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INTRODUCTION 

THIS paper repons the effects of annual and 
periodic surface fires on understory vegetation of upland oak forests 
at the Highland Rim Forest Experiment Station, Franklin County, 
Tennessee. This study contributes to an understanding of this vegeta
tion, to the autecology of its understory constituents and may con
tribute to an understanding of the maintenance of graminoid-forb 
openings and understory in this vegetation. 

The study area is located 36°30"N : 86°W in Middle Tennessee on 

Paper from the Botanical Laboratory of the University of Tennessee-Knoxville, 
N.S. No. 388. 
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the eastern Highland Rim at the east edge of the Interior Low Pla
teaus Province. The Rim is here an undulating erosion surface 
(Miocene) of which the flatter uplands have been covered with a 
thin layer of (Pleistocene) loess (Fenneman 1938; Fox et al., 1958). 
Upland soils are chiefly silt loam textured falling in the Guthrie, 
Lawrence, Sango, Dickson and Mountview series. The first four 
with slopes < 5 percent have a well developed fragipan at 10 to 40 
inches which impedes downward water movement in winter and 
spring and upward movement in summer resulting in a root zone 
with widely variable annual moisture levels (Fox et al., 1958, Love 
et al., 1959). Climate is of the humid mesothermal type with "ade
quate" precipitation at all seasons (Thornthwaite 1948). 

County size floras in this area have not been compiled but the 860 
acre Experiment Station has a known flora of 319 vascular taxa and 
the nearby 44 acre May Prairie (with forest edge) has 283 vascular 
taxa (DeSelm, unpublished) . Two particularly interesting elements 
in the Rim barrens flora include the small western element including 
such taxa as: Aster sericeus, Helianthus silphioides, Prenanthes aspera, 
and others. A Coastal Plain element occurs in the barrens of the 
Highland Rim and Cumberland Plateau; taxa include Hypericum 
denticulatum, Lespedeza angustifolia, Rhexia mariana, and others. 
The barrens of Tennessee and Kentucky contain few endemics; 
Apios Priceana on the northern Rim in Tennessee and in adjacent 
Kentucky and Oenothera tetragona var. Sharpii Munz in the barrens 
of both Tennessee and Kentucky. 

The region was recognized as a distinct floristic and vegetational 
unit by Gattinger (1887) but as early as 1785 Brantz (Williams 
1928) used the term barrens when crossing the Rim north of the 
study area. Probably the term was in use in the 1750's when the 
long hunters removed the large mammals from much of Tennessee 
and Kentucky (Haywood 1823). Upland swamp forest, upland hard
wood and blackjack oak-hardwoods are mapped in the region 
(T.V.A. 1941); the upland stands are variously composed of post 
oak-blackjack, or southern red oak-scarlet oak or white oak. Scat
tered through the area, at the time of the survey in 1807-08, were 
a few openings where surveyors found no forest (DeSelm, unpub-
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lished). The floristic affinity of the barrens flora for e.g. the prairies 
of Illinois is 30 percent (c/a+b-c) and the strong physiognomic 
resemblence of the grassy openings to prairies have in part stimulated 
this study. 

Use of the Highland Rim by humans was probably initiated ca. 
9000 B.P. (Annonymous 1967). Archaic sites are known along the 
Duck River (Martinez, Collier and Shapard 1969) 10-20 miles north 
and a complex Middle Woodland structure, "The Old Stone Fort," 
was used ca. 1600-1900 years B.P. at the confluence of the Duck and 
Little Duck Rivers 12 miles north (Faulkner 1968). Apparently by 
1714 the last modern Indian tribe (Shawnee living at Nashville, 73 
miles northwest) migrated away under Cherokee pressure (Williams 
1937). The area was probably used during a several hundred year 
immediate pre-European period as chiefly Cherokee and Creek hunt
ing grounds (Haywood 1823). Settlement began during the 1780's in 
Middle Tennessee and by the middle of the 19th century most of 
the study area was in agriculture or grazed woodlands. During 
World War II the area became part of U.S. Army Camp Forrest 
(later Arnold Engineering and Development Center) but was re
leased to the Experiment Station in 1960. It may be significant that 
the burn experiment plots are about 1000 feet from a railroad line 
from which sparks start grass fires annually (J. Huffman, personal 
communication) . 

The writers acknowledge with pleasure the help of Mr. J. Huff
man and Mr. T. Seay who made the burns, and the curators and 
assistant curators of the University of Tennessee Herbarium who 
assisted in identifying plants, and to the Agricultural Experiment 
Station (through the Department of Forestry) and the Department 
of Botany and Graduate Program in Ecology which have materially 
aided the study. 

METHODS 

One of the authors (Clebsch) did botanical collecting in the bar
rens of the eastern Rim as early as 1947 as a field botanist's assistant. 
DeSelm began floristic work in the area in 1954 and collecting began 
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on the Experiment Station in 1960. In 1963 and 1964 collections 
were made on each of nine bum experimental plots but the data 
collected here, using methods described below, were obtained chiefly 
each September 1965 to 1970 inclusive. Nomenclature follows Fer
nald (1950). 

Between two permanent stakes near the north end of each 1.8-
acre experimental plot a 50-foot tape was stretched 3 feet above the 
soil. At each I-foot interval a 3/32 inch diameter metal pin was 
lowered vertically to the ground and each "hit" upon each vascular 
plant taxon recorded. Data was compiled by hit and frequency of 
species and species group by treatment. 

At a permanent sampling stake at each end of each plot, photo
graphs (kodachrome and panchromatic) were made each year to 
record vegetation changes. 

Burning on each annual bum plot began in 1963, periodic bum 
plots were treated 1964 and 1969. Late winter bums were used in all 
cases simulating the actions of local inhabitants. 

RESULTS AND DISCUSSION 

SPECIES GROUPS 

Results of averaging the frequencies of all species by treatment 
each year indicates no changes on periodic and annual bum plots. 
On control plots mean frequencies have been nearly halved (78.0 
to 42.7, 1965 to 1970) indicating the great change in understory 
cover. Woody cover has "decreased"-that is trees have grown 
above the sampling line set 3 feet above the soil-46.7 to 33.3 (there 
has been little change in shrub or woody vine frequencies). Herba
ceous frequencies changed on control plots (but not on periodic or 
annual bums) from 58.7 to 9.3 percent; all of the herbaceous groups 
changed; grass 39.3 to 6.0, composites 10.0 to 5.3, legumes 5.3 to 
0.7, other forbs 4.0 to 0.0. 

The first year of sampling (1965 after 3 years of burning treat
ment) mean woody plant frequency averaged 46.7 on control, 40.7 
on periodic and 38.0 on annual bums, the herbaceous trend was 
reversed 58.7 control, 70.7 periodic, 85.3 annual. After 5 more years 
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of treatment (1970) woody control frequencies had declined to 
33.3, but periodic and annual plot species exhibited no changes; her
baceous control-periodic-annual plot species frequencies averaged 
9.3-66.7-87.3 percent. All herbaceous groups reflect the increased 
frequency with increased burning except the legumes which peak in 
the periodic burn. 

Numbers of hits recorded upon groups of taxa by year and treat
ment followed trends similar to those described above but exceptions 
occurred. Hits on control shrubs declined (10.7 to 7.7) during the 
sample period; since the frequency did not decline, a decrease in size 
or vigor is suggested. Hits on annual burn plot shrubs increased (8.7 
to 16.0), which with variable frequency suggests an increase in vigor. 
Hits on all groups of herbaceous taxa declined on control plots 1965-
1970 but on periodic and annual burn plots hits on herb taxa groups 
were variable except for grasses on annual burn plots. Here mean hits 
rose from 39.3 (1965) to 58.3 (1970) suggesting an increase in stool 
size. Again hits on legumes peaked (1970) in periodic burn plots. 

Although 116 taxa have been sampled on the line transects, means 
among the 6 years of 13.3, 23.5 and 35.1 taxa have been sampled on 
the control, periodic and annual burn plots. Annually the totals vary 
from 57 to 81.6, but among taxa total no time trends are obvious. 
Among herbaceous plants, control, periodic, and annual plants ex
hibit 2.3, 16.7 and 25.7 taxa in 1970 and trends other years are sim
ilar. Among herbaceous totals and groups and woody totals and 
groups, control plot numbers of taxa declined (herbaceous 9.7 to 2.3, 
woody 8.3 to 6.3) between years. Herb diversity on periodic and 
annual burn plots is variable but slight, non-statistical trends suggest 
decreased grass, legume and other forb diversity with numbers of 
years of treatment. 

The above data is subject to "sample month" variation. Numbers 
of hits declined 39 percent but numbers of taxa increased 28 percent 
on the sample plots June to September, 1970 (Nichols 1971). 

LIFE FORM 

In attempting to explain the observed changes in frequencies, taxa 
were classified by life forms (Raunkier, 1937): I Phanaerophytes 
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(a) Mega-, Mesophanaerophytes (buds 8-30 meters (m) or more 
over soil), (b) Microphanaerophytes (buds 2-8 m), (c) Nanop
hanerophytes (buds 0-2 m), (d) woody vines; II Chamaephytes 
(buds at or near soil surface); III Hemicryptophytes (buds in the 
soil surface; IV Cryptophytes-Geophytes (buds below soil surface); 
V Therophytes (annual plants); VI Twining herbs; VII Graminoid 
herbs (grass, sedge, rush). 

Two horizontal arrangements appear in Table 1. Columns 1-7 
represent the treatments and treatment combinations from norte to 
annual burning. In columns 8-10 all appropriate data from columns 
1-7 have been added. Thus, column 8 is the sum of data in columns 
1, 2, 4, and 5 and represents total taxa found on control plots. 

Perfect agreement between increased burning and positive or nega
tive response would be represented by a steady increase or decrease 
in species number across the 1-7 series. No such trends appeared; 
many trends are thought to be undeveloped due to few species, as 
few as four, in various treatment combination columns. 

The "all data" columns 7-10 indicate a total taxa change from 49 
to 85, an 80 percent increase. A downward trend occurs in most 
phanaerophyte types. Hemicryptophyte taxa present here are fa
vored by both burning treatments. Smaller increases in taxa number 
were noted in cryptophytes, therophytes, and graminoids on both 
burn treatments, but the climbing herbs are apparently favored by 
periodic burning. The burning treatments increase the importance 
of herbaceous taxa in the total vegetation cover. Most herbs on the 
study area are hemicryptophytes; hence, its increase is not surprising. 
The relatively great increase of cryptophytes may be a sample size 
phenomenon. The great increase in graminoid taxa, here chiefly 
grasses which are hemicryptophytes, may be related to their length
ened growing season caused by burning. 

SPECIES BEHAVIOR 

On control plots, the fire sensitive trees Acer rubrum and Cary a 
tomentosa (Fowells 1965) each were sampled 1 year, as was Gentiana 
villosa; Eupatorium sp. occurred 5 years but with low frequency~ A. 
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TABLE 1. NUMBER OF TAXA (PERCENT OF COLUMN TOTAL TAXA IN PABENTHESIS) 
IN RELATION TO BURNING AND LIFE FORM 

2 3 4 5 6 7 8 9 10 
Aile Alld Aile 

Life Form C CP P CPA CA PA A Control Periodic Annual 

Total taxaa (4) (4) (11) (34) (7) (19) (27) (49) (68) (88) 

Phanaerophytes 2(50) 1 (25) 2(18) 12(35) (0) 1(5) 3 (11) 15(31) 16(24) 16(18) 
MM 2(50) 0(0) 1 (9) 5 (15) (0) 1 (5) 0(0) 7(14) 7(10) 6(7) 

M 0(0) 1 (25) 0(0) 4(21) (0) 0(0) 1 (4) 5 (10) 5 (7) 5(6) >0 
i:O 

N 0(0) 0(0) 1(9) 3 (9) (0) 0(0) 2(7) 3 (6) 4(6) 5 (6) M 
Vl 

WVb 0(0) 1 (25) 0(0) 1(3) (0) 0(0) 0(0) 2'(4) 2 (3) 1 (1) (') 
i:O 
~ 

Chamaephytes 0(0) 0(0) 0(0) 1(3) (0) 0(0) 0(0) 1 (2) 1(2) 1 (1) t:d 
M 

Hemicryptophyres 2 (50) 3 (75) 8 (73) 17 (50) 7 (100) 18(95) 16(61) 15 (31) 29(59) 59(67) 
0 
I 

t:d 

Cryptophytes 0(0) 0(0) 1 (9) 3 (9) (0) 0(0) 4(14) 3(6) 4(6) 7(8) 
c 
i:O 
Z 

Therophytes 0(0) 0(0) 0(0) 1(3) (0) 0(0) 4(14) 1 (2) 1 (2) 5 (6) 
Il: 

Climbing herbsb 0(0) 1(25) 3 (26) 0(0) (0) 2(11) 1(4) 1 (2) 6(9) 3 (3) :> 
i:O 
0 

Graminoidb 0(0) 0(0) 2(18) 6(18) 1 (14) 2 (11) 7(25) 6(12) 10(15) 16(18) ~ 
8 

a Some totals are reduced to exclude unlmown taxa. 0 
Vl 

b Included in totals above. ~ 

e Columns 1, 2,4,5. Z 
d Columns 2, 3, 4, 6. .., 
e Columns 4, 5, 6, 7. M 

Z 
Z 
M 

\;J 
Vl 
Vl 

"" M 
--l t:; 
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rubrum and Carya spp. were controlled by burns in Arkansas 
(Grano, 1970). 

Taxa on Control and Periodic plots included Senecio Smallii with 
low frequency each of 2 years, Amphicarpa bracteata with a fre
quency of 0.7 1 year on Control plots, and a frequency of 2.7 2 years 
on Periodic plots and Vitis (cf. aestivalis) and Pycnanthemum in
canum which averaged with higher frequencies and numbers of years 
on periodic plo~apparently responding to burning. Vitis was af
fected similarly in Missouri (Paulsell 1957). 

Taxa on Periodic plots have each been sampled only 1 or 2 years, 
many during the year or two after the 1964 and 1969 burns: Quercus 
marilandica, Convolvulus sepium, Galactia volubilis, Vernonia altis
sima, Strophostyles umbellata, Muhlenbergia sylvatica, Unknown 
grass, Eupatorium album and E. aromaticum. Rosa carolina and Hy
pericum denticulatum were sampled between fire years; Gymno
pogon brevifolius was sampled both between fires (1967), and in 
1970 after a fire. Thus most of these taxa seem to be responding to 
fire, and the others are undetermined. In this group Quercus mari
landica has long been thought a species increased by fire (Killebrew 
and Safford 1874) and Rosa and Galactia above have been noted 
to increase by Paulsell (1957). 

The Control plus Periodic plus Annual burn plot taxa represent 
those which have not yet completely responded to the treatments. 
Among all species, frequency each year varied from 0.0 to 47.4, but 
was normally less than 4.0. To compare the effect of treatment, be
tween year frequencies (the mean of the three replications) were 
summed by treatment. Decreasing fire effects, annual to periodic to 
control sum frequencies were examined for trends. These groupings 
were found: A> P > C (15 taxa), A> C> P (6 taxa), and 
P > A > C (7 taxa), C > A > P ( 4 taxa), and P > C > A (8 taxa). 

In the group A > P > C Rhus glabra and Desmodium ciliare oc
curred only 1-2 years and Helianthes microcephalis and Panicum 
lanuginosum 2-4 years. These taxa were present 2-6, usually 5-6 
years: 
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Panicum dichotomum 
Sorghastrum nutans 
Rhus copallina 
Unknown composite 

Coreopsis major 
H elianthus hirsutus 
H. silphioides 

Of the above Rhus may be expected to decrease (Grano 1970) but 
perhaps Panicum lanuginosum, P. dichotomum and Rubus will in
crease (Paulsell, 1957; Swan, 1970). The high importance of the 
two Andropogon sp. and Sorgbastrum is expected (Kucera and 
Ehrenreich 1962). 

The group A > C > P includes others responding to fire including 
many seedlings germinating on the mineral soil: 

Desmodium sp. 
Solidago sp. 
F orb, unknown 

Antennaria plantaginitolia 
Cassia nictitans 
Quercus velutina 

Desmodium sp., Solidago sp., and Antennaria have been reported by 
Paulsell(1957) to have occurred chiefly in annual and periodic burn 
plots. Lewis and Whitehead (1965) among others report Cassia in
creased by burns. 

The group P > A > C includes Galium sp., Aster sp. and Solidago 
juncea present mostly 1-2 years and Lespedeza procumbens (d. also 
Lewis and Whitehead 1965), L. intermedia, L. repens and Solidago 
odora usually present 4 to 6 years in each treatment (d. also Cushwa, 
Hopkins and McGinnis 1970). 

The group C > A > P includes taxa present mostly 4 to 6 years: 
Quercus coccinea, Nyssa sylvatica, Similax glauca and Panicum com
mutatum var ashei. The Nyssa was reported controlled by fire 
(Grano 1970) and the Panicum increased by fire (Paulsell 1957). 

The group P > C > A includes the trees Quercus talcata, Q. stel
lata and Vaccinum arboreum, the shrubs Ceanotbus americanus, Vac
cinium vacillans and Salix tristis and Eupatorium rotunditolium. 
Quercus stellata was reported fire resistant (Paulsell 1957) and Cea
notbus Vogi 1970), Vaccinium vacillans (Buell and Cantlon 1953) 
and a relative of the Salix, S. humilis (Anderson and Schwegman 
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1971) are reported increased by fire and may be expected to increase 
here or move into areas burned more. 

Control plus Annual taxa were of two types, those as Lespedeza 
hirta, Desmodium viridiflorum and Lobelia puberula which have low 
frequencies during each of the 1-2 years present and a group present 
4 to 6 years on the annual burn plots and one to two on the control 
plots: Chrysopsis mariana, Shrankia microphylla and Lespedeza sp. 
and Panicum sp. This is doubtless a temporary group. 

The Periodic plus Annual group includes taxa which have re
sponded to fire: 1 to 3 years in each treatment, Sericocarpus linifolius, 
Hieracium gronovii, Agrostis hyemalis, Galium circaezans, Lespedeza 
virginica and Psoralea psoralioides var eglandulosa. Responding 
strongly with 4 to 5 years presence in annual burns and 1 to 6 years in 
periodic burns are: Aster hemisphericus, Tephrosia virginiana, Sassa
fras albidum, Solidago nemoralis, Panicum angustifolium, Desmodium 
marilandicum, Pycnanthemum tenuifolium, Solidago speciosa, Aster 
undulatus and Aster patens. Taxa present 5 to 6 years in each treatment 
were Clitoria mariana, Stylosanthes biflora, and Aster dumosus. 
Agrostis and Solidago nemoralis are sometimes increasers with burns 
(VagI 1970), as is Lespedeza virginica (Paulsell 1950) and Stylos
anthes (Anderson and Schwegman 1971). Other taxa are not well 
documented elsewhere. 

Taxa responding most strongly to treatment were those restricted 
to Annual burn plots. Those present 1 year, averaging with low fre
quency: 

Ascyrum hypericoides 
Rhus toxicodendron 
Aristida dichotoma 
Andropogon elliottii 
A. virginicus 
Panicum ravenellii 
Eupatorium hyssopifolium 

Taxa present 2 years: 
Ipomea pandurata 
Setaria geniculata 
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Liatris spicata 
Lespedeza capitata 

Taxa present 4 to 6 years: 
Solidago erecta 

Helianths angustifolius 
Coreopsis tripteris 
H elianthus mollis 

Solidago bicolor 
H elianthus sp. 

Gerardia tenuifolia 

Rhododendron sp. 
P arthenium integrifolium 

A taxon related to our Rhus, Rhus radicans, Lobelia inflata, Ascyrum, 
and Euphorbia corallata have been reported to increase with burning 
by Paulsell ( 1957) ; Cassia increases are reported by Lewis and 
Whitehead (1965) and Coreopsis tripteris increases are reported by 
Anderson and Schwegman (1971). 

DISCUSSION 

Growth of control plot overstory crowns and development of 
dense sapling layer is thought to have decreased light intensity at the 
forest floor, increased leaf and twig litter production and the levels 
of soil moisture extraction and nutrients (elements and concentra
tions) (Wells 1971, Stone 1971). Shade intolerant taxa as Quercus 
marilandica (Bordeau 1954) and perhaps many herbs and shrubs are 
being eliminated from control plots for reasons of light intensity 
or others noted above. 

Reduction in hardwood cover and density is to be expected from 
fires as was found in Arkansas (Grano 1970). Litter accumulation 
has been shown to decrease vigor and density of Andropogon spp. 
(Kucera and Koelling 1964). A variety of our Quercus falcata, its 
var. pagodaefolia, is a source of phytatoxin which reduces growth of 
plants under its crown (DeBell 1971). Rhus copallina, common 
here, has been shown effective in reducing Rhizobium nodulation 
and growth of other legumes and the reduced fixation in roots of 
these plants reduce growth of other herbs. Extracts from H elianthus 
annuus and Digitaria sanguinalis, relatives of certain native taxa here, 
reduce nodulation and growth of legumes (Rice 1968). Sassafras 
albidum extracts have also been shown to be seed germination inhibi
tors (Gant 1972). 
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Effects of fire upon prairie stands have been determined by Hul
bert 1969, Kucera and Ehrenreich 1962, Hadley and Keickhefer 
1963, and Curtis and Partch (1950) who report increased tiller num
ber, increased shoot and root-rhizome biomass (Kucera and Dahlman 
1968) or production, longer growing season, higher soil temperatures, 
lessened soil moisture, increased nutrients, greater numbers of flower 
stalks of intolerant taxa which require high intensities for optimum 
growth. Lemon (1967) found initial spring growth. to be a month 
earlier on burned areas, while Stoddard (1935) concluded that 
burning in midwinter to late April may result in increased growth 
of perennial legumes. As a result, increased shading on control 
plots reduced the occurrence of these plants. The increase in 
number of hits on the annual burn plots over the sampling period 
and on the periodic burn plots in 1970 may also be related to the 
opening of the understory on the burned plots, increased light in
tensities at the ground level, released ash into the soil, and litter re
moval which allowed radiation to increase soil temperature in the 
sprmg. 

SUMMARY AND CONCLUSIONS 

Observed diversity on Control plots is decreasing as understory 
herb and shrub frequency decreases and trees grow beyond the 
sampling line. As diversity decreases, the numbers of taxa confined 
to this treatment declines: the total is nine, four trees, one woody 
vine, one grass, and three forbs. 

Taxa most important in Periodic plots total 27, including 4 trees, 
3 shrubs, 1 woody vine, 3 herbaceous vines, 2 grasses and 14 forbs. 

Taxa on or chiefly on Annual burns total 48, including 2 trees, 
4 shrubs, 13 grasses and 29 forbs. 

Taxa on both Periodic and Annual burn plots total 19 including 
1 tree, 2 grasses, 1 herbaceous vine and 15 forbs. 

Taxa not classified total nine including one tree and eight forbs. 
Thus with increased burns tree importance decreases, grass im

portance increases, legume and herbaceous vine importance peak in 
the periodic burn treatment. Shrub hits decline on control plots but 
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increase on annual burns. Shrub hits and frequency are highest on 
periodic burn plots. Forbs taxa numbers and importance are highest 
in annual burns; forbs occurring in both periodic and periodic-annual 
plots (14 and 15 taxa) are only about half as numerous as in annual 
plots. 

Eighty-four percent of the taxa sampled have responded or are 
responding to the fire treatments. 
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