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Assessment of Sustainable Biomass Removal for Cellulosic Ethanol Production: Soil Sampling, Field- and Regional-Scale Modeling

Introduction
Cellulosic ethanol: ethanol produced from non-food biomass such as perennial grasses and crop residues

Crop residues: crop biomass left on field after grain harvest

Amy Swan1, John Brenner3, Karolien Denef4, Catherine Stewart1, Keith Paustian1,2

1 Natural Resource Ecology Laboratory, CSU
2 Dept. of Soil and Crop Science, CSU

3 NRCS, USDA
4 University of Ghent, Ghent, Belgium

Methods

Three part analysis:
1) Residue removal trials and soil sampling
2) Field-scale modeling to test long-term effects of residue removal scenarios and interactions of management practices
3) Regional modeling to estimate total residue yields and soil carbon impact

Biomass 
utilization 
for ethanol 
production

Increased soil 
erosion, 

reduced soil 
fertility

Severe long-term 
consequences

Increased soil organic matter, 
moisture retention, physical structure

Soil Sampling

Pivot
4 quads
3 sites/quad
3 samples/site (composite)

Corners
2 corners/pivot (random)
3 sites/corner
3 samples/site (composite)

Three farms near Imperial

Imperial, 
NE

1

2

3

Native site

Dryland
corner

Irrigated 
pivot

Intact Core Sampling:
Sampling depth: 1 m
Depth layers: 0-5, 5-20, 20-50, 

50-75, 75-100 cm
Analyses: Bulk density, soil 

texture, total soil C and N, 
inorganic C, soil aggregate size 
distribution, aggregate-
associated C, free particulate 
organic matter 

Objective: Determine optimal rates of residue removal for cellulosic ethanol production, while maintaining soil quality.

Is there a rate at 
which biomass 

harvest is 
sustainable?

Imperial, NE: Potential site for cellulosic ethanol plant
region of concentrated irrigated corn production
biomass must come from 50 mi radius around Imperial

Field-Scale Modeling
Century Model:  An agroecosystem model that simulates 

C, N, P, and S dynamics

Water
Balance

Submodel

Active
SOM

Slow
SOM

Passive
SOM

Residues

Plant
Growth

Submodel

CO2 CO2
CO2

CO2 CO2

CO2

SOM
Submodel

Climate Soils Management Topography

Century modelCentury model

Farm 2: Field 1

Cropping histories:

Residue removals 
on south half of 
fields

Total Organic Carbon (0-20 cm)
all pivots, Imperial (with stderrors)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Native
grass

F1 F2 F8 F9 F5 F6 F11 F12 F13 F14

Field

g 
O

C
 m

-2

IRR
DRY

Farm 2 Farm 1 Farm 3

0-5 cm

size fraction (µm)

>250 53-250 2-53 <2

g 
fr

ac
ti

on
 1

0
0

 g
-1

so
il 

(s
an

d 
co

rr
ec

te
d)

0

20

40

60

80

100

Native grass
C-S Irrigated
C-S Dryland
C-S-W Irrigated
C-S-W Dryland

Soil carbon greater in irrigated vs. dryland soils

Irrigated soil carbon levels similar to native grassland soil, 
dryland cropping soils are significantly lower than native

Soil Aggregates

Fewer large 
aggregates in cultivated 
fields than native 
grassland

Fewer large 
aggregates in dryland
vs. irrigated cropland

Cropping histories influence how SOC responds to management changes

A switch to no-till may allow increased residue removal without reducing SOC

Regional Modeling

Land Use and
Management Activity

CURRENT LAND USE INFORMATION FROM LOCAL KNOWLEDGE (SHEET A)

STATE INDIANA COUNTY BLACK FORD

FOR INDICATED SOILS ON MAP DETERMINE:
MUID (STATSGO AS SOCIATION) IN004 IN005 IN029 IN032       

LAND USE INFORMATION
72.9 90.7 74 83.4

          CLASS  I & II

          CLASS  III  & IV

          CLASS  V  & VI

FORES T OR TRE ES 10.9 0.9 17.5 11.9

GRAS S LANDS 14 7.7 8.5 3.1

WATER / WETLA NDS 0.1 0.6 0 1.7

URBAN /  OTHER 2 0.05 0 0
TOTAL 99.9% 100.0% 100.0% 100.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

LANDSCAPE DESCRIP TION
FLAT

ROLLING HILLS

STEE P HILLS

FLOOD PLAIN

OTHER
TOTAL 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

TOTAL CROPLAND: % OF THIS SOIL  IDENTIFIED AS CROPLAND .  THE SUM OF LAND CAPABIL ITY CLASS I & II, III & IV,  AND V & VI MUST ADD TO THIS %.
     CLASS I  & II: % OF THIS SOIL THAT IS CLASS I & II CROPLAND.
     CLASS I II & IV: % OF THIS SOIL THAT IS CLASS III & IV CROPLAND.
     CLASS V & VI : % OF THIS SOIL  THAT IS CLASS V & VI CROPLAND.
FOREST OR TREES: % OF THIS SOIL IDENTIF IED AS  FOREST OR TREES.
GRASS LANDS: % OF THIS SOIL IDENTIFIED AS GRASS LANDS.
WATER / WETLANDS: % OF THIS SOIL IDENTIF IED AS WETLANDS.
URBAN / OTHER LANDS: %  OF THIS SOIL  IDENTIFIED AS OTHER LANDS INCLUDING URBAN LANDS, DEVELOPED LANDS, ABANDONED L ANDS.
LANDSCAPE DESCRIPTI ON: % OF THIS SOIL IN EACH LANDSCAPE DESCRIPTION.

CARBON SEQUESTRATION RURAL APPRAISAL

TOTAL CROPLAND

GENERAL LAND USE INFORMATION FROM LOCAL KNOWLEDGE (SHEET B)

STATE INDIANA COUNTY BLACKFORD

HAS ANY PART OF THE COUNTY BEEN DRAINED (YES/NO):
IF YES,  ANSWER THE FOLLOWING.

MUID % OF SOIL % OF SOIL
DRAINED DRAINED

IN004

IN005

IN029

IN032

 

 

 

 

 

 

MUID: SOIL MAP UNIT ID FROM STATSGO. (FROM MAP)

% OF SOIL DRAINED: GIVE AN ESTIMATE FOR THESE SOILS OF THE AMOUNT OF DRIANAGE INSTALLED.

TILE DRAINAGEOPEN DITCH DRAINAGE

CARBON SEQUESTRATION RURAL APPRAISAL

TIME PERIOD OF INSTALLATION: GIVE THE TIME PERIOD WHEN DRAINAGE PRACTICES 
WERE INSTALLLED. (i.e. 1930-1950, 1940- 1960, 1970-1990, ETC.)

TIME PERIOD OF 
INSTALLATION

TIME PERIOD OF 
INSTALLATION

GENERAL LAND USE INFORMATION FROM LOCAL KNOWLEDGE (SHEET C)

STATE INDIANA COUNTY BLACKFORD

IS  10% OR MORE OF ANY MUID IRRIGATED (YES/NO):

IF YES, ANSWER THE FOLLOWING.

MUID % OF SOIL ANNUAL AMOUNT TYPES OF SYSTEMS
IRRIGATED APPLIED (INCHES)

IN004

IN005

IN029

IN032

 

 

 

 

 

 

MUID: SOIL MAP UNIT ID FROM STATSGO. (FROM MAP)

% OF SOIL  IRRIGATED: GIVE AN ESTIMATE FOR THESE SOILS OF THE AMOUNT OF IRRIGATION INSTALLED.

CARBON SEQUESTRATION RURAL APPRAISAL

TIME PERIOD OF INSTALLATION: GIVE THE TIME PERIOD WHEN IRRIGATION PRACTICES WERE INSTALLLED. (i.e. 1930-1950, 1940-1960, 1970-
1990, ETC.)

ANNUAL AMOUNT APPLIED (INCHES): GIVE AN ESTIMATE OF THE ANNUAL AMOUNT OF IRRIGATION WATER APPLIED IN INCHES.  (6 INCHES, 12 
INCHES, 15 INCHES, ETC.)

TYPES OF SYSTEMS: TYPICAL TYPE OF IRRIGATION SYSTEM INSTALLED.  (CENTER PIVOT, GATED PIPE, ETC.)

TIME PERIOD OF 
INSTALLATION

COUNTY LEVEL FARMING AND CROPPING SYSTEM HISTORY FROM PRE 1900 TO PRESENT (SHEET D)

STATE INDIANA COUNTY BLACKFORD

TIME FRAME 1970-1990+

% ESTIMATE OF COUNTY BEING FARMED DURING T HIS TIME FRAME: 85%

CROP ROTAT IONS (SPECIFY 1 TO 3)

1)  CORN-SOYBEAN

2)  

3)  

FOR INDICAT ED CROPS

CROP NAME CORN SOYBEAN

YIELD (BU OR TONS/AC) 130 40

N FERT APPLIED (LBS/AC) 110

MANURE APPLIED (TONS/ AC) 2   

TYPICAL TIL LAGE OPERATIONS DISK DISK  

CULTIVATE DISK

PLANT PLANT

CULTIVATE CULTIVATE

Comments:

TIME FRAME: PERIOD OF TIME AS SPECIFIED.

FOR INDICATED CROPS: ACTUA L CROP INFORMATION FOR THE INDICATED CROPS IN THE ROTATIONS.
CROP: CROP NAME AS SHOWN IN CROP ROTATION.

YIELD: CROP YIELD IN BU/AC FOR GRAINS OR TONS/AC FOR HAY.
N FERT APPLIED: ESTIMATE OF COMMERCIAL NITROGEN FERTILIZER APPLIED ANNUALLY (LBS/AC).
MANURE APPLIED: ESTIMATE OF MANURE APPLIED ANNUALLY (TONS/AC), BY CROP.
TYPICAL TILLAGE OPERATIONS: TYPICAL TILL AGE OPERATIONS USED TO GROW THIS CROP.  (EXAMPLES ARE FALL PLOW; 
SPRING PLOW; CHIESEL PLOW; DISK; HARROW; CULTIVATOR; DRILL; PLANT; ETC.)

CARBON SEQUESTRATION RURAL APPRAISAL

% ESTIMATE OF COUNTY BEING FARMED DURING THIS TIME FRAME: GIVE AN ESTIMATE OF THE COUNTY AREA BEING FARMED 
DURING THIS TIME FRAME.

TYPICAL CROP ROTATION:  CROP ROTATIONS INCLUDE (CORN- CORN; CORN-SOYBEAN; CORN-CORN-OATS-MEADOW-MEADOW; 
CORN-SOYBEAN-CORN-OATS-MEADOW-MEADOW; ETC)

PRACTICES INSTALLED BY COUNTY AND S OIL TYPE

US E IN REPORTING TO DOE FOR CARBON SEQUESTRATION
(USE SEPARATE SHEET FOR EACH S OIL MUID)

STATE INDIA NA COUNTY B LA CKFORD MUID IN004

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

M UI D: SOIL MAP UNIT ID FROM STATSGO. ( FROM MAP)

NO-TILL: NO-TILL  FARMING SYSTEM.

ANNUAL CONS ERVATION PRACTICES INSTALLED

TREE PLANTING: ALL CONSERVATION PRACTICES THAT INCL UDE TREE PLANTINGS.  (WINDBREAKS, SHELTERBELTS, AGRO-
FORESTRY)

REDUCED T ILLAGE: REDUCED TILLAGE FARMING WHICH LEAVE GREATER THAN 15% RESIDUE AFTER PLANTING.  (INCLUDES 
MULCH TILL , RIDGE TILL BUT NOT NO- TILL) .

COMMON CROP  ROTATION (s)
ACRES OF CONSERV ATION PRACTICES INSTALLED (ACRES )

CROP ROTATION:  PICK THE TWO MOST COMMON CROP ROTATIONS.   IF  ONE ROTATION IS > 90% OF CROPPED ACRES,  
REPORT ONLY THAT ROTATION.  TOTAL FOR THE COUNTY SHOULD EQUAL  THE CTIC REPORTED VALUES FROM 19 89 TO 
PRESENT.  SEE SUPPLEMENTAL INFORMATION.

GRASS CONVERSIONS: ALL  GRASS PLANTING CONSERVATION PRACTICES.
( WATERWAYS,  BUFFERS INCLUDING RIPIARIAN BUFFERS, FILTER STRIPS, TERRACES, CRP).
USE 12' WIDTH FOR TERRACES (LF*12 /4356 0=ACRE) . 
USE 40' WIDTH FOR ALL OTHER PRACTICES REPORTED IN LINEAR FEET ( LF*40/435 60=ACRE).  

WETLANDS CREATED AND/OR RESTORED: ALL CONSERVATION PRACTICES THAT INCLUDE THE CREATION OR RESTORATION 
OF WETLANDS.

REDUCED
TILLLAGE

NO-TILL RE DUCED
TILLLA GE

GRASS  
CONVE RSIONS

TREE
PLANTING

WE TLANDS
CRE ATE D
AND/OR
RES TORED

NO-TILL

Environmental
Conditions:
Soils and Climate

Model vs. Measurements
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Modeling System:Modeling Region

Irrigated fields within 50 mi. of Imperial, NE
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Soil Organic Carbon Change after 10 yrs of 
Residue Removal

15% 
loss

Total = 4.4 million tons

Residue Yields and Soil Carbon Changes:

Conclusions

Residue removals of 40% or greater will likely result in soil carbon losses under conventional practices

Changes in management, such as adoption of no-till, may allow residue removals without compromising soil quality

Biomass production potentials are high in this region, although dependent on available water resources 
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Other project activities:

evaluation of harvest, including “one-pass” equipment
wet storage and transport of corn stover

Farm 1: Field 5
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Current Management on Farms:
Farm 2, field 1: Corn-Corn-Soybean, Reduced Till 

(chisel, disc), baling of corn residues (~40%)
Farm 1, field 5: Corn-Corn-Soybean, Strip Till

Rotation and Tillage Management for Residue 
Removal Scenarios:

1) Current rotation and tillage (C-C-S, tilled)
2) Current rotation and no tilll (C-C-S, no till)
3) Cont. corn rotation with current tillage (C-C-C, tilled)
4) Cont. corn rotation with no till (C-C-C, no till)

C = Corn, S = Soybean, W = Wheat

Management for Century Modeling

Results:

SOC reductions 
around 60-70% 
removal

SOC reductions 
around 30-40% 
removal


