SOIL NUTRIENT AND MICROBIAL RESPONSE TO PRESCRIBED FIRE
IN AN OAK-PINE ECOSYSTEM IN EASTERN KENTUCKY

Beth A. Blankenship and Mary A. Arthur’

Abstract—On the Cumberland Plateau, periodic fire may be necessary to maintain oak-dominated stands 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 microbial biomass. 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 ridgetop ecosystems. Since repeated burning might be necessary to

promote oak regeneration, future research must address the effects of repeated burning on soil resources.

'INTRODUCTION

Fire has played an integral role in maintaining oak-pine

 forest communities in the southern Appalachians for as long

~as 3000 years BP (Delcourt and Delcourt 1997). Aboriginal

. use of fire was common and settlers of European descent

. continued fire use in the area; however, as forest use

altered, fire regimes changed (Pyne 1982, Pyne and others

1 1996). This resulted in shifting forest composition, most

" noticeably as an increasing dominance of red maple (Acer

© rubrum L.) and decreasing regeneration of oak species
(Quercus sp.) (Arends and McCormick 1987, Lorimer 1993).
Ecologists and managers are increasingly promoting the
use of fire to address problems of oak decline and
flourishing fire-sensitive competitors like red maple.

In the Daniel Boone National Forest (DBNF) in eastern
Kentucky, active fire suppression since the 1940s has
successfully excluded fire on most oak-pine ridgetops

- (Martin 1989). Increasing regeneration of white pine (Pinus

. strobus L.) has been documented and ascribed to fire
suppression (Wehner 1991), while charcoal and pollen
analyses have demonstrated a growing presence of red
maple and blackgum (Nyssa sylvatica Marshall) over the
past 100 years (Delcourt and Delcourt 1997). Because of
such changes in forest composition, the USDA Forest
Service on the Stanton Ranger District has begun
conducting late winter prescribed fires to restore fire to
these ridgetop ecosystems (Richardson 1995). We have
documented the effectiveness of late winter prescribed fire
in reducing competition by fire-sensitive competitors (Arthur
and others 1998, Blankenship [In Press]), and studies from
other areas have recommended prescribed fire to improve
oak regeneration (Barnes and Van Lear 1998, Brose and
Van Lear 1998, Nyland and others 1983, Thor and Nichols
1974, Van Lear and Waldrop 1989).

Complicating the use of prescribed fire in eastern
Kentucky is the problem of accidental and incendiary fires
burning large acreage during the spring and fall seasons
each year (Environmental Quality Commission 1992).
Consequently, the use of prescribed fire on public lands is
perceived by some to send a misleading message about
fire to the general public. Because of thin organic soil
horizons and low soil nutrient concentrations on ridgetops
in the Red River Gorge, fire potentially could, if too hot,
contribute to a loss of nutrients already in low supply. The
effects of fire on soil microbial biomass may also be
important because of the role fungi and bacteria play in
mediating nutrient mineralization and availability. An
improved understanding of the soil nutrient and biological
response, as well as the plant community response, to
prescribed fire is necessary to elucidate the ecological
differences between the effects of prescribed fire and the
potentially hotter and more frequent incendiary fires. This
type of information is essential to the public debate
regarding the role of prescribed fire in the management of
public forestlands.

The objectives of this study were to document effects of a
single, late-winter prescribed fire on soil nutrients and
microbial biomass as a first step in addressing impacts of
different fire regimes in these ridgetop ecosystems.
Despite the plethora of studies regarding effects of fire on
soil nutrients and microorganisms in forests throughout
the United States and elsewhere, few studies have
examined effects of burning on soil resources in oak-pine
forests in the southern Appalachians (Clinton and others
1996, Vose and others [In Press], Vose and Swank 1993)
and none on the Cumberland Plateau in eastern ‘
Kentucky.
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METHODS

Site Description '
permanent study plots are located on three noncontiguous

ridgetops in the Stanton Ranger District of the.DBNF in the
Red River Gorge Geological Area. The Red River Gorge is
located in the Cliff Section of the Cumberland Plateau
{Braun 1950). The geological substrate is composed of
shales and siltstones of the Upper and Lower members of
the Breathitt Formation and the Corbin Sandstone of the
Lee Formation (Weir and Richards 1974). The ridgetops,
Pinch-Em-Tight Ridge, Whittleton Ridge and Kiaber Ridge,
are located in Powell, Wolfe and Menifee counties of
gastern Kentucky. Study plots are located in stands mostly
dominated by scarlet oak (Q. coccinea Muenchh.) and
chestnut oak (Q. prinus L.), with some white (Q. alba L.)
and black oak (Q. velutina Lam.). Pines (P, rigida Mill., P
virginiana Mill., and P. echinata Mill.) dominate the most
xeric areas. Red maple is abundant in mid- to overstory
positions. Sourwood (Oxydendrum arboreum (L.)DC),
hlackgum and dogwood (Comus florida L.) are found in the
understory. Eastern white pine seedlings and saplings are
plentiful and a few large white pines occur in the overstory.
Heath shrubs such as mountain laurel (Kalmia /atifolia L.)
and blueberry (Vaccinium spp.) are common throughout.

Soils at Whittleton Ridge are composed of Gilpin silt loam,
a moderately deep, well drained soil with a lower subsoil of
silty clay loam of the subgroup Typic Hapludult (Hayes
1993). Soils at Klaber Ridge are similar and classified as
Latham-Shelocta silt loam, moderately deep, moderately
well drained, slowly permeable clayey soils and of the
subgroups Typic and Aquic Hapludults (Avers and others
1974}, Soils at Pinch-Em-Tight are of Alticrest-Ramsey-
Hack outerop complex, moderately deep and shallow, well
drained with surface layer and subsoil of sandy loam, and
are Typic and Lithic Dystrochrepts (Hayes 1993, SCS
1975). The region has a temperate, humid and continental
climate with an evenly distributed average annual
pfagipitation of about 113 centimeters. Mean daily
maxinum and minimum temperatures in January are 6°C
and -6°C, and in July are 30°C and 17°C. Mean annual
temperature is 12°C (Hill 1978).

Experimental Design
Ei_af:?“i fidge (Klaber, Pinch-Em-Tight and Whittfeton) was
divided into three areas: no burning, burned in March 1995
and bumed in March 1996. This yielded two treatments
gbgmed and unbumed) per year of study (1995 and 1996).
Study plots were located at random, with the condition that
any focation within 15 meters of the slope break, a trail, or
any human disturbarce was rejected. We installed eight
0.04 hectare plots per treatment except at Pinch-Em-Tight
Vﬁ?ﬁﬁ& That site is topographically narrow and traversed
‘}efﬁt& trails and campsites, and we could fit only 6 plots per
eatment. The 1995 bumn treatment on Pinch-Em-Tight
W’*’{ﬁ especially narrow and these plots were laid out
%?Si?n’saﬁeaﬁy ina line, 30 meters apart along the top of
gﬁiﬂ@% Ceﬂgers of all plots were permanently marked,
Nd two trees in each plot were tagged and located
: igg;ﬂmh and distance to plot center) for future reference.
- ""e plots were located at random within each treatment

H]

area, treatments were applied nonrandomly to treatmey
areas because of the necessity of burning a contiguogg
finger ridge not in contact with privately owned lang.

Fire Prescription

USDA Forest Service personnel of the Stanton Ranger
District conducted the 1995 and 1996 prescribed fires, The
fires were ignited with drip torch by firing line from the
highest point and ridges first. From the ridges, strips wee
pulled downslope into the wind. If backing and flanking fie:
were not of sufficient intensity (>0.3 m flamelength), poirt-
source and strip firing were used to increase intensity tg
acceptable levels (Richardson 1995). Wind speeds during
the 1995 fires were from 0 to 3.2 km/h, and in 1996 wee
around 1.6-4.8 km/h. Flame heights for all burns were (3-
0.9 meters (Richardson 1995, Richardson 1996). In 19,
the prescribed burning planned for Whittleton Ridge coud
not be conducted due to unsuitable wind direction that
would have allowed smoke to blow over an adjacent
highway.

Temperatures of prescribed fires were measured using 6
different Tempilac® temperature-sensitive paints chosento
represent a temperature range of 93°C to 576°C (Coleand
others 1992). A stripe of each paint was applied on
aluminum tags and vertically down strips of mica. The
aluminum tags were stapled to stakes at heights of 15,45
and 75 centimeters. The stakes and the mica sheets were
placed at 4 meters from each plot center on north, south
east, and west bearings. The mica sheets were inserted
into the ground to a depth of 9 centimeters below the litter
surface.

Forest Floor Sampling

Forest floor was collected on all sites in February 19%
prior to burning, and in May 1996 following prescribed
burning. One 27.5 x 27.5 centimeter sample was collected
along three randomly selected azimuths in each plot 3
samples per plot, mean of the three used for analysis).
Litter (Oi) was separated from the Oe and Oa horizons it
the field and measured separately.

Soil Sampling

Soil samples for nutrient and microbial biomass analyses
were taken within a 0.04 hectare plot by sampling along
two randomly selected 11 meter radii originating at the
center point of each permanently marked plot. Soil samples
were stored at 4°C until processed. Nutrients (C, Ca,K
Mg, N, and P) were analyzed on soil samples from a
composite of two 4.0 centimeter cores taken at 6.0 meters
along each radius. The organic horizon (Oea) was
separated from the mineral horizon in the field with mineral
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-burn in 1995 and2
weeks post-burn 1996), and in September.

For microbial biomass, two soil cores of 2.0 centimeter
diameter were taken at 1.5 meter intervals along each
radius beginning at 3.0 meters from the center for a totalof
24 cores collected at 12 sampling points. Mineral soils
were sampled to a depth of 5 centimeters, Organic and



mineral horizons were separated and soil cores composited
into a single sample for analysis from each plot. Microbial
biomass samples were collected more frequently than
nutrient samples because of the expectation of an
immediate (1 day) response to fire as well as an
attenuation of the effect with time. In 1995, samples for
microbial biomass were collected within 30 days pre-burn,
the day after the burn, 1 week post-burn (followed first
rainfall post-burn), and every 4 weeks until July, then every
8 weeks thereafter through November. Sampling frequency
was reduced after July 1995 following examination of
results from earlier in 1995. In 1996, after sampling 2
weeks post-burn (following first rainfall post-burn), microbial
biomass samples were collected post-burn only every 6
weeks through September 1996.

Available nitrogen (ammonium- and nitrate-nitrogen) was
measured on mineral soil samples collected for microbial
biomass estimates. In 1995 no pre-burn measurements of
available nitrogen were made; both pre- and post-burn
measurements of available nitrogen were made in 1996.

Laboratory Analysis

Forest floor samples were oven-dried at 60°C and then
weighed. Mehlich lll-extractable P, Ca, Mg, and K were
determined with the Mehlich [l reagent method (Tran and
Simard 1993), and analysis by an inductive coupled
plasma spectrophotometer. Organic horizon pH was
measured in a 1:10 soil:CaCl, mixture, and a subset of
these measured in a 1:2 soil:water mixture. Statistical
analysis was conducted on the organic pH values from the
CaCl, method. The mineral soil pH was measured in a 1:2
soil'water mixture (Hendershot and Lalande 1993). Total C
and N were analyzed using a Leco C/N analyzer.
Determination of ammonium- and nitrate-nitrogen in the
mineral soil was made using a Technicon Il auto-analyzer
following KCI extraction (Maynard and Kalra 1993).

Active and total fungal and bacterial biomass were
caleulated from direct counts of hyphal length (fungi) and
number of organisms (bacteria) using direct count
epifiuorescent microscopy (Ingham and Klein 1984, Ingham
and others 1991, Lodge and Ingham 1991). Fluorescein
diacetate was used to stain metabolically active fungi and

bacteria; total fungal hyphae (metabolically active and
inactive) were counted using direct light source. Direct
counts of fungi and bacteria were carried out within one
week of sample collection. Based upon the assumption that
hyphal tissue density averages 410 mg cm™ and bacterial
tissue density averages 330 mg cm™ {ingham and others
1991), and using estimates of hyphal and bacterial
diameters, active fungal and bacterial biomass were
calculated from the volume of fungi or bacteria in 1 gram of
dry forest floor.

Statistical Analysis

We analyzed the data in two ways: (1) by comparing pre-
burn to post-burn within each treatment (burned or
unburned) using a t-test, and (2} by comparing the burned
treatment to the unburned by analysis of variance. A
covariate analysis using pre-burn parameters as the
covariate was used for the nutrient data to compare burned
to unburned. Statistical analysis of pH was performed on
[H*] and resuits were converted to pH values for
presentation. On microbial biomass and available nitrogen,
Levene's (1960) homogeneity of variance test revealed that
often group variances within a treatment were significantly
different, so the Welch ANOVA for means was used (Brown
and Forsyth 1974, Welch 1951).

Initially, the three ridgetops were selected as replicates
for treatment for each year with treatment area as the
experimental unit (n=6; 3 burned and 3 not burned), but in
1996 one ridgetop was not burned as planned, so
analysis of the 1996 data had only 2 replicates {n=4; 2
purned, 2 not burned). As the study progressed we
became aware of inherent site differences. Therefore,
statistical analyses were also conducted on a pseudo-
replicated design (Huriburt 1984) using the 8 {or 6 plots
per treatment area as the experimental unit with ridge as
block and significance determined at p<0.10 (Table 1). #f
these analyses revealed significant site-by-treatment
interactions in addition to significant treatment effects,
subsequent analyses were conducted on reduced models
comparing the burned treatment to the unburned
reference at each ridgetop location (Klaber and
Whittleton: n=16; Pinch-Em-Tight: n=12). All statistical

Table 1—Experimental design for study of prescribed burns conducted in March 1995 and March 1996 in the Daniel Boone

National Forest, Kentucky

1995 1996
Ridge/block® Plots Treatments Ridge/block Plots Treatments
i i 8 Burned/unburned
Klaber Ridge 8 Burned/unburned K!aber Rfdgg ’
Pinch-Em-‘?’ight Ridge 6 Burned/unburned Pinch-Em-Tight Ridge 6 Burned/unburned
Whittleton Ridge 8 Burned/unburned » )
Total: 3 22 2 2

a Experimental 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 1996}
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tests were conducted with the JMP® statistical package
{SAS Institute 1995).

RESULTS

Pre-Burn Soil Chemistry

Thin, acidic, nutrient-poor organic horizons characterized
these ridges prior to burning. Organic horizons (Oea)
ranged from <1 to 4-5 centimeters in thickness with a mean
pH of 3.70. Total nitrogen averaged 0.66 percent and total
carbon 54 percent. Mineral soil pH was slightly higher at
4.24, with total nitrogen averaging 0.14 percent and carbon

4.9 percent.

Fire Temperatures

Surface temperatures ranged from 316°C to 398°C in 1995
and from 204°C to 315°C in 1996. Temperatures within the
Oea horizons at 0.5 centimeters below the surface ranged

from 204-315°C in 1995 and from 93-203°C in 1996.

Forest Floor Mass

Pre-burn forest floor mass averaged 98.9 grams/meter? for
the Oi layer and 184 grams/meter® for Oea layers. The
prescribed fires of 1996 combusted an average of 32
percent of the litter layer (Oi) without combusting the
underlying Oe and Oa layers. The decrease in Oi because
of the fires was highly significant (p<0.01). Forest floor
mass measurements were not made in 1995.

Soil Nitrogen

The inorganic nitrogen in the mineral soils primarily took
the form of NH,-N. Little, if any, NO,-N was measured. In
1995, available nitrogen concentration was significantly
higher in the burned treatments than in the unburned
treatments 1 day after the burns on Klaber Ridge (12.5 vs,
1.89 ug/g dry wt soil; p<0.05) and Whittleton Ridge (8.43
vs. 4.89 ug/g dry wt soil; p<0.10), but not on Pinch-Em-
Tight Ridge (Table 2). One week later there were no
significant differences.

In 1996, available nitrogen concentration declined from the
pre-burn sampling to the post-burn sampling dates,
significantly so in the unburned areas (3.23 to 1.25 ug/g
dry wt soil; p<0.0001), but not significantly in the burned
treatments based on the pre- vs. post-burn t-tests. Two
weeks later, available nitrogen concentrations were
significantly lower in the burned treatments (1.28 ng/g dry
wt soil) than in the unburned (2.43 pg/g dry wt s0il; p<0.10)
using covariate analysis. In September 1996, total nitrogen
in the mineral horizon was significantly lower in the burned
treatments (0.09 pct. vs. 0.15 pct; p<0.01). No consistent
effect of fire on total carbon was found.

pH

O horizon pH was significantly higher in the 1995 burned
treatments one week post-burn (p<0.05) and in September
1995 (p<0.10), but there were significant site by treatment
interactions (p<0.05). Analysis on the reduced models
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Table 2—Mean available N (NH,-N + NO,-N; ug/g dry wt soil) in mineral horizon of burned and
unburned treatments on Klaber, Whittleton, and Pinch-Em-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 12.52 1.89
(3.1)¢ (0.66)
1 wk post-burn 1995 3.72 3.37
(0.44) (0.22)
Pre-burn 1996 1.95 2.37
(0.38) (0.14)
1 day post-burn 1996° 1.60 1.24
(0.62) (0.23)
2 wk post-burn 1996 1.49° 3.01
(0.57) (0.48)

8.43° 4.89 3.59 417
(1.7) (0.92) 0.99) (2.0
4.90 4.86 4.14 3.46

(0.39)  (0.14) 0.57)  (0.13)
2.79 4.10

0.16)  (0.43)

2.21 1.26

©.11)  (0.13)

1.40c 1.64

(0.34)  (0.33)

*Burned treatment significantly different from unburned treatment of same ridge at p<0.10.

® Pre-bum vs. post-burn t-tests showed burned treatments not significantly different but unburned

iraatments significantly different at p<0.0001.
dBumed treatments significantly different from unburned treatments by covariate analysis at p<0.10.
Standard errors (in parentheses) are based upon mean within a treatment.



revealed that burned treatments had significantly higher pH
1 week post-burn at Whittleton Ridge (3.64 vs. 3.18;
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
upper mineral soils.

The 1996 fires significantly increased organic horizon pH
from pre-burn values to 2 weeks post-burn (3.01 to 3.24;
p<0.10), even though the pH of the burned treatments did
not significantly differ from the unburned treatments 2
weeks post-burn (p=0.79). in September 1996, we found
significant differences in pH between burned and unburned
treatments in both the organic and mineral horizons with
significant site by treatment interactions. The reduced
model analyses showed significantly lower pH in Klaber
burned organic horizon (3.20 vs. 3.53; p<0.01), while
Pinch-Em-Tight burned treatments had significantly higher
pH in organic (3.17 vs. 3.08; p<0.001) and mineral
horizons (4.29 vs. 3.89; p<0.05).

Cations

Burned treatments contained significantly lower extractable
cation concentrations than unburned treatments later in the
season. Extractable potassium concentrations were
significantly lower in burned organic horizons in September
1995 (362 vs. 439 ug/g dry wt soil; p<0.10) and September
1996 (362 vs. 490 ug/g dry wt soil; p<0.10) (Table 4). In
September 1996, magnesium and calcium concentrations
were also lower in burned organic horizons (164 vs. 246

ng/g dry wt soif; p<0.01; 1240 vs. 2500 ug/g dry wt soil;
p<0.01, respectively).

Extractable cations in the burned upper mineral soil
increased or were higher soon after the fires, but by
September tended to be significantly lower than in unburned
soils. In 1995, significantly higher potassium concentrations
were found in the burned treatments one week post-burn
(86.7 vs. 84.0 ug/g dry wt soil; p<0.05). In the 1996 burned
treatments, significant increases of magnesium (19.4 to
25.2 ug/g dry wt soil; p<0.05) and calcium (100 to 135 ug/g
dry wt soil; p<0.05) concentrations from pre-burn to 2 weeks
post-burn were found. In September 1995, potassium was
significantly lower in burned treatments (62.4 vs. 71.7 pg/g
dry wt soil; p<0.10), and in September 1996 lower in the
burned treatment of Kiaber Ridge (64.6 vs. 89.6 ug/g dry wt
soil; p<0.10). In September 1995 and 1996, burned
treatments had significantly less magnesium than unburned
treatments (1995: 21.6 vs. 25.0 pg/g dry wt soil; p<0.05;
1996: 16.9 vs. 28.7 ug/g dry wt soil; p<0.10). Calcium
concentrations were also significantly lower in burned
treatments than in unburned in September 1996 (84.5 vs.
169 ng/g dry wt soil; p<0.05).

Microbial Biomass

In the O horizon, microbial biomass was dominated by
fungi (32 pg/g dry wt soil) rather than bacteria (14 ug/g dry
wt soil), whereas in the mineral horizon, microbial biomass
of bacteria (11.3 pg/g dry wt soil) and fungi (11.4 ug/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
Klaber Whittleton Pinch-Em-Tight
Date Burned Unburned Burned Unburmed Burned Unburned
Pre-burn 1995 3.77 3.69 320 331 3.09 3.05
1 wk post-burn 1995 3.93 3.58 3.64 3.18% 3.21 3.16
September 1995 3.64 3.23% 3.05 2.93 2.88 2.85
Pre-bum 1996 3.10 3.30 294 310
2 wk post-burn 1996 3.32° 3.63 3.25° 3.14
September 1996 3.20 3.53 3.17 3.08

aCovariate analysis of [H*] shows burned treatrnent significantly different from unburned within ridge

at p<0.01 using pre-bumn [H*] as covariate.

b Analysis of pre-burn and post-burn [H'] shows p

p<0.10.

ost-bum significantly different from pre-burn at
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Table 4—NMean extractable cations (ug/g dry wt soil) in organic and mineral horizons of Burned and Unburned treatmeants 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-bum 495 469 467 510 80.5 85.9 75.5 843
(30)? (29) (39) (39) 6.7) (6.3) (5.3 (4.9)
Post-bum 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)
M
gPre«»bu m 198 340 190 226 25.3 29.1 19.4 222
(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-burm 2310 2060 1560 1800 144 130 135 159
(182) (173) (263) (262) 1) (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 {in parentheses) are based upon mean within a treatment.

The prescribed fires of 1995 and 1996 did not consistently
affect active fungal biomass, but active bacterial biomass in
the organic horizon appeared to be positively affected by
both the 1995 and 1996 burns. In the 1995 burned
treatments of Whittieton and Pinch-Em-Tight Ridges, active
bacterial biomass was higher than the unburned for almost
every sampling date post-burn. Burned treatment active
bacterial biomass was significantly higher in July 1995 (13
vs. 10 ug/g dry wt soil; p<0.05), in September 1995 (15 vs.
9 ngfg dry wt soil; p<0.01); and in November 1995 (20 vs.
16 1g/g dry wt soil; p<0.10) (Table 5). In May 1995, active
bacterial biomass was significantly lower in the burned
treatments (17 vs. 20 pg/g dry wt soil; p<0.10). In the 1996
burned treatments, active bacterial biomass was
significantly higher 2 weeks post-burn (17 vs. 12 ng/g dry
wt soil; p<0.05) and in August 1996 (7.3 vs. 5.2 ug/g dry wt
soil; p<0.05}. No significant effect on active bacterial
biomass was found in the mineral soils.

DISCUSSION

increases in nutrient availability folfowing fire have been
found in some systems and fire regimes and not in others.
More intense fires of logging slash in the southern
Appalachians have combusted some of the organic layer
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without significant loss of C or N from the Oea horizon
(Vose and Swank 1993), and have also increased available
soil nitrogen (Knoepp and Swank 1993). A stand
replacement fire in this region resulted in no detectable
change in soil chemistry (Vose and others [in Press]).
Other fire studies in other regions show significant
increases in soil nutrient concentrations following burning
(Austin and Baisinger 1955, Prieto-Fernandez and others
1993).

The oak-pine ridgetops in the Red River Gorge are
characterized by a thin litter layer (Oi) atop a very acidic,
thin, nutrient-poor organic horizon (Oea). As none of the
organic layer (Oea) combusted in these prescribed fires,
the fires caused no immediate nutrient loss from the Oea
horizon, and with only a fraction of the litter layer
consumed, the increase of nutrient concentrations was very
small. Also on such a nutrient-poor site, any addition of
nutrients may have been quickly taken up by plants or
immobilized by microbes (Hungerford and others 1990).
While cations in the O horizon did not significantly change
soon after burning, significant increases of some cations in
the mineral horizon after buming suggest increased
mineralization and possibly leaching of nutrients from the



Table 5—Mean active microbial biomass {ug/g dry wt soil)
in the O horizon of Burned and Unburned treatments of
three ridgetops in Daniel Boone National Forest, Kentucky,
following March 1995 and March 1996 prescribed fires

O horizon

1995 1996

Burned Unburned Burned Unbured

1 d post-burn 15.5 14.9 10.4 9.36
(0.99) (0.97) (2.1) (1.1)
1 wk post-burn ~ 15.9 13.2 — —
(1.7) (1.3)
2 wk post-burn -— — 17.4 11.8
(0.90) (1.2)
April 25.2 20.5 — -
(2.1) (2.0)
May 16.5 19.8 13.0 1.7
(0.93) (1.6) (1.0) (2.9)
June 5.53 1.7 11.4 104
(1.2) (1.3) (0.59) (0.63)
July/August 12.8 10.1 7.33 5.16
(1.1) (0.73) (0.45) (0.90)
September 14.7 8.66 8.27 7.84
(1.7) (0.69) (0.53) (2.2)
November 20.3 15.6 — —
(2.0) (1.3)

a Gtandard errors (in parentheses) are based upon mean within a
treatment.

ash through the thin organic horizon to the mineral soil. We
detected a transient increase in available nitrogen, and we
know that some increased nutrient availability occurs as
evidenced in increased seedling foliar N, P, and K
concentrations following burning (Gilbert and others 1998,
Reich and others 1990). In another acidic, nutrient-poor
ecosystem, the southeastern Coastal Plain pine flatwoods,
herb layer vegetation had significant increases in tissue
nutrient concentrations for N, P and K following winter fire
(Gilliam 1991).

Availability of nutrients for plant uptake depends in part on
soil pH, which often changes after burning as oxides in ash
react with hydrogen ions to raise pH (Agee 1993, Ahlgren
and Ahlgren 1960). We found significantly higher pH in
burned soils both years. Higher pH may also have favored
bacterial populations (Ahlgren 1974) which increased
following burning. While many studies show decreased
microbial populations after fire (Ahigren 1974, Borchers
and Perry 1990, Pietikdinen and Fritze 1993), other studies
have found bacterial populations to increase following
burning (Ahlgren and Ahlgren 1965, Jurgensen and others
1981). Lower concentrations of available cations measured

late in the season may reflect increased immobilization by
increasing bacterial biomass (Fritze and others 1993).

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
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)
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
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
repeated burning on soil resources further degrade already
nutrient-poor sites.

ACKNOWLEDGMENTS

For assistance in the field and lab, we thank Mark
Schuster, Laurie Taylor, Kim Feeman, Peter Hadjiev, Jamie
Winders, Carol Miller, and Melinda Hamilton. We also thank
Frank Gilliam, Wayne Swank, and David Van Lear for their
time and comments in reviewing the manuscript. The
research was made possible through collaboration with
USDA Forest Service Stanton Ranger District personnel,
especially District Ranger Donnie Richardson, Bill Luhn,
and Rita Wehner. This work was partially funded by the
E.O. Robinson Forest Trust Fund and a Challenge Cost-
share Agreement with the Daniel Boone National Forest,
Winchester, KY. This study (#98-09-141) is connected with
a project of the Kentucky Agricultural Experiment Station
and is published with the approval of the Director. -

REFERENCES
Agee, J.K. 1993. Fire ecology of Pacific Northwest forests.
Washington, DC: Island Press. 493 p.

Ahlgren, L.F. 1974. The effect of fire on soil organisms. In:
Koziowski, T.T.; Ahlgren, C.E., eds. Fire and ecosystems. New
York: Academic Press: 47-71.

Ahlgren, LF.; Ahlgren, C.E. 1960. Ecological effects of forestk'
fires. Botanical Review. 26: 483-533.

Ahigren, LF.; Ahlgren C.E. 1965. Effects of prescribed burning on
soil microorganisms in a Minnesota jack pine forest. Ecology.
46: 304-310.

Arends, E.; McCormick, J.F. 1987. Replacement of oak-chestnut
forests in the Great Smoky Mountains. In: Hay, R.L.; Woods,
F.W.; DeSelm, H., eds. Proceedings of the central hardwood
forest conference VI; 1987 February 24-26; Knoxville, TN.
Knoxville: University of Tennessee: 305-315.

Arthur, M.A.; Paratley, R.D.; Blankenship, B.A. 1998. Single and
repeated fires affect survival and regeneration of woody and. -
herbaceous species in an oak-pine forest. Journal of the Torrey
Botanical Society. 125: 225-236.

Austin, R.C.; Baisinger, D.H. 1955. Some effects of burning on
forest soils of western Oregon and Washington. Journal of
Forestry. 53: 275-80. '

Avers, P.E.; Austin, J.S.; Long, J.K. [and others]. 1974. Soil
survey of Menifee and Rowan Counties and northwestern
Morgan County, Kentucky. Washington, DC: U.S. Department
of Agriculture, Soil Conservation Service. 88 p.

45



Barnes, T.A.; Van Lear, D.H. 1998. Prescribed fire effects on
advanced regeneration in mixed hardwood stands. Southern

Journal of Applied Forestry. 22: 138-142.

Blankenship, B.A.; Arthur, M.A. {in press). Prescribed fire affects
eastern white pine recruitment and survival on eastern
Kentucky ridgetops. Southern Journal of Applied Forestry.

Borchers, J.G.; Perry, D.A. 1990. Effects of prescribed fire on soil
organisms. In: Walstad, J.D.; Radosevich, S.R.; Sandberg,
D.V., eds. Natural and prescribed fire in the Pacific Northwest.
Corvallis, OR: Oregon State University: 143-157.

Braun, E.L. 1950. Deciduous forests of Eastern North America.
New York: Hafner Press. 536 p.

Brose, PH.; Van Lear, D.H. 1998. Responses of hardwood
advance regeneration to seasonal prescribed fires in oak-
dominated shelterwood stands. Canadian Journal of Forest
Research. 28: 331-339.

Brown, M.B.; Forsythe, A.B. 1974. Robust tests for the equality
of variances. Journa! of the American Statistical Association.
69; 364-367.

Clinton, B.D.; Vose, J.M.; Swank, W.T. 1996. Shifts in
aboveground and forest floor carbon and nitrogen pools after
fefling and burning in the Southern Appalachians. Forest
Science. 42: 431-441.

Cole, K.L.; Klick, K.F.; Paviovic, N.B. 1992, Fire temperature
monitoring during experimental burns at Indiana Dunes
Mational Lakeshore. Natural Areas Journal. 12: 177-183.

Delcourt, P.A.; Delcourt, H.R. 1997. Report of paleoecological
investigations. Cliff Palace Pond, Jackson County, Kentucky, in
the Daniel Boone National Forest. Forest Service Contract 43-
531A-6-0389. 61 p.

Environmental Quality Commission. 1992. State of Kentucky’s
environment: a report of progress and problems. Frankfort, KY:
Commonwealth of Kentucky.

Fritze, H.; Pennanen, T.; Pietikdinen, J. 1992. Recovery of soil
microbial biomass and ativity from prescribed burning.
Canadian Journal of Forest Research. 23: 1286-1290.

Gilbert, N.L.; Arthur, M.A,; Johnson, S.L. [and others]. 1998.
Prescribed fire effects on foliar nutrients, photosynthesis, and
growth of ridgetop maple and oak seedlings [Poster

presentation]. In: Annual meetings of the Ecological Society of
America; 1998 August 1-6; Baitimore, MD.

Gilliam, F.S. 1991. The significance of fire in an oligotrophic forest
ecosystem, in: Nodvin, 8.C.; Waldrop, TA., eds. Fire and the
environment: ecological and cultural perspectives: Proceedings
of an international symposium; 1990 March 20-24; Knoxuville,
TN. Gen. Tech. Rep. SE-69. Asheville, NC: U.S. Department of

Agriculture, Forest Service, Southeastern Forest Experiment
Station: 113-122.

Hayes, R.A. 1993. Soil survey of Powell and Wolfe Counties,
Kentucky. Washington, DC: U.S; Department of Agriculture,
Soil Conservation Service. 173 p.

Hendershot, W.H.; Lalande, H. 1993, Soil reaction and
exhgngeabie acidity. In: Carter, M.R., ed. Soil sampling and
methads of analysis. Ann Arbor: Lewis Publishers: 141-145.

Hill, J.D. 1976. Climate of Kentucky. Progress Rep. 221.
L@"f“@‘m* KY: University of Kentucky, College of Agriculture,
Agricultural Experiment, Department of Agronomy. 88 p.

46

Hungerford, R.D.; Harrington, M.G.; Frandsen, W.H. [anqg
others]. 1990. Influence of fire on factors that affect site
productivity. In: Harvey, A.E.; Neuwnschwander, L.F., comps,
Proceedings, management and productivity of western-
montane forest soils; 1990 April 10-12; Boise, ID. Gen. Tech,
Rep. INT-280. Ogden, UT: U.S. Department of Agricuiture,
Forest Service, Intermountain Research Station: 32-50.

Hurlburt, S.H. 1984. Pseudoreplication and the design of
ecological field experiments. Ecological Monographs. 54: 1g7.
211,

Ingham, E.R.; Griffiths, R.P.; Cromack, K.; Entry, J.A. 1991,
Comparison of direct vs. fumigation incubation microbial
biomass estimates from ectomycorrhizal mat and non-mat
soils. Soil Biology and Biochemistry. 23: 465-471.

Ingham, E.R.; Klein, D.A. 1984. Soil fungi: Relationships betweer;
hyphal activity and staining with fluorescein diacetate. Soil
Biology and Biochemistry. 16: 273-278.

Jurgensen, M.F.; Harvey, A.E.; Larsen, M.J. 1981. Effects of
prescribed fire on soil nitrogen levels in a cutover Douglas-
fir'western larch forest. Res. Pap. INT-275. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Forest
and Range Research Station. 6 p.

Knoepp, J.D.; Swank, W.T. 1993. Site preparation burning to
improve Southern Appalachian pine-hardwood stands: nitrogery
responses in soil, soil water, and streams. Canadian Journa of
Forest Research. 23: 2263-2270.

Levene, H. 1960. Robust tests for the equality of variances. In:
Olkin, 1., ed. Contributions to probability and statistics. Stanforci:
Stanford University Press. 517 p.

Lodge, D.J.; Ingham, E.R. 1991. A comparison of agar film
techniques for estimating fungal biovolumes in litter soil.
Agriculture, Ecosystems and Environment. 5: 131-144.

Lorimer, C.G. 1993. Causes of the oak regeneration problem. In:
Loftis, D.; McGee, C.E., eds. Oak regeneration: serious
problems, practical recommendations, symposium proceedings:
1992 September 8-10; Knoxville, TN. Gen. Tech. Rep. SE-84.
Asheville, NC: U.S. Department of Agriculture, Forest Service,
Southeastern Forest Experiment Station: 14-39.

Martin, W.H. 1989. The role and history of fire in the Daniel Boon&
National Forest. Winchester, KY: U.S. Department of
Agriculture, Forest Service. 131 p.

Maynard, D.G.; Kalra, Y.P. 1993. Nitrate and exchangeable
ammonium nitrogen. In: Carter, M.R., ed. Soil sampling and
methods of analysis. Ann Arbor: Lewis Publishers: 25-38.

Nyland, R.D.; Abrahamson, L.P.; Adams, K.B. 1983. Use of
prescribed fire for regenerating white and red oak in New York.-
In: America’s hardwood forests - opportunities unlimited.
Proceedings of the 1992 convention of the Society of America’
Foresters; 1982 September 19-22; Cincinnati, OH. Bethesda,
MD: Society of American Foresters: 163-167.

Pietikdinen, J; Fritze, H. 1993. Microbial biomass and activity in
the humus layer following burning: short-term effects of W0
different fires. Canadian Journal of Forest Research. 23: 1275~
1285.

Prieto-Fernandez, A.; Villar, M.C.; Carballas, M.; Carballas, T
1993. Short-term effects of a wildfire on the nitrogen status &~
its mineralization kinetics in an Atlantic forest soil. Soil Biolod¥

and Biochemistry. 25: 1657-1664.
Pyne, S.J. 1982. Fire in America: a cultural history of wildland and
rural fire. Princeton: Princeton University Press. 654 p-



Pyne, S.J.; Andrews, P.L.; Laven, R.D. 1996. Introduction to
wildland fire. 2d ed. New York: John Wiley. 769 p.

Reich, P.B.; Abrams, M.D.; Ellsworth, D.8. [and others]. 1990.
Fire affects ecophysiology and community dynamics of central
Wisconsin oak forest regeneration. Ecology. 71: 2179-2190.

Richardson, D.M. 1995. Prescribed fire plan for Klaber Ridge,
pinch-Em-Tight Ridge, and Whittleton Ridge, Daniel Boone
National Forest, Kentucky. R8-FS-5100-6. U.S. Department of
Agriculture, Forest Service.

Richardson, D.M. 1996. Prescribed fire plan for Klaber Ridge and
Pinch-Em-Tight Ridge, Daniel Boone National Forest,
Kentucky. R8-FS-5100-6. U.S. Department of Agriculture,
Forest Service.

SAS Institute Inc. 1995. JMP® User’s guide. Cary, NC: SAS
Institute, Inc. 593 p.

Soil Conservation Service. 1975. Soil taxonomy: a basic system
of soil classification for making and interpreting soil surveys.
Agric. Handb. 436. Washington, DC: U.S. Department of
Agriculture, Soil Conservation Service. 754 p.

Thor, E.; Nichols, G.M. 1974. Some effects of fire on litter, soil
and hardwood regeneration. in: Proceedings of Tall Timbers
Fire Ecology Conference 13; 1973 March 22-23; Tallahassee:
Tall Timbers Research Station: 317-329.

Tran, T.S.; Simard, R.R. 1993. Mehlich |l extractable elements.
In: Carter, M.R., ed. Scil sampling and methods of analysis.
Ann Arbor: Lewis Publishers: 43-39.

Van Lear, D.H.; Waldrop, T.A. 1989. History, uses, and effects of
fire in the Appalachians. Gen. Tech. Rep. SE-54. Asheville, NC:
U.S. Department of Agriculture, Forest Service, Southeastern
Forest Experiment Station. 20 p.

Vose, J.M.; Swank, W.T. 1993. Site preparation burning to
improve Southern Appalachian pine-hardwood stands:
aboveground biomass, forest floor mass, and nitrogen an
carbon pools. Canadian Journal of Forest Research. 23: 2255-
2262.

Vose, J.M.; Swank, W.T.; Clinton, B.D. [and others]. [In press].
Using stand replacement fires to restore Southern Appalachian
pine-hardwood ecosystems: effects on mass, carbon, and
nutrient pools. Forest Ecology and Management.

Wehner, R.R. 1991. The status of white pine (Pinus strobus) in the
Clifty Wilderness, Kentucky. Lexington, KY: University of
Kentucky. 67 p. M.S. thesis.

Weir, G.W.; Richards, P.W. 1974. Geologic map of the
Pomeroyton quadrangle, east-central Kentucky. Reston, VA:
U.S. Geological Survey.

Welch, B.L. 1951. On the comparison of several mean values: an
alternative approach. Biometrika. 38: 330-336.

47



