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Presentation Outline

Responding 10 tihe’ bioenergy challenge
~ Formation of the REAP Team

Why are crop residues important?

What' have we learned at' Ames?
> Stover harvest strategies

> Yield response & stover! quality
> Nutrieni’ removal & value

What's needed for sustainable bioenergy
production?



Comprenhending the Challenge

Rowof 100015 round bales, 5
fiitlong, placed end=fo-end; =
1.89 million: milesor (75
imes around fhe earth)

}f one ton = 1 sq 1
1 billion tons = 145 football fields
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Crop)Residues
» Are NOT TRASH

> They're critical for:

> Water & wind erosion
profeciion

~ Carbon sequestration
~ Nutrient cycling
> Food for soil fauna

~ Improved physical
properties
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Crop Residues Reduce Erosion
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Effect of Residue on Soil Erosion
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Laflen, J. M., and T. S. Colvin. Effect of crop residue on soil loss from continuous
row cropping. Trans. Am. Soc. Agric. Eng. 24(3):605-609. 1981.






rop) Residue asia Food Source

BIowWa STATE UNIVERSITY



Soil Conservation - Bioenerqy Balance

Stover . Stover
Removal

Retention

Soil protection Bio-fuel production

A challenging balancing act!



How! Muchi Residue Do I Have?

» ASsSUmpiiions

> Sta
> Sta
> Sta

< density = 0.5,g cm®
% cUiifing heighit = 20 ch (8 inches)

X diameter = 2.5 cm (1'inch)

~ Planti population =74 K hat* (30K act)

> Cropi residue remainingin gihe field =
> 3.6 Mg ha* (1.6 fons ac?)

R. M. Cruse, personal communication



How Much Stover Do I Need?

C-C, No or Conserv. Tillage
C-C, Plow
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Continuous corn Corn-soybean .
Grain yield (bu ac ™)

Johnson et al. 2006. Agron. J. 98:622-636.
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Residual CropiResidue Effects

10-year Crop Residue
Managemeni =isioery

Corn Yield 4-Years
Later

Crop residue refioved
Crop residue retfained

Doeuble crop residues

Mg hia= bufac

11.7 159
12.0 194
13.0 210

Karlen et al., SSSAJ 61:4-10, 1997



Soil Carbon Response to Management

Intensive Ag begins Stover removal

=

Offsetting Practices
(no till, cover crops,
diverse rotations, etc.)

Management Changes

e N

Time —

Soil carbon content




Initial Biomass Sihudies af: Ames, LA



Participants and Quesiions

> Collaborative witihiDrs. S.
Birrell(TSU)réi €. Radike,
Idahor Najional Lab (DOE)

5 Evaluatiingl confinuous! corn
& corn/soeybeanirotations

*  _ Residue harvest scenarios
> Nufrienii removal

> Feedstiock quality

> Soll quality impact




Corn Grain & Stoyver Yields

Continuoeus; Corn 20/0)5) 20]0)¢
(DKC-52-45) (P35Y61)
Stoverfidanvestt = Grainl  Stover Grain Stover
SCEeNarid ¢~ N ol B L gV0E Mg ha-! —--—-—-—--
Whole plant; 10.12 470 9.67 6.32
Cob & top 50% 10007 291 945 5.11
Bottom 507 10.06 1.26 8.93 1.57
Grain only 10.10 ---- 8.81 ----
LSD o5y NS 024 019 0.17



Corn Grain & Stoyver Yields

Rotated Corn ‘05 Corn 06 Soybean

(Fontienell 5393) (Apache 626RR)

Stover/Harvest: — “Grain|  Stover Grain  Stover
Scenariofic £ % 0 5 St Mol - SA 2
Whole plant 12.35 7/ AN Ao AT, e
Cob & top 50% 12.01 LT e e
Bottom 507 13.85 1.80 2.75 ----
Grain| only 15.00 AL s AT N

LSD o5 1.62 159 0.60 ----



Soil Test Status — Fall 2005

Jplelieziio)y Uhits Vianagement Practice
Cont. Corn Rotated Corn

letal erganic € g kg™ 53T 19.0
pH 7.77 6166

Mehlich 3 Ext. P pg g! 32 (opt) 22 (lew)

Mehlichi 3 Ext. K ugg* 428 (low) 94 (ew)



Macro-Nutrient Removal

Ranges for: Tihree Hybrids
Stover Harvest

Scenario N D K

Whole plani: 19 - 50 2 -4 33 - 43
Cob & top 507% 14 - 31 2 -4 26 - 32
Bottom 507 4-13 05-07 6-13




Macro-Nutrieni Replacemenit Cost

Stover Harvest; Average for Three Hybrids
Scenario
$ ha! $ Mg
Whole: plant; $ 56.07 $ 8.79
Cob & top 50% $ 38.34 $ 8.90

Botitom 507 $ 14.64 $ 8.98



Secondary: & Micro-Nutrients

Stover' Harvest®  Average Removal for Three Hybrids
Scenario

Whole plant: 29 21 11 504 151 92
Cob & top 50% 16 11 7 3056 85 67
Bottom 507 8 6 2 214 44 20




Secondary & Micro-Nufirients

Stover Harvest Average Replacement: Cost:
Scenario

$ ha! $ Mg

Whole plant $ 12.37 $ 2.05

Cob & top 50% $ 7.28 $1.73

Bottom 507% $ 3.62 $ 2.34



Total Nutirient Replacementi Cos#

Stover Harvest; Average for Three Hybrids
Scenario
$ ha! $ Mg
Whole: plant; $ 68.44 $ 10.84
Cob & top 50% $ 45.62 $ 10.63

Botitom 507 $ 18.26 $ 11.32



Total Nutirient Replacementi Cos#

Stever Hanvest Average for Three Hybrids

SCEnario
$ hat! $ Mgl $ toni! $ gal EtOH!

Whole plant $ 68.44 $ 10.84 $967 $0.121f
Cob & top 50% $ 45.62 $ 10.63 $9.48  $0.118
Bottom 507 $ 18.26 $11.32 $10.10 $0.126

T Assumes 80 gal EtOH ton-! biomass



Erosion Cosi For Grain Bioenergy

IA'NRI shows a soil [0ss of e

4.9 tons ac? yrt 3
,___:-—_—-'\_: _} ,'13

e 2005 & 20061 average
cor yieldrei T70 burac

Assume 2.7 gal EtOH bu
Soilfless = 21 Ibs gal= ——
Walmar™ tiepsoll = WS -

$0.028, Ib: : s 3
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Estimate developed by Duane Sand and published by the lowa Natural Heritage Foundation, 2006



Unanswered @uesitions

Effffects oif Climaiie’ Chiange

> As thieramoeuni & intiensity’ of: precipitation
INCreases, solll erosion Increases

Landilienure @uesiions

> Shori-term focus
> Iincreases monoculure andl N fertilizer rates
> Increased INNosses andldecreasead soilfC
» Decreased surfiace residuesi- higher erosion



sSummary

~ Crop residue is Trash!l
> It is an extremely valuable resource

-~ Alll bioenergy strategies must: be
examined for their sustainability

~ "Economic growth that destroys
ecologicall support systems is neither

sustainable nor' truly progress:
> (Postel & Richter, 2003)



Diversity Can Make Us All Winners

> [Cigno-cellulesic fechnologies
caniprovide viablermarkets
fior a widesvariety of crops: = ,

~ Landscape diversity can help: "= '*»ﬁ:? zf-m
solve bioceneray, air qualify,
watier quality, glebaliwarming -
(fihrought C sequesitration) &
ruralleconomic problems: = s e Y
implemenited as;an enfiire L e
agricultural system.




Conclusions

By Using alsysiets approach, emphasizing
spaiial and iemporall diversity, American
agriculyure canprovide:

A Wini for bioenergy

A Win for our soilfresoureces

A winffor ol waier resolreces

A wintfor producers

A Winl fior’ constumers & communities
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