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SOiL NUTRIENT AND MICROBIAL RESPONSE TO PRESCRaBED FIRE

IN AN OAK-PINE ECOSYSTEM iN EASTERN KENTUCKY

Beth A. Biankenship and Mary A. Arthur 1

Abstract--On the Cumberland Plateau, periodic fire may be necessary to maintain oak-dominatedstands on xeric ridgetops.
However, thin organic horizons and nutrient poor soils may limit the beneficial effects of fire by further reducing nutrient pools.
The USDA Forest Service has reintroduced fire to oak-pine ridgetops in the Daniel Boone National Forest in the form of
single, late winter prescribed burns. Objectives of this study were to document effects of single prescribed fires conducted in
March 1995 and March 1996 on soil nutrients and microbialbiomass. In 1996, forest floor mass was determined before and
after fire. In 1995 and 1996, total and available nitrogen, total carbon, pH, extractable cations, and microbial biomass were
measured pre-burn and throughout the year after burning on burned and unburned sites. Thirty-two percent of the litter layer
(Oi) was combusted in 1996, while no loss of the Oe and Oa horizons was found. A transitory increase in available nitrogen
was detected in burned mineral soils. Increases in pH by 0.2-0.3 units were measured in the burned organic horizons. Lower
concentrations of extractable cations were measured in burned soils than in unburned soils. Fire had a positive effect on
active bacterial biomass, but no effect on fungal biomass. Our study suggests that single, late winter prescribed fire had
minimal effects on belowground resources in these ridgetopecosystems. Since repeated burning might be necessary to
promote oak regeneration, future research must address the effects of repeated burning on soil resources.

INTRODUCTION Complicating the use of prescribed fire in eastern

Fire has played an integral role in maintaining oak-pine Kentucky is the problem of accidental and incendiary fires
forest communities in the southern Appalachians for as long burning large acreage during the spring and fall seasons
as 3000 years BP (Delcourt and Delcourt 1997). Aboriginal each year (Environmental Quality Commission 1992).
use of fire was common and settlers of European descent Consequently, the use of prescribed fire on public lands is
continued fire use in the area; however, as forest use perceived by some to send a misleading message about

altered, fire regimes changed (Pyne 1982, Pyne and others fire to the general public. Because of thin organic soil
1996). This resulted in shifting forest composition, most horizons and low soil nutrient concentrations on ridgetops

noticeably as an increasing dominance of red maple (Acer in the Red River Gorge, fire potentially could, if too hot,
rubrum L.) and decreasing regeneration of oak species contribute to a loss of nutrients already in low supply. The
(Quercus sp.) (Arends and McCormick 1987, Lorimer 1993). effects of fire on soil microbial biomass may also be

Ecologists and managers are increasingly promoting the important because of the role fungi and bacteria play in

use of fire to address problems of oak decline and mediating nutrient mineralization and availability. An
flourishing fire-sensitive competitors like red maple, improved understanding of the soil nutrient and biological

response, as well as the plant community response, to

In the Daniel Boone National Forest (DBNF) in eastern prescribed fire is necessary to elucidate the ecological
Kentucky, active fire suppression since the 1940s has differences between the effects of prescribed fire and the

successfully excluded fire on most oak-pine ridgetops potentially hotter and more frequent incendiary fires. This
(Martin 1989). Increasing regeneration of white pine (Pinus type of information is essential to the public debate
strobus L.) has been documented and ascribed to fire
suppression (Wehner 1991), while charcoal and pollen regarding the role of prescribed fire in the management of
analyses have demonstrated a growing presence of red public forestlands.
maple and blackgum (Nyssa sylvatica Marshall) over the

The objectives of this study were to document effects of a
past 100 years (Delcourt and Delcourt 1997). Because of
such changes in forest composition, the USDA Forest single, late-winter prescribed fire on soil nutrients and
Service on the Stanton Ranger District has begun microbial biomass as a first step in addressing impacts of

different fire regimes in these ridgetop ecosystems.conducting late winter prescribed fires to restore fire to
these ridgetop ecosystems (Richardson 1995). We have Despite the plethora of studies regarding effects of fire on
documented the effectiveness of late winter prescribed fire soil nutrients and microorganisms in forests throughout
in reducing competition by fire-sensitive competitors (Arthur the United States and elsewhere, few studies have
and others 1998, Blankenship [In Press]), and studies from examined effects of burning on soil resources in oak-pine
other areas have recommended prescribed fire to improve forests in the southern Appalachians (Clinton and others

oak regeneration (Barnes and Van Lear 1998, Brose and 1996, Vose and others [In Press], Vose and Swank 1993)
Van Lear 1998, Nyland and others 1983, Thor and Nichols and none on the Cumberland Plateau in eastern
1974, Van Lear and Waldrop 1989). Kentucky.
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METHODS area, treatments were applied nonrandomly to treatment
areas because of the necessity of burning a contiguous

Site Description finger ridge not in contact with privately owned land.
Perrnanentstudy plots are located on three noncontiguous

r_dgetopsin the Stanton Ranger District of the DBNF in the Fire Prescription
Red River Gorge Geological Area. The Red River Gorge is USDA Forest Service personnel of the Stanton Ranger
located in the Cliff Section of the Cumberland Plateau District conducted the 1995 and 1996 prescribed fires.The

{Braun 1950). The geological substrate is composed of fires were ignited with drip torch by firing line from the
snates and siltstones of the Upper and Lower members of highest point and ridges first. From the ridges, stripswere
the Breathitt Formation and the Corbin Sandstone of the pulled downslope into the wind. If backing and flankingfirei

Lee Formation (Weir and Richards 1974). The ridgetops, were not of sufficient intensity (>0.3 m flamelength), point-
Pinch*Em-TightRidge, Whittleton Ridge and Klaber Ridge, source and strip firing were used to increase intensityto
are located in Powell, Wolfe and Menifee counties of acceptable levels (Richardson 1995). Wind speeds during
eastern Kentucky.Study plots are located in stands mostly the 1995 fires were from 0 to 3.2 km/h, and in 1996 were
dominatedby scarlet oak (Q. coccinea Muenchh.) and around 1.6-4.8 km/h. Flame heights for all burns were0.3-
chestnutoak (Q. prinus L), with some white (Q. alba L.) 0.9 meters (Richardson 1995, Richardson 1996). In 1996,
and black oak (Q. velutina Lam.). Pines (P. rigida Mill., R the prescribed burning planned for Whittleton Ridge could

_irg_nfanaMill., and P.echinata Mill.) dominate the most not be conducted due to unsuitable wind direction that
xericareas. Red maple is abundant in mid- to overstory would have allowed smoke to blow over an adjacent
_z_sitions.Sourwood (Oxydendrum arboreum (L.)DC), highway.
blackgumand dogwood (Comus florida L.) are found in the
ur_erstory. Eastern white pine seedlings and saplings are Temperatures of prescribed fires were measured using6
#entiful and a few large white pines occur in the overstory, different Tempilac ® temperature-sensitive paints chosento
Heath shrubs such as mountain laurel (Kalmia latifolia L.) represent a temperature range of 93°C to 576°C (Coleand
and btueberry (Vaccinium spp.) are common throughout, others 1992). A stripe of each paint was applied on

aluminum tags and vertically down strips of mica. The
Soilsat Whittleton Ridge are composed of Gilpin silt loam, aluminum tags were stapled to stakes at heights of 15,45
a moderately deep, well drained soil with a lower subsoil of and 75 centimeters. The stakes and the mica sheets were

silty clay _oamof the subgroup Typic Hapludult (Hayes placed at 4 meters from each plot center on north, south,
t993). Soils at Klaber Ridge are similar and classified as east, and west bearings. The mica sheets were inserted
Latham_Sheloctasilt loam, moderately deep, moderately into the ground to a depth of 9 centimeters below the litt_
we_tdrained, slowly permeable clayey soils and of the surface.
subgroupsTypic and Aquic Hapludults (Avers and others

t£74), Soils at Pinch-Em-Tight are of Alticrest-Ramsey- Forest Floor Sampling
Rock outcrop complex, moderately deep and shallow, well Forest floor was collected on all sites in February 1996
drair_edwith surface layer and subsoil of sandy loam, and prior to burning, and in May 1996 following prescribed
are Typicand Lithic Dystrochrepts (Hayes 1993, SCS burning. One 27.5 x 27.5 centimeter sample was collected
1975).The region has a temperate, humid and continental along three randomly selected azimuths in each plot (3
climate wlth an evenly distributed average annual samples per plot, mean of the three used for analysis).
precipitationof about 113 centimeters. Mean daily Litter (Oi) was separated from the Oe and Oa horizonsin

maximum and minimum temperatures in January are 6°C the field and measured separately.
and o4_'C,and in July are 30°C and 17°C. Mean annual

temperature is 12°C (Hill 1976). Soil Sampling
Soil samples for nutrient and microbial biomass analyses

Experimental Design were taken within a 0.04 hectare plot by sampling along
Each ridge (Klaber, Pinch-Em-Tight and Whittleton) was two randomly selected 11 meter radii originating at the
dMded into three areas: no burning, burned in March 1995, center point of each permanently marked plot. Soil samples
and burned in March 1996. This yielded two treatments were stored at 4°C until processed. Nutrients (C, Ca, K,
(burned and unburned) per year of study (1995 and 1996). Mg, N, and P) were analyzed on soil samples from a
St_dy Plots were located at random, with the condition that composite of two 4.0 centimeter cores taken at 6.0 meters

any locationwithin 15 meters of the slooe break, a trait, or along each radius. The organic horizon (Oea) was
ar_yhuman disturbance was rejected. We installed eight separated from the mineral horizon in the field with mineral

0._ hectare plots per treatment except at Pinch-Em-Tight soils sampled to a depth of 5 centimeters. Samples for
nutrient analyses were taken within 30 days pre-burn, after
the first rainfall post-burn (1 week post-bum in 1995 and2

t_eatment. The 1995 burn treatment on Pinch-Em-Tight weeks post-burn 1996), and in September.
w;asespecially narrow and these plots were laid out

systematically in a line, 30 meters apart along the top of For microbial biomass, two soil cores of 2.0 centimeter

a_heridge, Centers of all plots were permanently marked, diameter were taken at 1.5 meter intervals along each
radius beginning at 3.0 meters from the center for a totalof

;rence. 24 cores collected at 12 sampling points. Mineral soils

_located at random within each treatment were sampled to a depth of 5 centimeters. Organic and



mineral horizons were separated and soil cores composited bacteria; total fungal hyphae (metabolically ...... ac_vc and
into a single sample for analysis from each plot. Microbial inactive) were counted using direct light sou_ce. D_rect
biomass samples were collected more frequently than counts of fungi and bacteria were camed out within one .
nutrient samples because of the expectation of an week of sample collection_ Based upon the assumption that

immediate (1 day) response to fire as well as an hyphal tissue density averages 410 mg crn _and bacteria_
attenuation of the effect with time. tn t995, samples for tissue density averages 330 mg cm -_(lngham and others

,_ microbial biomass were collected within 30 days pre-burn, 1991), and using estimates of hyphat and bacterial
the day after the burn, 1 week post-burn (followed first diameters, active fungal and bacterial biomass were
rainfatl post-burn), and every 4 weeks until July, then every calculated from the volume of fungi or bacteria in 1 gram of

_s 6 weeks thereafter through November. Sampling frequency dry forest floor.
was reduced after July 1995 following examination of

results from earlier in 1995. In 1996, after sampling 2 Statistical Analysis
weeks post-bum (following first rainfall post-burn), microbial We analyzed the data in two ways: (t) by comparing pre_
biomass samples were collected post-burn only every 6 burn to post-burn within each treatment (burned or

weeks through September 1996. unburned) using a t-test, and (2) by comparing the burned
treatment to the unburned by analysis of variance. A

Available nitrogen (ammonium- and nitrate-nitrogen) was covariate analysis using pre-burn parameters as the
measured on mineral soil samples collected for microbial covadate was used for the nutrient data to compare burned
biomass estimates. In 1995 no pre-burn measurements of to unburned. Statistical analysis of pH was pedormed on

available nitrogen were made; both pre- and post-bum [H+]and results were converted to pH vatues for
measurements of available nitrogen were made in 1996. presentation. On microbial biomass and avaitaMe nitrogen,

Levene's (1960) homogeneity of variance test revealed that

Laboratory Analysis often group variances within a treatment were significantly
d Forest floor samples were oven-dried at 60°C and then different, so the Welch ANOVA for means was used (Brown

weighed. Mehlich Ill-extractable P, Ca, Mg, and K were and Forsyth 1974, Welch 1951).
determined with the Mehlich III reagent method (Tran and

Simard 1993), and analysis by an inductive coupled Initially, the three ridgetops were selected as replicates
.,-- plasma spectrophotometer, Organic horizon pH was for t_'eatment for each year with treatment area as the

measured in a 1:10 soihCaCt 2 mixture, and a subset of
these measured in a 1:2 soil:water mixture. Statistical experimental unit (n=6; 3 burned and 3 not burned), but in

t996 one ridgetop was not burned as planned, so
r analysis was conducted on the organic pH values from the

CaCl 2 method. The mineral soil pH was measured in a 1:2 analysis of the 1996 data had only 2 replicates (n=4:2
soil:water mixture (Hendershot and Lalande 1993). Total C burned, 2 not burned) As the study progressed webecame aware of inherent site differences. Therefore.
and N were analyzed using a Leco C/N analyzer.
Determination of ammonium- and n trate-nitrogen in the statistical analyses were atso conducted on a pse_do--
mineral soil was made using a Technicon II auto-analyzer replicated design (Hudburt 1984) using the 8 (or 6} plots

d following KCl extraction (Maynard and Kalra 1993). per treatment area as the exper_menta_ unit with ridge asblock and significance determined at p<0.10 (Table _)..tf

Active and total fungal and bacterial biomass were these analyses revealed signihcant site-by-treatment

calculated from direct counts of hyphal length (fungi) and interactions in addition to significant treatment effects.
number of organisms (bacteria) using direct count subsequent analyses were conducted on reduced mode_s

epifiuorescent microscopy (Ingham and Klein 1984. Ingham comparing the burned treatment to the unburned
and others 1991, Lodge and tngham 1991). Fluorescein reference at each ridgetop location (Ktaber and
diacetate was used to stain metabolically active fungi and Whitt_eton: n=16: Pinch.Era-Tight: n=12)_ AH statistical

|es Table l_Experimental design for study of prescribed burns conducted in March 1995 and March 1996 in the Daniet Boone
National Forest, Kentucky

1996
rs 1995

rai Ridg e/blocka P_ots Treatments Ridge/block Plots Treatments
:er

8 Burned/unburned

Klaber Ridge 8 Burned/unburned Klaber Ridge
Pinch-Em-Tight Ridge 6 Burned/unburned Pinch-Era-Tight Ridge 6 Burned/unburned
Whittleton Ridge 8 Burned/unburned

Total: 3 22 2 2 14 2
of

aExperimental unit was the ridge (n=3 in 1995, n=2 in 1996) or the plot with ridge as block (n=22 in 1995, n=14 in t9L_._. 41



tests were conducted with the JMP® statistical package Soil Nitrogen
(SAS Institute 1995). The inorganic nitrogen in the minerat soils primarily took

the form of NH4-N. Little, if any, NO3-N was measured. In

RESULTS 1995, available nitrogen concentration was significantly
higher in the burned treatments than in the unburned

Pre-Burn Soil Chemistry treatments 1 day after the burns on Klaber Ridge (12.5 vs.
Thin, acidic_ nutrient-poor organic horizons characterized 1.89 _g/g dry wt soil; p<0.05) and Whittleton Ridge (8.43

these ridges prior to burning. Organic horizons (Oea) vs. 4.89 pg/g dry wt soil; p<0.10), but not on Pinch-Em-
ranged from <t to 4-5 centimeters in thickness with a mean Tight Ridge (Table 2). One week later there were no
pH orf3.70. Total nitrogen averaged 0.66 percent and total significant differences.
carbon 54 percent. Mineral soil pH was slightly higher at
4.24, with total nitrogen averaging 0.14 percent and carbon In 1996, available nitrogen concentration declined from the

4.9 percenL pre-burn sampling to the post-burn sampling dates,
significantly so in the unburned areas (3.23 to 1.25 #g/g

Fire Temperatures dry wt soil; p<0.0001), but not significantly in the burned
Surface temperatures ranged from 316°C to 398°C in 1995 treatments based on the pre- vs. post-burn t-tests. Two
and from 204'_C to 315°C in 1996. Temperatures within the weeks later, available nitrogen concentrations were
Oea horizons at 0.5 centimeters below the surface ranged significantly lower in the burned treatments (1.28 #g/g dry
from 204-315_C in 1995 and from 93-203°C in 1996. wt soil) than in the unburned (2.43 _g/g dry wt soil; p<0.10)

using covariate analysis. In September 1996, total nitrogen
Forest Floor Mass in the mineral horizon was significantly lower in the burned
Pre-burn forest floor mass averaged 98.9 grams/meter 2 for treatments (0.09 pct. vs. 0.15 pct; p<0.01). No consistent

the Oi layer and 184 grams/meter 2 for Oea layers. The effect of fire on total carbon was found.
prescribed fires of 1996 combusted an average of 32
percent of the litter layer (Oi) without combusting the pH
underlying Oe and Ca layers. The decrease in Oi because O horizon pH was significantly higher in the 1995 burned
of the fires was highly significant (p<0.01). Forest floor treatments one week post-burn (p<0.05) and in September
mass measurements were not made in 1995. 1995 (p<0.10), but there were significant site by treatment

interactions (p<0.05). Analysis on the reduced models

Table 2--Mean available N (NH4-N + NO3-N; I-_g/gdry wt soil) in mineral horizon of burned and
unburned treatments on Klaber, Whittleton, and Pinch-Era-Tight Ridges, Daniel Boone National
Forest. Kentucky, following 1995 prescribed fires and prior to and following 1996 prescribed fires

Klaber Whittleton Pinch-Em-Tight

Date Burned Unburned Burned Unburned Burned Unburned

1 day post-burn 1995 12.5a 1.89 8.43 a 4.89 3.59 4.17
(3.1)d (0.66) (1.7) (0.92) (0.99) (2.0)

1 wk post-burn 1995 3.72 3.37 4.90 4.86 4.14 3.46
(0.44) (0.22) (0.39) (0.14) (0.57) (0.13)

Pre-burn 1996 1.95 2.37 2.79 4.10

(0.38) (0.14) (0.16) (0.43)

1 day post-burn 1996 b 1.60 1.24 2.21 1.26
(0.62) (0.23) (0.11) (0.13)

2 wk post-burn 1996 1.49 c 3.01 1.40c 1.64

(0.57) (0.48) (0.34) (0.33)

"Burned treatmentsignificantly different from unburned treatment of same ridge at p<0.10.
Pre-burnvs. post-burn t-tests showed burned treatments not significantly different but unburned

treatmentssignificantly differentat p<O.O001.
Burnedtreatmentssignificantly different from unburned treatments by covariate analysisat p<O.10.
Standarderrors (in parentheses) are based upon mean within a treatment



revealed that burned treatments had significantly higher pH _._g/gdry wt soil; p<0.01 1240 vs• 2500 #g/g dry wt soil;
1 week post-burn at Whittleton Ridge (3.64 vs. 3.18; p<0.01, respectively)
p<0.001) and in September at Klaber Ridge (3.64 vs. 3.23;
p<0.01) (Table 3). The 1995 fires did not affect pH in the Extractable cations in the burned upper mineral soil i
upper mineral soils, increased or were higher soon after the fires, but by

September tended to be significantly lower than in unburned
The 1996 fires significantly increased organic horizon pH soils• In 1995, significantly higher potassium concentrations
from pre-burn values to 2 weeks post-burn (3.01 to 3.24; were found in the burned treatments one week post-burn
p<0.10), even though the pH of the burned treatments did (86.7 vs. 84.0 _g/g dry wt soil; p<0.05). In the 1996 burned
not significantly differ from the unburned treatments 2 treatments, significant increases of magnesium (19.4 to
weeks post-burn (p=0.79). In September 1996, we found 25.2 #g/g dry wt soil; p<0.05) and calcium (100 to 135 #g/g
significant differences in pH between burned and unburned dry wt soil; p<0.05) concentrations from pre-burn to 2 weeks
treatments in both the organic and mineral horizons with post-burn were found. In September 1995, potassium was
significant site by treatment interactions. The reduced significantly lower in burned treatments (62.4 vs. 71.7 #g/g
model analyses showed significantly lower pH in Klaber dry wt soil; p<0.10), and in September 1996 lower in the
burned organic horizon (3.20 vs. 3.53; p<0.01), while burned treatment of Klaber Ridge (64.6 vs. 89.6 #g/g dry wt
Pinch-Em-Tight burned treatments had significantly higher soil; p<0.10). In September 1995 and 1996, burned
pH in organic (3.17 vs. 3.08; p<0.001) and mineral treatments had significantly less magnesium than unburned
horizons (4.29 vs. 3.89; p<0.05), treatments (1995:21.6 vs. 25.0 #g/g dry wt soil; p<0.05;

1996:16.9 vs. 28.7 #g/g dry wt soil; p<0.10). Calcium
Cations concentrations were also significantly lower in burned
Burned treatments contained significantly lower extractable treatments than in unburned in September 1996 (84.5 vs.
cation concentrations than unburned treatments later in the 169 #g/g dry wt soil; p<0.05).
season. Extractable potassium concentrations were
significantly lower in burned organic horizons in September Microbial Biomass
1995 (362 vs. 439 pg/g dry wt soil; p<0.10) and September In the O horizon, microbial biomass was dominated by
1996 (362 vs. 490 l_g/g dry wt soil; p<0.10) (Table 4). In fungi (32 l_g/gdry wt soil) rather than bacteria (14 l_g/gdry
September 1996, magnesium and calcium concentrations wt soil), whereas in the mineral horizon, microbial biomass
were also lower in burned organic horizons (164 vs. 246 of bacteria (11.3 #g/g dry wt soil) and fungi (11.4 #g/g dry

wt soil) were similar.

Table 3 Mean pH values for O horizon of burned and unburned treatments of Klaber,
Whittleton, and Pinch-Em-Tight Ridges, Daniel Boone National Forest, Kentucky, prior to
and following March 1995 and March 1996 prescribed fires

Site

J

Klaber Whittleton Pinch-Em-Tight

Date Burned Unburned Burned Unburned Burned Unburned

Pre-burn 1995 3.77 3.69 3.20 3.31 3.09 3.05

1 wk post-burn 1995 3.93 3.58 3.64 3.18a 3.21 3.16

September 1995 3.64 3.23a 3.05 2.93 2.88 2.85

Pre-burn 1996 3.10 3.30 2.94 3.10

b 12 wk post-burn 1996 3.32b 3.63 3.25 3. 4

September 1996 3.20 3.53 3.17 3.08

aCovariateanalysisof [H fburnedtreatmentsignificantlydifferentfromunburnedwithinridge
at p<0.01usingpre-burn[H+]as covariate.
bAnalysisof pre-burnandpost-burn[H cpost-burnsignificantlydifferentfrompre-burnat
p<0.10.
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Table 4--Mean extractable cations (_.tg/gdry wt soil) in organic and mineral horizons of Burned and Unburned treatments of

three ridgetops in Daniel Boone National Forest, Kentucky, prior to and following March 1995 and March 1996 prescribed fires

O horizon Mineral soil

1995 1996 1995 1996

Burned Unburned Burned Unburned Burned Unburned Burned Unburned

K

Pre-burn 495 469 467 510 80.5 85.9 75.5 84.3

(30)a (29) (39) (39) (6.7) (6.3) (5.3) (4.9)
Post-burn 513 558 473 433 86.7 84.0 95.8 102

(35) (34) (47) (47) (5.9) (5.9) (6.3) (6.0)
September 362 439 362 490 62.4 71.7 61.1 75.3

(25) (24) (22) (23) (5.0) (4.7) (4.7) (4.4)
Mg

Pre-.b_m 198 340 190 226 25.3 29.1 19.4 22.2

(93) (90) (20) (20) (2.7) (2.0) (3.0) (6.0)
Post-burn 228 216 209 204 24.7 25.6 25.2 29.5

(12) (12) (22) (22) (1.8) (1.3) (1.5) 1.4)
September 165 190 164 246 21.6 25.0 16.9 28.7

(13) (12) (13) (14) (1.4) (1.7) (2.5) (2.4)
Ca

Pre-burn 2010 2040 1440 2460 148 172 100 147

(168) (163) (281) (133) (12) (14) (7.8) (22)
Post-burn 2310 2060 1560 1800 144 130 135 159

(182) (173) (263) (262) (11) (7.5) (11) (11)
September 1900 1560 1240 2500 134 127 84.5 169

(129) (123) (180) (188) (14) (8.0) (23) (23)

" Standard errors (inparentheses)are based upon mean within a treatment.

The prescribed fires of 1995 and 1996 did not consistently without significant loss of C or N from the Oea horizon
affect active fungal biomass, but active bacterial biomass in (Vose and Swank 1993), and have also increased available
the organic horizon appeared to be positively affected by soil nitrogen (Knoepp and Swank 1993). A stand
both the 1995 and 1996 burns. In the 1995 burned replacement fire in this region resulted in no detectable
treatments of Whittteton and Pinch-Em-Tight Ridges, active change in soil chemistry (Vose and others [In Press]).
bacterial biomass was higher than the unburned for almost Other fire studies in other regions show significant
every sampling date post-burn. Burned treatment active increases in soil nutrient concentrations following burning
bacterial biomass was significantly higher in July 1995 (13 (Austin and Baisinger 1955, Prieto-Fernandez and others
vs. 10 _g/g dry wt soil: p<0.05), in September 1995 (15 vs. 1993).
9 _Lg/gdry wt soil; p<0.01 ), and in November 1995 (20 vs.

16 _g/g dry wt soil; p<0.10) (Table 5). In May 1995, active The oak-pine ridgetops in the Red River Gorge are
bacterial biomass was significantly lower in the burned characterized by a thin litter layer (Oi) atop a very acidic,
treatments (17 vs. 20 t-Lg/gdry wt soil; p<0.10). In the 1996 thin, nutrient-poor organic horizon (Oea). As none of the
burned treatments, active bacterial biomass was organic layer (Oea) combusted in these prescribed fires,
significantly higher 2 weeks post-burn (t7 vs. 12 l-Lg/gdry the fires caused no immediate nutrient loss from the Oea

wt soiJ; p<0.05) and in August 1996 (7.3 vs. 5.2 #g/g dry wt horizon, and with only a fraction of the litter layer
soil: p<0.05). No significant effect on active bacterial consumed, the increase of nutrient concentrations was very
biomass was found in the mineral soils, small. Also on such a nutrient-poor site, any addition of

nutrients may have been quickly taken up by plants or
DISCUSSION immobilized by microbes (Hungerford and others 1990).
Increases in nutrient availability following fire have been While cations in the O horizon did not significantly change
found in some systems and fire regimes and not in others, soon after burning, significant increases of some cations in
More intense fires of logging slash in the southern the mineral horizon after burning suggest increased

Appalachians have combusted some of the organic layer mineralization and possibly leaching of nutrients from the



Table 5--Mean active microbial biomass (t-tg/g dry wt soil) late in the season may reflect increased immobilization by
in the O horizon of Burned and Unburned treatments of increasing bacterial biomass (Fritze and others 1993).
three ridgetops in Daniel Boone National Forest, Kentucky,

following March 1995 and March 1996 prescribed fires Fire is being reintroduced to these ridgetops in an attempt
to maintain a community diversity that has been decreasing
since fire suppression. Successful regeneration of oak

O horizon species is integral to this diversity. Our data (Arthur and
others 1998) as well as other studies (Barnes and Van Lear
1998, Thor and Nichols 1974, Van Lear and Waldrop 1989)

1995 1996 suggest that multiple fires will be necessary to realize this
objective. This study suggests that low intensity single fires
where little, if any, organic matter is lost .have little effect on

Burned Unburned Burned Unburned soil nutrient status. Future research should examine

whether repeated fire on these sites has similar effects on

soil nutrients and microbial biomass or whether impacts of
1 d post-burn 15.5 14.9 10.4 9.36 repeated burning on soil resources further degrade already

(0.99) a (0.97) (2.1) (1.1) nutrient-poor sites.
1 wk post-burn 15.9 13.2 --
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