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Presentation Outline

» Why is there inferest in crop residue?

» Why is there concern about crop residue?

How 1S USDA-ARS addressing fhese quesitions?

What rene | 2ChR SNoWN?




America’s Energy Appetite
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Erosion Cost For Grain Ethanol

The 1A Natural Resources
Inventory shows a soil . -
erosion loss of 4.9 tons ==
PEr acre per year
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Water Quality Cost of Grain Ethanol

> 157 increase in corn acres planted in Illinois,
Indiana, Iowa, Ohio, Michigan, Minnesota and
Wisconsin for 2007 (NASS, 2007)

> Potential increased loss of 211 million Ibs of Nito
streams & rivers (Elobeid et al, 2006; Wisner, 2007)

> Pottential increased oss of 20 milliont|bs of P o
siireams éu rivers



What Are Our Alternatives?




Biomass for Bioenergy

Forestry - 368 million tons
Agriculture - 998 million tons
- Perennial energy crops - 377 million tons
- “Wastes" - 87 million tons
= Grain - 87 millioni fons
~ Crop residues/ = 428! million tons
¢Corn stover — 256 million fons

(projected estimates; Billion Tlen Report, Perlack et al 2005)



Comprehending the Challenge

Row of 1000 |b round bales, 5 f+
long, placed end-to-end; = 1.89
million miles or (75 times around
the earth)

If one ‘ron/-"l sq in
1 billiion fons = 145 football fields



What's Needed for a Billion Tons?

el )l > Sustainably produce ONE
BILLION TONS of
iy feedstock annually
(Smith etal. 2004) ,¢° [l

,"(Fcuggefgggoo?} 3 = YIeld Increase 500/0 by
240)<10

¢ Corn and small grains

- Residue/grain ratio for
soybean| increase from
1.5:1 101 2.0:1

= Machine o) recover
Y575 s HoVer:
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Density Effects for 10 ml Ethanol

Research Challenges
Low: density feedstock
Cosily pretreatment
Inefficient enzymes

New! biocaitalysisineeded

YV V V

Low. co-product value
Product recovery.

DDG [ Stover

Corn | Fiber s

REAP



Environmental Concerns

¢ Erosion
- Water
- Wind
¢ Loss of SOC

~ Cycling of C and nutrients”
- GHG

o Water quality.

9 Ofihers
= Ehergy balance
= Products oiff combusiion
= Pupblic opinion




Climate and Weather Interactions

¢ Climate and
weather impact
rate of residue
conversion to
SOC and
retention of
SOC

Average
temperature
increases from
north to south
-SOM decreases-
(primary effect of
temperature)

Effective moisture increases
from west to east
-SOM increases-

(primary effect of NPP)

Brady. 1992.



ARS-Renewable Energy Assessment
Project (REAP)

» Management practices
» Algorithms o guide sustainable harvest
» Decision support fools

associaled witin retaining

Crop) residues




Biomass Harvest - Risk Analysis

»> Benefits » Risks
> Renewable > Decreased surface
> Domestic residues
» Reduces release of fossil > Increased erosion

» Ofif-site nutrient and
> A rIrJJrJJrMJ farm sediments
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Meeting Expectations Sustainably

Modern
agriculture Stover harvest
+ Cover crops
Green manure
Increased

efficiencies
Innovative

A SOC = input - output




Factors Limiting Crop Biomass Removal

mmmm Soil organic carbon
641 w=mmm \Water erosion
Wind erosion

Stover to retain (ton ac?)
I

5.58

3.38 3.52
2.34
e 1.39
. 0.77 0.29 43
0.15

0 - — 0.06 |

Moldboard No or Moldboard No or
plow conservation plow conservation
tillage tillage
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Continuous corn

Wilhelm et al., Agron. J. (in press)

Corn-soybean



Grain yield (bu acre™)

100 150 200 250 300 350 400

C-C, No or conserv. tillage
C-C, Moldboard plow
= == (C-S, No or conserv. tillage
=== C-S, Moldboard plow
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Harvestable stover (ton acre'l)

Grain yield (Mg ha™)  wilhelm et al, 2007 AJ




Initial Biomass Studies
at Ames, IA




Participants and Questions

> Collaborative with Drs.
S.J. Birrell (ISU) & C.W.
Radtke, Idaho National
Lab (DOE)

> Evaluating continuous
corn & corh/soybean
rotations

» Four crop residue
narvest scenarios

~ Nuirient removal
> Feedsiock quality
> Soil qualify impact




Corn 6Grain & Stover Yields

Continuous Corn 740[0)5) 2006
(DKC-52-45) (P35Y61)
Stover Harvest Grain Stover Grain Stover

Scenario S e

bu ac-1

ton ac1!

bu ac-1

Whole plant
Cob & top 507

Bottom 907

Graini only




Corn 6Grain & Stover Yields

Rotated Corn ‘05 Corn ‘06 Soybean
(Fontenell 5393) (Apache 626RR)
Stover Harvest Grain Stover Grain  Stover
Scenario -1 -1 -1 -1

Whole plant
Cob' & Top) 50/76
Bottiom 907

Graini only
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Soil Test Status - Fall 2005

Indicator Management Practice

Cont. Corn Rotated Corn

lotal organic C 70 5.3/ 1.9

PIH .72 0. 66
Vienlichr s EXt. P PPm 52 (opt ZZ ([0Y)
Vienlich s EXt. K P9 1ZSH (IO 94 (lowW)




Macro-Nutrient Removal

Ranges for Three Hybrids

Stover Harvest
Scenario

Whole plant;

Cob' & top 9075

Bottiom 907




Macro-Nutrient Replacement Cost

Stover Harvest Average for Three Hybrids
Scenario

$ ac? $ ton-!

Whole plant: $ 22.70 $ 7.84

Cob & top 507 $ 15.52 b 7.94

Boilitom, 907




Secondary & Micro-Nutrients

Stover Harvest Average Removal for Three Hybrids
Scenario

Ca e] Cu Fe Mn Zn

Whole plant

CQ::) SY& IOF) 5OJ/J

Boilitom, 9075




Secondary & Micro-Nutrient
Replacement Cost

Stover Harvest Average Replacement Cost
Scenario

$ ac't $ ton!

Whole plant;

CQ::) 23& fQP 5OJ/J

Boilitom, 907




Total Nutrient Replacement Cost

Stover Harvest Average for Three Hybrids
Scenario

$ ac! $ ton-1 $ gal EtOH-!

L

Whole plant;

Cob & top 507

Boilitom, 907
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Increased efficiency...
Increased pool of reduced C

Agronomy
» Continuous green cover

» Optimize planting patterns, cultivars, and cultural
practices

Soil science
> Improve water and nutrient use efficiencies
> Precision input application

Crop breeding
» |mprove guality
» Enhance stress telerance

Physielegy/merphelegy:

»> Canoepy: structure
> ROt structure and function

Biechemistry i

» Viedify/smetaloplic: patiaways | ﬂ
> Eliminated inefficiency: (photerespiration) ;/

2 N
Genetic engineerng j Y N Al
> Convert C; Species o) C, A"
» Uselgreenilight 7/ \1 :
SN\ Y

> WUse alll eneragy/ in' photons RGP E



Diversity Can Make Us All Winners

> Ligno-cellulosic technologies
can provide viable markets
for a wide variety of crops

~ Landscape diversity can help
solve bioenergy, it quality,
water quality, globaliwarming
(threugh € sequestration) &
ruralleconemic problems =
implementiedliasianientire
agricultural systiem.




Crop residues are not WASTES,
waiting to be used produchvely

and nutrients that are essential for
sustained production of ' s
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