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Developing Low-Input, High-Biomass, Perennial Cropping Systems 
for Advanced Biofuels in the Intermountain West 
 
Calvin H. Pearson1,*, Catherine Keske2, Ron Follett3, Ardell Halvorson3, Steve Larson4, Andrew Brandess2 
 
Abstract 
Lignocellulosic biomass studies are being conducted to evaluate perennial herbaceous feedstocks and to 
determine their field performance and adaptation potential for biomass production in the Intermountain 
West. Field performance of four biomass entries and four inputs are being evaluated over a long-term 
testing period at three western Colorado locations. Also, a native grass field trial was planted in 2011 to 
evaluate new crosses of basin wildrye (Leymus cinereus) x creeping wildrye (Leymus triticoides) as 
potential biomass resources. The Introduced Biomass Treatment, consisting of mostly alfalfa, has 
consistently had the highest biomass yield at the Fruita site. In the first cutting that occurred in 2012 in 
the native grass species study, tall wheatgrass (Thinopyrum ponticum) and intermediate wheatgrass 
(Thinopyrum intermedium) had high biomass yields. An easy-to-use crop budget enterprise tool has been 
developed to model the economic viability of the various plant species being evaluated. There is 
agronomic and economic potential to develop 200-300,000 acres of marginal land within a 50-mile radius 
of Rifle for the production of dedicated, herbaceous biomass. A pilot plant nearing completion at the 
Colorado Mountain College will convert the various perennial biomass grass species into butanol. In 
order to advance production, further refinement of the definition of marginal lands for bioenergy crops is 
needed. 
 
Keywords: biomass, grasses, native plants, herbaceous perennial crops, dedicated energy crops, 
lignocellulosic biomass, biomass budget generator  
 
Introduction 
Biofuels from lignocellulosic biomass have potential to provide public benefits including increased 
energy independence and security, foreign exchange savings, rural development, and job creation 
(Rajagopal et al., 2007). Herbaceous perennial crops used for sustainable biomass crop production have 
requisites: 1) They should be carbon neutral- preferably, carbon negative; 2) They should have low input 
production requirements; 3) They should not compete with established food/feed systems or cropland; 4) 
They must have low irrigation water requirements; 5) They must be profitable for agriculture, industry, 
and others; 6) They must have desirable socioeconomic aspects.  
 
Recent policies such as the Energy Independence Security Act of 2007 (EISA), including the second U.S. 
Renewable Fuel Standards (RFS), have targeted biofuel production and domestic energy independence.  
However, in contrast to most of the country, the mountain valleys of Colorado and similar locations in the 
Intermountain West (IMW) have attracted few biorefineries (http://www.ethanolrfa.org/bio-refinery-
locations/). According to the EISA, arid western states are not expected to provide abundant biofuel 
development. The higher elevation environments in many areas of the IMW region are limited by the 
number and type of crops they can produce, yet a considerable land resource exists. Biofuel crops that 
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facilitates energy security in the IMW contributes to regional economic development, and makes the RFS 
goals more attainable. Crops and cropping systems needed to produce low input herbaceous perennial 
crops to support a bioenergy economy in the IMW are essentially unknown. The objectives of this 
research are to evaluate perennial feedstocks and determine their field performance and adaptation 
potential for biomass production in the IMW and also to model their economic potential for commercial 
production. 
 
Materials and Methods 
 
Biomass Plant Species and Fertility Input Study 
Field performance of four herbaceous biomass entries (Factor A) and four fertility input levels (Factor B) 
are being evaluated to assess their effect on biomass production at three western Colorado locations.  
 
Factor A. Biomass entries 
1. Native grass mixture – ‘Magnar’ Great Basin wildrye, ‘San Luis’ slender wheatgrass, ‘Secar’ Snake 
River wheatgrass, ‘Rosana’ western wheatgrass.   
2. Switchgrass mix – ‘Dacotah’ and ‘Blackwell’.  
3. Tall fescue – ‘Fawn’.   
4. Introduced pasture mix – ‘Cache’ meadow brome; ‘Fawn’ tall fescue; ‘Latar’, ‘Potomac’, and ‘Paiute’ 
orchardgrass; alfalfa.  
 
Factor B.  Four input levels 
1. No inputs (a control treatment without external inputs), (2) “Sustainable” inputs (composted cow 
manure at 5 ton/acre), (3) “Low” commercial inputs (half the level of the high input treatment at 60 lbs 
N/acre in split applications), and (4) “High” commercial inputs at 120 lbs N/acre in split applications 
(based on soil test results).  
 
The study is being conducted at: 1) Fruita, Colorado (4600 ft); 2) Rifle, Colorado (reclaimed soil, 5400 
ft); 3) Meeker, Colorado (6500 ft). Biomass plots were planted at Fruita in 2010, Rifle in 2011 and at 
Meeker during spring 2012. From a water perspective, preferred biomass crops would be drought-
tolerant, high-yielding crops grown with limited irrigation water. Rifle and Meeker locations are sprinkler 
irrigated and Fruita location is furrow-irrigated.  
 
Native Plant Species Study 
A field trial was planted in 11 Oct 2011 at Fruita, CO in cooperation with the USDA-ARS Forage Lab at 
Logan, UT to evaluate novel crosses of basin wildrye (Leymus cinereus) x creeping wildrye (Leymus 
triticoides) for agronomic performance as potential biomass resources.  
 
Results and Discussion 
 
Biomass Plant Species and Fertility Input Study 
Data were collected in the biomass plant species study at Fruita for one harvest in 2010, three cuttings in 
2011, and two cuttings in 2012. A third cutting will occur at Fruita during fall 2012. At Rifle, an initial 
harvest occurred in 2011 and one cutting has occurred in 2012. A second cutting will occur at Rifle 
during fall 2012. At Fruita, the Introduced Biomass Treatment has consistently had the highest biomass 
yield (Table1). While the Introduced Biomass Treatment included grass species, those grass species have 
disappeared from the plant stand and nearly all the biomass yield in this treatment is from alfalfa. Deficit 
irrigation is being used in this study and plant species such as alfalfa with a deep root system can explore 
a large volume of soil. This gives alfalfa an advantage over shallow-rooted grass species. The native grass 
entry in this study has exhibited low biomass yields compared to other biomass entries. Native grass 



species adapted to arid environments may persist well under harsh environments, but may not be high 
yielding.  In previous research, switchgrass has been found to be high yielding under high input 
conditions in some western Colorado environments, but not others (Pearson et al., 2004a, 2004b, 2004c).  
Establishment of some grass species, such as switchgrass, may require a few years before they begin to 
produce high yields. During this establishment phase of switchgrass, weeds have been a problem, 
particularly the winter annual weeds (data not shown).  Much of the biomass produced at Rifle in 2012 in 
switchgrass was weeds, mainly cheatgrass (Bromus secalinus L.) (Table 1). 
 

Table 1. Biomass yields of biomass entries and fertility inputs in a biomass study conducted by Colorado 
State University at Fruita and Rifle, CO. 

 
 Fruita Rifle 

 2010 2011 2012 2011 2012 
Biomass entry tons/acre-1 
No of cuttings 1 3 2 1 1 
Switchgrass 0.81 c* 3.27 b 2.62 b 0.18 b 0.71  
Tall fescue 1.14 b 3.51 b 1.40 c 1.11 a 0.45  
Introduced 1.79 a 7.68 a 7.24 a 1.21 a 0.60  
Native 0.47 d 2.23 c 0.69 d 0.91 a 0.52  

*Numbers in the same column followed by different letters are significantly different at the 5% level of probability. 
 
No significant yield differences among the input treatments have occurred to date at Fruita or Rifle (data 
not shown). There is a trend for higher yields in the high input treatment but again a few to several years 
may be needed before differences among input treatments become statistically significant. 
 
The high cost of producing biofuel feedstocks has been a major hurdle for growers, biorefineries, and 
distributors. Identification of parameters could lower biomass production costs to promote the economic 
viability of locally produced biomass. Data from our research were used to develop a crop enterprise 
budget tool. The enterprise budgeting tool is user friendly for a variety of audiences, including producers, 
crop consultants, extension agents, and others.  Parameters can be adjusted to reflect variations in 
location, crop management, best/worst case scenarios, or optimizing a specific input. For the purposes of 
this paper, the parameters of the crop enterprise budget have been adjusted to reflect specific agronomic 
scenarios.  
 
Native Plant Species Study 
Large regions of the western United States are dominated by cool-season grasses with special adaptations 
to cold temperatures, sporadic and low precipitation, summer drought, salinity, high elevations with high 
ultraviolet radiation, and other unique and challenging growing conditions. Basin wildrye (Leymus 
cinereus) is a large native perennial grasses in western North America; however, its elevated growing 
point is easily damaged by grazing or mechanic harvesting. Creeping wildrye (Leymus triticoides) is 
relatively short statured (less than 5-feet) but is a strongly rhizomatous grass that recovers well following 
grazing, cutting, or other disturbances. Creeping x basin wildrye hybrids display a combination of plant 
height and rhizomatous traits that are useful in a low-input herbaceous biomass crop (Larson et al. 2011).  
 
The biomass yields of creeping x basin wildrye species were compared to other grasses over four years, 
with no irrigation or fertilizer, at two research farms in Utah and Idaho. Tall wheatgrass (Thinopyrum 
ponticum) and intermediate wheatgrasses (Thinopyrum intermedium) were top entries in the first two 
years. The single best entry in the third and fourth harvest years was a creeping x basin wildrye hybrid.  
 
In the first cutting that occurred in 2012 in the Native Grass Species Study being conducted at Fruita tall 
wheatgrass had the highest yield. Intermediate wheatgrasses also had high yields and also had low 
biomass plant moistures (Table 3). The creeping wildrye x basin wildrye crosses exhibited intermediate 



yields while Altai wildrye and switchgrass had the lowest yields with most of this biomass in the 
switchgrass entry coming from weeds. Switchgrass also had poor stand establishment when compared to 
other grasses.  With additional years, yield rakings of these native grass entries are likely to change from 
those of this initial cutting. 
 

Table 3.  Moisture at harvest, yield, and stand establishment rating of the first cutting of native plant grass 
entries at the CSU Western Colorado Research Center at Fruita, CO. 

 

Perennial grass entry Biomass 
moisture 

2012 First 
cutting yield 

Stand 
establishment* 

 % Tons/acre 1-5 
ACC 641 creeping x A636 basin wildrye hybrid  61.9 2.4 2.8 
ACC 641 creeping x ‘Trailhead’ basin wildrye hybrid 66.0 2.3 2.8 
‘Continental’ – basin wildrye 61.3 2.1 3.4 
‘Magnar’ – basin wildrye 63.5 2.0 2.8 
‘Trailhead’ – basin wildrye 60.5 2.5 2.6 
‘Mustang’ – Altai wildrye 67.5 1.8 3.1 
‘Alkar’ – Tall wheatgrass 59.6 3.8 4.1 
‘Rush’ – Intermediate wheatgrass 53.3 3.0 2.9 
‘Oahe’ – Intermediate wheatgrass 51.6 3.0 4.2 
Native grass mix 60.1 2.0 3.0 
Introduced mix 68.9 2.3 3.3 
‘Blackwell’ and ‘Dacotah’ – switchgrass mix 74.7 1.8 1.0 
LSD (0.05) 3.0 0.5 0.4 

*Rating, 1=poor, 5=excellent. 
 
A Rifle Bio-Feedstock Feasibility Study was conducted in 2008 for the City of Rifle, CO and in the 
statement of findings, the consultants noted that dedicated energy crops have potential in the area (TSS 
Consultants, 2008). A potential of 200-300,000 acres of marginal within a 50-mile radius of Rifle appears 
possible for production of dedicated, lignocellulosic biomass (NRCS, Aaron Waller, personal 
communication), although further refinement of the definition of marginal lands that could be used for 
bioenergy crops needs to be addressed. The construction of pilot plant is nearing completion at the 
Colorado Mountain College, Rifle campus and at this facility the various perennial biomass grass species 
will be converted into butanol.  
 
As demonstrated in the crop enterprise budget scenarios presented in Table 2, of the four species, the 
introduced grass species definitively demonstrates the lowest per acre break-even price ($51.59) when 
grown using efficient agronomic management.  In contrast, the native grass mix demonstrates a relatively 
lower yield and a substantially higher break-even price, at $315.35 per acre, even with efficient 
agronomic practices.  Increases in two key costs, diesel fuel and irrigation water, not unexpectedly, 
directly affect production costs.  Regardless of the scenario, producers with capital equipment constraints 
(eg. no disking) incur approximately 20% higher break-even prices due to reduced yields.  The crop 
enterprise budget tool quantitatively shows how changing different input parameters affects potential 
profitability.   
 
 
 
 
 
 
 

Table 2.  Enterprise budget scenarios for biomass species trials inat Fruita CO. 



 
 Switchgrass Tall fescue Introduced mix Native mix 
Biomass production costs* Assumes 2 cuttings with the average yield per species, per cutting, expressed in 

tons/acre  
Efficient management     
Cost per acre $182.70 $152.10 $154.78 $157.67 
Breakeven price per acre $121.80 $152.10 $51.59 $315.35 
Inefficient management     
Cost per acre $229.97 $191.72 $195.08 $198.69 
Breakeven price per acre $153.31 $191.72 $65.03 $397.38 

*Inefficient management is defined as a scenario in which the agricultural production is capital equipment 
constrained so that production is conducted at 80% of the efficiency of an optimal producer. The following input 
parameters were assumed for both management scenarios:  $30/acre to deficit irrigate in a typical non-drought year, 
$10/hr. labor costs, 3% operating loan, $4.00/gallon diesel fuel prices, and two cuttings.  Yields of 1.5, 1.0, 3.0, and 
0.5 tons/acre, respectively, were used for switchgrass, tall fescue, introduced, and native species. These reflect the 
approximate two-year average yields for non-establishment years at the Fruita site (2011 and 2012). 
 
References 
Larson, S.R., Kishii, M., Tsujimoto, H., Qi, L., Chen, P., Lazo, G., Jensen, K.B., Wang, R.-R.C. 2011. 

Leymus EST linkage maps identify 4NsL-5NsL reciprocal translocation, wheat-Leymus 
chromosome introgressions, and functionally important gene loci. Theor Appl Genet. DOI 
10.1007/s00122-011-1698-1. 

 
Pearson, C.H.  2004a.  Pasture grass species evaluation at Fruita 1995-2001. Pps. 65-70. In: Brummer, 

J.E. and C.H. Pearson, (eds.)  Colorado Forage Research 2003: Alfalfa, Irrigated Pastures, and 
Mountain Meadows.  Colorado State Univ., Agric. Exp. Stn. and Extension, Technical Report 
TR04-01.  Ft. Collins, CO. 

 
Pearson, C.H.  2004b.  Pasture grass, forage legume, and mixed species evaluation at Meeker 1997-2001. 

Pps. 71-79. In: Brummer, J.E. and C.H. Pearson, (eds.)  Colorado Forage Research 2003: 
Alfalfa, Irrigated Pastures, and Mountain Meadows.  Colorado State Univ., Agric. Exp. Stn. and 
Extension and Extension, Technical Report TR04-01.  Ft. Collins, CO. 

 
Pearson, C.H.  2004c.  Pasture grass, forage legume, and mixed species evaluation at Hotchkiss 1998-

2001. Pps. 81-89. In: Brummer, J.E. and C.H. Pearson, (eds.)  Colorado Forage Research 2003: 
Alfalfa, Irrigated Pastures, and Mountain Meadows.  Colorado State Univ., Agric. Exp. Stn. and 
Extension and Extension, Technical Report TR04-01.  Ft. Collins, CO. 

 
Rajagopal, D. S. Sexton, D. Ronald-Hoist, and D. Zilberman.  2007. Challenge of biofuel:  Filling the 

tank without emptying the stomach?  Environmental Research Letters 2(2):  1-9. 
 
TSS Consultants.  2008. Rifle Bio-Feedstock Feasibility Study.  Task 1 – Assessment of Regional 

Feedstock Availability, Statement of Findings. Rancho Cordova, CA. 
  




