 0.502
Total Carbon 55.85 0.19 0.008 0.550 62.81 0.18 -0.016 0.589
C:N 45.29 0.31 0.034 0.214 52.22 0.31 0.009 0.238
NH," 59.64 -0.02 0.001 0.821 66.52 0.03 -0.021 0.824
NO3 38.61 4.43 0.042 0.168 45.12 4.50 0.018 0.180
Mineral N 59.37 -0.02 0.001 0.859 66.25 -0.02 -0.022 0.861




Table 4: Linear regressions of forest floor loss td pasn concentrations and total

change of N -N and mineral N.

Dependent Variable Y-

(mg/kg) intercept Slope r2 p
Post Burn NH," 42.80 -0.00022  0.114 0.0009
NH," change -17.82 0.000282  0.124 0.0005
Post Burn Mineral N 48.63 0.000247  0.129 0.0004
Mineral N change -16.13 0.000309 0.140 0.0002

27
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ABSTRACT

A laboratory muffle furnace study was conducted to deterthe effects of soll
moisture, burn temperature, and burn duration o' NNOs, total N, and total C in
soils. Two unburned forest soils from the Sierra Navsiduntains of California were
collected and subjected to muffle furnace burning. Treatmvests combinations for
three water contents, four temperatures, and three ahsatoils were analyzed for NO
, NH;", mineral N, total N, total C, and C:N responses torgatments. Soils increased
in NH;"and mineral N with greater durations and temperatures, soesetleclining at
the highest combinations. Nitrate values peaked at low tapes (108C) followed by
declines at greater temperatures and durations. Little onanagye was seen in total N,
total C, and C:N ratio except at high temperatures andionsat500C for 15 minutes)
where C and N declined along with iHand mineral N. Internal temperatures were
monitored immediately following burning. Internal temperasiincreased to near a0
with greater applied temperatures and durations, leveledmgfieiiods depending on
initial water content, and then increased to 300 td@@a higher temperatures and
durations. Plotted against final internal temperature; Ndreased up to different
critical temperatures (depending on water content) theredsed. Soil water content also
influenced the magnitude of inorganic N releases followiagtment. This experiment
suggests that fire severity (characterized by a combmafiburn duration and
temperature) has a significant influence on inorganicddarses to burning.
Management implications including burn season, fire pigsmns, and burning across

different solil types are discussed.
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INTRODUCTION

Fire has long been a dominating force in forests oSiaera Nevada Mountains
(McKelvey et al., 1996). Beginning in the early 1900’s, fire suggios substantially
reduced fire frequency, creating abnormal denser forestsaifer trees, thicker
understories, and thicker forest floors (McKelvey eti®196; Taylor, 1998; Stephens et
al., 2004). Prescribed fire is a silvicultural tool to redfusd loads and increase forest
health (Monleon et al., 1997; Neary et al., 1999). Undeaistgrthe influence of

prescribed fire at a local level is vital to its useagnvironmental management tool.

During a wildland fire, soil surface temperatures careeac706C, depending on fuel
loads, fire type, and weather conditions (White etl®173; DeBano et al., 1979; Raison,
1979). Propagation of surface heat into the soll is infle@ry soil texture, water
content, heat duration, and other soil physical propgiieBano et al., 1976; Raison,
1979; Chandler et al., 1983). When exposed to heat, sthidigh water contents
experience less temperature change than drier sotlayude water increases the specific
heat of soil (DeBano et al., 1976; Chandler et al., 1988yversely, wetter soils heat
deeper and retain the heat longer than do drier soiibeavater increases the thermal
conductivity of soil (Chandler et al., 1983). Regardless$tesmperatures a 5 centimeters
below surface rarely exceed £@0(DeBano et al., 1976). Soil water acts a temperature
buffer, absorbing heat energy by means of evaporatiogrefore, soil temperatures at 10
cm may climb to just below 160 where they will remain until all water is lost dlugh

evaporation (DeBano et al., 1976).
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With these internal temperature changes, fire-aftestéls often experience significant
physical and chemical changes (Raison, 1979; Certini, 2005)néutinem is the
increase in soil Nif often seen after a fire (Christensen, 1973; DeBanb, 6t979;
Raison, 1979; Monleon et al., 1997; Neary et al., 1999; Grogan 2000; Certini,
2005). N is typically the limiting nutrient in most terés ecosystems and therefore
increased N availability after fire can influence negdling establishment, invasive
species encroachment, surviving plant health, and non-iEsties such as water quality
(Knoepp and Swank, 1995). Therefore, understanding the faffecsang presence,

magnitude, and duration of the elevated,;Nean be vital to proper land management.

The post- fire NH' release has been attributed to the denaturing of g@ihar matter
due to elevated soil temperature (DeBano et al., 1979; Meaty 1999; Certini, 2005).
The magnitude and duration of these increases variesleoaisly. If soil heating is the
mechanism for the denaturing of soil organic matterlease NH', then the same

variables that influence soil heating might drive this,Ni¢lease.

Field research experiments were conducted using presdinbedo assess the influence
of a number of pre-fire variables with post fire Niesponses. However, due to the
natural variability of wildland soils, inconsistent fl@ads, and the patchy mosaic of
vegetation fire, results were difficult to interpr&€herefore, field soils were brought into
the laboratory and subjected to simulated burning using #enfufnace at different

temperatures and durations with varying initial water cdsaten
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The purpose of this study is to evaluate the relationsivpees water content at the time
of fire, soil surface temperatures, heating duration,sadype on mineral N availability
with in a laboratory setting. We hypothesize that:

H1: Water content at time of burn is a significantdador the response of NH NOs,

and mineral N to burning in both soil types.

H2: Fire severity, as seen by the interaction of benmperature and duration, is a
significant factor for NH", NOs", and mineral N concentrations in both soil types.

H3: For a given water content and burn duration, higheafte temperatures will result

in greater NH' concentrations.

MATERIALS AND METHODS

Site Locations

Soils were collected from two locations, 1. North SHaake Tahoe, CA and 2. Rush
Creek Drainage, Sierra National Forest, CA.

North Shore Lake Tahoe, CA: Soil samples consi# bbrizon soils taken from a depth
of 0-10 cm at a research site located on the nortlesifdrake Tahoe California between
Kings Beach, CA and Tahoe City, CA. This site is approtetgal 935 m above mean
sea level and receives an average annual precipitat@hah, most of which occurs
during the winter and spring months. Soils are from tinge} Tahoma Series Association
formed from volcanic parent material of andesite, Ibagad latite and are classified as
loamy-skeletal isotic frigid Andic Haploxeralf and fit@amy isotic frigid Ultic
Haploxeralfs respectively. This site consists of m™igenifer overstory including Jeffrey

Pine Pinus jeffrey), Ponderosa Pind®{nus ponderosa Sugar PineKinus lambertianp
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White Fir (Abies Concoloyr, Incense CeddCalocedrus decurrensand a shrub
understory. Significant nitrogen fixers in the systemsapeaw carpetGeanothus

prostratug and mountain whitethorrCeanothus cordulatys

Rush Creek, CA: Soils in the Rush Creek drainage areptre Sierra National Forest,

in south central California, east of Fresno, CA. Smilthis area are from the Holland
Family and are classified as fine-loamy, mixed, mesi Blaploxeralfs. These soils
developed from granitic or metamorphic rocks and are typieadll drained. The site
receives an average annual precipitation of 100 cm, mllisgfduring winter months as
snow as rain, and is located at nearly 1500 m above madewel. Dominant vegetation
is over story Ponderosa Piffeinus ponderosa However, fire suppression has increased
stand components of White Filjies Concoloy, Incense CeddCalocedrus decurrens)
and decreased components of Blue (Qaercus douglassifew nitrogen fixers occur

in the area, but there are sparse stands of Buck Besinfthus sanguineusnd lupens

(Lupinus spp-

Soil Sampling

Soil samples were taken in bulk from a depth of 0-10 @ifs ®ere field sieved through
a 1 cm wire screen and allowed to air dry. The air diodld were then sieved through a
2mm sieve and placed on a plastic tarp for mixing. Badlwas homogenized by rolling
the soil in a tarp. This homogenization technique was usedtpreach sub sampling to

reduce influence of surface drying.
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Sample Processing and Analysis

Other than soil type, three independent variables wgyesed to directly affect soil
heating: 1) furnace temperature, 2) soil water congat,3) heating duration. Each
locations was subjected to the following matrix: temperes=0, 100, 200, 300, 5000C;
duration= 2, 5, 15 minutes; water content= +0%, +10%, +20% kghivd-or each
treatment, eleven sub samples were created of & sadlisveight equivalent to 20g of air
dried samples. Five sub samples were taken, placed iblesjand heated in the muffle
furnace; five were placed into sample bags; and one wddasgravimetric water
content analysis. After treatment, all sub sampleept water content (dried at 205or
48 hours and not sent for chemical analysis) were dried at 56C for 48 hours before
chemical analysis. Chemical analysis was performé&kithoma State University Soll,
Water, and Forage Analytical Laboratory (SWFAL). Savere tested for extractible
NH,*, NOs, and C&', as well as total N and total C. At SWARbtal C and N were
analyzed using a dry combustion C and N analyzer (LECQpSeph, Ml). For soil
NH," and NQ", 10 g of dried, ground soil were shaken with 20 ml of 1 M #%€B0
minutes. The extractant was filtered through a Fisher Plitajive filter and analyzed

for NH;" and NQ' on a Lachat 8000 flow-injection analyzer.

Furnace Temperature
Soil surface temperatures during fire vary extensivetpénliterature from around 180
(White et al., 1973; Raison, 1979; Chandler et al., 1983,) to°€7(@=Bano et al., 1976;

Raison, 1979; Neary et al., 1999). Such a wide range in tempes &xists because of
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the variation in vegetation types and microclimataigon, 1979). In order to cover a
wide range of temperatures, similar to previous muffle tersiudies simulating fire
effects on soil nutrients, (Knight, 1966; White et al., 1¥1ank et al., 1994; Badia and
Marti, 2003), four furnace temperatures were used:

1. 100C to simulate temperatures from mild forest and shurbs(Raison, 1979;

Chandler et al., 1983),

2. 200C to simulate moderate burns (Chandler et al., 1983),

3. 300C to simulate moderate burns (Chandler et al., 1983kRiaal., 1994),

4. 500C to simulate severe burns, wildfires, and slashipif®s (Knight, 1966;

DeBano, 1976; Raison, 1979; Chandler et al., 1983).

Heating Duration
Certini (2005) suggests that heat duration may be the greatest of below ground
changes. In previous muffle furnace studies simulatmegefifects on soil and forest
floor, time durations as low as 5 minutes (DeBano eflal6) to as high as 30 minutes
(Badia and Mati, 2003) have been used. Chandler et al. (1&83)roposed a
relationship of fuel thickness to residence time, whesaence time (R) in minutes is
roughly equal to three times the thickness of the fueif{@gntimeters.
R (min) = (3min/cm)*D (cm)

Based on the literature and the above relationship pegsbgtChandler et al., three burn
times were used:

1. 2 minutes for short duration fast moving fires like thofSkght litter,

2. 5 minutes for fires typical of shrub understory fires,
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3. 15 minutes for fires occurring at areas of heavier fzldo
Soil Water Content:
Soils were burned at a three soil moisture contentgmg from moist spring conditions
to drier fall conditions:
1. Air dry: soil samples were allowed to thoroughly air pigr to the experiment.
2. Moist: soil samples were thoroughly mixed with deiedizvater to increase the
gravimetric water content by 0.10.
3. Wet: soil samples were thoroughly mixed with deionizetkima increase the
gravimetric water content by 0.20.
Immediately prior to each treatment, a sub-samplée&oil was taken and a
gravimetric water content calculated by drying the sanmpda oven at 10& for 24

hours.

Internal Soil Temperature

Internal soil temperature 1 cm deep was measured iva@liréatment sub samples prior
to being placed in the muffle furnace. The internalperature of the one crucible sample
was taken immediately upon removal of the soils froenrhuffle furnace. All internal
temperatures were taken 1 cm below the soil surface adtgher Scientific Precision

0.02° Thermometer reading to the nearesf®.1

Statistical Analysis
All statistical analysis was completed using sta@dtsoftware DataDesk v. 6.0 (Data

Description Inc. Ithaca, NY). Analysis for treatmaiffiects and interactions of burn
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time, burn temperature, and water content were perfousied analysis of variance.
Significant differences among treatments was tested) Bonferroni’s test. Bonferroni's
tests were conducted within soil type, water content,heat duration combinations.

Different letters denote statistically significant nbas (Figures 1-6, 8-10).

RESULTS

Treatment Effects

Table 1 shows the results of the ANOVA responses ©f,\NH;", mineral N, total N,
total C, and C:N to varying moisture contents, burn teaipees, and burn times in both
soil types . For both soil types, burn temperature, thedttion, water content, and all
possible combination interactions produced significant (p<@AM@lues for N@, NH,",
and mineral N with only two exceptions: the interactodtime x water content and the

interaction of time x temperature x water contentN@s™ in the Rush Creek soil.

The ANOVA results for total N, total C, and C:N werena variable, reporting
significant (p<0.10) p-values in many but not all cases. Bemperature was significant
for total N and total C in all cases and for C:N inbait the North Shore soils; burn
duration was significant for all but total N in Northdsé soils and C:N in both Rush
Creek and North Shore soils; water content was sigmifitor all but C:N ratio in North
Shore soils; temperature x time was significant faaltht total C, and C:N ratio in all
cases; water content x temperature was significaniofal N in both soils and total C in
Rush Creek soils; water content x time was significenty for total N in North Shore;

and temperature x time x water content was signififeartbtal C and C:N in both soils.
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Figures 1-6 show the responses ofs\®H,", mineral N, total N, total C, and C:N
respectively to different combinations of temperature, duraand water content for
both soils. Within the figures, bars not sharing theestatters indicate significant

differences within a given soil type, water type, and lolumation.

Samples showed varying responses fosd€pending on soil type and initial moisture
conditions. Rush Creek soils showed three differend K€3ponses, depending on water
content (Figure 1). Air dried soils showed no significgdifferences among temperatures
for each duration except for the 5 minute, ®@eatment where a significant increase
was observed (Figure 1). For the plus 10% water contéet, and 15 minute durations
showed a decline in NOfor all temperatures, while the 5 minute duration showed a
initial significant increase in at 10Q then a decline back to unburned values at higher
temperatures (Figure 1). In the plus 20% water conteritiesd, NQ' increased at 100

°C in both 2 and 5 minute durations and then decreased (Figure 1)

With some exceptions, the North Shore soils demomstratsimilar pattern in NO
response to burn duration and temperature. For the airwater content, NOdid not
change at any temperature at the 2 minute duration. Theubentreatment showed
significant increases in NOat 100 and 208 temperatures over the unburned soil
followed by a decrease at 5@ The 15 minute treatment showed a significant increase
in NOs™ at 100°C, then a significant decrease at 30@&nd a further significant decrease

at 500°C (Figure 1). The plus 10% water content showed threegdiffeesponses
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depending on duration and temperature. In the 2 minute duristi@nwas significantly
greater than unburned for the 100 and ZDémperatures, but returned to near unburned
levels at the 300 and 560 treatments. The 5 minute duration showed an incredge o

for the 100°C temperature followed by a return to unburned concentrator290 and
300°C, with a significant decrease at the 80Gemperature. The 15 minute duration
showed no change from unburned to 100, and@@@mperatures, but at a significant
decreases at 30Q a significant decrease occurs with a significant mszeat 5068C. For

the plus 20% water content, the 2 and 5 minute duratiommsviedl the same NO

patterns seen in the plus 10% water content 2 and 5 mneatenents. The plus 20% 15
minute treatment also followed the plus 10% 15 minute texatexcept at the 560G,

where available N© was not significantly different from the 300.

In general, N@ tends to decrease with increasing burn severity. Thizdse may be
preceded by a initial spike such as in Rush Creek’s plus 28% wontent 2 and 5

minute durations and North Shore’s air dried 5 and 15 minutg,j81% water 2 and 5
minute, and plus 20% water 2 and 5 minute durations (Figur@dRWsh Creek soils,

the NG decreases become greater with increasing water content

Soil NH;" generally showed a significant increase with increatsingerature and

duration over unburned and low intensity treatments (FigurAs was the case for NO
Rush Creek soils showed three different responses tlatateaNH;” depending on water
content. In Figure 2, the air dried, 2 minute treatmentveldaa significant increase only

at 500°C, while the 5 minute duration increases at 200 and@0ten a much larger
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significant increase at 50Q. The air dried 15 minute treatment showed increaseHaf N
at 200°C, then another increase at 300 followed by a decrease to WHevels to those
seen at 208C (Figure 2). In the plus 10% water content treatment2 tiénute duration
showed increases at 300 and 800The 5 minute treatment showed no significant
changes at any temperature. In the 15 minute duration ht@®esk, NH' increased at
200°C, increased substantially again at 30pand then decreased at SGQ(Figure 2).
For the plus 20% water content at Rush Creek, all thuegtions experienced significant
increase at the 10Q temperature with a subsequent return to concentratmns
significantly different from unburned soils. All Rusihe€k soils, except the plus 10% 5
minute duration treatment, showed some increase in hieNH,". This increase was
followed by a decline in the air dried and plus 10% water’600r 15 minute treatments

and all duration treatments at the plus 20% water coleesit

With some exceptions, North Shore soils show sintilamds to those of Rush Creek
(Figure 2).In the air dried soils, 2 minute duration,4Nidcreased significantly only at
500°C. At the 5 minute duration in air dried soils, Nkhcreased at 30T and again, to
a much larger degree, at 5@ In the 15 minute duration in air dried soils, NH
increased at 30T and then decreased at 530 However, the 508 NH,"
concentrations remain elevated over those of the unbuti®®, and 20T treatments.
The plus 10% water content treatments show threeeliffeesponses based on duration
(Figure 2). The 2 minute duration produced no change with inogesmperatures
except for a decrease at 10 In the 5 minute duration, plus 10% water 100, 200 and

300°C temperatures had lower NHconcentrations than the unburned soils. At €00
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however, a large significant increase is observedtiei5 minute duration, plus 10%
water, a significant decline in NHwas seen at 20C, then a significant increase at 300
°C and again at 50€C. The plus 20% water content treatments show much spam@dic
responses in NH levels in North Shore soils (Figure 2). At 2 minutes dangti
significantly lower values of NiH were seen at 100, 200, and 50(but not at 306C.

The 5 minute treatment showed decreases at 100 arfi€ 300t not at 208C, and a

large significant increase at 580. For the 15 minute duration a significantly lower value
was seen at 20C, but not at 100 or 30, with a significant increase again at 560
The air dried North Shore soils show a typical patfer NH,", with increases at higher
combinations of furnace temperature and duration, witltceedse at the highest
combination of 506C for 15 minutes. The plus 10% water content again skinig/s
increase at higher treatment severities; howevee tisex slight decrease in NHat the
100°C temperature in the 2 and 5 minute durations. The plus 2@é6 ventent
treatments also show an increase inyN&t higher severities but there are several

inconsistent decreases at lower severities.

Given the data seen in Figure 2 for both soils at &taof water contents and burn
durations, the general trend for lHs an increase at higher burn severities. At some
point a critical severity threshold is reached at wiNéh"™ begins to decrease. In this
study the severity treatment that most consistehtiyved a decrease was the 80Gor

15 minute treatment.
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Total mineral nitrogen (N©+ NH,") generally followed the same trends as;NH
because Ni values were often two to five times greater tharyN@lues for Rush
Creek soils and nearly a full order of magnitude greateNérth Shore soils. Air dried
soils showed the same response form mineral N and féHboth soil types (Figure 3).
Plus 10% water content soils showed the same respansenteral N as N for both
soils in the 5 and 15 minute duration treatments but ndt thmute duration (Figure 3).
For Rush Creek, mineral N response at the 2 minute dusaéisrsignificant only at 500
°C. Mineral N response is nearly the same as Nitithe North Shore soils at plus 10%
water content aside from the fact that, the ®D@ineral N values were not significantly
different from 100C values. In the plus 20% water content soils, the Rusbk and the
North Shore 2 and 15 minute mineral N responses were e asithe Nk responses
(Figure 3). The North Shore 5 minute mineral N respongersifrom NH" in that there
were significant declines from unburned at 100 and’@0@nd a significant increase at
500°C. The difference is that the 100 and 20Qreatments are not significantly

different.

Although ANOVA analysis indicated that there were sigaifit treatment effects on total
N and C (Table 1), Bonferroni post-hoc test revealed fgmifcant differences between
specific treatments aside from the high severity meats (Figures 4). The most severe
treatment of 50 for 15 minutes produced declines in total C and N for aflew
contents in the Rush Creek soils, significant declin€sand N in the air dried North
Shore soils, and for C in air dried and plus 10% North&hoils (Figures 4 and 5). A

decline was also observed for North Shore’s plus 10% egr&aninute 508 treatment
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(Figure 4). The declines seen in total N (Rush Creek anthMtiore’s 15 minute air
dried and plus 10% water content, and North Shore’s 5 mpuse20% water content
treatment) correspond with the post increase dedimglsnt available N&f (for the

same treatments) and suggest that when internal sgietatures great enough to
combust organic matter and reduce total NsNblalso being lost from the system. This
is not seen the Rush Creek soils, which show a dedliNgli” beginning at 20, but

no decline in total N until the 15 minute, 30treatment. The abnormally early WH
increase seen at such a low intensity of’C0Might explain why no loss in total N is

seen until more severe treatments are imposed.

Like total N, total C often declines at the most sewmatments of 50 for 15 minutes
(Figure 5). For Rush Creek soils, other treatment difftsrenvere also present. In the air
dried soils the 2 minute treatment showed no changes anftergmt temperatures,
while the 5 minute showed only a difference between the A@@X°C treatments, and
the 15 minute treatment showed only the decline afGd6r 15 minutes (Figure 5). The
Rush Creek soils with plus 10% water content only showsgraficant change with a
decrease at 50C for 15 minutes (Figure 5). In the plus 20% water conteishFCreek
treatments the 2 minute treatments showed no chang&ir®, the 5 minute showed
only a difference between the 100 and 3D@emperatures, and the 15 minute duration
showed a decline at 580 (Figure 5). For the North Shore Soils the decrease a£500
°C for 15 minutes is observed in all water contents extepivet water content where
the decrease did not occur at the 5 minute duration instepadds 5). This corresponds

with the decrease in total N seen at the 5 minute daratgtead of the 15 minute
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duration (Figure 4). The simultaneous decline of total N@&iséen in figures 4 and 5
during the 508C 5 minute treatment and not the 15 minute treatment isnghl@ some
unknown factor caused this anomaly. A significant diffeeeis also seen in total C for
North Shore soils when an increase occurs afGd0r 2 minutes in the air dried soils

(Figure 5). ]

The C:N ratios showed varying responses to treatmeatbvedter contents (Figure 6).
While some significant differences were seen, no treads to present themselves in

the available data.

Internal Soil Temperatures

While the data above depicts the chemical respondée sbil when subjected to various
oven temperatures, durations, and water contentsddmi soils, the temperatures
imposed do not necessarily reflect the internal heatiigeo$oil. Figure 7 illustrates the
corresponding internal temperature reached at 1 cm in d@efté soil as measured
immediately after removal of the crucibles from theffte furnace. Due to rapid cooling
of the treated samples, only one internal tempezatauld be taken per treatment
combination of time, temperature, and water contengédah soil type. The resulting data
suggest that soil temperature increases to just beloC1€@n remains nearly constant
until all water is evaporated. Once soil water has les@porated, temperatures rapidly
increase to 300- 400. The data suggest that higher water contents retardaesding,
though only temporarily. This is best seen in the N8hbre soil for the 15 minute

heating duration lines (Figure 7). At 2 minute durations, it apguzkthat water content
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played much less of a role in soil heating, since matilemperatures were nearly

identical for all water contents.

Internal Temperatures and Soil Mineral Nitrogen
Because these were the actual internal temperatureh e soils were experiencing
and chemically responding, soil mineral nitrogen resuiitsre plotted against internal

temperatures assessment. These results were distedsed

Figure 8 shows the response of N the internal temperatures reached during burning
in the muffle furnace. For Rush Creek soils the decfirsvailable NQ as internal
temperature increases. This decline becomes more promgbaseeater content

increases. Showing that for this solil, the greatentdker content the more impact soil
temperature had on NQFigure 8). North Shore soils show a very clear deerea all
water contents. The difference in i@y water content has little to do with the decline
seen at higher temperatures, but rather with the ispikle seen at lower severities. In
the North Shore data the greater the water conteiigiher and more rapid the initial

increase in N@ (Figure 8).

Rush Creek soils showed a decline in/lBind mineral N when air dried, plus 10%
moisture, and plus 20% moisture soils reached internal tabopes near 250, 100, and
70°C respectively (Figures 9 and 10). The same trend is eatisghe North Shore soils,
however, perhaps due to the large range of internalesoperatures not seen in our data.

For the North Shore soils, the highest internal teatpee reached by the 5 minute
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duration treatments resulted in the highest concentrafi?dH;” and mineral N for all
water contents (Figures 9 and 10). Because higher intemaktratures were reached in
the 15 minute durations, this suggests some decline occurrig wernal soil
temperatures reach some critical temperature betweemtiSB0EC. Greater resolution
and replication is needed to see specific critical teatpegs. However, this data does
suggest that as water content increases, the tempeaatuhich declines in mineral N

concentrations begin to occur decreases.

DISCUSSION

Summary of Conclusions

Soil water content affected release off\®IH,*, and mineral N thus supports
Hypothesis 1 (water content is a significant factor wheiteing the response of NO
NH,", and mineral N during burning). We conclude that seasoarafwill significantly
alter the N chemical response to fire in the fieldsTikiseen in the Rush Creek soils,
where the critical temperature for bfHand mineral N decline appears to be tied to
content (Figures 9 and 10). As water content increasedethperature of NA and

mineral N decline appeared to decrease.

ANOVA analysis also showed support for Hypothesis 2 ifttexaction of burn time and
temperature would be a significant factor for fy®IH,", and mineral N response to
burning (Table 1). The interaction of burn time and tempegathay be seen as burn
severity (Certini, 2005). Therefore, burn severity igyaiicant factor affecting

inorganic N responses. Different burn severities mayglabout increases, decrease, or
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no significant change depending on what chemical respeadeoncern. The
combination of 15 minute burn duration and 80Gurnace temperatures is the greatest
burn severity treatment in this study. Often it is thimperature-duration combination

that provides the most drastic change in extractable N.

Hypothesis 3 (For a given soil type, water conterd, laurn duration, higher furnace
temperatures will result in greater hNdoncentrations) was not supported by the results
of this study. Higher temperatures did cause an incredskli” concentrations, but
decreases in NH are seen at the most severe treatment combinatiofq%0015
minutes) for air dried soils, and is also observed ldemperatures for plus 10 and 20%
water content treatments (Figure 2). Declines inyNathd mineral N correspond with
significant declines in total N for air dried and plus 10%ewaontent treatments, and for

the North Shore plus 20% water content 5 minute treatn(Eiggsres 2, 3, and 4).

This data suggest that fire severity (as indicated byrdiration of burn duration and
temperature) has the greatest influence on inorganicgemess to burning. Great care
should be taken in the use of prescribed burning to matcpréseriptions to fire

severities which will produce results consistent witfeotives for a given area.

Management Implications
Several implications can be made from this laborag@periment to hands-on land
management when nitrogen and carbon responses in thensyis# a concern. Season of

burn may be a significant factor influencing the availapdit NOs, NH;" and mineral N
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after burning. Hypothesis 1, Table 1, shows water comeanteed influence chemical
responses. Often water content can show distinsbsaatrends such as in the Sierra
Nevada where the climate is dominated by wet wintedshan dry summer. Spring
burning is often carried out over soils still wet fropnisg snow melt, while fall burning
is on soils dry from the hot summers and seasonal piditmocity (Miller et al. 2005). In
this study, wetter soils showed declines in;N&2 lower burn severities (Figure 1), while
NH;" and mineral N showed less of an increase even at highseverities (Figures 2

and 3).

Burn severity, as characterized in this study by thebomaion of burn temperature and
duration, is a major influence on the availability of NOIH,", and mineral N (Table 1).
Since burn severity is the integration of a numbemrefMariables such as fuel loads,
weather, topography, and microsite (Certini, 2005), it n@yripossible to pinpoint a
single variable that dominates burn temperature and dor&tmwever, the data from
this study suggest that fire prescriptions should be cayefatived to produce fires
within a range of severity to produce nitrogen responsesistent with goals for water
quality, seedling establishment, invasive species cortndl soil fertility. While it may
be impossible to directly relate muffle furnace burresiges of temperature and duration
to field conditions, some inferences may be made. DedlinE€;” were seen at low
severities (106C and 2 minutes) and continued through the highest sevefitieb a
low severity is easily within the range of temperatamed durations reached by most
prescribed fires (Raison, 1979; Chandler et al., 1983). iifpBas that most prescribed

fires could reduce soil N For the air dried soils, NHand mineral N did not show
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decreases until the highest burn severities {60@r 15 minutes) were applied (Figures
2, 3,9, and 10). In the moist soils, declines beganagriseverities (208 for 2
minutes; Figures 2 and 3), levels that could be easily egaebven in light fuels
(Chandler et al. 1983). The highly severity treatments {6d0r 15 minutes) would be
somewhat analogous to an intense prescribed fire throutghSfeen or greater in
diameter (White, 1966; DeBano, 1976; Raison, 1979; Chandlér #983)
Consequently, season of burn and factors affectingdwverity such as fuel load interact
to produce varying responses in Nind mineral N, with earlier peaks occurring in

moister soil conditions.

While some consistent trends in response o N@H,", mineral N, total N, and total C
can be seen, responses at a specific severity or eatent vary with soil type. This is
clearly seen in the critical temperature at whichyN¢€ases to increase and begins to
decline (Figure 9). The coarser textured, Rush Creekaguplsar to show lower critical

temperatures for NH decline than do North Shore soils.

Overall, soil responses to fire in the field are extely variable, but this study has shown
that low severity fires cause increases in mineralifNaut any significant loss of total C
or N, but also that there are severity thresholds fieyehich soil N status is negatively

affected by fire. Future studies will attempt to quantifyesity effects on fire in the field.
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Table 1: ANOVA results for two soils treated in a muffle furnace at varying burn temperatures,

burn times, and water contents.

Rush Creek Data

North Shore Data

60

Source df Wiks NO3-N NH4-N MineralN df Wiks NO3-N NH4-N Mineral N
Const 1 0 0 0 0 1 0 0 0 0
Burn Temp 4 0 <0.001 <0.001 <0.001 4 0 <0.001 <0.001 <0.001
Burn Time 2 0 0.050 <0.001 <0.001 2 0 <0.001 <0.001 <0.001
Theta 2 0 <0.001 <0.001 <0.001 2 0 <0.001 <0.001 <0.001
Temp*Time 8 0 0.010 <0.001 <0.001 8 0 <0.001 <0.001 <0.001
Theta*Temp 8 0 <0.001 <0.001 <0.001 8 0 <0.001 <0.001 <0.001
Time*Theta 4 0 0.300 <0.001 <0.001 4 0 <0.001 <0.001 <0.001
Temp*Time*Theta 16 0 0.400 <0.001 <0.001 16 0 <0.001 <0.001 <0.001
Source df Wilks TotalN Total C C:N df Wiks TotalN TotalC C:N
Const 1 0 0 0 0 1 0 0 0 0
Burn Temp 4 0 <0.001 <0.001 <0.001 4 0 0.010 <0.001 0.130
Burn Time 2 0 0.010 <0.001 0.110 2 0.01 0.100 0.040 0.660
Theta 2 0 <0.001 0.030 0.010 2 0.06 0.100 0.010 0.510
Temp*Time 8 0 <0.001 <0.001 <0.001 8 0 0.040 <0.001 0.020
Theta*Temp 8 0 0.030 0.020 <0.001 8 0.3 0.090 0.390 0.170
Time*Theta 4 0.34 0.480 0.690 0.220 4 0.14 0.090 0.120 0.930
Temp*Time*Theta 16 0.04 0.440 0.080 <0.001 16 0 0.190 <0.001 0.020
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Figure 1: Nitrate responses to varying burn temperaturesesatdiurations for two soils
at three water contents. Significant differenceshate by change in letters. Differences
are only shown between burn temperatures within oméype, water content, and burn
duration.
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Figure 2: Ammonium responses to varying burn temperaturelsesdiurations for two
soils at three water contents. Significant differeraresnote by change in letters.
Differences are only shown between burn temperaturtddwvane soil type, water
content, and burn duration.
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Figure 3: Mineral N responses to varying burn temperatuckbeat durations for two
soils at three water contents. Significant differeraresnote by change in letters.
Differences are only shown between burn temperaturtbdwvane soil type, water
content, and burn duration.
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Figure 4: Total N responses to varying burn temperaturesemtdibrations for two soils
at three water contents. Significant differenceshate by change in letters. Differences
are only shown between burn temperatures within oméype, water content, and burn

duration.
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Figure 5: Total C responses to varying burn temperaturesemtciurations for two soils
at three water contents. Significant differenceshate by change in letters. Differences

are only shown between burn temperatures within oméype, water content, and burn
duration.
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Figure 6: Carbon to nitrogen ratio responses to varying leunpdratures and heat
durations for two soils at three water contents. aant differences are note by change
in letters. Differences are only shown between benmperatures within one soil type,
water content, and burn duration.
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Figure 8: Nitrate responses to final internal temperaftiorethree burn durations in two
soils at three water contents.
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Figure 9: Ammonium responses to final internal temperaforegfiree burn durations in
two soils at three water contents.
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SUMMARY
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Conclusions Overview

Like previous research, our study found that;NiHcreased in both the prescribed fire
and the laboratory study due to burn treatments. Thexrefmther assessment of the
factors that might influence this increase could be uaken. All studies evaluated the
influence of soil water content, fire severity, aw chemical properties as possible

indicators of post fire NI availability.

The North Shore prescribed fire, conducted during thegjmann season in the Lake
Tahoe basin, showed that fire severity (as indichtefdrest floor loss) was the only
significant indicator of N release. Antecedent soil water content and varioesicial
properties showed ineffective at predicting post burnN#ad mineral N concentrations.
This data suggest that special attention should be givemtitopated fire severities when
developing burn plans for prescribed fires. This includesweather ranges, fuels loads,

fuel moisture contents, and types of fuels.

Due to the high variability seen in the North Shore gnibed fire, a laboratory study was
conducted to assess the same influencing factors in a lbeshigetting using both the
North Shore soils (derived from andesite) and soilsrééfrom decomposed granite
subjected to a prescribed fire in the western Sierra (Buskk). Data from this study
showed that water content, fire temperature, and durafibarn were all significantly
influencing factors for Nif, NOs', and mineral N. Their interaction combinations were
also significant, except time*water content and timetfierature*water content for NO

in the Rush Creek soils. Trends in both the Northr&hod Rush Creek soils suggest that
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available NH" increases with burn severity until reaching somestiotel at which a
decline in availability begins to occur. This threshold seemvary depending on water
content, and in the Rush Creek soils an increase erwantent corresponded with a
decrease in threshold severity. Nitrate, howeveikgrbat very low severities and then
declined as temperature increased. Total inorganic N corréspotrends seen in NH
because of the dominance of NHoncentrations over NOby as much as a factor of 10.
The greatest and most consistent influence on NRIOs, and mineral N was the
combination of burn temperature and duration. This supportotiEusions from the
field study that severity rather than antecedent smitlitions is the driving factor in

NH," release.

Management Implications
Despite obvious connections between water contens@hteating, water content did
not prove to be an accurate predictor ofsNkesponse in the prescribed fire study. While
ANOVA results from the laboratory showed water cahte be a significant factor for
NH.", NOs, and mineral N, the influence paled in comparison to lempérature and
duration. Consequently, burn prescriptions and not seadmrmshould be the greatest
concern for land managers. Burns of moderate to l@gérgy can cause significant
increase in Nif. This may be beneficial for seedling establishmentvaggtation
health. However, in areas where water quality or imeaspecies encroachment are of
concern, this increase could be detrimental,Ntdn reach a critical severity at which
declines begin to occur. These declines occurred in our stadsiulated burn severity

of 500°C for 15 minutes. This would simulate a very hot firéuigls several centimeters
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in diameter. Burn prescriptions should be written adiogily to achieve the desired

general inorganic N response.

While burning treatments did affect the soils chemical Ngpthee treatments of
mechanical removal did not. If alterations in the aility of N are of concern, then

thinning treatments could be a means of reducing fuels withauphicts on a system.



