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CURRENT research on fire as a management tool 
has largely been restricted to coniferous species. Although fire has 
periodically occurred in hardwood forests of the eastern United 
States for thousands of years our knowledge of the effects of fire is 
confined to a very limited number of ecosystems. Much of the recent 
interest in fire effects on hardwood forests is the result of increased 
conversion of lands from low quality hardwoods to pine. On such 
areas, an understanding of changes, both beneficial and detrimental, 
caused by prescribed burning is needed for the most efficient and 
effective use of this tool. 

In 1960, the transfer of 860 acres of land from the Department of 
Health, Education, and Welfare to the University of Tennessee 
made possible the establishment of a Forestry Field Station on the 
Highland Rim. The Agricultural Experiment Station reserved 98 
acres within the boundaries of the Field Station for studies in ecology, 
of which approximately 16 acres were allocated to the establishment 
of a fire study. Objectives of this study include the determination of 
effects of annual and periodic (every 5 years) surface fires on char
acteristics of the overstory, hardwood reproduction, herbaceous and 
shrub vegetation, fuel accumulation, and soil in a hardwood forest. 

1 Professor of forestry and fooner graduate student respectively, The University 
of Tennessee, Knoxville. 
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This paper reports changes in fuel accumulation, soil, and hardwood 
regeneration which have occurred since controlled burning started 
in 1963. 

STUDY AREA 

The Highland Rim Forestry Field Station is located in Franklin 
County, 4 miles southeast of Tullahoma, Tennessee, on the northern 
section of the Eastern Highland Rim. Franklin County is character~ 
ized by a warm, humid climate. Summers are hot (July mean tem
perature 77.1°F) and humid (precipitation averages 12.45 inches). 
Autumns are cooler (mean monthly temperatures decrease from 
71 ° to 48°F) and precipitation varies from 3.85 to 2.56 inches. Spring 
temperatures increase rapidly and precipitation ranges from 6.06 to 
3.62 inches. A 196-day average frost-free season occurs (Dickson, 
1960). 

The Rim is characterized by some rolling hills and wide valleys, 
but in the barrens, it is a flat plain, furrowed by numerous ravines 
and traversed by frequent streams (Safford, 1869). Soils occupying 
the study area have developed from residual materials weathered 
from the underlying cherty limestone, or from loess. The Dickson 
soil series occurs on a major portion of this upland area chiefly as a 
silt loam. Found in close association with the Dickson soils are the 
Lawrence and Guthrie soils. All three soils are strongly to very 
strongly acid, as well as low in organic matter and plant nutrients 
(Fox et aI., 1958). The upper part of the profile is permeable to air, 
roots, and water, but a siltpan occurs between 18 to 30 inches below 
the soil surface. 

METHODS AND PROCEDURES 

Three blocks (replications), each containing three plots approxi
mately 200 by 400 feet, were established in 1962. 

Three treatments were randomly assigned in each of the three 
replications: (1) control, (2) annual burn, and (3) periodic burn 
(every 5 years). 
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The first annual burn was made during the winter season of 1963 
on all designated plots, and each year subsequently. Periodic burns, 
were made in 1964, and in 1969. All burning took place during the 
late winter months, at a time of low relative humidity and light 
northwesterly winds. 

During the summer of 1970, an estimate of the woody understory 
was obtained from 15 milacre samples in each of the nine experi
mental plots. Within each plot, all woody understory vegetation, 
1 foot in height to 5 inches dbh, was tabulated by species and I-foot 
height class. In addition, observations were made of sprout origin 
and number of sprouts per clump. A clump was defined as having 
at least two sprouts growing from the same rootstock. Two per
manent sampling points for litter were established within each plot in 
1963 and three one-square-foot samples were obtained each winter 
prior to burning by random sampling within approximately 10 
feet of the sampling point. Litter samples were placed in bags and 
labeled as to block number, treatment number, permanent sampling 
point position, and sample number. Litter material was sorted into 
four categories: herb and woody plant leaves, grass, twigs, and fruits. 
Separated materials were placed in individual bags, oven dried in a 
forced draft oven for approximately 3 days, and weighed to the 
nearest 0.1 gram. 

Bulk density samples were collected during the summer of 1970, 
using a standard bulk density sampler. Samples were dried in a forced 
draft oven at 105°C. to constant weight and weighed to the nearest 
0.1 gram. Determinations of soil pH and available phosphorus and 
potassium were made in April, 1967, and again in June, 1970 on 
six samples of the upper 6 inches of the soil within each plot. Prior 
to and just after the annual burn of 1971, a sample of the upper 1 
inch of· the soil was obtained from all plots. 

Analysis of variance was used to test for differences among the 
three burn treatments. Because plot values of relative density and 
number of stems per acre were not normally distributed, an arcsine 
transformation was used in these analyses. 
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RESULTS 

REGENERATION 

Number of stems per acre of all understory hardwood species 
indicated differences among treatments. Both burn treatments had a 
significantly (5% level) higher number of stems than the control 
plot (Table 1). Five species comprised the majority of stems on the 
control and annual burn plots, while a sixth (sassafras) was also 
dominant on the periodic burn plots. Southern red oak had the 
greatest density on periodic and annual burn plotS!, but blackgum 
had the most stems on unburned areas. On all three treatment plots 
oaks accounted for more than half the total number of stems. 

TABLE 1. AVEllAGE NUMBER OF STEMS PER. ACRE OF UNDERSTORY HARDWOOD 

SPECIES ONE FOOT IN HEIGHT TO FIVE INCHES DBH 

Treatment 

Species Control Periodic Annual 

Southern red oak 1,510 3,420 3,980 
Post oak 1,220 2',000 2,400 
Scarlet oak 1,360 2,020 1,980 
Sumac sp. 1,200 2,000 1,730 
Blackgum 1,530 1,360 1,420 
Sassafras 90 1,400 380 
Hickory sp. 270 380 400 
Dogwood 380 0 180 
Blackj ack oak 20 470 70 
Sweetgum 220 0 0 
Blueberry 130 0 0 
Red maple 110 0 0 
American elm 20 0 0 

Total 8,060 13,050 12,540 

Most stems were of sprout origin. On control plots, no differences 
were significant (5% level) among the five dominant species with 
regard to either stems per clump or clumps per acre. Southern red 
oak displayed the greatest number of clumps per acre on the periodic 
and annual burn plots. 

Significant differences existed between treatments with regard to 
average height of the five most prominent species. On control plots, 
southern red oak height exceeded that of the other oak species (Table 
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2). On the periodic bum plots, where approximately one and one
half growing seasons had occurred since the last fire, height values 
were twice those observed on the annual bum plots where only 
about one half of a growing season had elapsed since the bum. 

TABLE 2. AVERAGE HEIGHT (Fr.) OF THE FIVE MOST PROMINENT HARDWOOD 

UNDERSTORY TAXA ON THREE BURN TREATMENT PLOTS JUNE, 1970" 

Species Control Periodic Annual 

Southern red oak 
Scarlet oak 
Post oak 
Blackgum 
Sumac sp. 

Mean all species 

10.1 
7.6 
5.3 
4.5 
4.1 

6.3 

• Observations taken 4 months after the 1970 burn. 

3.0 
2.6 
2.3 
2'.6 
2.7 

2.6 

1.3 
1.4 
1.3 
1.5 
1.5 

1.4 

Differences eXlSnng among treatments are illustrated in Figures 
1, 2 and 3. Figure 1 shows the dense undergrowth typical of the 
control plots in comparison with the open conditions found on the 
annual bum plot (Fig. 2). Dead sprouts were common on the peri
odic bum plots a little over 1 year after the 1969 winter fire (Fig. 3). 

LITTER 

Data collected from 1965 to 1972 indicate significant (5% level) 
differences among. treatments with regard to amounts of leaves in 
the litter while no significant differences were present for the other 
litter components (Table 3). The weight of leaf litter on the control 
plots was much higher than that found on periodic bum plots and 
the annual bum plots had by far the least leaf litter (Fig. 4). 

In addition to hardwood leaves, twigs comprised a substantial por
tion of the forest litter, from 15 percent on control 'plots to 26 
percent on annual bum plots. A third and relatively insignificant 
component of the litter was fruit which was composed mainly of 
acorns. Acorn weights in the initial 2 years of the study were mark
edly higher than in the succeeding 4 years when a steady decrease 
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FIG. 1. A dense hardwood understory was present on all plots protected from fire. 

FIG. 2. Annual winter burning resulted in open park-like stands; the large number 
of hardwood sprouts were killed back every year. 
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FIG. 3. Dead hardwood branches are evident for more than a year following a 
periodic burn. 

occurred on all treatments; however, a great increase in acorn 
weights was observed in the 1971 and 1972 collections. 

The founh component contained in the forest litter was grass. On 
a percentage basis, only half as much grass was in the litter on 
unburned plots as on the burned areas (Table 3). The weight of 
grass litter varied greatly from year to year, especially on periodic 
burn plots. 

SOIL 

Mean values and percent change associated with soil pH, phos
phorous and potassium on the three treatments over a 3-year period 
are found in Table 4. Soil pH was unchanged on the two burn treat
ments and exhibited only a slight decrease on the control plots. 
Available phosphorous appeared to increase on all treatment plots, 
with the highest percent increase on the periodic burn plots. How
ever, differences between treatments were not statistically significant. 
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TABLE 3. MEAN DRY WEIGHT OF LI1TER PER SQUARE METER FOR THE YEARS 1965 
THROUGH 1972 ON ANNUAL BURN, PERIODIC BURN, AND CONTROL PWTS 

Litter type 
Control Periodic Burn Annual Burn 

grams % grams % grams % 
Hardwood leaves 644 74 429 61 244 52 
Twigs 129 15 140 20 122 26 
Fruits 23 3 22 3 26 5 
Grass 66 8 113 16 79 17 

--
Total litter 862 100 704 100 471 100 

TABLE 4. MEAN AND PERCENT CHANGE IN SOIL pH, PHOSPHOROUS AND POTASSIUM 
ON THREE BURN TREATMENTS OVER A 3-YEAR PERIOD" 

Year 
Control Periodic Burn Annual Burn 

Meanb % Change Mean % Change Mean % Change 

pH 1967 5.1 5.0 5.0 
1970 4.9 -3.9 5.0 0.0 5.0 0.0 

P 1967 3.0 2.5 2.2 
1970 3.5 16.7 3.8 52.0 3.5 59.1 

K 1967 78.3 111.7 98.3 
1970 138.3 76.6 118.3 5.9 121.7 23.8 

• Samples obtained from the upper 6 inches of the soil during mid-summer. 
b Mean values based on H+ion concentration in terms of normality and available 

phosphorus and potassium in pounds per acre. 

Over the 3 year period, available potassium changed significantly. The 
greatest change occurred on control plots with considerably smaller 
changes in the two burn treatments. Differences among treatments 
were significant at the 10 percent level of probability. 

A comparison of samples (sampling occurred before and after the 
1971 burn) of the upper 1 inch of soil on annual burn plots showed 
no change in soil pH. Although no differences in amounts of phos
phorus were found levels of potassium were considerably lower fol
lowing the burn. 

Bulk density determination, based upon 1970 collections indicated 
that the control plots had slightly higher bulk density values than did 
the annual or periodic burn plots, but the analysis of variance re
vealed that differences were not significant at the 5 percent level of 
probability. 
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DISCUSSION 
UNDERSTORY 

Three oak species-southern red, post, and scarlet-were dominant 
in both the overstory and understory. Number of stems per acre 
among understory species differed significantly among treatments. 
The reason for the obvious difference in number of understory stems 
per acre among treatments as observed in 1970 is the degree to which 
the dominant species sprout. According to Brown ( 1960), those 
species such as the oaks, that typically sprout, may become major 
occupants on burned-over land. In this study, a greater number of 
stems per clump and clumps per acre occurred on burned plots. 
Absence of fire and subsequent death of understory stems on control 
plots has lessened the number of live rootstocks, a primary source 
of new sprouts. 

The increase in number of sassafras stems on the periodic burn 
plots was expected. Sassafras is a shade-intolerant species and should 
decrease on the control plots where light intensities are lower. 
Although this species is a prolific sprouter on areas subjected to fire, 
it is susceptible to fire damage at all ages; even light fires kill repro
duction and small saplings (F owells, 1965). Periodic exclusion of 
fire on the periodic burn plots has allowed sprouts to become estab
lished. 

Height growth differences among treatments were large, with a 
significantly taller understory associated with the control plots. 
Because of the slow growth rate of post oak in comparison to the 
red oaks (Clark and Liming, 1957, and Liming and Johnston, 1944), 
the former had less height growth than the other oaks on the control 
plots. On the annual and periodic burn plots, heights of all species 
averaged 1.4 and 2.6 feet, respectively. The greater heights on the 
periodic burn plots was probably due to the exclusion of fire during 
the 1970 sampling period. 

LITTER 

Litter under hardwood forest canopies is comprised mainly of 
leaves and the understory trees may be a major source of this litter. 
On areas containing a dense understory, higher litter weights would 
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. be expected. In this smdy, the control plots (3.0 tons/acre) con
tained higher leaf litter weights than did the annual (1.1 tons/acre) 
and periodic burn plots (2.0 tons/acre). The dense understory of 
hardwood trees found on the control plots probably accounted for 
the higher total litter weights: 3.9 tons/acre on control plots, 3.1 
tons/acre on periodic burn plots, and 2.1 tons/acre on annual burn 
plots. The figure for control plots is lower than the maximum litter 
weight of 5.4 tons per acre in December reported by Blow (1955), 
for an upland oak stand in East Tennessee. 

The higher litter weights for all treatments recorded for the 1967 
winter collection (Fig. 4) is difficult to explain. Environmental con
ditions, such as abundant precipitation the previous growing season, 
could have been the causal agent, but this was not found to be the 
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FIG. 4. Variation in dry weight of hardwood leaf litter collected in January or 
February over a 7-year period. 
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case. Precipitation for the 4-month period June through September 
1966 totalled 16.1 inches while precipitation during the 1967 grow
ing season was slightly higher (18.9 inches). However, the 1968 
litter weights were much smaller than those for 1967. 

The lower litter weights in the periodic burn plots in 1965 and 
1970 are attributable to burning the preceding year. The higher leaf 
weights on the periodic burn plots compared to the annual burn 
plots reflect the contribution made by the taller sprout understory 
during the years between burns. Lower weights measured for the 
years 1965 and 1970 on the periodic burn may partially be explained 
by the kill-back of many sprouts, thereby temporarily eliminating a 
primary source of leaf litter. 

Another component of the forest litter which showed considerable 
variation among treatments was grass. The high weight observed on 
the periodic burn plots was unusual. It was expected that increased 
shade, increased accumulation of litter, and competition from the 
taller woody understory would have reduced the cover of the 
grasses. This difference may be partially accounted for by the loca
tion of sampling points. Because of the randomness associated with 
location of points, one sampling point, located in a periodic burn 
treatment, was in an unforested opening. As a result of the higher 
light intensities around this point, grass was dominant. The reduction 
of hardwood understory root competition also may account for 
the large overall grass production on the annual burn plots as com
pared with the control. 

SOIL 

Of the soil factors studied, only potassium exhibited a significant 
difference (10% level) among treatments. On the control plot, the 
pounds per acre of K20 increased over the 3-year sampling period 
(1967-1970). A possible explanation is that potassium is very mobile. 
When litter is burned, potassium contained in the litter becomes sub
ject to leaching from the soil. On the control plots, with relatively 
slow decomposition of litter, a large proportion of the available K 
is in the organic matter and less subject to loss by leaching. 

An apparent change in soil pH in the sampling period occurred 
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on the control plots; however, the small decrease observed may be 
the result of the limited number of samples. By sampling the upper 
6 inches, any change in soil pH which might have been found in the 
upper inch was masked. Early studies by Paulsell (1957) and Hey
ward and Barnette (1934) found changes in pH to be confined to 
the upper few centimeters of the soil surface. However, samples of 
the upper 1 inch of soil before and after burtling on annual plots 
showed that no significant changes had occurred in soil pH. The 
decrease observed in amounts of available K from the upper inch of 
soil supports the explanation given concerning loss of this element 
by leaching on areas exposed to fire. 

SUMMARY 

Results from annual and periodic (every 5 years) burn plots 
located on the eastern Highland Rim of Tennessee showed a sig
nificantly greater number of understory hardwood stems per acre 
on the annual (13,051) and periodic (12,540) burn plots than on 
the control plots (8,070). Southern red oak, post, and scarlet oak 
comprised over 50 percent of the stems in 1970. Number of stems 
per clump and clumps per acre increased on the burned plots. 

Total litter weight was highest on the control plots (3.9 tons/acre) 
and lowest on the annual burn plots (2.1 tons/acre). A decrease in 
litter weight from 3.7 tons/acre to 2.4 tons/acre was observed on 
the periodic burn plots 1 year after the 1969 fire. 

No significant differences were found among treatments with 
regard to soil pH or available phosphorus. Available potassium ap
peared to increase on the control plots. A comparison between sam
ples, taken before and after the 1971 burn, of the upper 1 inch of 
soil on annual burn plots showed no change in soil pH or available 
phosphorus, but available potassium was considerably lower follow
ing this burn. Differences in bulk density among treatments were not 
significant. 
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