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 ABSTRACT.  Pine-grassland woodlands were once a prevalent landscape 
component across the southeastern U.S.  Frequent fire maintained these habitats as 
distinctly open, pine-dominated communities with a grass to shrub dominated understory.  
Large-scale agriculture, extensive logging and fire suppression have led to the 
replacement of pine-grassland woodlands with closed canopy pine-hardwood forest types 
and short-rotation pine plantations throughout the southeastern United States.  Historical 
data and understanding gained from long-term small-scale experiments on fire frequency 
and regeneration response can enhance development of management strategies that 
emulate natural processes.  Depending on when fire is introduced in regenerating stands, 
structural development will proceed in a generally predictable manner as an uneven-aged 
or even-aged structure.  Longleaf (Pinus palustris) and shortleaf pine (P. echinata) are 
ecologically suited to regeneration with frequent fire.  Such a strategy will avoid the 
necessity of pre-commercial thinning.  Fire frequency will influence hardwood presence 
and pine (Pinus spp) species composition in a given stand.  Implementing a restoration 
and ecological forestry plan may require thinning to restructure the system in a manner 
that is conducive to perpetuating it with fire, particularly where time is critical for 
conserving fire-dependant wildlife and plant species.  Thinning strategies also influence 
regeneration and future stand structure.  Uneven-aged management can be a cost-
effective strategy for forest landowners with small tracts. 
 
 KEY WORDS.  forest management, pine-grassland, prescribed fire, natural 
regeneration, southern pines. 
 

_________________________________ 
 

INTRODUCTION 
 
“Silvicultural systems…are based on the nature of the forest itself, and are chiefly 
imitations of what men have seen happen in the forest without their help” (Pinchot 1905).  
The focus of silviculture has changed over the years in the southeast U.S. and has become 
dominated by an industrial perspective that focuses on regeneration and management of 
fast growing southern pines grown in large, intensively managed plantations.  This 
perspective also limits or excludes fire.  The species of choice for plantations are 
typically loblolly pine (Pinus taeda) or slash pine (P. elliotii) because their growth and 
yield characteristics lend well to short-rotation, even-aged management and thus the 
economic well-being of forest industry (Williston and Balmer 1980).  Foresters typically 
make recommendations to private non-industrial landowners based on the industrial 
perspective.  This perspective also limits the use of fire in pine plantations on other 
private lands.  Public lands have also suffered from decades of fire exclusion.  In all cases 
the ecological and conservation values of the stands being managed are reduced with 
elimination of fire (Brennan et al. 1998). 



 
The objectives of forest industry often do not meet the desires and needs of non-industrial 
private land owners or are not suitable for the management of public lands (Masters et al. 
2003).  Landowners’ objectives for forest land have changed and often do not coincide 
with the objectives sought on industrial lands.  In a recent interactive meeting with 
landowners and land managers in the Red Hills region of north Florida and south 
Georgia, landowners identified wildlife management/hunting, timber revenue, 
conservation, and scenic open woodlands as major short-term objectives.  Long-term 
objectives were encompassed by a conservation ethic and the desire to pass the land on in 
as good if not better condition than when received (Masters et al. 2003).  Further these 
landowners expressed the desire to maintain forests that looked like forests rather than 
pine plantations.  They were interested in using natural regeneration to perpetuate stands 
and in managing plantations such that tree rows were not evident or at least not a 
dominant visual impact.  They also expressed a view towards more ecological based 
forest management. Timber income was important but needed to be balanced against 
other objectives and was not to supersede other objectives (Masters et al. 2003). 
 
Until recently the influence of fire on regeneration of southern pines, other than longleaf  
(P. palustris), was viewed negatively in most silvicultural textbooks (e.g., Smith 1962).  
Clearcut, plant and protect from fire was the favored method of stand regeneration.  The 
recommendation for fire in pine stands was to delay the introduction of fire post-
regeneration to at least 20 years of age and then apply prescribed fire at 4- or 5-year 
intervals for hardwood control (Smith 1962:338).  These silvicultural recommendations 
were based on conventional wisdom and not on natural processes as Pinchot (1905) had 
alluded.  As a result the character of southern forests has changed. 
 
Pine-grassland woodlands were once a prevalent landscape component across the 
southeastern U.S.  Frequent fire maintained these habitats as distinctly open, pine-
dominated communities with a grass- to shrub-dominated understory (Waldrop et al. 
1992, Masters et al. 1995, Sparks and Masters 1996).  Large-scale agriculture, extensive 
logging and fire suppression have led to the replacement of pine-grassland woodlands 
with closed canopy pine-hardwood forest types and short rotation pine plantations 
throughout the southeastern United States (Waldrop et al. 1992).  Historical land use 
documents such as General Land Office (GLO) survey notes have successfully been used 
to describe presettlement and settlement landscapes and develop structural guidelines for 
historic forests (Whitney and DeCant 2001).  Historical accounts may provide insight for 
developing a suitable fire regime from descriptions of aboriginal firing patterns and 
seasonality of those patterns (Masters et al. 1995).  While these data may give insight as 
to structure, they provide only limited information about the influence of fire in 
regeneration and perpetuation of various pine stand types. Understanding gained from 
long-term small scale experiments on fire frequency and regeneration response can 
further enhance development of management strategies that emulate natural processes.   
 
Our purpose was to examine primarily fire frequency and timing of the introduction of 
prescribed fire into a stand on the influence of regeneration of shortleaf pine (P. 
echinata).  We also observed the influence of fire frequency and season of fire on 



regeneration and establishment of longleaf pine.  Finally we observed the differential 
influence of fire frequency on regeneration of shortleaf versus loblolly pine in an old-
field setting with a canopy dominated variously by loblolly, shortleaf and to a much 
lesser extent longleaf pine. 
 

STUDY AREAS 
 
Our four study areas were located in Oklahoma, Florida and Georgia (Figure 1).  These 
areas encompass a range of site conditions in the southeast U.S. and are the subject of 
several ongoing long-term studies.  The Pushmataha Forest Habitat Research Area 
(PFHRA), Pushmataha County, Oklahoma and Robbers Cave Forest-Wildlife 
Demonstration Area (RCFWDA), Latimer County, Oklahoma are located in the Interior 
Highlands on sandy loam soils with a high proportion of surface rock (Bain and 
Watterson 1979, Masters 1991).  The 29-ha PFHRA study area, soils and treatments have 
been described by Masters (1991), Masters and Engle (1994) and Masters et al. (1993a,b; 
1997).  This study was initiated in 1983.  The RCFWDA study was initiated in 1982. 
 
The Stoddard Fire Plots (SFP) are located on Tall Timbers Research Station in Leon 
County, Florida (Tall Timbers Research Station 1962).  The units are 0.3 ha in size and 
dominated variously by loblolly, shortleaf and longleaf pine in an old-field setting.  The 
Wade Tract, one of the largest remaining old-growth longleaf pine stands, is 80 ha in size 
and located in Thomas County, Georgia (Platt et al. 1988).  The Wade Tract study was 
initiated in 1979.  The soils of the Wade Tract and SFP are characteristic of the Red Hills 
region and are shallow sands over clay (K. Robertson, pers. communication). 
 

METHODS 
 

The PFHRA was established in 1983 applying 12 treatments to 29, 1.2-1.6 ha size 
experimental units in a random manner and replicated 1-3 times.  The treatments under 
consideration here were: unmanaged, unburned control; rough reduction burn only at 4-
year interval (RRB); thin hardwoods only and burn annually; 5 harvest pine and thin 
treatments (HT), with no burn, 1-, 2-, 3-, and 4-year dormant season (e.g., HT1, HT2, 
HT3, and HT4) (February-March) burn intervals; clearcut and high intensity site 
preparation (windrow, summer burn, rip), plant genetically improved loblolly pine 
(CCSP); and 2 additional treatments that kept fire out of regenerating stands for 5- and 9-
years post-harvest.  The harvest, thin and no-burn treatment was essentially a seed tree 
cut.  Additional details on methods are found in Masters (1991) and Masters et al. 
(1993a,b).  A commercial thinning was conducted on the CCSP treatment in 2001. 
 
The RCFWDA was established in 1982 applying 6 treatments to 10, 4-6 ha size 
experimental units.  The treatments under consideration for this paper were control; select 
cut; seed tree cut; clearcut, low intensity (summer burn), moderate intensity (windrow 
and burn) and high-intensity (windrow and rip) site prep and replant with genetically 
improved loblolly on half the unit and genetically improved shortleaf pine on the other 
half.  Treatments were randomly applied and the low intensity site-prep methods were 
replicated 3 times.  Prescribed burns to capture natural regeneration were conducted in 



October 1983 and followed by subsequent burns to control regeneration stocking in 
August 1990 (seed tree) and October 1990 (selection cut).  We calculated the internal rate 
of return and present net worth for all treatments on this study area based on costs until 
1990 at an 8% guiding rate.  Additional thinnings and prescribed burns to control the 
natural regeneration were not included in internal rate of return calculations because the 
seed crop experienced was well above the norm.   
 
The SFPs were established in 1959 on old-field pine lands with a history of frequent fire.  
Some 13 treatments were applied in a completely randomized block design, blocked on 
soil type and replicated 1-5 times (Tall Timbers Research Station 1962).  The treatments 
considered for this paper are 3 replications of the control, 1-, 2-, and 3-year burn intervals 
during late dormant season-early spring (Feb-March). 
 
The Wade Tract study was initiated in 1979 (Platt et al. 1988).  For several decades and 
possibly up to a century prior to 1983, the Wade Tract was burned almost annually during 
late winter or early spring (usually late February to early April); from 1979 to 1983 it was 
burned annually in March (Platt et al. 1988).  In 1990, the fire regime was changed to 
growing season burns (i.e., late April to August) applied biennially; half the tract was 
burned in alternate years.  Other than some salvaging of lightning-struck trees, no timber 
harvest has been conducted. 
 
We evaluated pine regeneration on the PFHRA, RCFWDA and SFP using 0.00405 ha 
plots (Sparks et al. 2002). We established 10-, 30- and 8-permanent plots respectively at 
20 m intervals on two randomly located lines perpendicular to the contour.  To avoid bias 
from adjacent units, we did not sample within 20 m of an edge.  The PFHRA and 
RCFWDA were sampled in September and early October while the SFP was sampled in 
March 2004.  On the Wade Tract, 36 contiguous 1-ha plots were located in 1979 and all 
trees >2.0 cm in diameter at breast height (DBH) were measured biannually from July to 
September in succeeding years (Platt et al 1988). 
 

RESULTS 
 
On PFHRA, the control and RRB (burn at 4-year interval only) stands, dominated by 
mature oaks (Quercus spp.) and shortleaf pine, had essentially no pine regeneration 
present.  We also observed no regeneration on the HT-1 year burn treatment and little on 
the HT2 and HT3 (2- and 3-year) burn treatments.  On the HT treatments without fire we 
found that the stand had developed in an essentially even-aged fashion and was dense 
with numerous suppressed saplings (Figure 2a).  When fire was delayed until 12- and 17- 
years post-harvest, we found that somewhat of an uneven-aged structure resulted, with a 
much higher density of shortleaf saplings (Figure 2b).  When fire was delayed for 5 years 
post-harvest and used at approximately 6-year intervals thereafter, the stand developed 
with a reverse-j diameter distribution (Figure 2c).  The same was true when fire was 
introduced in the stand during the dormant season immediately post-harvest and 
thereafter at 4-year intervals (HT4) (Figure 2d).  The HT4 stands developed at lower 
density and with fewer large diameter trees than when fire was introduced 5-years post 
harvest.   The CCSP treatment stands developed in an even-aged fashion as expected with 



greater than 90.0% survival.  At fire frequencies < 3-year intervals the stands were 
dominated by herbaceous vegetation.  Some shortleaf and oak coppice were evident but 
with decreasing density with commensurate increasing fire frequency. 
 
On RFFWDA, we observed a bumper seed crop in 1983 and therefore abundant natural 
regeneration was evident across all treatments.  In 1986 on the selective cut we observed 
approximately 10,000 seedlings/ha and on the seed tree cut 7,700 seedlings/ha.  
Subsequent late growing season burns in 1990 on both of these units to control stocking 
essentially doubled the stem count on both treatments due to the sprouting habit of 
shortleaf.   In succeeding years the effect of shading and competition reduced pine 
stocking to more appropriate levels.  Because of the abundant seed crop and survival, all 
of the clearcut treatments had to be pre-commercially thinned.  In 1990, the calculated 
internal rate of return was much higher for the select cut and for the seed tree cut (Figure 
3).  If we included the costs of an additional pre-commercial thin and prescribed fire for 
the clearcut treatments, these treatments would have performed substantially poorer than 
depicted in figure 3. 
 
On SFP we found that shortleaf pine was the dominant pine species in counts of stems <2 
m in height after 45 years of treatment application.  Although the 1-year burn frequency 
had the highest stem count they were primarily seedlings; saplings were predominant in 
the 3-year burn interval (Figure 4).  Overstory canopy cover differed as well (Figure 5).  
As expected, seedling abundance was inversely proportional to canopy cover (Figures 4 
and 5).  Although the canopy of many of the units was variously dominated by loblolly, 
shortleaf and longleaf, loblolly and longleaf seedlings only rarely occurred in any of the 
units.  Control units had comparatively few seedling and sapling pines and developed as 
mixed hardwood-pine stands. 
 
The influence of fire frequency and timing on natural longleaf regeneration can be seen in 
changes that have taken place on the Wade Tract.  In 1979, throughout the Tract, 
regeneration was limited (Figure 6).  Longleaf regeneration during this period was 
restricted primarily to abandoned roads and other areas on the tract where the prescribed 
burns were likely less complete or intensive.  Beginning in 1990, the fire management 
plan shifted to use of growing-season burns.  By 1996, abundant regeneration was 
evident (Figure 6).  By 2000, longleaf regeneration had more than doubled from 
approximately 50 to approximately 120 stems per 4 ha.  Regeneration also is spatially 
clumped (|z| = 45.9), occurring in small, dense patches typically < 0.2 ha and often 
containing > 142 young trees per ha.  We also observed a shift in understory vegetation 
commensurate with the shift in burning regime from one visually dominated by bracken 
fern (Pteridium aquilinum) to that visually dominated by wiregrass (Aristida stricta). 
 

DISCUSSION 
 

Without fire it is evident that stands in the southern pine region will develop as dense 
mixed hardwood pine stands that have limited value to a limited number of wildlife 
species, an important consideration for non-industrial landowners (Masters et al. 1993b, 
1996, 1997, 1998, 2002, 2003; Brennan et al. 1998; Wilson 1995; Cram et al. 2002).  To 



perpetuate the ecological and conservation values deemed important, fire is essential 
(Masters et al. 2003).  Further traditional application of clearcutting and site preparation 
may not have the economic basis for recommendation as a preferred method of 
regeneration and stand management for southeastern U.S. landowners.  Masters (2001) 
recommended a variety of management strategies, both even-aged and uneven-aged, as a 
hedge against risk especially in areas of the south where ice storms may sporadically 
occur.   
 
Fire frequency is one of the most if not the most important of all the fire variables 
determining stand structure (Glitzenstein et al. 2003, Masters 2003).  We observed a shift 
from woody to herbaceous dominance in the understory at intervals of <3 years.  
Apparently the 3-year fire interval is an ecological threshold based on data from PFHRA 
(southeast Oklahoma) and SFP (north Florida).  Canopy cover also appears to interact 
somewhat with fire frequency with respect to successfully achieving regeneration of 
southern pines. 
 
Our observations suggest that loblolly pine will not regenerate and perpetuate itself in a 
fire rotation with a < 3-year interval.  Although loblolly is more shade tolerant than either 
longleaf or shortleaf, it is much less fire hardy as a seedling (Masters et al. 2003).  
Further when loblolly is planted outside its native range it is highly susceptible to ice 
damage as all of our loblolly stands on RCFWDA suffered extensive damage and will 
have to be replanted following a 2001 ice storm (Masters 2001).  Our observations also 
suggest that although shortleaf will persist with more frequent dormant season intervals 
(1- and 2-year), likely savanna-like conditions will prevail.  This is consistent with 
observations from historical accounts and fire history studies (Masters et al. 1995).  
Optimum initial fire intervals for shortleaf stand initiation and early development appear 
to be at 4- to 6-year intervals.  However, it is clear that longer fire intervals will allow 
considerable hardwood encroachment and at some point, a shift to a 2- to 4- year cycle is 
necessary to keep hardwood midstories under control (Sparks et al. 1999).   
 
Apparently it is possible to achieve regeneration of shortleaf pine with either growing 
season or dormant season fire.  We were able to capture regeneration with either strategy.  
However, our results with late growing season fire on RFFWDA were less than adequate 
with shortleaf because of the dense stands that developed following an above average 
seed fall.  Attention to seed fall is essential in appropriately managing regeneration.  We 
found that with introduction of fire immediately post-harvest and continuing with fire on 
a 4-year basis we essentially banked regeneration over time and avoided the necessity of 
pre-commercial thinning.  It is important to note that these harvested and thinned stands 
with regeneration had an average basal area of 8.2 m2/ha (Masters et al. 1993) and the 
RRB treatment with little regeneration averaged 22.7 m2/ha.  The select cut on RCFWDA 
had a residual basal area of 9.1 m2/ha.  We also achieved successful regeneration by 
waiting five years before introducing fire in the stand and then following up with fire at 
approximately 6-year intervals.  By keeping fire out of shortleaf stands for a long period 
of time as recommended by traditional silviculture texts (e.g. Smith 1962) we found that 
dense, overstocked stands resulted. 
 



For longleaf pine, we found adequate regeneration can be achieved under a 2-year 
growing season fire cycle on the Wade Tract.  It should be noted that canopy gaps of 0.1-
0.3 ha were abundant and regeneration occurred almost exclusively in these canopy gaps.  
It is evident that canopy gaps are essential because of the relative shade intolerance of 
longleaf (Brockway and Outcalt 1998, Masters et al. 2003).  An annual dormant season 
burn regime will limit regeneration and ultimately lead to savanna-like conditions as the 
overstory canopy breaks down from natural mortality.   However, our observations on 
hardwood encroachment tend to support Waldrop et al. (1992) in that annual burning is 
most effective for controlling hardwoods.   
 

CONCLUSIONS 
 
Prescribed fire is essential in southern ecosystems to retain the ecological and 
conservation values desired by society.  Frequent fire appears necessary to achieve 
dominance by southern pines in self perpetuating stands.  Our study areas suggest a 
gradient of fire tolerance is represented for longleaf, shortleaf and loblolly pine.  
Longleaf at the seedling stage will tolerate the most frequent fire regime followed by 
shortleaf.  Both of these species can be successfully regenerated at fire frequencies much 
more frequent than previously thought.  Although the stands that develop may not be 
ideal for maximizing timber production, they do promote ecological values that benefit 
numerous declining wildlife and plant species (Sparks et al. 1998, Glitzenstein et al. 
2003, Masters et al. 2003).  For non-industrial private landowners and for public lands we 
recommend natural regeneration with fire as an important regeneration strategy to 
perpetuate pine-dominated systems.   
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Figure 1.  Location of the four study areas and the pine species associated with each 
study area. 
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Figure 2. Average stand diameter distributions 17 years post-harvest from Pushmataha 
Forest Habitat Research Area, 2001 for: A) no fire, B) fire at 12 years and 17 years, 
C) fire at 5, 12, and 17, and D) fire at 4-year interval beginning in first growing season 
post-harvest. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Internal rate of return of various regeneration treatments on Robbers Cave 
Forest-Wildlife Demonstration Area, Latimer County, Oklahoma. 
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Figure 4.  Shortleaf pine regeneration response to 45 years of no fire (control), 3-, 2-, or 
1-year fire frequency on old-field lands at Tall Timbers Research Station, Leon County, 
Florida, March 2004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Overstory canopy cover response to 45 years of no fire (control), 3-, 2-, or 1-
year fire frequency on old-field lands at Tall Timbers Research Station, Leon County, 
Florida, March 2004. 
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Figure 6.   Diameter distribution of longleaf pine (Pinus palustris) based on total tree 
count from the Wade Tract, Thomas County, Georgia. 
 
 


