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ABSTRACT 

TURHOLLOW, A .  F. 1988. Second-year growth and product ivi ty  
f o r  po ten t ia l  herbaceous energy crops in the Southeast and 
Midwest/Lake S ta t e s .  ORNL TM-10626. Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 32 p p .  

The r e s u l t s  of the second year o f  the  l i gnoce l lu los i c  energy crop 

screening pro jec ts  in the Southeast and Midwest/Lake S ta t e s  of the 

Herbaceous Energy Crops Program are  summarized. 

screened a re  grasses ,  both  annual and perennials ,  and legumes. 

Most species being 

Establishment of perennial crops was completed during the  second year.  

Yields were qu i t e  var iab le ,  ranging  from 0 fo r  f l a tpea  a t  a drought- 

s t r icken  s i t e  in Virginia t o  as h i g h  as 31.9 Mg/ha fo r  a sweet sorghum- 

rye double crop a t  a s i t e  i n  Indiana. 

w i t h  agronomic i n p u t ,  machinery, and labor requirements--will be combined 

in the fu ture  t o  help s e l e c t  the best  species fo r  fu r the r  development as 

energy crops. 

The y ie ld  data  collected--a,long 

i x  





INTRODUCTION 

The screening and selection o f  lignocellulosic crops is currently 

the major focus o f  the Herbaceous Energy Crops Program (HECP) located at 

the Oak Ridge National Laboratory. 

Biofuel s and Municipal Waste Technology Division (BMWTD) of the 

Department of Energy. 

and environmental and economic analyses (Cushman et al. 1987). This 

report summarizes the crop yield data obtained from the second year of 

f i ve mu1 t iyear herbaceous 1 ignocel 1 ul o s i  c energy crop screening and 

selection projects located in the Midwest/Lake States and the Southeast. 

These regions were chosen for study because of the abundance o f  cropland 

potentially available for energy crop production and the relatively high 

potential productivity of land. 

This program i s  funded by the 

Secondary emphases of the HECP are oilseed crops 

Lignocellulosic energy crops, which include the traditional forage 

crops, can be cultivated with machinery commonly used for forage 

production and can be grown on lands that are either good or marginal for 

traditional row cropping. In addition, lignocellulosic energy cropping 

systems that use perennials or combine double cropping of annuals and 

no-tillage cultivation methods reduce erosional soil losses by providing 

year-round ground cover. 

feedstocks for any of the conversion technologies currently under 

consideration by BMWTD. A goal o f  the H E C P  is to produce, store, and 

transport lignocellulosic crops to a conversion facility at a cost o f  

$1.90 to $2.85/63 ($33  to $50/dry Ng) in the year 2000. A delivered cost 

in this range appears to be required i f  fuels produced from 

Lignocellulosic crops may serve as energy 
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l i gnoce l lu los i c  crops a r e  t o  be competit ively priced with conventional 

f u e l s  in  the  fu tu re .  

range o f  13 t o  40 Mg h a - l  y e a r - I .  

crop on good land i n  the  Midwest might y i e ld  8 . 3  d r y  Mg/ha o f  gra in  (150 

bushels/acre) and a t o t a l  biomass amount including gra in  of about 17 dry 

Mg/ha.] The best  y i e l d s  wil l  be achieved on high-qual i ty  croplands in 

the  Midwest and Southeast .  

marginal crop1 ands .  

in  y i e ld  can be expected because o f  land qua l i ty .  

Yields in the  year  2000 a re  expected t o  be in the  

[As  a means of reference,  a corn g r a i n  

The lowest y i e l d s  can be expected on the  more 

Both within and among regions some 1 arge var i  ances 

The f i r s t  s t eps  in achieving t h i s  goal a r e  t o  screen the  poten t ia l  

spec ies  and t o  ga ther  the  da ta  necessary f o r  evaluat ing species  and 

cropping systems and e s t ab l i sh ing  conversion l inkages.  

gathered over a 4- t o  5-year per iod,  a number of species  wil l  be se lec ted  

as  good candidates  f o r  energy crops.  

c r i t e r i o n  in  se l ec t ing  spec ies ,  i t  must be weighed aga ins t  the  inputs  

required t o  achieve the  y i e ld  as  well as  t he  v a r i a b i l i t y  o f  the  y i e l d .  

The system used t o  grow an energy crop i s  important. 

l abor  involved (as  well as the  required scheduling) and agronomic f a c t o r s  

such as f e r t i l i z i n g ,  harvest ing,  and s torage  must a l l  be considered. 

Generally annual species  provide higher y i e l d s  than perennial species  b u t  

a l s o  requi re  g r e a t e r  inputs .  However, perennial species  a re  b e t t e r  

adapted t o  a wider range of  s i t e s ,  e spec ia l ly  those s i t e s  t h a t  can be 

charac te r ized  as  e ros ive  or poorly drained.  

cons idera t ion ,  p a r t i c u l a r l y  in  the  Southeast ,  i s  how well a species  grows 

under d r o u g h t  s t r e s s .  

Based on da ta  

Although product iv i ty  i s  a major 

The machinery and 

Another important 
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Field research in lignocellulosic crop production was initiated at 

five institutions during FY 1985 and continued in FY 1986 (Fig. 1). 

Projects in the Midwest/Lake States are located at Cornel1 University, 

Geophyta (near Vickery, Ohio), and Purdue University. Projects in the 

Southeast are located at Auburn University and Virginia Polytechnic 

Institute and State University (Virginia Tech). Additional projects are 

being started in FY 1988 in the western Corn Belt and the Great Plains. 

All projects share common features. Each contains a screening 

component in which several promising species are grown under a variety of 

conditions at a number o f  sites. Some sites have no serious 

environmental restrictions on growth and productivity, while others have 

varying factors that can restrict productivity, such as erosiveness or 

wetness. The species being screened are primarily annual and perennial 

grasses and perennial legumes, although one annual crucifer species is 

also being tested (Table 1). The Universal Soil Loss Equation 

(Wischmeier and Smith 1978) is being used to estimate s o i l  loss  on lands 

used for energy feedstock production. Each project provides crop yield 

data expressed as mass per unit o f  area and chemical yields expressed as 

percent cellulose, hemicellulose, nonstructural carbohydrate, lignin, 

protein, and ash. Beyond these similarities, each project is unique. 

Both the meteorological and environmental conditions vary by region. 

Also the species themselves and the specific growing conditions (e.g., 

weather, soil, slope) differ at each site. The unique characteristics of 

each project are detailed below. 
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Fig. 1. Locations of the f i e l d  s i t e s  for Herbaceous Energy Crops 
Program’s lignocellulosic crop-screening studies in the Midwest/Lake 
States (Cornell, Geophyta, and Purdue) and the  Southeast (Auburn and 
Virginia Tech). 
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Table 1. Lignocellulosic species b e i q  screened by herbaceous enerqy crops projects in the Southeast and 
MickresVLake States regions 

Species 

Bemudagrass (Cvnodon dactvlon) 
Johnsongrass (Sorqhun ha1 m s e )  
Pearl millet (Pennisetm mricana)  
Redtop ( A m s t i s  dqantea) 
Reed canarygrass (Phal ari s arundi nacea) 
Rye (Secal e cereale) 
Srmoth b r a q r a s s  @rims inemis) 
Sorghum (Sorqhun bicolor) (sweet or forage varieties) 
Sorghun X sudaqrass 6. bicoloy X 5. sudanensis) 
Sudangrass (Somhm sdanensi s) 
Switchgrass (Panicun virqatun) 
Tall fescue (Festuca arundinacea) 
Timothy (Phleun pratense) 
Weeping lovegrass (Eraqrostis cuwula) 

Alfalfa (Medicas0 sativa) 
Arrowleaf clover (Trifol itan vesiculosm) 
Birdsfoot trefoil (Lotus comiculatus) 
Crimson clover (Trifol i m  incamatun) 
Cmve tch  (Coronilla m a )  
F1 atpea (Lathwus svl vestri s) 
Lupine (Lupinus spp.) 
Red clover (Trifoliun pratense) 
Sericea lespedeza (Lespedeza cuneata) 
SVlRet clover (Melilotus a&t) 
Vetch (Vicia sativa) 

Kale (Brassica oleracea acwhala) 

m-oject Location 
Auburn Va. Tech Come11 k p h y t a  Purdue 

Grasses 

f l  
X 

Xf 

X 
X 

x9 

Lestanes 

Xf 

X 

xs 

- Other 

X 

X X 

X 
X Xb 

X 
X 

X X 

aE?ase species i n  double-cropping or intercropping system. 
heed canarygrass and tall  fescue grcwn alone and interseeded with sorghm. 
CSpecies interseeded on base species in various canbinations. 
dRye and sudangrass double-cropped (sequentially gram on the s a w  land in the same year), 
%ye and sorghum double-cropped. 
fMixture ( m o t h  brmegrass with alfalfa). 
Nixture (timthy, redtop, and red clover). 
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The da ta  presented i n  t h i s  report  a re  from the second year o f  the  

pro jec ts  and cover harvests made d u r i n g  1986. 

species  a re  representa t ive  of typical  y i e lds  t h a t  can be expected given 

the  c l imat ic  condi t ions.  Most perennial species will  not reach t h e i r  

maximum leve l s  un t i l  t h e i r  t h i r d  year.  

region t o  follow the geographic organization of the  H E C P .  

d i f f i c u l t  t o  give conclusions by regions based on only 1 or 2 years o f  

growth  da t a ,  so conclusions are  drawn only f o r  a l l  the pro jec ts  combined. 

Yields of the annual 

The r e s u l t s  a re  presented by 

I t  i s  

MIDWEST/LAKE STATES 

The Midwest/Lake S ta t e s  i s  one o f  the most highly productive 

agr icu l tura l  areas  i n  the world. The region contains a l a rge  quant i ty  o f  

highly productive cropland, b u t  even some of t h i s  highly productive land 

has c h a r a c t e r i s t i c s  t h a t  may r e s t r i c t  i t s  use. The two major f ac to r s  

t h a t  r e s t r i c t  land use are  erosiveness due t o  slope and so i l  t ex tures  and 

excessive wetness due t o  poor  drainage. Additional f ac to r s  of 

importance, espec ia l ly  i n  combination w i t h  eroded s o i l s ,  a re  physical and 

chemical cons t r a in t s  on r o o t  penetration t h a t  decrease the  d r o u g h t  

tolerance of crops grown on those s o i l s .  Three pro jec ts  a re  cur ren t ly  

screening l ignoce l lu los ic  crops f o r  t h e i r  energy-cropping potent ia l  on a 

var ie ty  of good and marginal cropland s i t e s  c h a r a c t e r i s t i c  o f  the  

Midwest-Lake S ta t e s .  

Cornel 1 Universi t v  

The product iv i t ies  o f  f i v e  species and two species  combinations a re  

being determined a t  e ight  s i t e s  w i t h  s i x  d i f f e r e n t  so i l  s e r i e s  i n  New 

York S t a t e .  The species include t w o  perennial grasses  (switchgrass and  
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reed canarygrass) ,  one perennial legume ( f l a t p e a ) ,  one annual grass  

(sudangrass) , one annual cruci  f e r  ( k a l e ) ,  and two perenni a1 grass -1  egume 

combinations (t imothy-red clover  and alfalfa-bromegrass) .  A meadow s i t e  

i s  a l so  included. Each s i t e - s o i l  s e r i e s  combination represents  a 

d i f f e r e n t  set of use and production l imi t a t ions  (Table 2 ) .  

each s i t e ,  except Hector, are grown under each of t h ree  f e r t i l i t y  regimes 

(Table 3 ) .  

The crops a t  

Yield r e s u l t s  f o r  the species  by s i t e ,  f e r t i l i z e r  r a t e ,  and cu t t i ng  

management a r e  shown i n  Table 4 .  Some spec ies  responded t o  f e r t i l i z e r  

t reatments  ( reed canarygrass,  timothy/redtop/red c lover ,  meadow, kale ,  

and sudangrass) w h i  1 e o thers  did not (a1 fa1 fa-brome and f l  a tpea ) .  

Whether two t o  t h ree  cu t t i ngs  per year  o r  one c u t t i n g  per year  was b e t t e r  

was spec ies  and s i t e  dependent. Kale gave the highest  y i e ld  b u t  required 

224 kg/ha of nitrogen t o  achieve t h a t  y i e l d .  Perhaps the  most impressive 

y i e l d s  r e l a t i v e  t o  input requirements came from the  ex i s t ing  meadow. 

Geophvta 

Ten forage species  including f i v e  perennial g rasses  (reed 

canarygrass ,  smooth bromegrass, switchgrass,  t a l l  fescue,  and t imothy);  

t h ree  annual grasses  ( rye ,  sorghum, and sorghum X sudangrass) ;  and two 

perennial  legumes ( a l f a l f a  and birdsfoot  t r e f o i l )  a r e  being screened a t  

t h ree  s i t e s  i n  nor th-cent ra l  Ohio. Three s t e s  in  c lose  proximity t h a t  

exh ib i t  a range o f  wetness l imi t a t ions  from chronica l ly  wet t o  

pe r iod ica l ly  wet were se lec ted  f o r  study. 

s i l t y  c lays .  In addi t ion t o  l i m i t a t i o n s  on crop product iv i ty ,  these  

he s o i l s  a r e  Toledo and Lucas 



Table 2 .  S o i l  cha rac t e r i s t i c s  a t  Cornell research s i t e s  

S i t e  S o i l  se r i e s  Limitation(s) 
~~ 

Aurora 

Caldwell Field A 

Caldwell Field B 

Halme Farm 

Hector 

Mt. Pleasant Farm 

Poole Farm 

Willsboro Farm M 

Willsboro Farm R 

~~ ~ 

Hon eoy e 

Col1 amer 

Coll amer 

Erie 

Erie 

Mardi n 

Ho neoy e 

Madal i n  

Rhinebeck 

None 

No spec i f ic  l imi ta t ions  

Erosiveness (10% slope and tex ture)  

Acidic, chronic wetness, s tony ,  low f e r t i l i t y  

Acidic, chronic wetness 

Acidic, low f e r t i l i t y ,  fragipan 

Erosiveness (10% slope) 

Fine tex ture ,  poor drainage, chronic wetness 

Fine tex ture ,  poor drainage, chronic wetness 
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Site 

Table 3. Fertilizer regimes (three application rates of N-P205-K20 
in kg/ha) by species at Cornel1 sites (1986) 

Spec i es 
Fertilizer reqime 

1 2 3 

Aurora Kale 

Caldwell A A1 fa1 fa-brome 

Sudangras s 

F1 atpea 
Switchgrass 
Timothy/redtop/red clover 

F1 atpea 
Switchgrass 
Timothy/redtop/red clover 

Sudangrass 
Ti mo t hy/red top/red cl over 

Caldwell B Alfalfa-brome 

Hal me Reed canarygrass 

Hector Meadow 

Mt . P1 easant F1 atpea 
Kale 
Switchgrass 
Timothy/redtop/red clover 

F1 atpea 
Switchgrass 
Timothy/redtop/red clover 

Meadow 
Reed canarygrass 
fimothy/redtop/red clover 

Meadow 
Reed canarygrass 
Timothy/redtop/red clover 

Pool e A1 fa1 fa-brome 

Willsboro M Kale 

Willsboro R Kale 

56-34-34 
34-34-34 

0-34- 22 
0-34-22 
22-6-22 
0-34-22 

0-34-22 
0-34-22 
22-6- 22 
0-34-22 

28- 17-25 
34- 22-39 
0-17-34 

o-o-o  
0-17-34 
56-39 -39 
28-17-25 
0-17-45 

56 - 22- 22 
0-6-11 
28-6-11 
0-6-11 

56-39-22 
o-o -o  

28-28-14 
9-28-22 

56-39- 22 
o-o -o  

28-28- 14 
0-28-22 

112-67-67 
67-67-67 

0-67-45 
0-67-45 
45-11-45 
0-67-45 

0-67-45 
0-67-45 
45-11-45 
0-67-45 

56 -34 - 50 
67-45- 78 
0 - 34 -67 

o-o-o  
0 - 3 4 - 6 7 

1 12 - 78- 78 
56-34-50 
0-34-67 

112-45-45 
56- 19  -22 
56- 11 -22 
0-11-22 

11 2- 78-45 
0- 56-45 
56- 56-28 
0- 56 -45 

112-78-45 
0 - 56 -45 
56- 56-28 

0-  56-45 

224-67-67 
134-67-67 

0 - 134 - 90 
0-134-90 
90- 1 1  -45 
0- 134-90 

0- 134 - 90 
Q- 134-90 
90- 1 1  -45 
0- 134-90 

1 1  2-34 - 50 
134 -45- 78 
O-67- 134 

o - o - o  
0-67- 134 
224 - 78 - 78 
112-34-50 
0-67-134 

224-45-45 
112-11-22 
112-11-22 
0-22-45 

224 - 78-45 
56-56-45 

1 1  2 - 56-28 
0 -  1 1  2 -90 

224-78-45 
56 - 56- 45 

1 1  2 - 56- 28 
0-  1 1  2-90 
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Table 4 (continued) 

Species Cuts/year F e r t i l i z e r  S i te  
regime Purora C a l k 1 1  Calckrell Halne Hector Mt. !%ole Wii~sboru willsboro 

A B P1 easant M R 

Timthy/redtop/ 2c 1 1.8 2.8 5.6 6.5 7.7 2.2 2.6 
ved clover 2 1.7 3.0 6.5 6.4 7.2 3.2 5.5 

3 2.1 3.3 6.6 7.2 7.3 4.0 6.2 

8.4 6.6 2.5 3.4 
2 2.0 3.7 8.1 7.3 7.1 4.8 6.5 
3 1.8 3.3 7.8 7.5 7.6 5.7 7.0 

Meadorc 2 1 3.6 3.2 2.6 
2 4.7 4.5 
3 5.0 5.6 

1 1 1.8 1.9 2.2 

26 1 2.0 3.4 6.8 

w 
w 

2 3.2 3.8 
3 4.2 4.8 

Kale 1 1 2.5 6.1 2.2 2.4 
2 4.5 8.8 5.1 5.9 
3 8.0 11.6 7.7 7.3 

Sudangrass 2 1 3.6 2.0 
2 4.5 2.2 
3 5.8 3.6 

1 1 6.2 
2 7.4 
3 9.8 

2.6 
3.1 
5.8 

an stuWle height a t  harvest. 
b15 on stuble height a t  harvest. 
CFirst harvest June IO. 
dFirst harvest June 25. 
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low-lying, chronically wet soils cannot be cultivated or harvested with 

conventional equipment during much of the year. Crop responses to 

fertilization, weed control, and harvest frequency are additional factors 

being studied at Geophyta. 

Attempts to establish perennial species in 1985 were unsuccessful 

because o f  soil crusting and frost heaving. Most perennial species were 

successfully established in 1986, although some required three tries 

(Table 5 ) ,  and provided satisfactory establishment-year yields (Table 6 ) .  

However, attempts to establish smooth bromegrass failed again at all 

three sites, and reed canarygrass and tall fescue each failed at one 

site. Because smooth bromegrass was never successfully established, it 

has been dropped from consideration as a species being screened in the 

Geophyta project. 

considered excessive, are presented in Table 7. 

The fertilizer levels used, none of which can be 

The effectiveness of weed control varied among sites as well as 

among species at a site. A one-cut system of sorghum X sudangrass was 

es (Table 8) 

unexpected 

Yields for the 

far superior to a two-cut system. Yields of annual spec 

were much higher than those of perennials. This was not 

because it was the establishment year for the perennials 

perennials should be higher in future years. 

Purdue Unjversi t v  

Eight species are grown either alone or in winter/summer double-crop 

combinations at four research sites in Indiana. These include two 

perennial legumes (alfalfa and birdsfoot trefoil); three perennial 

grasses (tal 1 fescue, reed canarygrass, and switchgrass) ; and three 

annual grasses (rye, sweet sorghum, and sorghum X sudangrass). The sweet 
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f a b l e  5. Mean populations ( i n  plants/m2) f o r  spr ing ,  e a r l y  summer, 
l a t e  summer,and f a l l  seedings a t  Geophyta (1986) 

- 

Species Spring Early summer Late summer Fa1 1 

S i t e  1 

A l f a l f a  
Birdsfoot t r e f o i  1 
Reed canarygrass 
Sorghum X sudangrass 
Smooth bromegrass 
Switchgrass 
Ta l l  fescue 
T i  mothy 
Forage sorghum 
RY e 

S i t e  2 

A l f a l f a  
B i  rds foo t  t r e f o i  1 
Reed canarygrass 
Sorghum X sudangrass 
Smooth bromegrass 
Switchgrass 
Tall  fescue 
Timothy 
Forage sorghum 
RY e 

S i t e  3 

A1 fa1 f a  
Birdsfoot t r e f o i l  
Reed canarygrass 
Sorghum X sudangrass 
Smooth bromegrass 
Switchgrass 
Tall  fescue 
T i  mothy 
Forage sorghum 
RY e 

190 
189 
237 

8a 127 
213a 32a 
281 
263 
419 
38 

280 
210 
242  

Oa 75 
107a 21a 
356 
207a 6a 
451 

9a 58 

245 
209 
134a 25a 
51 

102a 35a 
336 
156a 2ga 
3 15 
53 

122b 

48 5 

151b 

17gb 

367 

167b 

167b 

221 

406 

a I n s u f f i c i e n t  population, species  reseeded. 
b I n s u f f i c i e n t  population, species  de l e t ed .  
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Table 6 .  Total annual y i e l d s  (dry Mg/ha) o f  perennial  spec ies  i n  t h e i r  
establishment year  a t  Geophyta (1986) 

I -- 

Species 
Weed control Fert i 1 i z e r  1 eve1 

W i t h  Without High Low Average 

Switchgrass 

Reed canarygrass 

Tal l  fescue 

Pi mothy 

Birdsfoot, t r e f o i l  

A1 fa1 f a  

Switchgrass 

Reed canarygrass 

Timothy 

Birdsfoot  t r e f o i l  

A1 f a1 f a  

Switchgrass 

T i  mothy 

Birdsfoot  t r e f o i l  

A1 f a1 f a  

5.57 

4.99 

5.04 

3.62 

2.75 

1.90 

5.60 

5.25 

3 .61  

2.02 

1.36 

4.07 

3.28 

1.51 

1.64 

5.02 

5.26 

5.20 

4.00 

3.82 

3.41 

5.82 

4.79 

3.60 

3.11 

2.03 

3 .38  

3 .21  

2.16 

2.34 

S i t e  1 

5.85 

5.82 

5.94 

4.75 

3.35 

2.60 

S i t e  2 

6.20 

5.68 

4.17 

2.91 

1.72 

S i t e  3 

4.54 

4.1Q 

2.26 

2.03 

4 . 7 4  

4.43 

4.31 

2.87 

3.22 

2.71 

5.22 

4.36 

3.05 

2.22 

1.67 

2.91 

2.39 

1 . 4 1  

1.95 

5,30 

5.12 

5.12 

3.81 

3.28 

2.65 

5 .71  

5.02 

3.61 

2.57 

1.70 

3.72 

3 .24  

1.83 

1.99 
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Species  

Table 7. Nitrogen addi t ions  and weed control  t reatments  
a t  Geophyta (1986) 

Fe r t i l i ze r  Level Weed Control 
(kg N/ha) Active ingredien t  (kg/ha) 

RY e 

A1 fa1 f a  

B i  rdsfoot  t r e f o i  1 

Switchgrass 

Forage sorghum 

Sorghum X sudangrass 
(1  cut}  

Sorghum X sudangrass 
(2  c u t s )  

Others 

28 56 

11 11 

11 11 

100 170 

100 170 

100 170 

5Oi-50 85t85 

100 170 

2,4-D ester  (1.12) 

T r i f l u r a l i n  (0.56) 
1,4-DB (1.34) 

Tri f l  ural  i n  (0.56) 
1,4-DB (1.34) 

Atrazine ( f a l l )  (1.68) 
2,4-D amine (0.45) 

Metol achl o r  (1.34) 
2,4-D amine (0.45) 

Metol achlor  (1.34) 
2,4-D amine (0.45)  

Metol achl o r  (1.34) 
2,4-D amine (0.45) 

2,4-D amine (0.45) 



16 

m
c

o
m

 
7; -N 

-
*
I
n

 

m
c

n
b

 
In
 o
/
m
 

.
.

.
 

-1 
N

 

x
 

a
 

0
 

L
 

V
 

W
 
r
 

n
 

=
I 
0
 

W
 

tu 2
 

,--. 
V

I 

J
 

U
 

C
J
 

v
 

v
) 

v
) 

m
 

L
 
o, 
c
 

m
 

v
 
3
 

v
)
 

x
 

OL) 
cn 
&

 
N

 

e
 

In
 

m
 

&
 

N
 
e
 

d
 

N
 

0
 

m
 

cn 
M

 

W
 
0
 

b
 

N
 

- +
-, 
3
 

U
 

,..-
I 

u
 

s c L
 

0
 

v
)
 

W
 

0
,
 

L
 
0
 

m
 

m
 

a
 

0
 

L
 

V
 

W
 

.n 3
 
0
 

W
 

aJ 

r-- 2
 

o
 

T
J 

0
 

- u v
) 

v
) 

m
 
L
 

cn 
t
 

ru D
 

=
I 

v
)
 

x
 

LA- 
v, 

.
r
 

AI 
Q

 
0
 

L
 
u
 

W
 

D
 

L3 
0
 

W
 

W
 

r
-
-
 

2
 

h
 

i
i
 

2
 

V
 

*
 

v
 

v
)
 

v
) 

m
 

L
 

m
 

c
 

m
 

U
 
3
 

v
)
 

x
 

v
)
 

VI 
m

 
L
 
o, 
c
 

a
 

W
 

3
 

v
)
 

X
 

0
 

v
, 



17 

sorghum and the sorghum X sudangrass are grown as the summer component o f  

a double-crop system with rye as the winter component. 

site, at the Southern Indiana Purdue Agricultural Center (SIPAC), has a 

Zanesville silt loam with 8 to 12% slope and prior erosion. 

erosive'on slopes and i s  drought prone due t o  a fragipan layer that 

restricts deep rooting. The southeastern site, at the Southeast Purdue 

Agricultural Center (SEPAC), has a Cincinnati silt loam with 8 t o  10% 

slope and prior erosion. Two sites a t  the Throckmorton Research Farm, 

one flat with a 0 to 2% slope (T-flat) and one sloping with 6 t o  8% slope 

and with prior erosion (T-slope), were chosen at the west-central 

location. Both have Side11 silt loams, which are excellent agricultural 

soils where erosion due to slope i s  not a problem. 

The southern 

The s o i l  is 

In addition to the screening efforts, the effects o f  several 

cultural vari ab1 es are a1 so being studied. Several 1 eve1 s o f  nitrogen 

(grasses) and potassium (legumes) fertilizers are being applied. Yield 

response o f  the summer annual grasses to conventional versus minimum 

tillage techniques will also be determined. In another study, 

cool-season perennial grasses will be "set back" by a herbicide 

application to reduce competition with interseeded annual warm-season 

grasses. 

the cool-season species, therefore taking better advantage o f  the 

midsummer period during which cool-season crops experience a lull in 

productivity. 

It is hoped that competition can be reduced without eliminating 

Yields at the Purdue University sites in 1986 (Table 9) were 

generally good. 

impressive, with mean yields by site ranging from 19.1 to 26.7 Mg/ha. 

The sweet sorghum-rye double-crop yields were 
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The highest yield was recorded at the SIPAC site, which i s  considered 

marginal agricultural land. There, with 150 kg/ha o f  nitrogen, sweet 

sorghum yielded 27.5 Mg/ha, and the sweet sorghum-rye double crop yielded 

3 1 . 9  Mg/ha. At the T-flat and T-slope sites, the perennial grasses were 

not well enough established to be harvested, but alfalfa yielded over 13 

Mg/ha. Birdsfoot trefoil yields were much lower. At the SEPAC site all 

perennial grasses were well enough established and grew enough biomass to 

be harvested. At the SZPAC site tall fescue was the only perennial grass 

harvested. 

10.9 Mg/ha. Reed canarygrass yielded 7.2 Mg/ha at SEPAC, and tall fescue 

yielded 6.2 and 6.1 Mg/ha at SEPAC and SIPAC, respectively. 

showed the most significant yield responses (approximately 75% for tall 

fescue and reed canarygrass) to the first 50 kg/ha of nitrogen 

(Table 10). 

treatment for tall fescue and reed canarygrass because o f  low yields. 

Some preliminary economic evaluations o f  switchgrass based on data 

obtained from this and previous studies at the SEPAC and SIPAC sites 

indicate that 0 kg/ha of N i s  optimal for switchgrass (Lowenberg-DeBoer 

and Cherney 1987). The legumes on these sites did not respond to added 

The switchgrass at the SEPAC site had a respectable yield of 

Grasses 

The data indicate that 0 kg/ha i s  not an appropriate 

potassium because the sites were already h igh  in available potassium. 

SOUTHEAST 

The southeastern United States is characterized by long hot summers 

and mild winters. The rolling terrain has led to intense soil erosion 

during the long agricultural history o f  the region. As a consequence, 

the soils often have little o r  no remaining t o p s o i l .  This, coupled with 



Table 10. Total annual y i e lds  (dry Mg/ha) a t  Purdue University s i tes  by f e r t i l i z e r  r a t e  11986) 

Ferti 1 i zer  A I  fa1 f a  B i  rdsfoot  Tal 1 Reed Switch- Rye Sorghum X Sweet 
ra tea  t r e f o i  1 fescue canarygrass grass  sudangrass sorghum 

~ ~~ _ _ _ _ _ ~  

0 kg/ha K 11.30 5.73 

100 11.10 5.82 

200 11.31 5.53 

0 kg/ha N 

50 

100 

150 

200 

f u  

2.93 4.19 8.74 4.51b 8 .74  13.79 

5.52 7.28 10.40 4. 7Zb 12.42 19.45 

5.92 6 . 7 4  10.80 4.74b 14.08 20.54 

7.56 8.11 12.00 4.95b 15.13 22.43 

9.05 9.67 12.50 

aYieIds are  averaged over s i t e s .  
bAmount of N applied t o  preceding sorghum crop. Although 50 kg/ha N was applied t o  each rye crop, the  

d i f f e r ing  amounts o f  N applied t o  the  preceding sorghum crop affected the  y i e ld .  
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fragipan layers  t h a t  fu r the r  r e s t r i c t  the rooting zone, causes water 

s t r e s s  and t o  a l e s s e r  extent  so i l  f e r t i l i t y  t o  be the most important 

l imi t a t ions  t o  plant  product ivi ty  i n  the  region. 

i s  conducive t o  h i g h  product ivi ty  for  species adapted t o  the h o t  and 

of ten dry midsummer conditions.  

l i gnoce l lu los i c  crops f o r  energy feedstock production in the Southeast. 

The long growing season 

Two projec ts  a re  screening 

Auburn University 

Product ivi ty  of seven grasses  and s i x  legumes, e i t h e r  alone o r  in 

se lec ted  combinations, i s  being measured a t  s i t e s  in four regions o f  

Alabama. Four  o f  the grasses (Bermudagrass, Johnsongrass, switchgrass,  

and t a l l  fescue) a re  perennials and three (pearl  m i l l e t ,  rye,  and sweet 

sorghum) are  annuals. W i t h  the exception o f  ser icea  lespedeza, the  

legumes (arrowleaf c lover ,  crimson clover ,  sweet c lover ,  lupine,  and 

vetch) a re  used as a winter component of a double-cropping system w i t h  

the  grasses .  The summer annuals, sweet sorghum and pearl m i l l e t ,  were 

double-cropped w i t h  rye and legumes, and perennial warm-season grasses  

and se r i cea  lespedeza were overseeded with rye and legumes. 

a cool-season perennial ,  was n o t  overseeded. 

Tall fescue, 

The lower coastal  plain s i t e  i s  located on a Malbis f ine  sandy loam 

with a fragipan overlying ac id ic  subsoi l .  

when slopes a re  cu l t i va t ed ,  and root  zone r e s t r i c t i o n s  cause d rough t  

s e n s i t i v i t y  f o r  crops grown the re .  

located on a Savannah loam t h a t  has a fragipan and i s  erosive.  

Piedmont s i t e  i s  located on a Cecil sandy loam t h a t  i s  ac id ic  and 

erosive.  

e ros ive .  

This so i l  i s  erosion prone 

The upper coastal  plain s i t e  i s  

The 

The Sand Mountain s i t e  has a Har t se l l s  f i n e  sandy loam t h a t  i s  

A l l  o f  these s o i l s  a re  considered t o  be adequate f o r  crop 



22 

production i f  appropriate  management and conservation p rac t i ces  a re  

used. Research in the  Auburn p ro jec t  focuses on the  use of double- 

cropping systems with cool-  and warm-season crops t o  lengthen the  period 

of  time in which high p roduc t iv i t i e s  can be achieved. 

Yields i n  1986 a t  t he  A u b u r n  University s i t e s  varied among species  

and s i t e s .  Yields were reduced by the  severe d r o u g h t  t h a t  l a s t ed  th rough  

most of t he  growing season. Table 11 shows the  y i e l d s  o f  t he  cool-season 

species  as well as  l i s t s  the  warm-season species  they supplemented. Some 

of the  rye and rye-legume mixtures produced good y i e l d s  f o r  winter crops, 

with many in the  5 . 0  t o  9 . 5  Mg/ha range. Most of the  y i e l d  in the  

mixtures was contr ibuted by rye.  

Yields of warm-season spec ies  a re  shown in  Table 12 .  The combined 

y i e l d s  of the  warm- and cool-season species  a re  presented in Table 13. 

Sweet sorghum was super ior  t o  pearl m i l l e t  a t  a11 s i t e s .  Sweet sorghum 

gave exce l l en t  y i e l d s  (23.6 Mg/ha) at, the  upper coastal  p a i n  s i t e .  Of 

the  warm-season grasses ,  Johnsongrass had the  best  y i e ld  11.8 Mg/ha), 

b u t  switchgrass a l so  had adequate y i e l d s  ranging u p  t o  7 .0  Mg/ha. 

fescue, the only cool-season perennial i n  the  t e s t s ,  performed poorly a t  

a l l  s i t e s .  

Tall 

Virqinia  Polytechnic Ins t i Ju te  and S t a t e  Universitv 

Eight herbaceous species  were es tab l i shed  by n o - t i l l a g e  methods a t  

each of t h ree  s i t e s  i n  the  Piedmont o f  V i r g i n i a .  Three perennial g rasses  

(switchgrass ,  t a l l  fescue,  and weeping lovegrass ) ;  one annual grass 

(sorghum X sudangrass) ;  and four perennial legumes (b i rds foo t  t r e f o i l ,  

crown vetch, f l a t p e a ,  and s e r i cea  lespedeza) were planted.  S i t e s  were 
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Table 11. Total annual y i e lds  (dry  Mg/ha) o f  cool-season species 
grown a t  Auburn s i t e s  (1986) 

Cool - 
season 
species 

Warm- 
season 
species 

S i t e  

Lower Sand Upper 
coastal  Mountain Piedmont coastal  

plain plain 

Rye-crimson clover 

Rye- ve t c h 

Rye -vetch 

Rye- arrow1 eaf 
clover 

Rye-arrow1 eaf 
c lover  

Rye-sweet clover 

Rye - sweet c l  over 

Rye-lupine 

RY e 

Tall fescue 

Rye - 1 u p i n e 

RY e 

Tall fescue 

Bermudagrass 

Switchgrass 

Pearl mi l l e t  

Pearl mi l l e t  

Johnsongrass 

Sweet sorghum 

Sweet sorghum 

Seri cea 1 espedeza 

Tall fescue 

Sweet sorghum 

Seri  cea 1 espedeza 

7 . 3  

6.9 

7 . 3  

7 .O 

8 . 4  

6 . 5  

7 . 3  

6.5 

7.3 

2 . 6  

1 . 5  

3 . 3  

1 . 1  

5.0 

2 .1  

4.5 

2.1 

4.5 

6.4 

6 . 5  

6.1 

9 . 5  

6.0 

7 . 8  

2 . 3  

6.0 

7 . 8  

2 . 3  

4.1 

5.1 

3.5 

6.0 

8 . 2  

4.1 

2.6 

4 . 1  

2.6 
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Table 12 .  Total annual y i e lds  (dry Mg/ha) o f  warrn-season species  
grown a t  Auburn  s i t e s  (1986) 

S i t e  

Warm- Cool - Lower Sand l.JPPer 
season season coastal  Mountain Piedmont coastal  
species  species  pl a i  n p la in  

Bermudagrass 

Switchgrass 

Pearl m i l l e t  

Pearl m i l l e t  

,John song r a s  s 

Sweet sorghum 

Sweet sorghum 

Sericea 
1 espedsza 

Rye-crimson clover  1 . 2  

2 . 2  

Rye - ve t ch 3 . 1  

Rye-arrow1 e a f  3.2  

Rye - v e t  c h 

clover  

Rye-arrowleaf 
c lover  

Rye-sweet c lover  6 .6  

Rye - 1 u p  i ne 7.0 

RY e 1.8 

3.0 3 .4  4 .1  

4 . 2  6 .6  7.0 

3 . 7  6.5 5.2 

3 . 7  

11.8 

2.2 8. 

5.5 10.3 23.6 

4.8 5.4 5.0 
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Table 13. Combined total annual yields (dry Mg/ha) o f  warm- and 
cool -season species grown a t  Auburn s i t e s  (1986) 

S i t e  

Warm- Cool - Lower Sand Upper 
season season coastal Mountain Piedmont coastal 
spec i es species p l a i n  plain 

Bermudagrass Rye - cri mson cl over 8.5 5.6 9 .8  8 .1  

Switchgrass Rye-vetch 9 . 1  5.7 13.0 12.1 

Pearl millet Rye - v et c h 10.4 6.9 12.6 8.6 

Pearl millet Rye-arrow1 eaf 10.2 4.8 
clover 

Johnsongrass Rye-arrowleaf 16.8 
clover 

Rye-sweet clover 8.4  5.0 8.2 

Sweet sorghum Rye-sweet clover 6.6 12.2 18.1 

Sweet sorghum Rye-1 upine 13.4 7.6 16.4 23.6 

Seri cea RY e 9.1 9.2 13.2 9.1 

Tall fescue 2.3 2.6 
1 espedeza 
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selected in three o f  the major Piedmont soil types. Appling sandy loarn, 

Cecil sandy loam, and Davidson clay loam soils at the Lunenburg, Amelia, 

and Orange County sites, respectively, are strongly acidic, highly 

erosive soils. 

of slope (9 to 12%) and aspect (southeasterly face). Three additional 

Cecil sandy loam sites with northwest-facing slopes were selected f o r  

determination o f  the effect o f  aspect on productivity. 

Virginia Tech project includes a detailed soil analysis component to link 

differences in crop productivity in experimental plots to specific soil 

characteristics. Once the specific edaphic factors that limit crop 

productivity have been identified, recommendations for remedial actions 

for improving soil characteristics and enhancing productivity can be made. 

Growth at all the Virginia Tech sites was reduced by the drought that 

Three sites for each soil type were chosen on the basis 

Research in the 

affected the entire Southeast during 1986. Yields for eight species at 

four sites are shown in Table 14. Two warm-season grasses, weeping 

lovegrass and switchgrass, did very well considering the drought. Yields 

for switchgrass ranged from 4 . 2  to 8.0 Mg/ha. 

the same sites ranged from 5.6 to 8.2 Mg/ha. 

sudangrass did only marginally better than the weeping lovegrass and 

switchgrass, yielding 3.8 to 8.0 Mg/ha. 

Weeping lovegrass yields a t  

The annual sorghum X 

CONCLUSIONS 

Two years of data have been accumulated on the growth o f  

lignocellulosic crops in the Midwest/Lake States and the Southeast. A 

severe drought affected the entire Southeast in 1985 and 1986. At many 

sites, stands of the perennial species were not well established in 1985, 
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Table 14.  Total annual y i e l d s  (dry Mg/ha) a t  Wirginia Tech s i t e s  
( 1986) 

Species S i t e  

Orange Co. Amel i a  Co. Amel i a Co. Lunenburg Co. 
( S W  (NE) 

Sorghum X sudangrass 6.6 8.9 8 .4  3 . 8  

Weeping lovegrass 5.6 6 . 4  8 .2  7 . 6  

Switchgrass 5.8 6.7 8.0 4 . 2  

Tall  fescue 0 .8  2 . 2  2.0 0.8 

Crownvetch 0.3 1 .o 0.0 0 .0  

Birdsfoot t r e f o i l  0.4 1.4 1 .o 0.3 

F1 atpea 0.0 1.4 1.2 0 . 0  

Sericea lespedeza 2 . 4  3 . 7  3.9 0.0 
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and maximum y i e l d s  were not expected i n  1986. However, even with these  

l i m i t a t i o n s ,  some species  showed good y i e l d s  and a r e  emerging a s  good 

candidates  f o r  energy crops.  

switchgrass and weeping lovegrass .  

Among these  a re  the  warm-season perennials  

When considering biomass y i e l d ,  the  

double-crop ro t a t ion  o f  the  annuals sweet sarghum and rye l o o k s  promising. 

However, while t o t a l  biomass y i e ld  is  of ten g r e a t e r  f a r  annuals t h a n  for 

perennia ls ,  annuals requi re  more agronomic inputs .  Whether cu l t i va t ion  o f  

annuals i s  j u s t i f i e d  economically depends on the  value o f  t he  addi t ional  

y i e ld  compared with the  cos t  of addi t ional  inputs .  

Results from the  l i gnoce l lu los i c  screening and s e l ec t ion  p ro jec t s  a r e  

being used t o  modify the  research conducted in  these p ro jec t s .  Because o f  

establishment problems, smooth bromegrass has been dropped as  a species  a t  

Geophyta. A t  a l l  four  A u b u r n  s i t e s ,  sweet sorghum has cons i s t en t ly  

outyielded pearl m i l l e t ,  so pearl m i l l e t  has been dropped from 

cons idera t ion .  

a t  a l l  the  Virginia  Tech s i t e s ,  so more in tens ive  research i s  being 

performed on these  spec ies .  

of nitrogen f e r t i l i z e r  and t o  overseeding w i t h  rye,  crimson clover  

arrowleaf c love r ,  and hairy vetch.  (Some switchgrass w i l l  n o t  be 

Switchgrass and weeping lovegrass have done r e l a t i v e l y  well 

Switchgrass wil l  be subjected t o  vary ng r a t e s  

overseeded.) Both switchgrass and weeping lovegrass wi l l  be subjected t o  

two  harvest  t reatments .  A t  Cornell the  kale has n o t  done a s  well as  

expected, so th ree  v a r i e t i e s  of rapeseed (Brassica n a p u s ) ,  which i s  s imi l a r  

t o  ka le ,  a r e  being t e s t e d .  

Crop budgets, which est imate  the  cos t  o f  producing biomass, wil l  be 

developed from the  y i e ld  and i n p u t  d a t a  gathered from these  p ro jec t s .  

These d a t a  wil l  a l s o  be used t o  do  farm-scale l i n e a r  programming t o  
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determine how the production o f  energy crops could fit into farming 

operations. The data will a l s o  be used in conjunction with crop simulation 

models to extend the range of sites over wh 

production is available. The data gathered 

t o  select which species will be enhanced as 

breeding and more effective agronomic pract 

ch information on energy crop 

from the projects w i l l  be used 

energy crops through crop 

ces. 
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