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Longleaf pine savannas are among the most exploited and species-rich communities 

outside the tropics, with a significant proportion of that diversity occurring at the ground-layer.  

These communities evolved with frequent (1-5 yr), low-intensity fire and some species may 

require a specific season-of-burn to elicit sexual reproduction.  I experimentally tested the 

month-of-burn effects on aspects of sexual reproduction for five grass species: percentage of 

seed-bearing plants, seed-bearing stems per area and plant, floret and seed production per stem, 

and seed germination.  Months-of-burn include winter burns (February 2005), early spring burns 

(April 2005), early lightning-season burns (May 2005), and late lightning season burns (July 

2005).  Burns were conducted in longleaf pine sandhills regularly (1-6 yr) maintained with fire 

for the previous two decades and sustaining an assemblage of ecologically desirable grasses.  

None of the species showed consistent responses across all variables, though several species 

showed greater percentages of seed-bearing plants after lightning-season burns.  Similarly, 

germination percentages were not consistent across species, but at least one species had greater 

germination in response to lightning-season burns.  These results suggest that land maintaining a 

variable fire season should maintain a full complement of ground-layer richness.
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CHAPTER 1 
FIRE IN THE SOUTHEASTERN UNITED STATES 

Fire is an important component of plant communities worldwide (Kozlowski & Ahlgren 

1974; Whelan 1995; Pyne et al. 1996).  In the southeastern United States, frequent (1-5 yr), low-

intensity fires maintain longleaf pine (Pinus palustris Miller) savannas by suppressing oak trees 

and shrubs (Glitzenstein et al. 1995; Frost 2006) and by stimulating flowering of ground-layer 

plants through short-term increases in light and nutrient availability (Christensen 1977; Platt et 

al. 1988; Outcalt 1994; Hiers et al. 2000).  These fire-maintained longleaf pine savannas are 

among the most species-rich communities outside the tropics, with a large majority of that 

diversity at the ground-layer (Walker & Peet 1983; Peet & Allard 1993).  In addition, these 

communities maintain a high level of endemism (Hardin & White 1989).  Conservation and 

restoration of longleaf pine habitat is therefore a biological priority. 

Due to landscape fragmentation and vigorous fire suppression for the majority of the 20th 

Century, remnant stands of longleaf pine today account for less than 3% of their historic range 

and only 0.2% are maintained with frequent fires (Frost 2006).  In the absence of fire, fire-

intolerant trees and shrubs readily succeed into the sub-canopy of longleaf ecosystems; 

effectively shading-out ground-layer plants and longleaf pine recruits.  Continued indefinitely, 

fire suppression alters community dynamics in longleaf ecosystems by reducing ground-layer 

richness and thus the likelihood of frequent, low-intensity fire (Glitzenstein et al. 1995; Beckage 

& Stout 2000; Kaplan 2005).  Ground-layer restoration is therefore essential to restoring the 

historic fire regime in longleaf communities where fire has been suppressed.  Unfortunately, 

many desirable native ground-layer plants in Florida have low seed production and viability 

(Pfaff & Maura 2000), reducing the frequency of recruitment into the ground-layer.  

Nevertheless, longleaf pine communities evolved under a fairly specific fire regime and several 
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plant species may require seasonally-specific burns to enhance sexual reproduction (Platt et al. 

1988), thus creating the potential for greater establishment of plants at the ground-layer. 

Historically, lightning and Native Americans were the principal agents of fire in longleaf 

savannas (Robbins & Myers 1992; Frost 2006).  Native Americans burned primarily in fall and 

winter months (October-February) to reduce fuel and drive game, while lightning fires occurred 

most readily between spring and summer months (May-August; Fig. 1-1) when thunderstorms 

and lightning are frequent and spring droughts create tinder dry fuel (Komarek 1964; Robbins & 

Myers 1992).  Consequently, the season-of-burn is considered a significant ecological force 

affecting the sexual reproduction of many plant species in longleaf pine savannas (Platt et al. 

1988; Brewer & Platt 1994; Sparks et al. 1998; Hiers et al. 2000).  In central Florida, fires 

between May and August (i.e., lightning-season) enhance flowering stem production and the 

number of flowers per stem for wiregrass (Aristida stricta Michx.; Streng et al. 1993; Outcalt 

1994), an abundant bunchgrass in the eastern longleaf range.  Similarly, Brewer & Platt (1994) 

noted that golden aster (Pityopsis graminifolia (Michx.) Nutt.) increased flowering stem 

production after lightning-season fires in a longleaf pine community in north Florida.  If 

enhanced sexual reproduction is an adaptation of plants to lightning-season fire, then examining 

flowering responses to varying months of burn may illustrate the ecological significance of fire 

season and the potential for land managers to enhance sexual reproduction for a suite of ground-

layer plants in longleaf pine communities. 

While lightning-season fire is known to enhance the production of flowering stems for 

several plant species, few studies have examined the month-of-burn on seed effects on seed 

germination of longleaf pine savannas grasses.  The month-of-burn may also enhance seed 

germination for ground-layer species.  Christensen (1977) observed temporary increases in 
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nutrient availability for 4 to 6 mo after lightning-season fires in longleaf savannas, but noted that 

nutrient availability 6 mo after burning declined to levels consistent with unburned sites.  

Similarly, Brewer and Platt (1994) suggested that an increase in sexual reproduction by forbs is a 

strategy evolved to exploit favorable environmental conditions following lightning-season fire in 

longleaf pine savannas.  As such, conditions resulting from lightning-season fire (i.e., increased 

nutrient availability) may enhance sexual reproduction of some grass species and, as a result, 

may also improve seed germination for these species.   

Grasses are ideal species to test the month-of-burn effects on characteristics of sexual 

reproduction.  They comprise significant proportions of the total ground cover in longleaf pine 

savannas and are the principal fuels sustaining low intensity fire in the ecosystem (Peet & Allard 

1993; Outcalt 1994; Mulligan & Kirkman 1998).  Furthermore, numerous grass species 

worldwide have evolved life-history strategies that reflect the local fire regime (Curtis & Partch 

1950; Daubenmire 1968; Howe 1994; Whelan 1995; Bond & Wilgen 1996).  Less known is the 

response of grass species to different months of burn in longleaf pine communities, especially 

the western extent of longleaf pine where wiregrass is not the predominant ground-layer fuel 

(Rodgers & Provencher 1999). 

Research Hypothesis 

I tested the month-of-burn effects on characteristics of sexual reproduction to determine if 

ecologically important grasses, which sustain fire in longleaf pine communities of northwest 

Florida, respond favorably to fires that mimic the natural occurrence of lightning.  This study 

examines the following hypotheses: 

• Fire stimulates sexual reproduction in a suite of longleaf pine sandhill grass species. 
 
• Flowering differs among month-of-burn and is greatest after lightning-season fires. 
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• Flowering stem production varies with month-of-burn and is greater after lightning-season 
fires 

 
• Seeding potential (callus production per stem) differs among month-of-burn and is greatest 

after lightning-season fires. 
 
• Seed production is greatest in sites burned during the lightning-season and differs among 

month-of-burn. 
 
• Germination differs among month-of-burn and is greatest after lightning-season burns. 
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Figure 1-1.   Fire frequency in Florida.  [Reprinted with permission from Tall Timbers 
Research Station.  Komarek, E.V., Sr. 1964.  The natural history of lightning.  
Proc. Tall Timbers Fire Ecology Conf. 4:169-197.] 
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CHAPTER 2 
EFFECTS OF BURN MONTH ON FLOWERING AND SEED PRODUCTION BY 

LONGLEAF PINE SANDHILL GRASSES 
 

Longleaf pine (Pinus palustris Miller) savannas are a fire-evolved ecosystem of the 

southeastern United States that historically burned at low-intensity every 1-5 yr (Frost 2006).  

Lightning is the natural agent of fire in this ecosystem, typically occurring in the peak lightning-

season (May-August) after spring droughts create tinder dry ground-layer fuels that ignite readily 

(Komarek 1964).  Native Americans also burned longleaf pine savannas, but did so typically in 

fall and winter months to drive game and to exploit predictable weather conditions (Robbins & 

Myers 1992; Frost 2006).  These fire-maintained longleaf savannas are among the most species 

rich communities outside the tropics (Walker & Peet 1983; Peet 2006), maintaining a large 

proportion of the endemic species in the southeast U.S. (Sorrie & Weakley 2005; ch. 3).  

Unfortunately, the extent of longleaf pine has declined by more than 97% since European 

colonization and only 0.2% is regularly maintained with fire (Frost 2006).  Conservation of 

longleaf pine habitat is therefore a priority for many public and private land managers. 

In longleaf pine savannas, fire suppresses fire-intolerant trees and shrubs from succeeding 

into the sub-canopy.  In addition, fire increase short-term nutrient availability (Christensen 

1977), surface soil temperatures (Hultert 1988), and the growth and sexual reproduction of 

numerous ground-layer plants (Platt et al. 1988; Streng et al. 1993; Brewer & Platt 1994; Outcalt 

1994; Hiers et al. 2000).  In the absence of recurrent fire, fire-intolerant trees and shrubs 

establish in the sub-canopy; reducing the cover and richness of ground-layer plants that sustain 

fire (Walker & Peet 1983; Gilliam et al. 1993).  Where ground-layer plants have been locally 

extirpated due to vigorous fire suppression, collection from donor sites may facilitate ground-
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layer restoration by providing an adequate source of seed.  Unfortunately, many desirable 

ground-layer plants in longleaf pine savannas have poor seed production (Pfaff & Maura 2000). 

Lightning-season fires enhance flowering stem production of numerous ground-layer 

plants in longleaf pine communities (Platt et al. 1988; Streng et al. 1993; Outcalt 1994; Hiers et 

al. 2000).  If seed production is correlated with flowering stems, then lightning-season fire may 

be a major ecological force driving sexual reproduction and ground-layer maintenance (Robbins 

& Myers 1992; Brewer & Platt 1994).  Few published studies have examined flowering stem 

production and seed production of ground-layer species after fire, especially in the western 

extent of longleaf pine.  Moreover, effects of different months-of-burn on sexual reproduction 

are lacking in these communities.  Thus, little is known of the potential to enhance seed 

production in donor sites by conducting prescribed burns of a particular season. 

The purpose of this study was to examine sexual reproduction after different months-of-

burn for grass species in a longleaf pine community of northwest Florida.  The following 

questions were examined: (1) what are the differences in percent of plants producing at least one 

seed-bearing stem for each species after various months-of-burn, (2) what are the differences in 

seed-bearing stem production per plant and per area for each species after various months-of-

burn, and (3) how many seed are produced by each species after various months-of-burn? 

Methods 

Species and Site Selection 

 The species studied are common components of northwest Florida sandhills (Rodgers & 

Provencher 1999): Schizachyrium scoparium (Michx.) Nash var. stoloniferum (Nash) J. Wipff. 

(little bluestem); Andropogon ternarius Michx. (splitbeard bluestem); Sporobolus junceus 

Michx. (pineywoods dropseed); Aristida mohrii Nash (Mohr’s threeawn); and, Aristida 

purpurascens Poir. (bottlebrush threeawn).  S. scoparium and A. mohrii are endemic to the 
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southeastern United States while the remaining three species occur throughout the eastern half of 

the U.S.  S. scoparium is the dominant ground-layer species in fire-maintained sites across 

western EAFB.  All five species are warm-season (C4), fall-flowering bunchgrasses except for S. 

scoparium, which is a (C4) highly rhizomatous, sod-forming grass.  Flowering occurs between 

October and December for all species except S. junceus, which flowers between September and 

November.  Typically, seed disarticulation occurs within two months of flowering. 

Study sites were located in mature, longleaf pine sandhills at Eglin Air Force Base (EAFB) 

in northwest Florida (30º29’ N, 86º31’ W; Fig. 2-1).  This area has been managed with 

prescribed fire for the past several decades.  The prescribed fire regime has been one of frequent 

fire (1-6 yr) conducted between late February and late July (Table C-1).  Study sites were 

randomly chosen from areas having burned in winter (February 2005), early spring (April 2005), 

early lightning-season (May 2005), and late lightning-season (July 2005).  Five to seven 

replicates were selected for each burn month.  Criteria for site selection were: (1) fire-maintained 

longleaf sandhills >0.1-ha in western EAFB; (2) a ground-layer consisting of “fire-following” 

grass species (see Lemon 1949; Hodgkins 1958); (3) excessively drained sands of the Lakeland 

series (Overing et al. 1995); (4) little evidence of mechanical disturbance; and, (5) a fire regime 

consistent with the study season of burn (Table B-1). 

Plant nomenclature follows that of the Integrated Taxonomic Information System (2007). 

Vegetation Sampling 

Vegetation sampling was used to determine the percent of plants (population of ramets) 

producing seed-bearing stems (SBS), the number of SBS per plant, and the density of SBS per 

area of each species after five different months-of-burn.  All sampling was carried out between 

October and December 2005.  To determine the percent of seed-bearing plants, the 

presence/absence of at least one seed-bearing stem was recorded for the nearest plant of each 
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species at 10 randomly located points within each 0.1-ha site.  Basal area was calculated for each 

plant and the number of SBS were counted and harvested from the plant base.  If SBS were 

absent, the nearest seed-bearing plant of that species was located and characterized using the 

methods previously described.  Due to the rhizomatous nature of S. scoparium, SBS were 

counted in 0.125-m2 (20-cm radius) sub-plots and basal area was not calculated.  Concurrently, 

ten 3x15m transects were randomly placed within each site and the number of SBS recorded of 

each species.  Due to high abundance, SBS of S. scoparium were counted in 1x15m transects I 

nested in each of the 3x15m transects used for the other species.  SBS were air-dried at room 

temperature (24°C) for 2-wk and then stored in brown paper bags at room temperature for an 8-

mo after-ripening period. 

Seed Sampling 

Numbers of seeds were quantified from SBS to examine differences in seed production for 

the five species after various months-of-burn.  For SBS harvest in fall 2005 (described above), 

seeds were recorded from 10-20 randomly selected stems per site and species.  Where 

disarticulation had occurred on the SBS, the node of disarticulation was considered to bear a 

floret and was thus described as measure of potential seed production. 

Statistical Analysis 

The percent of plants with SBS, SBS per area, and SBS per plant were analyzed for 

months-of-burn using separate one-way Proc GLM test in which month-of-burn was the 

treatment factor (SAS Institute Inc. 1988).  Orthogonal linear contrasts were performed on 

Spring 2004 burns versus all other months-of-burn; results are reported in text.  Arcsin-square 

root transformations of percent data and the inverse of SBS counts were used to meet 

assumptions of normality and homogeneity of variances (Zar 1998).  Differences among means 

were separated by Tukey’s HSD post-hoc when treatments were significant (p < 0.05).  Results 
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are expressed as means (± 1 SE).  Mean basal area of plants did not influence the number of SBS 

and was therefore not considered as a covariate for analysis. 

Results 

Percent SBS 

Different months-of-burn revealed significant species-specific differences with respect to 

the percent of plants producing at least one SBS (Fig. 2-2).  Percent SBS of S. junceus plants 

(Fig. 2-2a) was significantly greater for late lightning-season burns than winter (February) burns.  

For S. scoparium, percent SBS was significantly lower after winter burns than lightning-season 

burns (Fig 2-2b).  In comparison, there were no significant differences for the percent SBS of A. 

terarius after different months-of-burn (Fig. 2-2c).  When comparing among different months-

of-burn, percent SBS of A. mohrii was significantly lower (i.e., 0) after late lightning-season 

burns than other months-of-burn in 2005 (Fig 2-2d).  Lastly, A. purpurascens showed no 

significant differences to percent SBS after different months-of-burn in 2005 (Fig. 2-2e). 

SBS Density 

High variance over month-of-burn for all species meant few significant differences in SBS 

density (Fig. 2-3), though results indicate that SBS density after different months-of-burn was 

species-specific.  S. junceus (Fig. 2-3a), S. scoparium (Fig. 2-3b), A. mohrii (Fig. 2-3d), and A 

purpurascens (Fig. 2-3e) showed no significant differences to SBS density as a result of 2005 

burns.  In comparison, SBS density of A. ternarius was significantly lower after winter burns 

than late lightning-season burns (Fig. 2-3c). 

SBS per Plant 

Differences in SBS per plant did not show a consistent pattern with respect to the season of 

burn (Fig. 2-4).  S. junceus (Fig. 2-4a), S. scoparium (Fig. 2-4b), A. ternarius (Fig. 2-4c), and A. 

purpurascens (Fig. 2-4e) again showed no significant differences to SBS stems per plant as a 
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result of different months-of-burn conducted in 2005.  In comparison, SBS per plant of A. mohrii 

were significantly lowest after late lightning-season burns, similar between spring and early 

lightning-season burns, and highest after winter burns (Fig. 2-4d). 

Floret and Seed Production per SBS 

When comparing floret production per SBS of S. junceus (Fig. 2-5a), A. ternarius (Fig. 2-

5c), A. mohrii (Fig. 2-5d), and A. purpurascens (Fig. 2-5e), floret production was not 

significantly different among the months-of-burn.  In contrast, floret production of S. scoparium 

was higher in lightning-season burns than winter burns, or spring burns of 2004 and 2005 (Fig. 

2-5b).  Lastly, showed no significant differences in floret production  

Changes in seed production by species in each burn month did not show a consistent 

pattern with respect to season-of-burn (Fig. 2-6); however, seed production trends emulated 

those of floret prodution.  Though several species had higher production after lightning-season 

burns, S. junceus (Fig. 2-6a), A. ternarius (Fig. 2-6c), A. mohrii (Fig. 2-6d), and A. purpurascens 

(Fig. 2-6e) showed no significant differences in seed production to different months-of-burn,  In 

contrast, S. scoparium showed trends emulating floret production, with significantly higher seed 

production after lightning-season burns in comparison to winter burns and early spring burns 

(Fig 2-6b). 

Discussion 

Fire Season Effects on Characteristics of SBS Production 

In my study, changes in flowering characteristics of dominant grass species varied with 

respect to month-of-burn.  The pattern for greater percent of seed-bearing plants in response to 

lightning-season burns is consistent with those reported previously for ground-layer plants in 

longleaf pine savannas (Platt et al. 1988; Outcalt 1994; Hiers et al. 2000).  Similarly, these 

results are in accordance with several studies reporting enhanced flowering in response to 
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lightning-season burns for bluestem grasses in tallgrass prairies of the Midwest United States 

(Curtis & Partch 1950; Howe 1995).  Likewise, some field observations indicate that bluestems 

flower profusely in response to lightning-season burns conducted in longleaf pine savannas 

(Lemon 1949; Rodgers & Provencher 1999).  Some species, however, showed little change in 

percent seed-bearing plants as a result of lightning-season burns, with high percentages across all 

burn treatments.  Moreover, the percent of seed-bearing plants of at least one grass species (A. 

mohrii) declined in response to lightning-season burns.  The decline in flowering stems of this 

species contrast sharply with the observed flowering response of A. stricta to lightning-season 

burns.These results suggest that fire season effects on the percent of seed-bearing plants are 

species-specific among the five grass species.   

Despite significant differences in the percent of seed-bearing plants for three of five grass 

species after different months-of-burn, I detected significantly different SBS densities for just 

one species after the different months-of-burn.  Similarly, just one of five grass species produced 

significantly different numbers of SBS per plant after different months of burn.  For 4 of 5 

species, SBS density varied considerably and was greatest after late lightning-season burns.  

Extreme variability after late lightning-season burns was the result of a 4-folod increase in SBS 

density within one burn site.  At the plant level, SBS production for 4 of 5 grass species was not 

significantly different as a result of different months-of-burn.  A. mohrii, however, showed 

marked changes in SBS production per plant in response to burns conducted in early spring and 

the lightning-season.  Consequently, variation in SBS production is not consistent across 

different months-of-burn or among species, although the majority of species responded favorably 

to burns conducted in the early spring and lightning-season.  Unexpectedly, several 

characteristics of SBS production declined precipitously in A. mohrii with respect to lightning-
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season.  Hiers et al. (2000) reported similar declines in flowering stem production of this species 

as a result of lightning-season burns.  Declines in SBS production are then not surprising as 

several species in longleaf pine communities exploit a broad range of life-history strategies 

adapted to different environmental pressures. 

In longleaf pine savannas, literature examining the effect of seasonal burning has 

suggested that enhanced post-fire flowering is an evolved adaptation to lightning-season fires 

(Platt et al. 1988; Brewer & Platt 1994), which may be reflected across a large proportion of the 

plant community (Platt et al. 1991).   Such studies, however, are too few and encompass just a 

small suite of the native species able to sustain fire in longleaf communities. More recent studies 

suggest that observed flowering patterns in response to burning might reflect a dependence on 

fire rather than the season of burning (Kirkman et al. 1998; Hiers et al. 2000).  In general, 

burning removes litter from the ground-layer, which subsequently provides greater light 

availability at the soil surface (Hulbert 1988).  In turn, greater light availability increases soil 

temperatures and stimulates flowering (Gill 1975; Hulbert 1988).  Christensen (1977) also 

observed that, in comparison to unburned sites, soil nutrients were significantly greater for 4 to 6 

mo following burning in longleaf pine savannas.  Thus, enhanced flowering in lightning-season 

treatments may reflect the temporary increase in available nutrients the subsequent fall, while 

nutrient availability in spring and winter burn treatments likely subsides to pre-burn conditions 

by the fall flowering period.  

Burns conducted during these months remove aboveground biomass (Myers 1990), reduce 

sub-canopy density (Robbins & Myers 1992), increase short-term nutrient availability 

(Christensen 1977), and increase light irradiance at the soil surface (Hulbert 1988).  Different 

months-of-burn resulted in species-specific differences with respect to SBS characteristics.  
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Burns conducted in early spring and during the lightning-season enhanced the percent of seed-

bearing plants of S. scoparium and S. junceus.  Similar results were observed in longleaf pine 

savannas where growing season or lightning-season burns enhanced flowering and SBS 

production of ground-layer plants (Platt et al. 1988; Streng et al. 1993; Outcalt 1994; Hiers et al. 

2000).  Surprisingly, no seed-bearing plants were observed of A. mohrii after late lightning-

season burns.  In addition, fewer samples (plants) of A. mohrii were found after late lightning-

season burns than any other month-of-burn or species. Percent of seed-bearing plants of A. 

ternarius and A. purpurascens were not influenced by different months-of-burn, with high (> 

90%) numbers of seed-bearing plants observed across the months-of-burn. 

Fire Season Effects on Floret and Seed Production 

Although abundant seed production is expected in sites where flowering is also abundant 

(Platt et al. 1988; Outcalt 1994), the number of florets and seed were consistent across the 

different months-of-burn for each species.  Furthermore, the numbers of seeds were correlated to 

the numbers of florets produced within each month-of-burn and species; however, seed shatter of 

S. junceus resulted in dramatic differences in the reported proportion of seeds and florets.  

Increased floret and seed production in S. scoparium were the result of lightning-season burns.  

Seed production is a dynamic process requiring successful pollination, fertilization, and seed 

development (Walker & Silletti 2006).  While the numbers of florets and seeds were counted 

from the entire inflorescence of each sample, it is possible that greater floret and seed production 

are the result of greater inflorescence length or increased branching of the inflorescence. 

In this study, none of the species showed consistent responses across variables; however, 

burns conducted in early spring and the lightning-season improved several SBS characteristics of 

some species.  Therefore, land management may rely on a month or season-of-burn to enhance 

SBS characteristics for a particular species.  Because not all species responded to similarly to the 
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month-of-burn, however, maintaining a variable fire season should maintain a full complement 

of ground-layer richness (Hiers et al. 2000). 
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Figure 2-1.   Map of Eglin Air Force Base (EAFB) in northwest Florida.  The study sites were 

all located in the western range of EAFB. 

24 



 

   
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Burn Month

a) b)

b

ab
ab

b

0

10

20

30

40

50

60

70

80

90

100

February April May July

aa

ab

b

0

10

20

30

40

50

60

70

80

90

100

February April May July

b

a

aa

0

10

20

30

40

50

60

70

80

90

100

February April May July

c) 
d) 

e) 
0

10

20

30

40

50

60

70

80

90

100

February April May July

0

10

20

30

40

50

60

70

80

90

100

February April May July

 

 

 

 

 

 

Figure 2-2.   Mean percent (± 1 SE) of plants producing at least one seed-bearing stem for (a) 
Sporobolus junceus, (b) Schizachyrium scoparium, (c) Andropogon ternarius, (d) 
Aristida mohrii, and (e) Aristida purpurascens after different months-of-burn in 
2005.  Significant differences (ANOVA, p < 0.05) are indicated with different 
letters.  The numbers of reps varied due to preexisting differences in species 
abundance for each month-of-burn.  Therefore, the total number of reps for each 
month-of-burn ranges from a minimum of n = 3 to a maximum of n = 10. 
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Figure 2-3.   Mean (± 1 SE) seed-bearing stems (SBS) per area for (a) Sporobolus junceus, (b) 
Schizachyrium scoparium, (c) Andropogon ternarius, (d) Aristida mohrii, and (e) 
Aristida purpurascens after different months-of-burn in 2005.  Significant 
differences (ANOVA, p < 0.05) are indicated with different letters.  The total 
number of reps for each month-of-burn was n = 5.  Note that scales on the various 
panels are different.  Note also that stems of S. scoparium were determined in 15-
m2 transects while stems of other species were determined in 45-m2 transects.  
Note differences in scale for the various panels. 
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Figure 2-4.   Mean (± 1 SE) seed-bearing stems (SBS) per plant for (a) Sporobolus junceus, (b) 

Schizachyrium scoparium, (c) Andropogon ternarius, (d) Aristida mohrii, and (e) 
Aristida purpurascens after different months-of-burn in 2005.  Significant 
differences (ANOVA, p < 0.05) are indicated with different letters.  The numbers 
of reps varied due species-specific differences in SBS production for each month-
of-burn.  Therefore, the total number of reps for each month-of-burn ranges from 
a minimum of n = 4 to a maximum of n = 10.  Note differences in scale for the 
various panels. 
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Figure 2-5.  Mean (± 1 SE) production of floret and seed per seed-bearing stem for (a) 
Sporobolus junceus, (b) Schizachyrium scoparium, (c) Andropogon ternarius, (d) 
Aristida mohrii, and (e) Aristida purpurascens after different months-of-burn in 
2005.  Significant differences (ANOVA, p < 0.05) are indicated with different 
letters.  The numbers of reps varied due species-specific differences in SBS 
production for each month-of-burn.  Therefore, the total number of reps for each 
month-of-burn ranges from a minimum of n = 2 to a maximum of n = 10. Note 
differences in scale for the various panels. 
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CHAPTER 3 
FIRE SEASON EFFECTS ON SEED GERMINATION OF LONGLEAF PINE SANDHILL 

GRASSES 

Introduction 

Fire plays an essential role in determining the structure and function of plant communities 

worldwide (Daubenmire 1968; Whelan 1995; Bond & Wilgen 1996; Pyne et al. 1996).  In the 

southeastern United States, longleaf pine (Pinus palustris) savannas are maintained by frequent 

(1-5 yr), low-intensity fire sustained by ground-layer fuels (Frost 2006).  Fire removes 

aboveground biomass, thus increasing light availability and temperature at the soil surface 

(Christensen 1975; Hulbert 1988).  Moreover, fire increases short-term (4-6 mo) nutrient 

availability for ground-layer plants (Christensen 1977).  As a result, ground-layer plants often 

increase growth and sexual reproduction after fire (Platt et al. 1988; Brewer & Platt 1994; Hiers 

et al. 2000).  The ground-layer in these fire-maintained communities are also among the most 

species-rich communities outside the tropics (Walker & Peet 1983; Peet & Allard 1993). 

Due to habitat fragmentation and vigorous fire suppression, the range of longleaf pine has 

declined by more than 97% since European colonization and only 0.2% is regularly maintained 

by fire (Frost 2006).  During the prolonged absence of fire, fire-intolerant trees and shrubs 

succeed into the sub-canopy and competitively reduce ground-layer fuels and longleaf pine 

recruits (Glitzenstein et al. 1995; Varner et al. 2005).  Without adequate ground-layer fuel, fire is 

neither sufficient-nor-frequent enough to maintain longleaf pine savannas (Peet 2006).  

Therefore, maintaining ground-layer populations is essential to the fire regime, habitat quality, 

and species richness of longleaf pine communities.  Consequently, longleaf pine restoration is 

dependent on thinning fire-intolerant trees in the canopy and establishing adequate ground-layer 
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fuel in sites where fire has been actively suppressed (Robbins & Myers 1992; Streng et al. 1993; 

Glitzenstein et al. 2001; Provencher et al. 2001; Walker & Silletti 2006). 

Direct seeding is the most viable and economical method for starting new populations in 

sites where the ground-layer has been locally extirpated (Guerrant 1996; Glitzenstein et al. 2001; 

Walker & Silletti 2006).  Considerations for establishing new populations of ground-layer 

species should include: (1) similarity between habitat conditions of the donor site and restoration 

site; (2) proximity between the donor site and restoration site; and, (3) quality of seed from the 

donor site.  Fortunately, several public and private land managers maintain large tracts of 

longleaf pine with frequent ground-layer fires (Alavalapati et al. 2006; Compton et al. 2006).  

For example, land managers of Eglin Air Force Base (EAFB) in northwest Florida have 

prescribed burned longleaf pine savannas for more than two decades (Appendix; Table C-1).  

These fire-frequented sites are composed of desirable ground-layer species whose seed may be 

harvested and used to establish new ground-layer populations in adjacent, species-poor sites of 

EAFB.  Unfortunately, native ground-layer species in longleaf pine savannas have poor seed 

production and viability (Pfaff & Gonter 1996; Yarlett 1996), thus hindering the ability to 

establish a dominant ground-layer during the initial stages of restoration.  

Longleaf pine communities evolved under a regime of frequent fire, naturally occurring 

between May and August (lightning-season) when thunderstorms and lightning are frequent 

(Komarek 1964; Chen & Gerber 1990; Robbins & Myers 1992).  Increased and more 

synchronous flowering (Platt et al. 1988; Robbins & Myers 1992; Brewer & Platt 1994; Outcalt 

1994), and increased seed production (Streng et al. 1993; Outcalt 1994), are considered 

adaptations of some ground-layer species to the peak lightning-season of the southeastern United 

States.  While studies have reported the month-or-season-of-burn effects on flowering 
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characteristics of several ground-layer species (Platt et al. 1988; Streng et al. 1993; Brewer & 

Platt 1994; Outcalt 1994; Hiers et al. 2000), few studies have reported differences in seed 

germination of ground-layer species after different months-of-burn in these fire-maintained 

communities.  Thus, it is not known whether lightning-season burns have an influence of seed 

germination nor on the potential of ground-layer plants to establish in longleaf pine savannas. 

Grasses are an ideal species to assess the months-of-burn effects on seed germination.  

They are a dominant component of the ground cover and the primary fuel source in longleaf 

communities (Myers 1990; Walker & Silletti 2006).  In addition, grasses worldwide have 

evolved life-history strategies that often reflect adaptations to the local fire regime (Curtis & 

Partch 1950; Kucera &; Bond & Wilgen 1996).  The purpose of this study was to examine seed 

germination after different months-of-burn for grass species in a longleaf pine community of 

northwest Florida.  The following question was examined: what are the differences in percent of 

seed germinating for each species after various months-of-burn? 

Methods 

Species Selection 

The species studied are dominant perennial grasses in sandhills in northwest Florida 

(Rodgers & Provencher 1999): Schizachyrium scoparium (Michx.) Nash var. stoloniferum 

(Nash) J. Wipff. (little bluestem); Andropogon ternarius Michx. (splitbeard bluestem); 

Sporobolus junceus Michx. (pineywoods dropseed); Aristida mohrii Nash (Mohr’s threeawn); 

and, Aristida purpurascens Poir. (bottlebrush threeawn).  A further description of each species 

and sites from which seeds were collected is previously reported (Chapter 2). 

Seed Selection and Germination 

Seeds of the five species were collected from seed-bearing stems after different months-of-

burn in longleaf pine sandhills of EAFB, as previously reported (Chapter 2).  Germination was 
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conducted on 9 x 1.5 cm Petri dishes with two pieces of saturated (4 ml deionized water) 

Whatman No. 5 filter paper with 25 seeds; there were three replicates per treatment (burn month) 

per species (n =75).  Petri dishes were placed on trays and incubated for 1 mo in Percival seeds 

incubators under 12:12 light: dark photoperiod at 30°C: 20°C.  Prior to treatment, seeds were 

surface-sterilized for 15 min in 3% sodium hypochlorite solution (Essah et al. 2003) and rinsed 

three times with deionized water.  Additionally, S. junceus and S. scoparium seeds were cold 

stratified at 5ºC for 30 and 14 d, respectively (Glitzenstein et al. 2001; AOSA 2004).  

Germination was considered as the emergence of the radicle and was characterized almost daily 

for 1 mo. 

A second germination trial was conducted 1 mo after completion of the first trial when 

mold was discovered on 38% of the seeds in the first trial.  A surfactant (Ivory liquid soap) was 

added to the 3% sodium hypochlorite solution and seeds were cleaned using methods previously 

mentioned.  Surfactants reduce surface tension of sodium hypochlorite and may coat the seed 

more thoroughly, especially on highly pubescent seeds such as Andropogon ternarius and 

Schizachyrium scoparium.  Seed groups were additionally treated using two sprays of 29.5 

ml/7.5 L (v/v) fungicide (Daconil; tetrachloroisophthalonitrile) in a hand-held spray bottle.  

Similar incubation methods were conducted for the second germination trial. 

Statistical Analysis 

 The percentage germination was arcsine-square root transformed prior to one-way Proc 

GLM tests with the months-of-burn as the treatment factor (SAS Institute Inc. 1988; Zar 1998).  

Differences among means were separated by Tukey’s HSD post-hoc when treatments were 

significant (p < 0.05). 
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Results 

In the first trial, most of the species showed patterns indicating seed germination 

dependence to a month-of-burn, but high variance rendered these responses non-significant (Fig. 

3-1).  However, late lightning-season burns resulted in significantly greater seed germinating for 

A. ternarius than winter burns (Fig. 3-1c).  Germination of A. mohrii was not significantly 

different among months-of-burn (Fig. 3-1d), including no observed seed germination for the 

early lightning-season treatment and the lack of seed to test seed germination of the late 

lightning-season treatment.  Lack of germination is of interest because this particular species is 

endemic to longleaf pine sandhills and likely evolved with fire.  A. purpurascens produced the 

highest percentage germination among all species, but showed no significant preference to any 

particular month-of-burn (Fig. 3-1e). 

Three species (S. scoparium, A. ternarius, and A. purpurascens) were tested in the second 

trial due to a lack of seed for the other species (S. junceus and A. mohrii).  Again, lightning-

season fires appeared to result in higher seed germination of all species, but in this trial the 

pattern was significant only for A. purpurascens (Fig. 3-2).  This species showed higher 

germination after late lightning-season burns than winter burns or early spring burns (Fig. 3-2e). 

Discussion 

 The two trials conducted demonstrate that germination of at least 2 of the 5 grass species, 

and potentially all 5 species, is fire-season dependent.  Low germination rates (< 30% for most) 

may suggest that more seeds would be required to fully elucidate these patterns.  Successful 

germination is dependent on a complex association of physiological processes and optimal 

environmental conditions (Bewley 1997).  Theses interactions are further compounded by 

differences among site conditions, year-to-year climate differences, and even differences 

between individuals within a species (Fenner 1985).  The presence of deeply dormant seed is 
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common of species associated with fire-evolved communities, especially in California chaparral 

and fynbos communities of South Africa (Keeley & Bond 1997).  Smoke generated from fires 

induces and/or enhances germination of many species in these communities and is considered an 

evolved adaptation to the local fire regime (Keeley 1981, 1991).  In comparison, seed dormancy 

issues are not readily apparent in species associated with fire-evolved longleaf pine savannas of 

the southeastern U.S. (Walker & Silletti 2006). 

Low germination is typical of grasses worldwide (Blake 1935; Green & Curtis 1950; 

Grime et la. 1981; Cook 1985; Brys et al. 2005).  Germination percentages are highly variable 

across a suite of ground-layer species in longleaf pine savannas, ranging from 0% to greater than 

80% under a variety of field and laboratory conditions (Pfaff & Gonter 1996; van Eerden 1997; 

Glitzenstein et al. 2001; Pfaff et al. 2002).  Previous reports indicate that germination 

percentages of many desirable grasses are consistently lower than other guilds associated with 

longleaf communities (Pfaff & Gonter 1996; Hiers et al. 2000; Glitzenstein et al. 2001; Walker 

& Silletti 2006).  Indeed, germination percentages of grass species ranged from 0% to 64% under 

laboratory conditions during my study.  The mean germination percentage of desirable grasses 

(i.e., S. junceus, S. scoparium, and A. ternarius), however, ranged between 0% and 28%.  These 

germination percentages are in accordance with values reported by Seamon et al. (1993), Outcalt 

(1994) and Pfaff & Gonter (1996), who also found low (< 30%) germination percentages of a 

suite of grass species associated with longleaf pine.  Similarly, Glitzenstein et al. (2001) reported 

germination percentages as low as 5% for S. scoparium, which correspond to low germination 

percentages (0 to 7.5%) found of S. scoparium in my study.  Similarly, season-of-burn did not 

influence germination percentages for a suite of ground-layer plants in longleaf pine 
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communities (Glitzenstein et al. 2001), but germination trends reported in my study at least 

suggest a pattern of higher germination after lightning-season burns. 

Many grasses of fire-evolved ecosystems rely heavily on clonal reproduction (Briske & 

Richards 1995), often forming dense sods from rhizomes and stolons.  In comparison, 

bunchgrasses form via tiller production and are generally assumed to rely on recruitment from 

seed (Liston et al. 2003).  Therefore, species may also exhibit differences in seed germination 

based on different life history strategies.  Germination percentages found in this study, however, 

were consistently low among species exhibiting both clonal growth and tiller production.  High 

germination percentages of A. purpurascens are consistent with Pfaff and Gonter (1996) and 

Haddock (2005), who reported that this grass depends entirely on recruitment from seed and 

exhibits ruderal qualities (e.g., rapid germination). 

Little emphasis has been placed on seed research in the southeastern U.S., especially with 

respect to burning native grasses.  While dependence on fire seasonality is well understood in 

Aristida stricta, germination responses are less well understood.  Population establishment of 

desirable ground-layer plants is dependent on viable seed produced during the current or 

previous years growing seasons due to the lack of a persistent soil seed bank in dominant and 

ecologically beneficial grass species (Cohen et al. 2004).  These data suggest that seed 

germination is species-specific and significantly enhanced by lightning-season fires for at least 

two species (A. purpurascens and A. ternarius) in longleaf pine sandhills of northwest Florida. 

Therefore, increased establishment of ground-layer populations from existing plants may benefit 

from fires burned at different times during the lightning-season. 
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Figure 3-1.   Mean (± 1 SE) germination of (a) Sporobolus junceus, (b) Schizachyrium 
scoparium, (c) Andropogon ternarius, (d) Aristida mohrii, and (e) Aristida 
purpurascens after different months-of-burn.  Significant differences (ANOVA, p 
< 0.05) are indicated with different letters.  The numbers of samples varied due 
species-specific differences in the number of seed produced by each species after 
different months-of-burn.  Therefore, the total number of reps for each months-of-
burn ranges from a minimum of n = 5 to a maximum of n = 7.  Note that means 
and SE’s represent non-transformed data.  Note also that scales on the various 
panels are different.  * denotes month-of-burn was removed from analysis due to 
small sample size (n = 1). 
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Figure 3-2.   Mean (± 1 SE) germination of (a) Schizachyrium scoparium, (b) Andropogon 
ternarius, and (c) Aristida purpurascens after different months-of-burn.  
Significant differences (ANOVA, p < 0.05) are indicated with different letters.  
The numbers of samples varied due species-specific differences in the number of 
seed produced by each species after different months-of-burn.  Therefore, the total 
number of reps for each months-of-burn ranges from a minimum of n = 4 to a 
maximum of n = 6.  Note that means and SE’s represent non-transformed data.  
Note also that scales on the various panels are different. 
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CHAPTER 4 
CONCLUSIONS AND IMPLICATIONS FOR GROUND-LAYER RESTORATION IN 

FLORIDA SANDHILLS 

 In the southeastern U.S., fire-maintained longleaf pine remnants are among the most 

species-rich communities outside the tropics (Hardin & White 1989; Peet & Allard 1993).  

Unfortunately, longleaf pine habitat has declined by at least 97% since European colonization 

and only 0.2% is regularly maintained with fire (Frost 2006).  Ground-layer fuels are 

characteristically absent or not readily able to sustain low-intensity fires in sites where fire has 

been vigorously suppressed from longleaf pine communities.  Therefore, establishment of 

ground-layer fuels is considered a biological priority for the persistence of the local fire regime 

and health of longleaf habitat. 

 Many desirable native ground-layer plants in Florida have low seed production and 

viability (Pfaff & Maura 2000), thus making ground-layer establishment difficult.  Nevertheless, 

longleaf pine communities evolved under a fairly specific fire regime, with highest frequency of 

lightning-ignited fires in May and June (Fig. 1-1).  Thus, several plant species may require a 

relatively narrow fire regime to enhance sexual reproduction (Platt et al. 1988) and successfully 

establish from seed.  Few studies have investigated the months-of-burn effects on ecologically 

important grass species.  Therefore, studies evaluating differences in sexual reproduction after 

different months-of-burn are important for consideration of ground-layer establishment.  For 

purposes of this study, true unburned ‘controls’ did not exist because longleaf pine savannas 

evolved under frequent fire and EAFB regularly maintains their longleaf pine communities with 

fire (Brewer & Platt 1994; Compton et al. 2006).  I considered the fire season effects on 

flowering characteristics of longleaf pine sandhill grasses a better indicator of the ecological 

significance of fire than the effects of fire vs. no fire.  
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Results of my study suggest that not all of these dominant grass species respond 

consistently to month-of-burn.  First, several species responded to lightning-season burns by 

producing a greater percentage of seed-bearing plants, while one species showed a significantly 

lower percentage of seed-bearing plants after lightning-season burns.  Furthermore, differences 

in the months-of-burn did not affect the percentage of seed-bearing plants for two species, as 

they produced high percentages across all months-of-burn.  Thus, the hypothesis that lightning-

season burns increase flowering percent is species-specific.  Likewise, none of the species 

showed consistent production of seed-bearing stems (SBS) per area and plant, with 4 of 5 species 

showing no differences with respect to month-of-burn.  Tests of floret and seed production per 

stem revealed considerable variation among species and months-of-burn and 4 of 5 species again 

produced no differences with respect to month-of-burn.  For each of these tests, significance was 

not consistent across variables, suggesting that inadequacies in one variable may be overcome by 

another variable.  Similarly, tests of seed germination were not consistent among species and 

ranged from 0% to 64%, including germination percentages from 0 to 28 for ecologically 

important grass species. 

In this study, none of the species showed consistent responses across variables; however, 

burns conducted in early spring and the lightning-season improved several SBS characteristics 

for some species.  Therefore, land management may rely on a month or season-of-burn to 

enhance SBS characteristics for these particular species in restoration and seed donor sites.  

Because not all species responded to similarly to the month-of-burn, however, maintaining a 

variable fire season should maintain a full complement of ground-layer richness (Hiers et al. 

2000). 
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APPENDIX A 
CLIMATE NORMALS FOR NICEVILLE, FL FROM 1971-2000 
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Figure A-1.   Monthly precipitation and temperature means for Niceville, FL (1971-2000), 
including average monthly precipitation for (a) 2004 and (b) 2005 seasons. 
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APPENDIX B 
BURN HISTORY OF EGLIN AIR FORCE BASE 

Table B-1 Burn history for longleaf pine (Pinus palustris) sandhills on the western range of 
Eglin Air Force Base. 

 

Spring 2004 907 E 4/8/2004 5/24/2003 4/16/2000 2/1/1993   

Burn Treatment Burn Site                                         Burn History 

 704 B 4/10/2004 /1/1988 

 

 702 E 5/4/2004 4/26/2003 2/24/1998 2/1/1994 2/1/1987 2/1/1977 

ebruary 2005 /1/1995 /1/1992 

 704 A 2/26/2005 2/9/2002 1/26/2000 2/1/1995 2/1/1992 2/1/1986 

5 

 

 904 D 4/13/2005 1/8/2003 3/2/1999 2/1/1993 2/1/1988  

ay 2005  

3/2/1999 5/1/1998 2/1/1993 2  

 106 B 4/27/2004 4/27/1998 2/1/1991    

F 104 D 2/4/2005 2/9/2002 2/2/2000 2 2  

April 200 703 B 4/6/2005 4/23/2002 1/25/2000 1/1/1996 2/1/1979  

 903 C 4/9/2005 1/21/2001 2/1/1993 2/1/1987   

M 5285 D 5/14/2005 5/4/2004 3/20/2000 1/1/1996 2/1/1993 2/1/1979 

July 2005 704 E 7/24/2005 3/24/2001 2/23/2001 2/12/1996 2/1/1994  
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