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ABSTRACT: Longleaf pine is a masting species, producing heavy seed crops infrequently. In 1987, land
managers on Ichauway, a 29,000 acre preserve in southwest Georgia, anticipated a heavy seedfall and
burned ~7600 acres in July and August to prepare the seedbed. To quantify the role of prescribed fires in
longleaf pine regeneration, 100 monitoring plots (0.07 acre circular plots) were established across the
property. Plots were located in the center of canopy openings in mature longleaf pine stands on sites with
little advanced regeneration. Fifty of the plots were in areas that were burned that summer, and 50 were in
areas not burned. In subsequent years all 100 plots were burned on a two-year interval.

In 2002, eighty of the plots were revisited and all seedlings were counted and recorded by size class as
follows: germinant - trees lacking a well-developed bud and secondary needles; grass stage - trees not in
active height growth, but with a well-developed bud and secondary needles; "rocket" stage - trees in active
height growth but < 6.5 ft tall; and sapling ( 6.5 ft tall). Because 1987 was the last mast year at Ichauway,
all regeneration except germinants was assumed to be 15 years old (germinants were assumed to be from
later seed crops). In 2002, the number of germinants was not significantly different between the two
treatments, but the average total number of grass, rocket and sapling stage trees was significantly higher in
the plots burned in 1987 (559 versus 40; P =0.01).

INTRODUCTION

Longleaf pine is a masting species, producing infrequent heavy seed crops (Wahlenberg, 1946; Croker,
1975; Dennington and Farrar, 1983; Boyer and White, 1989; Boyer, 1996). Generally, heavy seed crops
occur once every 5-7 years (Wahlenberg, 1946) and can vary from region to region in any given year
(Boyer, 1996). Between 1,800 and 2,500 cones per hectare are needed to provide adequate regeneration
(Boyer, 1996). Seed production is thought to be affected primarily by weather conditions during the year
of flower formation (Boyer and White, 1989), although other factors, such as site quality, stand density,
tree size, and genetics can also influence seed production (Wahlenberg, 1946; Boyer and White, 1989). A
wet spring and early summer followed by a dry late summer promotes production of female flowers; in
contrast, a consistently wet growing season promotes production of male flowers (Boyer and White, 1989).
These requirements result in infrequent occurrences of high numbers of both male and female flowers. In
any given year, trees on higher quality sites produce more seed than trees on lower quality sites
(Wahlenberg, 1946). Additionally, a basal area of 7 m*ha™ maximizes seed production; higher or lower
densities decrease seed production (Croker and Boyer, 1976; Boyer and White, 1989). The best seed
producing trees are at least 30 years old (Croker and Boyer, 1976), have diameters of at least 25 cm
(Wahlenberg, 1946; Croker and Boyer, 1976; Boyer and White, 1989), and have long, vigorous crowns
(Wahlenberg, 1946).

Heavy seed crops alone do not ensure regeneration success. Regeneration attempts can fail, even in a
masting year, if the other ecological requirements of longleaf pine are not met (Boyer, 1979). First,
longleaf pine seeds are large, winged, and wind-dispersed (Croker and Boyer, 1976; Boyer and White,
1989) with an effective seeding distance of 46 m (Wahlenberg, 1946). The majority of seeds (71%) fall
within 20 m of the parent tree (Boyer and White, 1989). For natural regeneration efforts to be successful,
areas to be regenerated must be no more than 46 m from several suitable seed trees. Second, understory
conditions must be favorable for germination. Heavy groundcover prevents the large seeds from making
contact with the soil (Wahlenberg, 1946). Burning in the 12 months prior to seedfall will prepare a
receptive seedbed. Spring counts of male and female flowers can be used to predict a masting year 18
months in advance, allowing land managers to time their burns to coincide with the seedfall (Croker and
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Boyer, 1976; Boyer, 1979; Boyer, 1996). Third, once the seedlings are established, the canopy must be
open enough to allow sufficient light to reach the seedlings and to minimize below-ground competition for
nutrients and water (Wahlenberg, 1946). Higher resource availability should result in more vigorous
seedlings, which are more likely to survive (Grace and Platt, 1995). Fourth, competing understory and
midstory vegetation must be controlled (Wahlenberg, 1946). Finally, areas with longleaf pine germinants
should not be burned for at least one year after seedfall (Wahlenberg, 1946). The first year of growth is
critical to longleaf pine development. During this time, seedlings develop an extensive root system and
thick fire-resistant needles which protect the tree from fire. While in this stage, however, fire can kill the
germinants. If the above requirements are met during a masting year, longleaf pine regeneration efforts
should be successful.

On Ichauway, a private reserve in southwest Georgia, flower counts in the spring of 1986 revealed that a
heavy seed crop would occur in the fall of 1987. At that time, annual burning for quail management had
left very little longleaf pine regeneration on the property. In an effort to increase the amount of natural
regeneration, land managers took advantage of this masting year to increase seedling numbers and to begin
development of a multi-aged forest. The objectives of this study were to establish long-term monitoring
plots to follow the germination and survival of longleaf pine seedlings in canopy openings and to evaluate
the importance of seedbed preparation prior to seedfall.

METHODS

Study Site

The study was conducted at the Joseph W. Jones Ecological Research Center at Ichauway, located in
southwestern Georgia, USA, in the lower Gulf Coastal Plain. The 11,600 ha property contains
approximately 7,500 ha of fire-maintained second-growth longleaf pine. The climate for this area is
classified as humid subtropical with an average annual precipitation of 131 cm, distributed evenly
throughout the year. Mean daily temperatures range from 21 to 34°C in summer and 5 to 17°C in the
winter.

The study sites were located across the property in canopy openings which had a minimum of three
longleaf pine seed trees within 46 m of the plot center. Plots were located on sites with either intact
understory vegetation (wiregrass; Aristida beyrichiana Trin. and Rupr.) or disturbed understory vegetation
(old-field sites with bluestem grasses (4dndropogon spp. L.) as the dominant cover). Very little, if any,
advanced regeneration was noted in any of the plots.

One hundred 0.03-ha circular plots were established in areas with understory vegetation heavy enough that
a bare mineral soil seedbed was not present. Fifty of these plots were burned between July and August
1987. The other fifty were not. Plot centers were marked with metal poles. Advanced regeneration and
groundcover were noted and plots were photographed. In the winter of 2001-2002, eighty of the plots were
revisited. Plot centers were permanently documented using GPS. All seedlings within the plots were
counted and classified as one of the following growth classes: geminant — seedlings without a well-
developed bud and no secondary needles; grass stage — seedlings with a well-developed bud and secondary
needles, but not in active height growth (< 1 m tall); rocket stage — seedlings in active height growth, less
than 2 m tall; and saplings — trees greater than 2 m tall with diameters at breast height less than 10 cm.
Notes were also taken on ground cover vegetation, condition of the surrounding overstory trees and the
presence of large oaks near the edge of the gaps. There was little advanced regeneration prior to 1987 and
no masting years since (there was a moderately good bumper crop in 1996), so we assumed that all
regeneration except for germinants was from 1987. The variation in seedling size within an age class is
fairly typical for longleaf pine, as the grass stage can last from 1-20 years, depending on site conditions and
genotype (Wahlenberg, 1946).

Data were analyzed using analysis of variance techniques. Total number of seedlings and number of

seedlings by growth stage were compared between the burned and unburned plots. Significance was
determined at o = 0.05.

RESULTS AND DISCUSSION
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Seedbed preparation, using prescribed fire to expose bare mineral soil, effectively increased longleaf pine
seedling establishment in a masting year. There were significant differences in the number of seedlings in
each of the growth classes except for the germinant class (Figure 1). The mean number of seedlings per
hectare in the grass stage was significantly higher in the burned plots (1,893 burned (range 0-8,242) versus
631 unburned (range 0-10,803). A similar pattern was found for rocket stage seedlings (1,225 burned
(range 0-11,880) versus 260 unburned (range 0-4,344)) and saplings (594 burned (range 0-4,307) versus
111 unburned (range 0-1,040). Croker (1975) found comparable differences in seedling establishment six
years after seedfall in southern Alabama. The mean number of germinants per hectare was not significantly
different between the treatments (334 burned (range 0-2,599) versus 446 unburned (range 0-11,435;
p=0.7)). This result was expected because we assumed germinants came from more recent seed crops.

Numerous seedlings were present in 3 of the unburned plots. Historical photos suggest that these may have
been areas with sparse groundcover, which would allow seeds to reach the bare mineral soil even in the
absence of prescribed fire. In addition, there were 7 burned plots with little or no regeneration. Historical
photos suggest that these may have been areas with heavy woody vegetation and/or areas that did not burn
well, leaving a heavy understory cover even after prescribed fire. Woody vegetation not only is a poor fuel
but also is a strong competitor which can impede longleaf pine seedling survival (Provencher et al., 2001).
However, because groundcover vegetation was never quantified, these speculations are based solely on
visual inspection of historical photos.

CONCLUSIONS
In masting years, preparing a receptive seedbed two months prior to seedfall can improve longleaf pine

seed germination and result in long-term differences in regeneration success. Fire alone, however, may not
create an adequate seedbed in areas with heavy woody vegetation.
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Figure 1. Mean number of longleaf pine trees per hectare by size class in 2002.
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