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The invasive qualities of smooth brome (Bromus inermis) 

Introduction

Native grass prairies in the Great Plains have been greatly framented and reduced by agriculture production.  There has been an estimated 90% loss of tallgrass prairie, 70% loss of mixed-grass prairie and 50% loss of shortgrass prairie.  The remaining fragmented prairies have been increasingly invaded by exotic species.   Kentucky bluegrass (Poa pratensis) and smooth brome (Bromus inermis) account for 62% of the exotic invasive species. The frequency of smooth brome is high on Federal lands that have excluded periodic fire and livestock grazing.  Landscapes in North Dakota have changed from highly diverse prairies in 1984 to more homogenous landscapes dominated by Poa pratensis and Bromus inermis by 2007 (DeKeyser et al. 2013).   
Smooth brome is highly persistent and forms a dense sod that leads to the reduction of species diversity in natural areas (Sather, 1987).  It is a cool season grass, but has sucessfully invaded both cool and warm season grasslands throughout North America (Bahm et al. 2011).  These invasions displace native plant species reducing biodiversity and cause a loss of native animal habitats.  
Smooth brome invasions  impact higher trophic levels. For example, Iowa roadsides dominated by smooth brome have a lower richness of ground beetles compared with those having native species (Otfinowski et al. 2008).  In Montana mixed-grass prairies that have been converted into smooth brome and alfalfa pastures have less leafhopper diversity (Otfinowski et al. 2006).  At the Last Mountain Lake Refuge, an area of mixed-grass prairie in Saskatchewan, bird richness in infested areas has declined from eight to two species (Otfinowski et al. 2006).  Decreased forb cover and increased visual obscurity in areas dominated by smooth brome has led to declined use by sage grouse eastern meadowlarks and grasshopper sparrows (Otfinowski et al. 2006).  
The invasiveness and persistence of smooth brome is a control problem for managers of native prairie remnants. (Bahm et al. 2011).  
Introduction to the United States

Smooth brome is a Eurasian species.  Like many other invasive species smooth brome was intentionally introduced (Salesman and Thomsen, 2011).  The introduction of it into the United States appears to have been by the California Experiment Station in 1884 (Otfinowski et al. 2008). It was a candidate for a forage grass due to its cold and drought tolerance.  Twelve tons of seed were imported from the Volga river region and sent out to state research facilities across the United States (Salesman and Thomsen, 2011).  By 1899, other stations in the United States, including those in North Dakota, Montana and Washington, were experimenting with smooth brome, and distributing shipments of seed to Canada.  (Otfinowski et al. 2006).    It has been used for erosion control, open pit mine reclamation, phytoremediation, (stabilizing and/or destroying contaminants in soil) and stabilization of areas affected by severe fire (Salesman and Thomsen, 2011).   Starting in 1985 large areas of cropland have been converted back into prairie in the Northern Great Plains through the Conservations Reserve Program.  One of the primary species seeded was smooth brome (DeKeyser et al. 2013).   It continues to be widely planted (Bahm et al. 2011).  
Life History Strategies and Invasion

Understanding the invasivenes of smooth brome requires an examination of how its life history allows it to establish, disperse and proliferate.  The invasiveness of an exotic plant depends on its ability to spread away from the sites of introduction and to be successful in new sites.  Life history strategies can be split into two broad categories K-selection and r-selection. The  letter r represents population growth rate while K represents carrying capacity, the number of individuals of a species supported by a habitat. Possessing traits to increase growth rate and dispersement would be r-selected traits. Traits that ensure that the population of a species doesn't exceed the carrying capacity would be K-selected (Begon, 2005).   Smooth brome has r-selected traits.

Smooth brome starts spring growth earlier than native cool season grasses giving it an advantage in acquiring resources (Sather, 1987) for growth and flower production.  It has rhizomes which allow it to quickly establish new plants, an advantage over seeds that require the correct environmental conditions to sprout and grow. The first adventitious roots develop within 5 days of germination and rhizome formation can begin 3 weeks after germination. (Sather, 1987).   Smooth brome has a high growth rate, reproduces quickly and tends to occupy areas that are open due to a disturbance, characteristics of an r-selected species.   Abundant patches of smooth brome have been established and can easily encroach into disturbances when they occur (Sather, 1987).
Invasions of smooth brome are greatest in rich, loamy soils and lower in sandy or organic soils (Otfinowski et al. 2006). It is also very drought tolerant due to its deeply penetrating root system.  It has the ability to proliferate in soils that are high in nitrogen and with its own rapid decay can enhance the elevated nitrogen levels (Sather, 1987). Its ability to displace native plants increases with the availability of nitrogen (Otfinowski et al. 2006).  If nutrients are low new clones can transport nutrients from older clones in a nearby nutrient rich environment. It is a perennial grass that can reproduce by seed, rhizomes or tillers. It requires a period of low temperatures and short days followed by long days for panicle production.  The low temperature exposure only needs to be 1 to 14 nights (Sather, 1987).
Rhizomes allow smooth brome to reproduce vegetatively and encroach from the edges of a patch into areas of native plant communities.  Vegetative proliferation through underground rhizomes is key to the invasiveness of smooth brome.  In addition a study of seed dispersal found that 90% of seeds are within a 1 meter range of the dispersing plant.   Proximity of seed disperal and the ability to reproduce by rhizomes creates a strong invasion front and intensifes interactions with adjacent plant communities (Otfinowski et al. 2008).    
Seed dispersal is required for establishment of invasions in new localities. Seed dispersal is facilitated by animals, wind and transport of hay (Otfinowski et al. 2006).  Seeds can be dispersed individualy or in spikelets or panicles.  Panicles or spikelets are more easily dispersed away from the originating patch.  Panicles are easily transported by wind (Sinkins and Otfinowski 2012).  If disturbances are present where the dispersed seeds land new patches can be established. 
Native ungulate and cattle behavior increases the area occupied by invasions since they prefer native grasses to smooth brome.  In prairies with a mix of areas infested and not infested this behavior leads to overgrazing of the areas not infested (Otfinowski et al. 2006).   
Management Strategies

Passive management of smooth brome has been determined to be an unsuccessful management method in Northern rough fescue prairie communities within Riding Mountian National Park, Manitoba, Canada.   After 41 years of removal of livestock grazing the historical grazing intensity remained the best predictor of plant community structure. Heavy and moderate grazing prior to the removal of grazing were associated with declines in diversity due to Poa pratensis and Bromus inermis increase in the 41 years of no grazing (Sinkins and Otfinowski 2012).

Management of smooth brome needs to consider that grassland ecosystems of the Great Plains evolved under natural disturbances (DeKeyser et al. 2013).   Current land management approaches may be facilitating the invasion of smooth brome in prairies of the Great Plains.  Practices that eliminate periodic fires have been shown to favor smooth brome. (Bahm et al. 2011).  Bringing periodic fire back to tallgrass prairie ecosystems has been shown to have the effect of increasing the biomass of native warm-season grasses.  Research also shows that fires in late spring and summer increase the frequency of native grasses  (DeKeyser et al. 2013).   Prescribed burns must be annual for an extended time to effectively control smooth brome (Bahm et al. 2011). 
Cutting of smooth brome can be successful if done while the flowering head is still enclosed in the sheath.  The best conditions for management are hot, moist weather at the time of cutting, followed by a dry period.  This takes advantage of low root carbohydrate levels since the plant has invested in the development of a inflorescence (Sather, 1987).   Cutting when root carbohydrates are low can damage smooth brome (Bahm et al. 2011).   Another viewpoint is that one close mowing when plants are 18 – 24 inches tall followed by 3 repetitions or treatment with glyphosate before flowering, may improve chances of selectively controlling this species (Sather, 1987).
Several herbicides have been tried to control smooth brome.  Fall applications of imazapry and sulfosulfuron + glyphosate provided consistent results across 3 years of research reducing smooth brome to 10% or less.  Native plant response tended to be higher in plots that had lower amounts of smooth brome (Bahm et al. 2011).   
Conclusion

Smooth brome is well established in the United States and Canada.  It was brought into the United States to improve damaged rangeland and revegetate distrubed areas.   It forms dense patches that outcompete native grasses and forbs.   These monoculture patches also affect higher tropic layers such as insects and birds.   Its traits of being good forage for cattle, cold and drought tolerance and quick establishment in disturbed areas has resulted in its continued use.    It seems that the cost of the loss of biodiversity is rarely considered in its continued use.   It also appears that management will be forever given the early introduction of it to the United States and Canada, its life strategies and the breadth of its establishment.  
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