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Renewable energy: Biofuels

Reduce CO2
Increase domestic energy production
Long‐term energy solution



The bioenergy ideotype
Life history

– Perennial
– High aboveground biomass production
– Flowers late / little allocation to seed production

Physiology
– Tolerates

• Drought
• Low fertility
• Saline soils

– C4 photosynthetic pathway
– High water/nutrient use efficiency

Other
– Highly competitive (reduces herbicide use)
– Few resident pests (reduces pesticide use)
– Allelopathic
– Re-allocates nutrients to roots in fall

Invasive



“the thin green line”

Agronommic crops Biofuel feeedstocks Invasive species with 
agronomic origin

Corn Soybean Switchgrass Giant Reed Johnsongrass

Perennial - - X X X

C4 photosynthesis X - X - X

Rapid establishment X X X X X

Long canopy duration X X X X X

Grows at high densities X X X X X

Tolerates water stress - - X X -

Tolerates marginal soils - - X X X

Tolerates saline soils - - X X -

Reallocation of nutrients to roots - - X X X



• fast growing
• deep rooted
• no pests
• tolerates disturbance

85 MILLION SEEDLINGS PLANTED

We know how 
this movie 
ends…



Origin and Cost of Invasive PlantsOrigin and Cost of Invasive Plants
The majority of our most damaging invasive 
plants were intentionally introduced:

– Horticulture
– Forages
– Forestry

Invasive species are 
costly:

$120 billion (U.S.)
$1.4 trillion (global)



Invasive Plant Impacts

 Reduce native species 
diversity

 Increase fire frequency
 Increase flooding
 Alter successional 
patterns

 Alter nutrient cycles
 Increase soil salinity

 Disrupt trophic 
interactions

 Reduce pollinators
 Disrupt mutualisms
 Increase management 
costs

 Reduce recreation
 ad infinitum…



$25,000 per acre to control



“for the most part, successful invasion is forever”
‐ Dan Simberloff



Exotic
Most of our worst invasive sp. were 
intentionally introduced 

“weedy” characters
Thousands of acres as a propagule source
Transporting across diverse land use types
relatively high probability of invasion

Invasion arithmetic



1. Most introduced species do not 
become invasive

2. Invasiveness is not universal
3. Populations are invasive, not 

species
4. All species have a non‐zero 

invasive probability

Putting invasions in context

0 100
Invasive probability



non‐
invasive invasive

johnsongrass

Seeded Mxg

Sterile Mxgcorn

Arundo



Barney & DiTomaso (2011) PLoS ONE

Giant reed (Arundo donax)

Barney & DiTomaso (2011) PLoS ONE

Species are not universally invasive



FIELD HARVEST

TRANSPORTSTORAGECONVERSION

biofuel supply chain
Crop selection /
Breeding / GMO



Right Plant, Right Place

1. Don’t plant noxious weeds
2. Don’t plant high risk species
3. Don’t plant near wild or native populations





Naturalized 
Miscanthus sinensis

EDDMapS. 2011. Early Detection & Distribution Mapping System. The University of Georgia - Center for Invasive Species and Ecosystem 
Health. Available online at http://www.eddmaps.org/; last accessed October 25, 2011.



Naturalized 
Miscanthus sacchariflorus



How do plants move 
around?



Diverse land‐use types





The alfalfa “invasion”?



Storage as a propagule reservoir

• Do not store near sensitive habitats
• Visually inspect storage sites



Mitigation through Best Management Practices 
(BMP)
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Right Plant, Right Place
Field Management
Responsible Harvest
Mindful Transportation
Sensible Storage
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Biofueling the next invasion…

…perhaps, but slowly. For now.



Miscanthus

switchgrass

Giant reed

camelina Reed canarygrass

Elephant grass
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