
Preliminary biomass production results

Background 

In 2006, researchers at the University of  
Minnesota found that more prairie species 
present in a planting resulted in greater above 
ground biomass productivity (Tilman et. al 2006).  
Building on Tilman’s results, our research goal 
is to determine the number and kind of  native 
perennial prairie species to use to maximize 
biomass production for electrical generation.  In 
May 2009, 48 research plots were sowed with 
one of  four seeding treatments of  perennial 
vegetation: 1) switchgrass monoculture, 2) 5 
species of  warm-season grasses, 3) ‘biomass 
mix’-16 species of  warm/cool-season grasses 
and forbs, 4) ‘prairie mix’- 32 species of  warm/
cool-season grasses, sedges, and forbs (Table 1).  
In addition, seeding treatments were replicated 
on one of  three distinct soil groups: 1) 284 Flager 
sandy loam – somewhat excessively drained 
alluvial soil, 2) 177/178 Saude-Waukee loam – 
well drained alluvial soils, and 3) 585 Spillville-
Coland complex– poorly drained alluvial soil.  
All research plots were mowed in early July 2009 
to promote prairie plant establishment (Figure 1).  
Plots were sampled for biomass productivity in 
mid-September 2009 (Figure 2).

Narrative  

The 2009 growing season was a very good for 
native plant establishment.  Precipitation was 
above average for the spring and summer months 
without extended periods of  dry conditions 
(NOAA 2010).  Emergence and growth of  the 
seeded prairie plants was so vigorous that only 
one mowing in early July was needed for weed 
control.  By the end of  the first growing season, 
many of  the prairie grasses and forbs had 
flowered and produced seed.  Native grasses were 
lush and virtually weed free in the ‘switchgrass 
monoculture’ and ‘big five’ grass only plots 
(Figure 3).  By contrast, ‘Biomass’ and ‘Prairie’ plots had a profusion of  native forbs that flowered in mid to late 
summer (Figure 4).  This vigorous growth and development of  the native plants in this first year of  establishment 
created a rare opportunity for vegetative sampling in mid-September.  A preliminary summary of  our vegetative 
sampling for the first year of  establishment of  this biomass research project is listed below.      



Preliminary biomass production results

Preliminary Conclusions 
(from 1st growing season sampling)

 All prairie species planted in the research 
project were detected in the first growing season 
(Table 1).

 Overall mean productivity of  native plants (as 
measured by above-ground biomass) was highest 
(3096 kg/ha) in well drained mesic soil and 
lowest (1175 kg/ha) in excessively drained dry 
soils (Table 2).

 Mean productivity of  switchgrass (Panicum 
virgatum) was greatest (4481 kg/ha) when 
planted as a monoculture and in well drained 
mesic soil (Table 2).

 Switchgrass planted as a monoculture 
produced more above ground biomass (2760 
kg/ha) than mixed species plantings in early 
establishment (Table 3).

 When planted as a monoculture, above ground 
biomass of  Switchgrass was significantly lower 
in dry soils as compared to more moist soil types 
(Table 2).

 Weed productivity (as measured by above-
ground biomass) was similar across all seeding 
treatments in early establishment (Table 3).
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Table 1. Prairie seed mixes and seeding rates used for the biomass research project.

SEEDING TREATMENTS

MONO
(1sp)

BIG FIVE
(5sp)

BIOMASS
(16sp)

PRAIRIE
(32sp)

GRASSES (Pure Live Seeds Sowed/m2)

Western Wheatgrass Agropyron smithii 43.0 32.0

Big Bluestem Andropogon gerardii 151.0 151.0 120.0

Side-Oats Grama Bouteloua curtipendula 86.0 43.0 32.0

Copper-Shoulder Oval Sedge Carex bicknellii 32.0

Plains Oval Sedge Carex brevior 32.0

Long-Awned Bracted Sedge Carex gravida 32.0

Canada Wild Rye Elymus canadensis 43.0 32.0

Virginia Wild Rye Elymus virginicus 43.0 32.0

Switchgrass Panicum virgatum 560.0 86.0 43.0 32.0

Little Bluestem Schizachyrium scoparius 151.0 151.0 120.0

Indian Grass Sorghastrum nutans 86.0 43.0 32.0

Tall Dropseed Sporobolus asper 32.0

Total Grass Seeds Sowed/m2 560.0 560.0 560.0 560.0

FORBS

Leadplant Amorpha canescens 15.4

Prairie Sage Artemisia ludoviciana 15.4

Smooth Blue Aster Aster laevis 15.4

New England Aster Aster novae-angliae 15.4

Milk Vetch Astragalus canadensis 38.0 15.4

White Wild Indigo Baptisia leucantha 1.0

Purple Prairie Clover Dalea purpurea 15.4

Showy Tick Trefoil Desmodium canadense 38.0 15.4

Pale Purple Coneflower Echinacea pallida 15.4

Rattlesnake Master Erynigium yuccifolium 15.4

Saw-Tooth Sunflower Helianthus grosseserratus 38.0 15.4

Ox-Eye Sunflower Heliopsis helianthoides 38.0 15.4

Round-Headed Bush Clover Lespedeza capitata 38.0 15.4

Wild Bergamot Monarda fistulosa 15.4

Prairie Phlox Phlox pilosa 3.0

Yellow Coneflower Ratibida pinnata 38.0 15.4

Compass Plant Silphium laciniatum 3.0 3.0

Stiff Goldenrod Solidago rigida 38.0 15.4

Prairie Spiderwort Tradescantia bracteata 15.4

Golden Alexanders Zizia aurea 15.4

Total Forb Seeds Sowed/m2 0.0 0.0 269.0 269.0



Table 2.  Mean above ground biomass (dry weight) and standard errors of  native plants sampled in 
September 2009.  Means in each soil group were analyzed separately with a one-way ANOVA.  Different 
letters are significantly (p<0.05) different based on a Tukey HSD test for each group.

SEEDING TREATMENTS

MONO1

(s.e.)
BIG FIVE2

(s.e.)
BIOMASS3

(s.e.)
PRAIRIE4

(s.e.)

SOIL GROuP 
(drainage class)

(grams dry weight/m2) p-value

177/178 (well drained) 448.1 (71.05) 268.6 (43.11) 217.9 (74.45) 303.7 (70.01) NS5

284 (excessively drained) 93.5 (51.22) 129.2 (58.41) 69.7   (7.69)  177.5 (51.92) NS

585 (poorly drained) 286.4 (99.75) 254.5 (36.47) 211.6 (38.45) 215.4 (23.90) NS

1- switchgrass monoculture
2- switchgrass, big bluestem, little bluestem, indian grass, side-oats grama
3- all species included in #2 plus an additional 3 grass and 8 forb species 
4- all species included in #3 plus an additional 1 grass, 3 sedge, and 12 forb species
5- results not statistically significant (p>0.05)

Table 3.  Mean above ground biomass (dry weight) and standard errors of  plants sampled in September 
2009.  Means in each plant group were analyzed separately with a one-way ANOVA.  Different letters are 
significantly (p<0.05) different based on a Tukey HSD test for each group.

SEEDING TREATMENTS

MONO1

(s.e.)
BIG FIVE2

(s.e.)
BIOMASS3

(s.e.)
PRAIRIE4

(s.e.)

PLANT GROuP (grams dry weight/m2) p-value

Natives 276.0 (59.34) 217.5 (30.94) 166.4 (32.70) 232.9 (31.45) NS5

Weeds 117.8 (36.65) 154.4 (28.93) 167.1 (34.28) 106.6 (33.21) NS

1- switchgrass monoculture
2- switchgrass, big bluestem, little bluestem, indian grass, side-oats grama
3- all species included in #2 plus an additional 3 grass and 8 forb species 
4- all species included in #3 plus an additional 1 grass, 3 sedge, and 12 forb species
5- results not statistically significant (p>0.05)


