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CHAPTER I: RAINFALL - BURN TIME INTERACTIONS AFFECT THE 

SUCCESS OF BOTHRIOCLOA ISCHAEMUM CONTROL IN THE TEXAS HILL 

COUNTRY 

 

Summary 

The invasion of Bothriochloa ischaemum (common name: King Ranch bluestem) 

into North American grasslands has caused a marked reduction in the biodiversity of 

native flora and fauna.  To control the invasive species land managers need an effective, 

low cost treatment.  Mowing, herbicide and fire are the most common means to control 

unwanted range grasses, but these methods are not consistently effective.  For example, 

winter prescribed burns have proven ineffective and may even encourage B. ischaemum 

growth in grasslands, while new evidence suggests that summer burns may be more 

effective in B. ischaemum control.  This work examines whether the effectiveness of 

control by fire, measured by the number of tillers that re-emerged after the fire, depends 

on the timing of the burn treatment and the rainfall history leading up to the burn.  In the 

field, two separate factorial experiments were conducted to asses the effect of burn time 

(September versus October) and precipitation (ambient or less than ambient).  Rainfall 

was controlled using “rain-out” shelters to reduce available soil water before burning. 

Site A contained a near monoculture of B. ischaemum while site B contained B. 

ischaemum and native grass species, chiefly Bothriochloa laguroides (Silver bluestem), 

Schizachyrium scoparium (Little bluestem), Sorghastrum nutans (Yellow Indian grass), 
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and Sporobolus compositus (Tall dropseed).  At site A, 235.5 mm of rain were withheld 

between May 11 and August 1, 2008 and at site B, 27.7 mm between August 21 and 

September 28, 2008.  At both sites, the effects of withholding rainfall, time of burn and 

the interaction of the two on B. ischaemum tiller re-growth were highly significant. At 

both sites and across precipitation treatments the earlier burn was more detrimental to B. 

ischaemum than the later burn.  For site A, the drought imposed in May-August had little 

effect on recovery after the September burn, but reduced re-growth by 35% after the later 

burn. By contrast, at site B, the much shorter imposed drought had little effect on 

recovery after the October burn, but caused greater re-growth after the earlier burn.  For 

the native grasses at site B, all factors and their interactions were also highly significant 

and withholding rain had a positive effect in the aftermath of the earlier burn and a 

negative effect in the aftermath of the later burn. Both experiments confirmed that a 

growing season burn is more detrimental to post-burn recovery than a late-season burn, 

but also demonstrated that precipitation leading up to the fire can affect outcomes. The 

second experiment demonstrated that B. ischaemum and native grasses responded 

differentially to rainfall/burn time treatments, although we were unable to identify 

treatment combinations that targeted the invasive more than the native species.  Further 

investigation of differential species responses to precipitation and burn time may identify 

prescribed burn scenarios that are significantly more detrimental to the invader than to 

native grasses.  Such information would allow land managers to more effectively control 

unwanted range grasses, considering not only the timing of the burn but also the 

precipitation patterns and the physiological status of species prior to the burn date. 
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Introduction 

The study of invasive species has become an increasingly important ecological 

field of study as the biodiversity reducing effects and economic strain of invasive species 

are better documented.  Invasive species are among the top five causes of loss of native 

biodiversity in every ecosystem that has been monitored (Vitousek et al., 1996, Wilcove 

et al., 1998, Sala et al., 2000).  The main threat to roughly 42% of all endangered species 

is the presence of invasive species (Pimentel et al., 2005).  Invasive species in the United 

States cause environmental damages and losses adding up to $120 billion per year, of 

which $35 billion of damage is attributed to invasive plants (Pimentel et al., 2005).   

In grassland communities, invaders can cause a decline in native grass species 

diversity (Dukes, 2001; Gabbard and Fowler, 2007), typically reduce forage quality 

(Pimentel et al., 2000) and consumer diversity (e.g. rodents (Sammon and Wilkins, 2005) 

and birds (Hickman et al., 2006)). The invasive grass, Bothriochloa ischaemum (common 

name King Ranch (KR) bluestem, Old World bluestem, or yellow bluestem) is a typical 

example: established originally to control erosion and provide livestock fodder, it now 

occurs in 17 states and dominates a diverse array of habitat types (Sammon and Wilkins, 

2005). While many land owners and managers do not recognize B. ischaemum as a 

problem species, as it can be nutritious for cattle if fertilized (Can et al., 2006), there are 

an increasing number of ranchers and land managers who aim to manage for biodiversity 

and seek to reduce B. ischaemum abundance.   

Common methods for controlling invasive or undesirable grasses include fire, 

mowing, and herbicide treatments (Ogg, 1991; Bowles et al., 1996; DiTomaso, 2000; 
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Maron and Jeffries, 2001; Cione et al., 2002; Torra et al., 2008).  While these methods 

can be effective where the invasive species has a unique disadvantage tolerating the 

treatment (Copeland et al., 2002), more commonly, native and invasive species are 

ecologically and biologically very similar.  Where species are similar, removal methods 

can be ineffective or even counter-productive, because of collateral damage to native 

species.  In addition, non-indigenous invasive species may be better equipped to respond 

to increases in available space and resource following removal and are notorious for their 

ability to respond positively to disturbance associated with removal treatments (Young et 

al., 2002).   

The ability to control B. ischaemum in central Texas has been met with limited 

success.  For example, mowing and herbicide application were shown to be ineffective at 

selectively controlling B. ischaemum (Simmons et al., 2007).  While these treatments 

temporarily reduced B. ischaemum abundance, the percent cover of the species actually 

increased over pre-treatment cover in the year following mowing and single herbicide 

treatments (Simmons et al. 2007).  In a survey study, Gabbard and Fowler (2007) found 

no significant relationship between B. ischaemum abundance and the grazing or cool-

season fire history of sites.  In general, fire used to control invasive flora has been 

effective in only 20% of experimental studies (D'Antonio, 2000).  In D’Antonio’s review 

(2000) of the effect of fire on invasive species, treatments were only successful if the 

invasive species was in some way less tolerant of the particular burn treatment than the 

native species. 



5 

 

To better understand how fire will affect B. ischaemum and the native grass 

species, it is important to consider the historical fire regime under which the species 

evolved.  In Europe and Asia, where B. ischaemum originated, fire-for the most part- has 

been important in the evolution of grassland species (Naveh, 1974; Jiang et al., 2008).  

Native grasses of the U.S. central prairies also evolved under high fire frequency (Stewart 

2002; Jurney et al., 2004; Anderson, 2006) and fire is considered a necessary component 

to maintain grassland diversity in North America (Vogl, 1974; Axelrod, 1985).  Since fire 

is common to both B. ischaemum's community of origin and its new community, it is 

unlikely that B. ischaemum control by fire is a simple matter of eradicating a fire 

sensitive species in a matrix of fire adapted species. Thus, fire – per se – should not, and 

according to most studies, does not selectively damage B. ischaemum.  However, the 

timing and circumstances of fire may have differential effects on grassland species.   

Most prescribed burns are conducted in winter due to safety concerns. 

Unfortunately, in winter, most spring/fall-active grasses including B. ischaemum are 

dormant and store all of their internal resources safely below ground where they are 

protected from fire damage (DeLuca and Zouhar, 2000). It is thus no surprise that winter 

burns are neither particularly damaging to spring/fall-active grasses, nor selective in their 

capacity to inflict damage on invasive species.  However, one recent study suggests that 

burning during the active growing season is more damaging in general and possibly more 

damaging to B. ischaemum than to its native competitors, and furthermore that the precise 

timing of the burn within the active growing season affects outcomes (Simmons et al., 

2007). The mechanisms involved are not known, but a plausible explanation is that 

species in different physiological and phenological states differ in the distribution of 
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internal resources at the time of fire.  For example, a species in the seed filling stage 

might be harder hit by fire than a species in the post seed-scatter stage, when internal 

resources have been mobilized to below-ground structures, protected from the effects of 

fire.   

In water-limited grasslands, the timing of growth and senescence for the 

ecosystem as a whole, is determined primarily by moisture conditions interacting with 

temperature (Lynch, 1971; Cable, 1975; Duncan and Woodmansee, 1975; Hufstader, 

1976; Hufstader, 1978; Risser et al., 1981; Gibbens, 1991; Briggs and Knapp, 1995).  

Nonetheless, at smaller scales, species generally do not all grow, flower and set seed at 

exactly the same time (Gulmon et al., 1982; Stanton, 1988).  In other words, their 

phonologies are often offset.  Thus, grass species grown under similar conditions tend to 

develop at unique times (Fowler and Antonovics, 1981).  It has been suggested that 

developmental timing is one way in which plant species partition the available niche 

space and ultimately maintain the species diversity of grassland communities (Harper, 

1977; Hutchinson, 1978; Burrows, 1990; Davis et al., 2000).   

Thus, two key observations provide a basis for developing a more effective 

method of invasive species control by fire: 1) competing species in a community 

differentiate in terms of phenology, and 2) different phenological states are differentially 

sensitive to fire, related to the distribution of internal resources above- and below-ground. 

Thus, it should be possible to selectively damage unwanted species by precisely timing 

the application of fire so that unwanted species are in a more vulnerable phenological 

and/or physiological state than one or more native species. 



7 

 

Building upon the study by Simmons et al. (2007), wherein growing season burn 

was identified as a more effective method to control B. ischaemum, we aimed to study 

two aspects of the use of fire to control the invasive species.  First, we designed an 

experiment to test whether the timing of a prescribed burn and precipitation patterns 

preceding the burn interact to affect the amount of fire-related damage on B. ischaemum, 

as determined by the species’ ability to recover after fire.  Second, we sought to 

determine whether the amount of fire damage correlates with the physiological and 

developmental stage of B. ischaemum at the time of the fire.  Finally, while our ability to 

compare the degree of fire damage between species was limited, to the extent possible we 

also investigated whether the timing of fire and preceding rainfall patterns damaged 

differentially, B. ischaemum and the sympatric native, Bothriochloa laguroides (Silver 

bluestem).  

Methods 

Study Species 

B. ischaemum is native to Europe and Asia (Correll and Johnston, 1979).  The 

environmental factors that determine the biogeography of B. ischaemum in Asia include 

longitude, mean annual temperature, elevation and precipitation (Zhang and Zhang, 

2006).  In Texas and Oklahoma, B. ischaemum and related Old World bluestem grasses 

dominate more than 1 million hectares of rangeland (White and Dewald, 1996).  In the 

U.S., B. ischaemum grows alongside native grasses including Bothriochloa laguroides 

(Silver bluestem), Andropogon gerardii (Big bluestem), Andropogon glomeratus (Bushy 

bluestem), Bouteloua curtipendula (Sideoats grama), Schizachyrium scoparium (Little 
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bluestem), Sorghastrum nutans (Yellow Indian grass), Sporobolus compositus (Tall 

dropseed) and Panicum virgatum (Switch grass). 

Both B. ischaemum and B. laguroides are C4 grasses.  This type of photosynthetic 

system reduces the amount of water loss per carbon molecule gain (Sage, 1999).  The 

timing of C4 grass development strongly depends on the timing of late spring and summer 

rainfall events, though even amongst C4 grasses there is still an observable difference in 

their phenology (Kemp, 1983; Reynolds et al., 2000). 

Study Area 

The experiment was conducted on a private ranch, 60 miles southwest of Austin, 

Texas (latitude 29˚ 58’ 48” N, longitude 98˚ 32’ 36” W).  Temperatures vary from a 

mean January daily minimum of 1.11°C to a mean August daily maximum of 34.4°C, 

annual precipitation is 87.63 cm.  The property consists of grassland with some wooded 

areas on shallow, alkaline, undulating, loamy and clayey soils (Davidson and Davidson, 

2008).  Two experiments were conducted on sites within 200 meters of one another.  At 

site A, the soil was approximately 45 cm deep, on average and almost exclusively 

covered by B. ischaemum.  At site B, the soil was 30 cm deep, on average and supported 

a greater diversity of grasses, including B. ischaemum, B. laguroides, S. compositus and 

S. scoparium.   Neither site had been grazed, mowed, cultivated or burned in the past 16 

years and vegetation was characteristic of central Texas’ eastern Edwards Plateau 

(Davidson and Davidson, 2008).   
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Experimental Design 

We conducted two experiments using in both a 2 x 2 factorial design with each 

treatment combination replicated five times.  The factors were burn time (28 September 

2008, 20 October 2008) and precipitation (ambient, water withheld for some period prior 

to the first burn). Twenty experimental plots were established in a randomized complete 

block design.  All plots were 3 x 3 m
2
 and separated by at least 1 m.   

Rainout shelters consisted of a 3 x 3 m
2
 sheet of greenhouse polyfilm (SunSaver – 

IR/AC 6 mil Clear) atop a 3 x 3 m, ½” galvanized steel pipe frame.  The polyfilm was 

taped on all four edges for reinforcement and grommetted.  Cable ties and wire were used 

to attach the polyfilm to the frame.  The frame rested upon four, 2 m t-posts at the four 

corners.  The roof was positioned with approximately a 15% slant to facilitate runoff, 

with the top edge approximately 1.5 m and the low edge about 1 m above the ground.  A 

rain gutter was attached along the full length of the lower edge to capture runoff water 

and the gutters drained into plastic tubing which routed the water downhill several meters 

away from the plot area. 

Rain-out shelters are known to increase temperature under the shelter.  To 

quantify this effect, the air temperature was measured 5 cm above ground in the center of 

five unsheltered and five sheltered plots for several days from 17 July – 1 August, 2008.  

Daytime temperature was increased by about 1˚C, consistent with other studies using 

rainout shelters at 1 – 2 m above ground (e.g. Schwinning et al., 2005). 
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At site A (B. ischaemum dominated), rainout shelters were erected on the plots 

and left in place from May 11, 2008 through August 1, 2008.  During this interval a rain 

gauge positioned between the two experimental sites recorded 235.5 mm of rainfall (Fig. 

1.1).  The rain-out shelters were disassembled, moved, and erected on site B on August 

21, 2008 and left in place until September 28, 2008.  During this interval the rain gauge 

recorded 27.7 mm of rainfall (Fig. 1.1).   

Burn treatment  

Burn treatments were administered to individual plots, and plots were burned 

either in September or October. Fire was contained by bordering each plot with 1 m tall 

aluminum panels and was fueled by a fair amount of litter produced in the 2007 growing 

season.  Plots were usually fully burnt within 3 minutes.  During the September burn the 

average temperature was 32˚C and the average relative humidity was 23.2%.  The 

average temperature during the October burn was 28˚C and the average relative humidity 

was 37.5%.  The average fuel load at site A was 148 g/m
2
, and at site B was 236 g/m

2
. 

Pre-burn and post-burn data collection 

After the rainout shelters had been set up, we took biweekly to monthly 

measurements of predawn water potentials using a PMS 1000 pressure chamber (PMS, 

OR, USA), as a measure of soil water availability in the root zone.  Two blades were 

randomly selected per plot and their values were averaged.  All samples were taken from 

the center square meter of each plot, where the rainout shelters were most effective at 
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keeping rain out.  This method of sampling from the center square meter was used for 

types of data collected. 

The developmental stage of B. ischaemum was recorded prior to burning in each 

plot following the protocol outlined by Moore et al. (1991).  To quantify the average life 

stage of tillers in each plot, every culm in the center square meter was categorized into 

one of three distinct phenological stages, and consequently assigned the values 1, 2 or 3.  

A score of 1 was assigned to those culms in a pre-reproductive/elongation stage.  A 2 was 

assigned to those culms in the reproductive stage and a score of 3 was given to those in a 

post-reproductive phase. During the elongation phase, seed fill is occurring.  During the 

reproductive phase, seeds are fully mature and the post-reproductive phase is identified 

by shattered seed heads.   

Additionally, three tillers from each plot were randomly selected in the center 

square meter and brought back to the lab to be scanned for total leaf and stem area.  The 

samples were then dried in an oven set to 40˚C for three days before weighing to quantify 

the average per tiller above ground biomass.  At site A, only B. ischaemum was assessed 

in this way.  At site B, this data was collected for both B. ischaemum and B. laguroides.   

On April 24th of the following year, we counted the number of tillers growing 

inside the center square meter of ever plot, separated by species at site B.  

Statistical Analysis 

Plant water potentials, tiller dry mass and average developmental stage were 

analyzed by analysis of variance with burn date and the shelter treatment as fixed factors. 
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Post-burn tiller counts were analyzed by Poisson regression (Kaitala, 1996; Jacob and 

Evans, 1998; Van Der Wal et al., 2000; Von Holle and Daniel Simberloff, 2005), with the 

shelter treatment and the burn date as the independent variables. A standard ANOVA was 

not appropriate for this analysis because the response variable was a count and no 

transformation could be found to render it with normal distribution.  Analyses were 

performed in Program R (Generalized Linear Model for R version 2.8.1, The R 

Foundation for Statistical Computing). 

Results 

Block turned out to have insignificant effects, thus we omit block effects in the 

analysis presented here.   At site A, burn date, the shelter treatment and their interaction 

all had highly significant effects on the post-burn tiller counts (Table 1.1). In sheltered 

and unsheltered plots, the September burn was far more detrimental to B. ischaemum than 

the October burn, although the sensitivity to burn date was much higher in unsheltered 

plots (Figure 1.2A). In unsheltered plots, there were on average 13 x more tillers growing 

in plots burned in October compared to September. This ratio was only 3.6 for sheltered 

plots. While drought stress slightly aided recovery after the more damaging earlier burn, 

it substantially reduced recovery after the less damaging October burn.  

At site B, burn date, the shelter treatment and their interaction also had highly 

significant effects on the post-burn tiller count on B ischaemum (Table 1.2, Figure 1.2B). 

The earlier burn was again more damaging than the later burn, and shelter treatment 

again weakened the effect of burn date.  However, the shelter treatment greatly aided 

recovery after the September burn, rather than slightly weakening it. 



13 

 

The earlier burn was also more damaging for B. languroides, the most common 

native grass at site B, but there were no significant burn date – shelter treatment 

interactions. (Table 1.3, Figure 1.2C). For this species, the brief shelter treatment 

uniformly aided tiller growth in the following spring, increasing tiller density by a factor 

of about 1.5. 

 

To help explain the mechanism through which burn date and the shelter treatment 

may have influenced post-fire recovery, we examined several indicators of phenology 

and physiology prior to the burn date.  Figure 3 shows the average life stages of B 

ischaemum and B. languroides before burning.  At both sites, the phenology of B 

ischaemum tillers was significantly affected by burn date (Tables 1.4, 1.6).  A greater 

proportion of B. ischaemum tillers at both sites were in a phenologically more advanced 

state before the later of the two burns, as might be expected (Tables 1.5, 1.8).  For 

example, between 12 to 16 % (site A) and 13 to 30% (site B) of randomly selected tillers 

were in the post-reproductive phase prior to the October burn, versus none (both sites) 

prior to the September burn (Tables 1.5, 1.8).  However, the shelter treatment had a 

significant effect on life stage only at site B where shelters were up for a shorter time, 

withheld much less rain, and had not yet caused significant effects on predawn water 

potentials (Figure 1.1). At site B, the effect of shelter was to accelerate development, for 

example, before the September burn, 64% of all tillers randomly selected in unsheltered 

plots were in the immature elongation stage, versus 47% in sheltered plots (Table 1.8). 

By contrast, at site A, shelters did not significantly affect life stage prior to burning 

(Table 1.4).  Instead, plants in sheltered plots had experienced significant amounts of 
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water stress in July (Figure 1.1).  The water stress resulted in reduction of tiller biomass 

during the month of July when tillers in unsheltered plots were rapidly gaining biomass 

(Fig. 1.4).  After the shelters were taken off in early August, tillers in previously sheltered 

plots commenced growing but tiller biomass in sheltered and unsheltered plots remained 

significantly different until two weeks before the September burn.  

    

For B. laguroides at site B, neither burn date nor the shelter treatment had 

significant effects on tiller growth the following spring (Figure 1.3C, Table 1.3). At the 

time of the September burn, B. laguroides was phenologically more advanced compared 

to B ischaemum, for example, 57 to 70% of all B. laguroides tillers were either in the 

reproductive or post-reproductive stage in September, compared to 36 to 53 % in B. 

ischaemum (Table 1.8). These differences in maturity were still evident prior to the 

October burn. Predawn water potentials of B. laguroides in September were not 

significantly different between sheltered and unsheltered plots (data not shown) as was 

the case for B. ischaemum (Figure 1.1). 

Discussion 

The primary purpose of this study was to examine whether burn date and 

precipitation history leading up to a prescribed burn interacted in their effects on B. 

ischaemum, as measured by the growth of tillers in the first spring after fire. A secondary 

goal was to link outcomes to differences in the phenological and/or physiological status 

of plants at the time of the burn. Although the two burn dates were only three weeks 

apart, burn time had significantly different effects on spring tiller growth (Figure 1.2, 
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Tables 1.1, 1.2), confirming an earlier observation that fire earlier in the growing season 

is more detrimental than fire later in the growing season (Simmons et al. 2008). In this 

study, across experiments and shelter treatments, there were 3.8 times more B. 

ischaemum tillers growing in plots burned in October than in September. This substantial 

effect is surprising, especially because the maturity of B. ischaemum culms at the time of 

the burn was different only by degrees (Figure 1.3). The most tangible difference was that 

at the time of the September burn, 11 – 17% (site A) and 17 – 21% (site B) more culms 

were classified pre-reproductive compared to October and no culms were post-

reproductive (Tables 1.5, 1.8). At site A, the fraction of reproductive culms changed little 

(Table 1.5). This suggests a substantially higher vulnerability to fire when the population 

has more culms in an elongation seed fill stage and a reduced vulnerability when the 

population has more culms in a post-reproductive stage of the perennial grass life cycle.              

Differences in fire damage due to the timing of a burn could be related to the 

amount of carbon and nutrient reserves stored below ground at the time of the burn, since 

these constitute the reserves that remain available to fuel spring growth. Stores of carbon, 

nitrogen and phosphorus are constantly in flux, generally declining when growth is most 

rapid (or demand exceeds supply) and increasing when growth stops or plants senesce (or 

supply exceeds demand) (Chapin et al., 1990). An event that removes all above-ground 

biomass should therefore compromise recovery growth the most when coinciding with 

the end of the exponential growth phase. Populations of B. ischaemum are continuously 

developing new tillers during the warm season, soil moisture allowing, thus populations 

typically contain tillers in all life stages. This suggests that a population as a whole is 
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more vulnerable when a greater fraction of culms are in a pre-reproductive stage and just 

setting seed,  consistent with our observation.     

Episodes of resource shortage, such as the drought that was imposed in the 

experiment at site A also interfere with storage metabolism by draining reserves or failing 

to create resource surplus. Thus, even though the shelter treatment did not modify the life 

stage distribution of the population (Table 1.5), plants had very likely lower levels of 

carbohydrate reserves in roots at the time of the burn. This could explain the negative 

effect of the shelter treatment on tiller growth at site A for populations burned in October 

(Figure 1.2).  An alternative explanation is that drought mortality simply adds to fire 

mortality of meristems. However, there was no significant shelter effect on populations 

burned in September, suggesting that the effects of drought and fire are not simply 

additive but mediated by storage dynamics.  Possibly, drought effects were not significant 

for populations burned in September, because carbohydrate storage levels were low either 

way, dominated by the large fraction of culms in the pre-reproductive phase (Table 1.5).  

The shelter effect at site B was different.  First, the shelters did not exclude a large 

amount of precipitation (only 23 mm; Figure 1.1) and caused no statistically significant 

effects on predawn water potentials. However, shelters did accelerate culm maturation 

rates (Figure 1.3B). This may have been due to a temperature effects rather than an effect 

on soil moisture, as the life cycle of some grasses is known to accelerate at higher 

temperature (Yuan et al., 2007; Azarnivand and Dastmalchi, 2008). Whatever the 

mechanism, this experiment tested the relationship between phenology and fire 

vulnerability more directly, as life stage was manipulated independent of season. For B. 
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ischaemum, the relationship between average life stage and tiller growth in spring was 

quite consistent, in that the lowest average life stage score (September burn, no shelter) at 

the time of the burn was associated with the lowest average tiller count in spring and the 

highest average life stage score was associated with the highest average tiller count 

(October burn, shelter). Remarkably, the two intermediate life stage scores, which were 

very similar (1.6 for September burn, shelter and 1.5 for October burn, no shelter) 

resulted in very similar intermediate tiller counts also (131 and 132, respectively).  

The observed interaction between burn date and shelter treatment may have been 

caused by a nonlinear effect of life stage at the time of the burn on tiller growth the 

following spring. For example, an increase in the average life stage score from 1.3 to 1.6, 

associated with a 20% decrease in the proportion of pre-reproductive culms, may have 

had a larger effect on tiller growth than an increase from 1.6 to 1.9, associated with a 

13% decrease in the proportion of pre-reproductive culms (Table 1.8).   

For B. laguroides at site B, the later burn was also less detrimental than the earlier 

burn, and the rainout shelters had a consistently positive effect on tiller growth (Figure 

1.2C, Table 1.3), although the average life stage was significantly affected by neither 

burn date nor the shelter treatment (Figure 1.3C, Table 1.7). However, the treatment 

effects on the phenological status of B. laguroides were somewhat more complex than the 

shelter effect on B. ischaemum, and not adequately represented in the average life stage 

score. Both the later burn date and the shelter cover increased the frequency of pre-

reproductive culms, and increased the frequency of post-reproductive culms, at the cost 

of reproductive culms, whose frequency decreased (Table 1.8).  Thus, while the average 
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life stage score remained approximately constant, the population of culms in October and 

under shelter were skewed towards both immature and post-mature stages compared to 

populations in September and in the open. This may explain why the later burn date and 

the shelter cover had equivalent effects on tiller growth, since their effects on phenology 

were also similar.  Furthermore, it suggests that the late season growth of new tillers in 

this native species cause less of a drain on below-ground storage status than in the 

invasive species B. ischaemum. This could be a reflection of the less opportunistic life 

history strategy of a non-invasive native species that presumably places more emphasis 

on risk reduction, especially towards the end of the growing season (Chapin et al. 1990). 

If this difference can be corroborated as a general pattern, invasive species could be 

targeted especially well by timing a prescribed burn to coincide with a relatively wet late 

season.  

 

Two relatively consistent patterns emerged from this study.  The first was that 

when a perennial grass population is burned in a less mature state of development, spring 

regrowth is generally reduced. This effect seemed to be largely independent of whether 

maturity was influenced by season or climate conditions (e.g. as manipulated by rainout 

shelters).  A likely explanation is that pre-reproductive culms tend to drain internal 

resources from root storage, the only form of storage that survives a burn treatment, 

thereby leaving less resource to fuel recovery growth. Other explanations are of course 

possible, for example, fire parameters (temperature, fire duration) could affect meristem 

and seed mortality. However, this would not explain the - across-studies - increasingly 

consistent effect of burn date on re-growth, as earlier fires are not necessarily hotter or 
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longer lasting than later fires. That said, demonstrating explicitly the linkages between 

resource storage dynamics and recovery after fire in perennial C4 grasses would certainly 

strengthen the evidence.   

The second pattern that emerged was that growing season water stress also had 

the potential to reduce tiller re-growth in the following spring, even if not accompanied 

by an effect on the phenological state of a population. This also can be explained based 

on effects on below-ground storage and would suggest that the date of burn alone cannot 

predict the degree of fire damage caused in a given year. In this experiment, we did not 

evaluate if different species had different burn time – drought interactions, but this seems 

likely, since it is well known that grassland species differ in their responses to 

precipitation patterns (e.g. Knapp et al., 2002).  

While this study did not identify conditions for which a prescribed fire had more 

damaging effect on the invader than on a native species, the study did show that fire 

effects can vary by species and in relation to burn date and the precipitation history 

leading up to the fire. A more comprehensive experimental exploration of this topic, 

especially if coupled with measurements of the storage status of populations, would be 

most informative and likely lead to useful generalizations that would help set better 

guidelines for the precision-timing of prescribed burns for invasive species control.     

The “optimal timing” of a growing season burn, i.e., the timing that would result 

in the most damage to the invasive species and least damage to the native flora, is likely 

to shift from year to year, and may exclude some years completely, depending on rainfall 

patterns and possible other factors such as temperature.  Given such uncertainty, 
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scheduling a prescribed based on the straight-forward measurement of the phenological 

status of invasive and the native species would provide a simple, practical solution to a 

complex ecological problem.  At least in principle, invasive species can be selectively 

suppressed by fire, if prescribed burns are conducted when invasive flora and native flora 

have sizeable developmental offsets.  Thus, not all years may be equally suitable for 

prescribed burns, as not all years may be equally effective establishing such phenological 

offsets. 
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Table 1.1. ANOVA results from the Poisson Regression Analysis of B. ischaemum post-

burn tiller count at site A.  

 

Coefficients: Estimate Standard Error z Value P value 

Intercept 4.07073 .05842 69.680 2.0e-16 

Shelter -.68974 .10107 -6.824 8.8e-12 

Date  1.02669 .06808 15.080 2.0e-16 

Shelter-Date 

Interaction 

1.11538 .11062 10.083 2.0e-16 
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Table 1.2. ANOVA results from the Poisson Regression Analysis of B. ischaemum post-

burn tiller count at site B. 

 

Coefficients: Estimate Standard Error z Value P value 

Intercept 4.73795 .04185 113.22 2.0e-16 

Shelter -1.31695 .09103 -14.47 2.0e-16 

Date  .35580 .05457 6.52 7.1e-11 

Shelter-Date 

Interaction 

1.29085 .10380 12.44 2.0e-16 
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 Table 1.3. ANOVA results from the Poisson Regression Analysis of post-burn tiller 

count of B. laguroides at site B. 

 

Coefficients: Estimate Standard Error z Value P value 

Intercept 3.22684     0.08909   36.221   < 2.0e-16 

Shelter -0.74194     0.15685   -4.730 2.2e-6 

Date  0.51083     0.11269    4.533 5.8e-6 

Shelter-Date 

Interaction 

0.32208     0.19134    1.683    9.2e-2 
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Table  1.4. ANOVA results for the average life stage of B. ischaemum just before 

burning at site A. 

 

  Df Sum Sq Mean Sq F value P value 

Shelter 1 0.015 0.012 0.689 0.419 

Date 1 0.384 0.384 17.474 0.001 

Shelter-Date 

Interaction 

1 0.014 0.014 0.640 0.436 

Residuals 16 0.351 0.022    

 

Table 1.5. Distribution of phenological states of B. ischaemum across treatments at site 

A. 

 

 % pre-reproductive % reproductive % post-

reproductive 

 Control Shelter Control Shelter Control Shelter 

September 77 77 23 23 0 0 

October 66 60 22 24 12 16 
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Table 1.6. ANOVA results for the average life stage of B. ischaemum just before burning 

at site B. 

  Df Sum Sq Mean Sq F Value P Value 

Shelter 1 .01512 .01512 .6889 .419 

Burn Date 1 0.38364 0.38364 17.4742 .001 

Shelter: Burn Date 1 0.01404 0.01404 .6397 .436 

Residuals 16 .35128 .02195   

 

Table 1.7. ANOVA results for the average life stage of B. laguroides just before burning 

at site B. 

  Df Sum Sq Mean Sq F Value P Value 

Shelter 1 2.88e-07 2.88e-07 .1.393e-06 .9991 

Burn Date 1 0.2424 0.2424 1.1721 .2950 

Shelter: Burn Date 1 0.0245 0.0245 .1184 .7353 

Residuals 16 3.3083 .2068   

  

Table 1.8. Distribution of phenological states of B. ischaemum and B. laguroides across 

treatments at site B. 

  % pre-

reproductive 

% reproductive % post-

reproductive 

  Control Shelter Control Shelter Control Shelter 

B. 

ischeamum 

September 64 47 36 53 0 0 

 October 43 30 41 46 13 30 

B. 

laguroides 

September 30 43 70 37 0 20 

 October 38 46 24 14 38 49 
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Figure 1.1. Precipitation record for the five months leading up to the burn treatments (top 

panel) and average water potentials for B. ischaemum by treatment (bottom panel). 

Closed circles are for site A, open circles (only two measurements) for site B. Significant 

water potential differences between sheltered and unsheltered plots (based on ANOVA, 

p<0.05) are indicated by “*”. 
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Figure 1.2. Post-burn tiller counts for the dominant species at sites A and B as a function 

of burn date and the rainout shelter treatment. 
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Figure 1.3. Average life stage prior to burning for the dominant species at sites A and B 

as a function of burn date and the rainout shelter treatment. 
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Figure 1.4. Average biomass of B. ischaemum tillers at site A in sheltered (closed 

symbols) and unsheltered (open symbols) plots.  Significant water potential differences 

between sheltered and unsheltered plots (based on ANOVA, p < 0.05) are indicated by 

“*”. 
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CHAPTER II: SENSITIVITY OF SEEDS TO HEAT EXPOSURE IN FIVE 

NATIVE HERBACEOUS SPECIES OF CENTRAL TEXAS GRASSLANDS AND 

THE INVASIVE GRASS BOTHRIOCLOA ISCHAEMUM  

 

Summary 

The invasive, non-indigenous, C4 grass Bothriochloa ischaemum (KR bluestem), 

poses a significant threat to the biodiversity of North American grasslands.  To date, 

control mechanisms for B. ischaemum have included prescribed burns, grazing, herbicide, 

and mowing.  Burns are an increasingly popular control method, often with the goal of 

selectively damaging the invasive species more than the native species. This study tested 

for species differences in the fire sensitivity of seeds, which can affect the outcomes of 

burn treatments if communities, at least in part, reestablish from surviving seeds.  Heat 

treatments were conducted on B. ischaemum and five other native species, Schizachyrium 

scoparium (Little bluestem), Bothriochloa laguroides (Silver bluestem), Bouteloua 

curtipendula (Sideoats grama), Sorghastrum nutans (Indian grass), Lupinus texensis 

(Bluebonnets), in temperature-controlled ovens. Seed viability was tested by determining 

the germination fraction of heat-stressed seeds and comparing them to those of non-

stressed seeds. Heat treatments varied in intensity from 125˚C to 250˚C and in duration 

from 30 seconds to 4 minutes, a range of conditions typical for grassland fires.  

Temperature affected the germination rates of B. ischaemum and only one native species: 

B. curtipendula, while heat duration affected all species except L. texensis.  One species, 

B. curtiendula, exhibited temperature x duration interactions.  We also calculated an 



31 

 

 

 

index of germination response to treatment relative to the germination response of B. 

ischaemum in the same treatment to determine conditions that selectively favor the native 

species. In this analysis, S. scoparium was the only species that had germination 

advantage of B. ischaemum under all treatments.  At the highest temperature, S. nutans 

also outperformed B. ischaemum.  Thus, most fire conditions will selectively favor B. 

ischaemum germination over four out of the 5 species tested here. Across species, 

intermediate temperature (175 – 220 °C) and intermediate exposure times (60 s) had the 

least selectively damaging effects on the germination rates of native species. The results 

suggest that careful planning of fire regimes should be part of an overall strategy to shift 

the competitive advantage from invasive to native species, by maximizing damage to the 

seeds of invasive species, while minimizing collateral damage to native species.    

 

Introduction 

 

The detrimental effect of invasive species on ecosystems is well documented 

(Mack et al., 2000; Sala et al., 2000).  Invasive species are among the top five causes of 

loss of native biodiversity in every ecosystem that has been monitored (Sala et al., 2000).  

As a reflection of the economic strain caused by invasive species, they are now the focus 

of many studies and monitoring efforts (Rejanek and Richardson, 1996; Mack et al., 

2000; Sakai et al., 2001).   

 

Invasion biology has become an increasingly popular field of study as the 

economic strain due to invasive species is more thoroughly documented.  Indeed, 
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invasive species in the United States alone cause environmental damages and losses 

adding up to nearly $120 billion per year and they are the main threat to roughly 42% of 

all endangered species (Pimentel et al., 2005).  

 

 In grassland communities, invaders can cause a decline in native grass species 

diversity (Schooler et al., 2006), typically reduce forage quality (Pimentel et al., 2000), 

alter the soil salinity balance (Pimentel et al. 2000), the soil mineral content (Evans et al., 

2001) and the natural fire cycle (Brooks et al. 2004).  In addition they are known to 

reduce consumer diversity (DiTomaso, 2001; Flanders et al., 2006).  

 

The invasive grass, Bothriochloa ischaemum (King Ranch (KR) bluestem or 

Yellow bluestem) is a case in point: this warm-season, perennial bunchgrass was 

introduced to North America from Eurasia in the 1920’s, originally to control erosion and 

provide livestock fodder.  Today the species occurs in 17 states 

(http://plants.usda.gov/java/profile?symbol=BOISS), dominates a diverse array of habitat 

types and has caused widespread collateral damage to native grass (Gabbard and Fowler, 

2007), bird (Hickman et al., 2006) and rodent (Sammon and Wilkins, 2005) communities.   

 

With such overwhelming necessity to find the means to prevent and reduce the 

impacts of invasive species, it has become the goal of many scientists and land managers 

to develop management practices to combat invasive species.  Common methods of 

control for invasive flora include biological, chemical and mechanical means.  In the 

Western U.S., prescribed fire is increasingly used to control invasive plant species with a 

http://plants.usda.gov/java/profile?symbol=BOISS


33 

 

variety of objectives in mind.  Some aim to restore the historical fire regime that the 

natives evolved to thrive in (Tveten and Fonda, 1999).  Some burn to generate habitat for 

succession of native fauna (Gillen et al., 1987) and still others expect that prescribed fire 

will selectively control the invasive species more than the native species (McGlone and 

Huenneke, 2003). 

 

The use of fire to selectively control herbaceous invasive species has had varied 

success (Keeley, 2006; Gabbard and Fowler, 2007; Simmons et al., 2007).  In several 

studies invasive species were selectively controlled following burning (Willson, 1991; 

DiTomaso et al., 1999; Simmons et al., 2007) while in other studies burn treatments 

increased the presence of invasive species (Grilz and Romo, 1994; Gabbard and Fowler, 

2007; Pauchard et al. 2007).  Keeley (2006) suggested that herbaceous invaders often 

capitalize on disturbance, thus fire is more likely to facilitate than suppress invaders. On 

the other hand, precisely timed prescription burning, designed to alter competitive 

balances in favor of the native community could have a better chance of success.  

 

In this vein, Simmons et al. (2007) recently suggested, and was able to 

demonstrate, that active-season burns (late summer/fall) are more effective in controlling 

B. ischaemum than dormant-season burns (winter/early spring), at least in the short-term.  

The mechanism for this effect remains unclear, however, the current working hypothesis 

is that perennial grasses burned during the growing season are deprived of opportunities 

to store internal resources below-ground, thereby compromising their ability to re-sprout 

in spring.  It is unlikely, however, that this approach is sufficiently selective, since several 
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native species are also still active in late summer and may be equally harmed by fire.  

Additional considerations in scheduling prescribed fires may therefore be required to help 

skew the competitive balance in favor of the native flora.    

 

It is well documented that different species show markedly different responses in 

germinability following seed heating (Paula and Pausas, 2008; Sweet et al., 2008) and 

prescribed burns (Odion and Davis, 2006; Overbeck et al., 2006; Allen et al., 2008; 

Behenna et al., 2008).  Generally, species from fire-prone communities are relatively 

heat-tolerant and often require heat exposure to achieve maximal germination rates (Tieu 

et al. 2001, Allen 2008). Furthermore, seeds of non-sprouters have a higher probability of 

being heat tolerant and heat stimulated (Paula and Pausas, 2008). The problem is that 

herbaceous invaders like B. ischaemum are functionally very similar to their native 

competitors.  For example, many of them also evolved in fire-prone ecosystems and have 

relatively heat tolerant seeds. However, recent studies suggest that even within functional 

types from the same community, seed heat tolerance can vary considerably between 

species (Sweet et al., 2008). 

 

Grassland fires are naturally variable in terms of the surface temperatures they 

produce and the duration of the heat stress (Gibson et al., 1990; Morgan, 1999).  Fire 

characteristics are dependent on well known relationships of fuel load, fuel moisture 

status, relative humidity, topographic considerations and other factors (Brown and Smith, 

2000).  Our goal for this study was to ascertain whether seed germinability exhibits 

differential sensitivity to variation in temperature and the duration of heat exposure 
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among five native members of a grassland community and its invader, B. ischaemum. 

The native species included one forb and four grasses commonly used in grassland 

restoration.  We hoped to acquire additional information on how the precise timing of a 

prescribed fire can be used to maximize damage to undesirable species, thus adding to the 

toolbox of techniques available to strengthen the competitive edge of a native community 

over its invader.       

 

Methods 

 

We employed a three-way complete factorial design with temperature, duration 

and species as factors.  Seeds were exposed to heat in a convective Fisher Scientific 

Isotemp oven. We used four temperature settings (125, 175, 225 and 250˚C) and four 

durations (30, 60, 120 and 240 s), representative of the common range of grassland fires 

(Morgan 1999, Sweet et al. 2008). The six species, purchased from the Native American 

Seed Company (Junction, TX), and frozen for a week to break dormancy, included 

Botriochloa ischaemum (King Ranch bluestem), Bothriochloa laguroides (Silver 

bluestem), Bouteloua curtipendula (Sideoats grama), Schizachyrium scoparium (Little 

bluestem), Sorghastrum nutans (Indian grass) and the native wildflower, Lupinus texensis 

(Texas bluebonnet).  Also included in this study were controls for each species, where 

seeds were not exposed to heat.  

 

The experiment was conducted in three consecutive trials, with each trial 

conducted in one day. A trial contained two replicates of each treatment combination and 
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four replicates of the control. Thus the complete experiment replicated each treatment 

combination six times and the control twelve times.  For each replicate, approximately 

100 seeds were spread on 8.5 cm diameter glass Pyrex Petri dish, lined with 90 mm dry 

filter paper and placed in the oven set at the designated temperature and for the 

designated duration.  Seed numbers per tray were estimated by weight, based on 

previously determined seed number to weight ratios.   

 

Immediately following the heat treatment, all seeds in a batch (100) were 

scattered on the surface of a plastic seedling tray (25.5 cm x 12 cm x 6 cm) filled with 

approximately 175g Sun Gro Redi-Earth Plug and Seedling Soil.  Four seedling trays 

were randomly combined and placed in larger, plastic drain tray measuring 48 cm x 25.5 

cm x 6 cm.  Three liters of deionized water was added to each drain tray to allow 

moisture to be wicked up into the seedling trays.  A clear plastic lid was placed over each 

tray to minimize evaporation and to maintain a high humidity environment for the seeds.   

 

While germinating, seeds were maintained in a controlled environment at 22˚ C, 

under 34 watt fluorescent bulbs.  At one week and two weeks following sowing, the 

number of germinated individuals was recorded for each seedling tray. After two weeks, 

and for some species after one week, the number of seedlings began to drop off.  Only the 

highest recorded seedling count entered the analysis.     

 

The data were analyzed initially using a multifactorial ANOVA with the main 

effects: trial number, species, temperature and duration and all possible interactions. Trial 
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number did not significantly determine the rates of germination and was therefore 

omitted from the analysis reported here.  

 

To compare the effects of a given heat exposure treatment on the germinability of 

a native species with that of the invader B. ischaemum, we calculated the following 

index:  

CI
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DTS
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N

N
N

I

,

,,

,

,,

,, log (eq. 1) 

where N is the number of germinated seeds, the subscripts S, T, D stand for the species, 

temperature and duration, respectively, the subscript I refers to the invasive species and 

the subscript C to the control treatment.  The division by the number of germinated 

seedlings in the control treatment standardizes species responses with respect to intrinsic 

differences species may have in germination ratios. Dividing the standardized 

germination response of a native species by that of B. ischaemum expresses the treatment 

effect relative to the treatment effect on the invader, so that a value greater than one (or 

greater than 0 for log I) indicates that a treatment provides a relative advantage to the 

native species and may contribute to shifting competitive balances in the desired 

direction.  Finally, taking the logarithm normalizes the distribution of the index to permit 

parametric analysis, except in the case of B. curtipendula where the square of the index 

was used (mode of transformation was determined using the Ladders of Power 

Determinant).  The index I was calculated for each seed batch, using for the control the 

average of two germination numbers in the same replication set. The effect of species, 

temperature and duration on log I (or I
2
, in the case of B. curtipendula) was calculated 
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using multifactorial ANOVA.  All analyses were performed using SPSS Inc. (Release 

11.0.1, 2001). 

 

Results 

 

A complete analysis of variance conducted on the number of germinated 

seedlings (per 100) showed highly significant effects of species, temperature, duration 

and all two- and three-way interactions (results not shown). To better understand this 

complex data structure, we next performed ANOVA on each species individually (Table 

2.1).  Only one species, L. texensis, was not significantly affected by either temperature 

or duration.  Only a 4 min exposure to 250°C showed a markedly different germination 

number compared to the control (Figure 2.1A). At the other extreme, for B. curtipendula, 

temperature, duration and their interaction were all highly significant. The higher the 

temperature the greater the loss of germinating seedlings due to longer exposure times 

(Figure 2.1F). In three species, S. nutans, S. scoparium and B. laguroides, only duration 

had a significant effect on germination, with longer exposure resulting less germinating 

seedlings (Figures 2.1B, D, E). For B. ischaemum, both temperature and duration 

significantly reduced germination (Figure 2.1C).  

 

 A complete factorial ANOVA of the relative germination index log I (for all 

species except B. curtipendula, whose index was transformed by squaring) (eq. 1) and 

also showed significant effects of all main factors and their two- and three-way 

interactions (data not shown). Focusing first on main effects, S. scoparium stood out as 
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the species with the greatest relative germination rate in comparison with B. ischaemum 

when seeds were exposed to heat (Figure 2.2A). The relative germination rate of S. 

nutans seeds exceeded that of B. ischaemum overall, and all other species germinated less 

readily following the heat treatment relative to B. ischaemum.  This means that the seeds 

of the majority of the native species tested were relatively more suppressed by the heat 

treatment than the seeds of B. ischaemum.  

 

The germination of B.laguroides was by far the most negatively affected by the 

heat treatments.  The relatively high proportion of germinating seeds of S. scoparium 

relative to the germination of B. ischaemum was due to the fact that heat exposure had a 

strong stimulatory effect on S. scoparium under almost all treatment combinations 

(Figure 2.1D), while B. laguroides was intolerant to heat exposure even at low 

temperature and short exposure times (Figure 2.1E).  

 

Across the selection of native species, no temperature or duration favored 

germination of the native species overall, but in general, intermediate temperature 

(175°C) and exposure times (60 s) had the least negative effects (Figure 2.2B, C).  

 

Most species under most conditions had neither very strong advantages or 

disadvantages with respect to B. ischaemum, as many averages clustered around the log I 

= 0 line (Figure 2.3), but a few exceptions are noteworthy: In two species, L. texensis and 

B. curtipendula, long exposure to high temperature had especially negative effects on 

seed germination compared to B. ischaemum (Figure 2.3A, E).  Although B. ischeamum 
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also suffered from high temperature-long exposure (Figure 2.1C), these two species were 

much more negatively affected. Furthermore, any combination of temperature and 

duration provided a relative germination advantage to S. scoparium (Figure 2.3C) and a 

relative disadvantage to B. laguroides (Figure 2.3D).  

 

Discussion 

 

Many perennial C4 grasses have evolved in the presence of disturbance by fire.   

Following a burn, these species regenerate by a combination of mechanisms: re-sprouting 

from surviving meristems and/or recruitment of new individuals from the seed bank 

(Enright & Goldblum, 1999; Pausas et al., 2006).  The abundance of species following a 

burn treatment is, at least in part, due to the response of seeds to heat exposure.   In some 

species, heat exposure can enhance the germinability of seeds by increasing the 

permeability of the seed coat, thereby releasing the seed from dormancy (Keeley, 1991; 

Keeley & Fotheringham, 2000).  Alternatively, burning can have a neutral or negative 

effect on seed viability (Clarke et al., 2000).  We found all of these responses across the 

six study species examined here, and the response of the invasive species was not 

fundamentally different from those of the native species.  However, we did find subtle 

variation among species in the response to temperature and the duration of heat exposure 

(Figure 2.1).  Thus, we could identify species and heat regimes that were relatively 

harmless to native species and relatively more damaging to the invasive species.  
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One species, S. scoparium, had a relative germination advantage over B. 

ischaemum under all treatment combinations (Figure 2.3C).  S. nutans had a germination 

advantage only under some conditions, especially in those treatments of intermediate 

duration (Figure 2.3B).  For all other species and conditions, B. ischaemum responded 

more favorably to the heat treatment (Figure 2.2). Overall, the relative disadvantage to 

the community of native species was minimized under intermediate temperature (175 – 

220 °C) and intermediate exposure times (60 s) (Figure 2.2).   

 

These findings suggest that prescribed burns to target the seedbank of B. 

ischaemum will have greater success if S. scoparium and/or S. nutans are relatively well 

represented in the seedbank.  This effect on the seedbank will affect grassland 

composition if native seedlings will establish and survive.  Additionally, damage to 

native species can be minimized by avoiding fires that burn either too cold and slow or 

too hot and long.    

 

That said, there are two factors that may limit the effectiveness of using 

prescribed burns as a tool to combat invasive species via effects on the seedbank. First, it 

is difficult to precisely control the intensity and duration of a fire.  Second, by some 

accounts, only a small fraction of the vegetation recovery after a burn is driven by 

germinating seeds.  

 

Regarding the first limitation, prescribed burns are generally scheduled in 

advance and are planned so as to minimize the risk of uncontrolled spread. Thus, there is 
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often little flexibility in controlling meteorological variables. Fires are usually scheduled 

when humidity is high and wind speeds are low, since these are among the factors that 

reduce fire intensity and rate of spread (Bessie and Johnson, 1995). Additional factors 

affecting burn intensity and duration are wind speed, aspect of fire (head, back or flank), 

fuel load, moisture status of fuel and the topographic situation of the site.  Bessie and 

Johnson (1995) surveyed the effect of fires over time and the accompanying 

meteorological variables and fuel load characteristics and determined that fire behavior 

was more closely linked to weather variation than fuel variation.  Thus, some residual 

control over meteorological variables could compensate for a lack of control over fuel 

load.  For example, the time of day affects temperature and relative humidity, thus there 

is some opportunity to control fire conditions by restricting the hours in which the burn is 

conducted: if a high fuel load could render a fire too hot, scheduling a burn early in the 

day could moderate  peak temperatures and vice versa.   

 

The second potential limitation, that fire effects on the seedbank has negligible 

consequences for community recovery, is perhaps a more serious issue.  Benson and 

Hartnett (2006) looked at the succession of perennial tall grass prairies following spring 

fire and found that seedlings accounted for less than 1% of recruitment, while vegetative 

reproduction via rhizomes contributed to 99% of new growth by the end of the growing 

season.   

 

Another study by Benson et al. (2004) concluded that frequent burning in tall 

grass prairies stimulated rhizome bud development and thus increased the below-ground 
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bud bank, further promoting the vegetative reproductive response.  At the same time, 

frequent burns decreased the quantity of viable seed in the seed bank (Benson et al., 

2004).    

 

It remains to be seen how generalizable this conclusion is. In our field 

experiment, initial growth in the first spring after fire was dominated by tillers sprouting 

out of burnt tussocks, but many new seedlings appeared in fall.  The post burn year 

(2009) was exceptionally dry in central Texas, with few opportunities for grass growth 

until early fall.  It stands to reason that where vegetation cover is relatively slow to 

recover to pre-burn levels, either due to drought conditions or other disturbances, the 

seedbank will make a correspondingly greater contribution to the species composition of 

the post-burn community.    Furthermore, reproduction from seed is likely more common 

in disturbed grasslands, such as those which contain invasive species (M. Simmons, 

personal observation).   

 

From a management perspective, it is important to mention that burn treatments 

may enhance germination, not from the heat of the flames but rather from the effect of 

smoke on the seeds.  Smoke initiates growth in many species, including grass species 

(Baxter et al., 1994; Dixon et al., 1995; Keeley and Foteringham, 1998; Gómez-

Gonzáleza et al., 2008;).  The effect of smoke on germination was not considered in this 

study. 
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Grasslands are inherently variable and highly dynamic systems, and the drivers of 

such variability (precipitation, grazing pressure, fire) play a large role in controlling 

species abundances.  The goal of managers is to control some drivers, such as fire, to 

increase the proportions of desirable and decrease those of undesirable species.  

However, complex interactions between drivers and their communities, and between 

drivers, can make the outcomes of management interventions complex and uncertain.  

Prescribed burns, for example, are unlikely to have highly predictable effects on 

communities year after year, even if much about the burn, e.g. its timing with respect to 

the growing season, atmospheric conditions, etc., is controlled.  The present study 

showed that even relatively small variation in fire temperature and duration can have 

surprisingly large effects on the seedbank. While the seedbank may not commonly 

govern post-burn recovery, it can in some years and some locations.  A better 

understanding of the conditional effects of management practices may provide a basis for 

developing grassland management as a far more adaptive endeavor.  In this vein, 

controlling fire to manipulate seedbank effects is one additional tool in the land 

manager’s toolbox. 
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Table 2.1. ANOVA for factors temperature and duration performed individually for 

species. 
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Temperature 0.004 >0.001 0.337 0.236 0.072 0.163 

Duration 0.003 >0.001 0.009 0.006 0.016 0.176 

Temperature 

x Duration 0.252 >0.001 0.427 0.600 0.545 0.818 
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Figure 2.1. Effect of varying duration and intensity of heat stress on germination of all 

six species. 
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Figure 2.2. Log I (germinability of the native species with respect to the germinability of 

B. ischaemum) with respect to each species (top panel), temperature treatment (middle 

panel) and duration treatment (bottom panel).
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Figure 2.3. Log I (germinability of the native species with respect to the germinability of 

B. ischaemum) for each of five native species with heat treatments of varying intensities 

and duration. 
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