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% NTRODUCTION
The United States is interested m expanding renewable energy resources to address
the nierrel m_d prnhlerns 01 timte tossil uei’ md iohal ci mate n mee ns h inc
g Ihe encrgx p it tdtsm In ni one 5 2 Onu o LIs ‘i iouol Ut I

integrates multiple renewable energy hitfdrms tiohnson et al., 2.097d’t, Plant bio
mass feedstocks will he among the sources of renewable enemy. Ethanol from corn
(maize Zen mass, i..J, grain, and sugarcane (Sac’cho rum oflkinnrum L.t and hiod
lesel fuel front soybeans 1 C/seine moa U,) and other oi Isee d crops are already used
tom transportation fuels. l’Ioweeer, alone they are insufficient to replace petroleum
(i)eritti:k. et a 1 11)051, 1 nteres.t n u.s ng non -gra in, cello .losic blunt ass has ncreascd
recent Is Pertack et ni.. 2095), Aericottomal and Idrest products renresent notenrial

j biomass l’eedstoek s Or them mochc.m lea) pvo dysim and easi iic.ar ton nod
u.ar fermentatioti l...latlarms. Thermochemical technoluies. can substitute bin
a ins a for natural g.s 1Sf coal and catt alau be umd lot’ producing it’t.t 12 p nilysis ul
and solid 0 aTarI h.ieR I Islam and A ni, 2009: (Jereel, lOt .2: Yaman 2004).
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ccisie hiaa Ice dstaek’ are nI runs arid ircdiidhhacea ciOtinnil sper ics. ttser ndnst.rv wastes. l’arace crops. industrns! :-tiiionmeipal antniai manure. erog residues. and agricultural rsasics, or cio prminets such as h,icasses and sarncia wastes ilfiM), Ihidt l’cria-ckc I hd5 Job nsoidiiddJ-. ansI vheai /fida,t, tns7 11 sirass are riotutsttihtJiS.iit Sjititittitis)’ si i:)it etiti ui-creia’:—siacsl erdliiiosic r-t ianoi go siital! i.lie ticithans sri f_ Ititid: 55t5ss 5- (fr,i .ss a!.. Iddli. TIn’irishs idna! 5u,50k ssp; svith ioeatti)n. Recitina! scnnees such as5ina: treane aaessss and rtce itJiacii aili/isi L.i may t ndoridnallri make only: locitl ontrihunons. Mit ealleetieclr therrn 5 iutlieants hetg satisi y Uao-eu States energy: needsi[)ipardts Iid)l)t.
Ses.e rat dcn’anas eoiopetc- (or oii--siain croP hmoioass ra teimit use-dthis wii( cog’ is-soto,- in this eimnter. Small cram straw and corn sn ocr are used dirannnil hcdTne and hieii--iiher 11aM, Burning cur neohs and aher cellulosie malcri•als bar heatinc or cooking was a relatiseis ctumutot practice less than a cent ury ago.and still occurs. iii sonic locations. Stra is considered viable. as a tow--cost buildingoi nisolaimon matei ial t llaitihrtdge. Idso; lane ci a! 21)ti.tt, 1-roni a soil perspcc-use-. keeptue non -gradi biotnass in the held metorns esentntl nutrients hr uhser1tteutenips. ittaintants soil organic nianer iS( IN’!!. potinoles soil acgnccate stability, andpnvtdes gnnindeotei to reduce erosion Johnson ci al., JdtIbai,Mo’t estiiimates ol the annunts il r rug rc’iducs asailahlc br harscst are hascdon the sole cimsiraint ob ntiniittticd sot! cntshn ti ,indstnttn, ldbn Nelson, 2bi(t2Pctbak ci at., 1(105, ( itltani ci al., Ibt)Sy Still loss tolciance dl ss-a detiticd itt Idola tie aseragc aittmiat entsmon rite nia’s go area per :tcit that can occin alt,! ttllpcrtttt a loch lcsei of emop ptodnctis its to he snsiatncrt ecoon,mca1lr and mmidelinilels by the United State-s fJc.partrmment of Agriculture i. USfJAi Natural ResourceConsarvat ion Scrc ice i N RUn - Nelson tliiddt ci ioiiilete-:d a I isrcevcm: I Ph’S I PPMcounts--level evaiuat tori ot residue rcu,tsat rates that sstnid poo ide 5Oii e-ooioo i-aicsI i i ,os’ n i a o \(ansi- S tnIiit.sn Me of ss heat conk! be remmosed amnimali’-; Hr‘Nets-a-n, di did i. tusiiiani ci a!. tdtiiUi estn,aicd tb-at selheeitt sioce-r 55)is acaidihiein eensd illinois, norl ,eso Iowa, soriliterim Minnesota. and abuT ihe Matte River tiisimusfnii-t larec hiorebreries (larsest rates s-s etc (unites! to aiiaion Unmt maintainedcnrsicn rates less Wart i, -im!. i.fic st ‘:nts assuimiia.t,di-ianirtsiaetantcd sseie iaanacci.i55Siiss ,0 iii-tifl’e ifimatcain c-i aL iiiit I losccr s - \Vdhc!-rii- ci ci-. dirir it ,,i-: 5:5- scsi -

i Sot I
eat- eci. it ‘s oc-tias -: dir .i otntlr acs-s,a,aiota,c area. The asessisi ents con -test he Netseiri I hid Ia tO! f ttst Is tiiO ci a - dtdgr: t et ‘list ra med harcest rates ,.into tolirod eros-i:oa boss--ever, ide-v f-ossadc a sast--) tot itistie rir-udic eatr-scs inein’ditmg tiacmtrtaaca itt resi tic rei,nisai, ,c—n C ereli-mia, fiittitrere-ois giorliirttc- is,i_in-i. co)ti-t,Ieat,s.sts r )iise.d its 5hilims’tio at at. s-.5tio ditlid

-

(Jo scsi -0 ion-co’,id bio,tamss lets il-ic g’tential t.o ,lrcctR mml itiIircctl-r affec..’ni titsocal. chemical. Inn) intiocteal. pntce:sves Sittilar iss.nes are raisedeio’eerni soil 1jnniiiv amid scsi. an,ad-itr for- all proposes.l bioerc.rgv jfla- tformns.Undcrsti rrldie the ilipaets of n.omt-eradn hmo,riss h,m s-est or s,.tmt ismoccsses wol atditdcs:sit,1iimti_ harss—st in,iima-acnsemm 5,5:5 Icilis tiicti:limc imtiticamtirsti ci i g0tst’_.0i s. to
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Oi Poe s’n’s md l snlw’ Ham vot \,mLonn’nt

ofRat :eivest 1iiats, fliu HH/iflg p temitm:il hammatits amist reducing risks. Harvest
I’. tt \ I F-’ I

Ssl iscLi’S 5011 jSI sls5C5 an [li.mced iW icsidiie. mi :ement with emphasis on i•o
erain ittass Par est, Saa pawe eased ir tide teratare, stare amid

I, to s n . it . n. 0, ,rr I o III S
“tort. and wiersitci a Ta’-

TEMPERATURE, MOISTURE, AND ENERGY BALANCE
Ihe itipitats itt restPne iitaeetttemmi itt islilipet thire tMe( in. d4tt md Itistitre
Duiey and Ru.ssel, Id3Pt lava been rese mhed he ttre thamm Pt) nears, especially

itt the cOtifest it ttllitte. Ittee resTates mitts tue mu to rod: cite tiTanic
50 P P 1 1 0 15 05 iii I t. l 51 t S S LI 0 5 I ii th. fl it

Sieiner. P.fa$, iron at .tL. IPTa. ktIhelm ci Ta. IOTa Speeiticailr. restittie chIn ii
boundary laser he macn the soil and a r splIc.ta. Pu, ci :-.i[, ITaX) thai eio.i ten the
a rresp idine enerp\ inputs otto the •sotl s•,st’m F non cit ml.. tt)%r dhe acm
flon for a hare soil is rep itsented by;

ss here R,, is the net radiation: S,.. is the incident shorgwave (solar) radiation: st is
the surFace athedu fraetmun ol radiation rePeated iumn the surface): L,, is the actdi a tot g SthC sks m idi itmon nd I s lbs nimtsd 1ona ssasi. tilt it on Fr in ihssod Horton ci Ta, thOP: Hillel, IPPIR. As indicated hr Hillel IOPFXc slay anti night

P ni s sxhtbtt t iii por dmltsr usc (I me mr I t \t n ht S is mscti50hk:tnd the soil lung -wave nadmatmon ts ts-picallr larger than the liing-save sky radiation,result inc in a nemuttive net radiation tlnx at night and as a result. net energy movementms From the si ul tim the atmosphere. For a bare soil, the net radiation is the differencebetween the energy- absorbed and lost 1w the soiL [‘he net radiation on a hare soil
can he apportioned as I) sensible heat, t 2) energy to heat the soil, or t 3) energy used
t() evapi nate soil moist nrc ( Fig nrc I I ). However, the add ii ion of a residue layer pro—videsaddmtmonal sources mnd sinks of allergy tRuss at Ta, 1PX5: [3ristow ci Ta, l)86,(‘hung and Horton. lO7: Pni sit :mL, IPX$t.

Itt add it ion to the proees.ses described. for i.t bare sail, the resiuue h.iyer c.tn tretleet more or less oF the incom:ng radmation, derettIing on the tastIrie surfacealbed.t iTahle I. ); ‘. 2) utiliie sr.mie of the iuc..tining radiation to heat t.he residuelayer: 3; nec enerey to :v;tporate eater hout the restdue: t4t add nereased re>tIaumeewaler a apor [faxes front the soil, therebs- reducing soil esaporat.iort Flux. timid ih)trititsittit retttattimte crier v to the soil surface iShen ,trel Tanner. lOOt’: Flirt a
P 1 t I ins Lttts it it t th in i t0 tt ci ii so. m m ig tIlt. lbs to

if a residue -eos--ered strttr-a atitnpared to hate stil iSharr:ttt; and (‘tmtit-hetl, ‘Phi:l’:.thte- 11 Resit.tmaes also trap a si rtitir-ant :tttiisttnt of air within the res Foe layer. thus
Ii I t. 1

‘ft. ‘ c cracl-tidng t.tte anittint it bait trat-tsttttited throue.h the residue Pratt, I069i, Ihits, the
it I s_,_ II I
it eottip:irad c hare stiti. Penalties anti intercept SliP to 51)0 of i-ri .tttrtine radiation



—
-.“—.e—————

4
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Soil Heat Soil

FIt (tiRE ii Rnerav finses for tat tirs: stat tlttrttts. dasttmr (Nt hare sat) rhrirte nighttime.
residaaer:s’eredc.nii staring. dastinie, awl tel) ‘restdne a steered sn 1 slnrinta ttighttinte enn

dittuts At ca s indicate dtreetti’ns >1 eneres tnnsetlnnt Relinse >t;es id arwsss apisatsi’
tattle one piteittiul scenario of ustattites it ener haves, Residue cover nsdaees ettes’gy
gantest titurine daytime and lost, aigat he rlrs’ son surtaee t,Snln’e.’: Hillel, 1). 1998.
fn toonoento) .5/! (Pt roio.v .\eadentie hess. San liteet. (‘A: Horton, P.., K I liristow, (Li..
k 0

S itt) H 4 1

t 9 r.eet:t it tile ear tac sttt I tenine ran t’es. set Nt, tt it../”C a ,.n.lteni. ss’ftereas h:tresaul tentrteratores nttv rise 3fY’(” to mare abase ttnthtenr Ross et at t. (.155TIte resiltie lacer alstt itmtpas :“ he:attd or) t:teei’ eittdtttens “ (hesarlitee t sa.n Rasel a ad H di: el, 1° ‘Sj.. [‘been, 1996 i. Residues. teateal I :as’retts
eerie cc rotteN i’, tot corressnailt note mo. ::t: rId es:eit:tmtcees ni”hea,t anti waksramt restn:ee’ anti has he a md erasittt i. Residue:s itteretuse infiltration :iad decrease
evapnratoe, coat” r.’tllt. resmttittg at tt net increase in soil tnotstmtre i’Stutiftt and I acer.

tttt/
files ins and l:rrer, 1993: Wells et al., 2003: Gosaerts et al, ilhldat, itt repattts

that esperte ttee stentlicant atttnuats itt ssindhhos tt snoW sttrltuee testdues ttapstuns, reducing frost p etmetratitttt sleptlt due: to t.ite insulating propertIes of’ tltesttstss
pttek t Hen.eit in al.. 19861. itt addition, the’ snow surf rice is. tep cable sttatstth sloe n.10t It Pane Itt

t it

a) hay
C)15 at

te,ustrtttti,’’,

S:r’t:sitls:
StairL.
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TABI.E 11
Albedo Comparisons for Seseral Crop Residues and Materials

Sia Icr (at \tln’do Citations
rOte ct 11.414 Cu a.4(1 tubei,i nub A’,nccr 1t03;

Macst to .ua (‘att.tcl:cc,
tttwie It. tt to 11..tI’t Stc,hbt to it., Ibhrt:

vt ito to t
.

. it to rric ‘t’.rtner tout Shun, ‘cM)

.itu thjJ’1,ct .qfcc:tcuuctcc Or” Oil ttuss4rcacvt Outtiur, 0404
heSuto ‘14’u’’’ tu’’.tirfn’c 1 rOru.: 40-ti. tutI.7(4 5hifr,.t ccl . scOtt

I INS). Furthermore, trapped. cm tw roy ides additionat soil water recha rcre tInting
pring thaws Henob et at,. itIN6c

As shctsv.o in• Fl n.re I .•i , •resictnes irnpact sIte s’nrfitee. eoe gy hahinc.‘t. by reducing
H -1 d t rrr,14 in md oss a tht ct ccc I hc rc di cc h cn,,r It mc Fr 10gm

(nrc and moisture are: functions of the physical pmperi ies of the re.stdues a.nd the con
,Iitons ol the sntt t F3risiow ci at., 956; Steiner, 1994t. In eeneral, most studies agree
that with increased residue cover I i.e.. decreased crop residue removal), soil moisture
content is increased tRussel. 1940,: soil temperature max i inums decrease, and mi ni-
unins Increase t’ Illaneo-Canqn i ci at., 2OtRaai. Consequences of these temperature and
moisture impacts from residue coverage are less clear.. \lt these factors depend on the
InteractIons of altered sotl microclimate conditions with other factors (suit type, cli—
nate, anti crop [3 pet. (.‘rop emergence has heen shown to he sensitive te alterations in

soil ni icroeti mate (Ford and Hicks. I p92: Drury ci at.. 2003). These resulting eftitets
can he heneheial (Linden et at.. 2(00: Darn er at., 2005: Blanco—Canqui ci at., 2006a),
detrnmcniat m \innawar ci it., 1990; Ian et at.. 2Ott4t. or negligible Bristow, 1Q55:

wan ct at,, 19941 for c.rop emergence, development, and yield. Lower yields ohserved
t .M s I cc t t’

‘ ci r
see’S ge-ma mat ion, trwcr p41. rcnrrient i nsmoh tization, and higher incidence of weeds
and pests under utsidoes (Los et at., 1990: Mann et at., 2002: Drury et at.. 2003.:

o 1 1 19 i 2nm-4 1 t 2 -1 [Xi msJ 1 i pI cm ng
thereby offsetting mOos of soil moisture retention (Na.fzitzer et at,. tOOt). Hosve er. in
,trolcehtst’es’cd areas. nereased ‘e’,it l1clistut’e can P.c s tat Power ct at , tuSh Power’
ct at., tNS’,Jatota e.t at,, 2401: Krtto et al., 2007).

ascrIace reslctorts insulate the stat ‘,O rt’ace. rccnc:i Mrti,ttI’r.aJ tcmpet’atare titit,:toa.
14015. in a re sidoc’- covereo so I cc cmpared tc a hare .soi I (B... ncr kert, 2t )fto). its Mi cc nesot a,
(ott it),h tat corrc S. aPPle r’cdoccd frost pcm.c’t rat’lccrc by tb tit. tile . llercmsee i.t’te Cliii
i4,a ‘it .s alIt: pe.rat.u re by 2 t. cc ccnparect 1,0 cc at cv itO tot rc side, ead ing to a 23-d.ay

I



ciescase to beyiri s) aw I5t ?002i. liwever, these hiiai ropertat icine hswt deth nd inercasin sw I inaist arc (Sharrati et a I..
. resedcaver Iv ne tern per;it a fee. ‘TTh no :hi,’,ri. C Pecan e ca’ I ictore. mv dclIi

1 pr in i rnOiiin t P() Ii1OIIC iii Oii OI) inkIc) lIiIate aOce both crop c’nrnicc’ iiduid also tne tinting ul tic biol heal prc.cductioii cit N.1..) tierR die-eta Cressure (Garcia-Huid bro el cC, [982: 1,’hati, and Price., dbtdt l)uppong e aJi)4 )hi I I vi it 2iititt in ( oat nu1ri iii ss n, l t P

SOIL ORGAN1C MATTER (SOM)
Mars physical. chiuieai. and h;oiogicaf charaewr tics of high iuatite soils arrelated to 5GM Dineot and Parkin, 1994;, Soil hiota, nutrient eating, residudeeontptisnicm, hi iitiition, and SOM evelnip are iternelated, Soils iend tomore produeti sir when a’can C matter is added ree.u bids’ a rid a k wed to dec ntp wethus sti ulanng nuirieit and C evehne and maintainino or enhancmne soil structureAlhrieht, 1938: Kuntar and Gob (10th. Soil onizanmu matter enhances aeration, perineahi lmiv, water retention. eat ion cx’hane. and hut icr eapaclir (Stevenson. lQ)4’Kuinar and Huh. 2009; and reduces soil conipaeiahility tHudrit. 1991): Soanc, 199(1,Dia,-Zoriia and Grosso. 2(100. Krimc ci at,. 2(104;,So; eoinpactahi) it is likely to increase ii hiomass harvest lowers 5GM. W oh inone ear, soil hulk densit in the surtace 6 em was related insersets to the amountof corn sloven returned on sill loam and day loam soils in Ohio (Hlanco-Canqnm emat,, 2iH)6h, the highest hulk density was 1 45 Mg m es hen all harvestahle stoveras renmved c riipcircrd to 24 5 Ic it with 10 51 ha striver returned. Sititilarlu,cone imides and shear etreneth neastit’erncntc also decreased with mere anne s ttrace stats,

C CYCLING

Piamu roots and unhareested above--yncond biomass pr;ce Ida the taics rtateriais forPci Idine 5GM. l)hit senchito (en- aCe (‘centers. the iiC isin C eh am.) mracerees thrccoch r;tltAie tro1c!cic !eae-) PePto ‘ccci time ti the a;mccisphcrc with anteI rae!, a
, lied ;. ri [it’ SGCI. .4 recie ‘s \5 . )t-hr ci a (2(5)4ctt’c actiomitit. cl plea; is hcc cii -;t decreases OS’S tin is’ iltrouch des0, ititi n t Si S i,’ara, icc, dan 1 ;‘eittai its in the s I. ‘These aothcirs ‘.Uggr’Oe . ( Pat tiesmell, a ntimanm, at’ new C cancer eel ma stable’ St 151 iitpiied that a large bicnmc tntii.tsa as needed tn prim-side substrate in ese’c’ee of the respi rcmtarv dentccimd at’ soil. tautici,Sm-I or anic nm,ntcr is abant PfYs’ ort’anie ( (Save flS,’i 0, 10941. Soil t’rec.mnmc (‘ y5( 3Cmis )reurtcntir need ci- ci prose (ci ic-Scale ST 3M. A smcpi’c One- ei’linpincnt itiaii’l citSOt’ thin-c’s’; iii’citc (ir-t, ,‘mdsr kncc;,ss Slcslualeit 1 1)1’ aselul esimene mnput lu iti’rsecimiples mi idols lmT ag i !la3cr et ,il,, 2li(iom:

24 -
(c’ iL--i’ ‘)



Soil Pr asses and Residue Harvest anig’oiant

‘sitere ( s the SOC ‘task iliac r: ( t he flhtial SOt at tmic t ‘t): k is tIe miuai
rte ofSt)C loss by uiinerahzathon and erosion: k, is the annual rate s.d adried C humL
tied into St )M: and \. iiiannua1 iate aIC addition. The tist lerisotive at Fqiiation 2
u1 e\resc is i5’fl baser :m i’i” ‘i

Simply ote.d, the cin.inge in SOC over time is a tuncton at the rate. ot humitication
tIle .ite i fl JFi nillits lilU’, ii[apats}. Al eaiiit:hrhai. mIt a

ad Ic .\ k( :au SOt lad :liidaile i’Juiihru L;ats’d
by Paver at al 20l)fc:

atbe a ihis aflaic ‘nadci Ia st se tar he iiaI sic at C
teen is :iI. 7. :7 ni C.

Jfi C A exceeds Ic ,C, then SOC should increase: if not, SOC will decrease if k and
1 I I I[ I I I III L.

icd ss’tcin ‘Neserat studies iedcnte hat he mouiits at both SOC nd (‘ nputs
increased linearly ti. arson et at, 1972.: Paustian et :iL 1997: Wilhelm et
bobcat et at, 2(105: Kong et at. 2005: Ra em et at, 2006: Johnson et at,. 2006at,
Hosseser, ather results rs-t that SOC sequestration lit ii correlate v oh the
amounts ot orgame matter inputs t Dexter ci at, tOtS2: Campbell ci at,, tOOt; Johnm
and Chamber, 10%: Nicholson et at,, 1997), implying that kC exceeded k1A or that
the ate c efticientsssere not constant over the duratt’n of these esperunenas The
k ciettlccnt i.af.mettnn aiC input quaiil\ t branck ci at., 11)07: J teat Ct at.. t99:
Waite et al, 20(14: Johnson e.t aL 2O07i), The C coefficient is afttcted by tc-niperm
mm tot till 51 ii te xi iic 1in,r dogs and icsidm. ii ii ige oem sps tills till ip

— Is II 11

lies a Jecipisilon inc timiiitlit,u stass as flare able iatcri,is ire
decomposed (Wielder and La up., 1982; Johnson et al, 2t)07a)

W lien a hove e ran ad hi imas s is: harvested, the quaIl ty a xi qua it ity of C inputs
chine he5e Ileits ad aider 1int ,ireaiis mac disc tittereit ci’ipissi

Iihc at nI .2: i)07:il. Th.is no lie pait.acn.;cii ta shill lie rite of ,.Ieccciitio:si...
t ion .. ad sihseque.nt hu in i beat ion (P) Carhori oril. nat i au from root hiornass and
rhii olcacisit ion aatrih,ites 1. .5 a .tt times , ( . ta stable SCSI cc aaaared to

I t)iclesdcic.t ;iiI ijihicia iiaicl .Lciccirris
:ii, 2ttt.i4: S%Jits il, ,11ii)4: ilicicker ci ii, 21145.) jiLe hieher scilues c.irrrespori
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S011 BIOLOCY AND NUTRt[NT CYCliNG
Phiut Fan u s. prn c S Lit}L5 tnatr:.x at iv flint cc its that lute met
S0.i Lits colIipiesitc:irt tntlticnee ‘tic ot the sl mcaihiaI annum
and ri.lated p1 :icid md enyvutatie pr .:csses. thus f,• dug nutrient
i/ant mU N isiiih

-
ii

ii ms’iqc crop msj
yluces nd aIim 4 ii1 hiohgv antis its lidona snendtum ut worlds
.studies hrvestin residues reduced tile cmeitratituis ut imcrohial huniass F
25) and microbial hiomass N’ hy 2•. iTahies 3a nd 4 In sune cases the ito
sf residue bar vest was neasu red as earls as tsr a years after hhm iass harve.sr. Of

25 servationn ants three cases indicated that residue reniasal had no efheet
crested a posiLie impact on nucoihial hiamass F: cuneentratnut reltuive to Irs
ments that retained restdue tTahle I dr Microbial hinmass C’ ineteased proporti
ally to the amount u hiomass returned vrheu harsest tales were varied Karleit ci
1Q04: (sskson et nh lUOX: Ohms et aL lOOP: SahnasGarci:t at il. 2001: [inn
Ortega at aL, 2006e

Farthwor,ns are macroscopic indicators at a healthy sot! and pros ide hnelici
functions related to nutrient ereling. sol structure, h-drulog. and root gror th.
reduet h n in earl hworm act,vttv caused a decrease n sat u rated hr tlrat lie ci nit Inc ii

to a depth of 20 em t Blanco—Canui ci aL 2007f Numerous studies have note
that reducing or eliminating tillage increases earthworm hiomass (Nuutincu, 100
arid abundance iFdards et al, 1090: Nuntinen. 1002: Kladir kit, 2thtl Iilinnnatio
ut hurnma crop residue also increased cat thwoi it abundance t braser ci al, 09(
\\uest ci al. 2005) Theteflire. t was exrecled that retatntne notagi :un htonta
would rev en greater earthworm populations than areas to till sv li wh I he hitit
s-vas removed ti%tble !.5l. Sd ilarto uticrohial htnmas s C’. earthworm abtimiance
increased sv:ttt t.he. a nioutu of hisunass retut ned when harvest rates varies! such that
at least 25°t- of corn slaver decreased ut itlden numhers.(‘mop residue manaccutent mm iv intittener.’ plant diseasc.s. Retertt ion 5f residues cann n,,

I I 0
u i t in us n

tttcttt more couduels e t.o t.tathugens t(’ook et. aL I OCXs For exouiple.. corn ocr aria
small cr:.utr straw-s are the prncipal inict iittm -sources of Jdm.sos;uoi spp that cause
head hlighi dt vJtcat, especially in itr.i’t.ttl sstctas Niitis.sr:ttts. ci aL 204.)h.i lhtptlarioti
cioluts 01 1’ u ransom sr-crc hichest in c outiut.nats earn wi resirltte rctcnt ii tn ansI hrwcst
a ttIcr cyottiottous -mvltcat or corn •--rvhcat msti.-ttioi t,ais

. is hit residue ts:tsoti/ U (t.ias.:icrts
ci ad. 1! 4)51 The sante sttaR’ intl icated that residue meteniton increased pripittat ions

dtscasc--- sitlstiressi tie ti tern imcauistns rucitidi as: fluorescent i’ sr-as!oonsonsr:. that pm’.
s-dde hiolsrencai control of f-fl’-’’-- a a mist other fitnentl p:ithotsens.tic st—cr tee at root Ott itt corrt Oils sainted s-s ut stover retention rcdtt0-c

stayer harvest without tilIar’c: howe s-er root rot did not redttce vicld lGsivaei ts
et at . UtitlThs (1 ecrts ct at t2ttttXt prolrosed that n tillape and residue ret ertt!n
have potential dr hioloelcat control hr priunotins. pl:-titt tswth and suppmcssiue dis--
case hut ehrumatiug tiIl:tgc alone did tot improve soil heal tIn Disease response to

first ho rttti,, it .S hi it tOOl v Is r ihl typs tilts a rea i to s
i S a ft

I
sOil: St >0 v—l:tae root rot tncn:tcts-ts scare ncc:itjsets- csrretatcd to ttticntht:ii hiomass
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nc cC uP, 190(0. E.ftSct of rmidne harvest on irc’I ‘eeies are diCo pre.dict recat lee, teutra and posu Ive re sj±.mses have been reporre..d a ion>teratiotis of tillage. chinate, and nutrient management..H C
.

tt [‘ it ,j a hi n t’ t Hi H r,
iucmnntmlents (N, P. K. (‘a. and Mo; Moharak et ii.. 2002) and rnrv’ritit( R germ . 2004). The conce nC rut It in of rnitr lent in nom gun ii bmomass ave.raged5.1 N kg P 1.1 ±0.5.2 .Pk*and5,(J± 1.Sg K kg hasedonrults from stLolnmntmn annnar crops and IIke1y perennial hromas crops ;Tabie .0; The amtf nutrients remos ed varr among plant specres. organ hars estcd tcoh crnsstoOd. ohssiohtgical stage. md amount of’ h.ioma.ss harvested •LindstrrmSt hi., 20021 Mnharak er al.. 2.002; Fage.ria. 2003; Johnson ci al., 2007al’he amount o nutrient remosed can he calculated 1mm rhe coneentratrinthiomass hars est rates. Branshy et al, (I 998 indicated that harvest of above prst.4 tehgrass hiontass has the potential to remove 26 to 281 kg N ha or morefTrr tliied conditions and 38 kg N ha under unfSrtiliied conditions. From a nutmanagement slew, harsesting hiomass alter senescence removes the least anyof nnnei’ai nutrient. in Washinoton state, the amount of N removed hr harseswitehgrass varied 0 cultivar and harvest date more than (0 the amount of N felieu applied; early harvesting prior to N translocation below ground removed nN than harvesting in October (personal communication, Hal Collins, USDA AProsser, WA>, C’ontinued removal of nutrient without replacement by applying tctier, manure, or coiripost depletes soil fertility, in turn ‘educing soil pruductieitrHarvestr ng Imonerop bit iniass at’fdcts soil microbial processes that impact Nahil 11)1. For esample, the activity of N•acetyi-(0Dgluct.isaminidase was redncedharvesting corn st over fOr 10 years in a continuous corn system, suogesting a redlion in N m i nero liiat ion (Eke; It, r and ‘(that aba i, .20t yin. Kens a. corn st over 1.ceo for 1% rear’ in acorn bean Phuo’nlur rnlma;ri.t 1.; rtttatm:tn mcdncd N stock’to 15 err; dept h that eorresp& tnded to dec11 ties In total N, pa rt Ic nI ate marret: N, meral N, microbial hi: irnass N, and potentially ii ineral liable N Kapki ai et al,, 19’)2trrr a mid soybeans took up more N where ..tt reer vs as ret ui ne I that where. sm em’ er ‘are. rOuSed, r:ssil tsdt’aUse’ SC: teer Clyrrlnta rnca a soil ‘:‘s rr ‘n trrt.rrd inure :rrdalchioloicut artivits, that, increased N availability (Power et at.. IPSO;. h India.10 ‘aria Ole (0 Itt 50 eti; d.cpth ( with rc silt ne retained Inns> i net tr orated comparedresidue rena:. teal Irt wheat err ;nd nut (:1 115 5 ‘yj”trgl’rt 1 rotatnon lihatnagar cC aidimS;. These srntdie I, rrdiea;e irrcretsed p1tntav an(ah’k.’ N 0 rt!’i
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Plant Concentration ± Standard Deviations Based on titeratore Reports of
N, 1’, and K in Non-Grain Above-Ground Portions of Potential Non—Grain
Biornass Feedstoc.ks
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T4BLE 1 6 (CON TINUED
Piant Contentration ± Standard De ation% Based on 1i1eraturt Reports 0:
N, P. and K in NonCrain AboveGround Portions of Potenha NonCrain
Bomass Feedsiocks
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oF at crtucal poicents such as cgmn \ictena, hOt)t. Plant root and tungal
hs ph cc am i n t oak n alt i it nt Llr n tart La cc La to I m ccc cat crc
ajtea chat a ía then tchihrml hr tracallnhic ‘i aecharides hat 1ccter ncr caisad
rel I in flea to zgftcga tea n he prasen.ce if rc ater (hi lot t and Coleman 9i Tisda ii

1 he cinch it fauna! icptiw 5ac he adacad hr ha tag eLaine
al ihh h.cch cam eon Ihtite to a reduetnin in agg.i’eatchcicty
The. add it ion if fresh oman ie residue induces the. format ion and stahl ii tat Ion cf

c! s cies h fe ccllhccin itt a I niae hit nctecohi:.t irtir hr (Ittehlrt at
lflPdb: ittrow I6:Si xet al. 15)99: Ndikha and Rice 3004: Johnson at al

3007e). In a crc ia cadet pr tare1 lv (hilelci. net al L)$a) 1 tnt read-ncr
1 c I ci ic 1 it io Oc ci 0 iti c

encrnsied lv mineral partiete.s t P.m become the cente.rs of w terotahie agrerates
S -a cha.e lant (rae ce-nt are rich in re4.hk 1ler. criporahle cr1

di ate.s m Icrohial net clot lies per meute the cc cat I ngs of ni I nera I particles a rid stahl I lie
the:.taoatea ((lola Pin at cci.. lhh.)lai. In addition, roll conditIons c-an cause Increased
Llnhctlts of sonic poivvalent itcotts suh as Fe nd \Icc, cherchs cocirtchutntg to the
uirmat ion of roil cilia roaagreaate a and the stahl II antI on cf SUM (Fig nrc 3 .i throng I
hit nation of eaton Isridees F-.IlcoU cccl (ilecict n. t.i This, the cattitLic
a in a Ic tdncs c igh in cc it cIk C in grocnotr thc at duct cit n it sotl cgreg ites

o itive rseiv I can ftieie tct C.31. npnts can lead to !oss.es of at hieaeg regates -

I)ctnrrcnr cttan:ineciieni tlracticca afthc t torcnatcon and rtahiltatcon ct soil ceere
gates through their effects on SUM level and aol I hiota (Tlsda II and (Jades, I 952:
Oi-1alIurn at al 15)56; Beare and Bruce IfiSti: Edwctt’ds at ii., 1993: Free at
1999 Stx at ci dOODa), ( ulitecciton cheats soil structure due to the destructIon of
5ojt icarceata a cud thi loss I SUM 1< cr 972 V ttl crc cud P cut 95 T d dl
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and (‘)ades. l92 E1(i 0)80: Angers ci a),, 12: Sis ci aL, 9S: Six ci uP, 1%I sse.s at SUM [rain LJiii aiP.ai 9 grassland h.’c Oc-ci ot ihud at 1st part)1 / I 11 ,,, 0 a i, I Iii:) 1 a 2 L, 1 0El hot 08(s: (dupta and (dorm ida, 088
McVav at a). lOON bsarued ih.at aegregate stahil:tv was creates) in treatmwit [1 he h ighest S(.)( n severa long—te ms studies a K a nsas. I )e (.iry..e. ci a I (20oh.se..rved that cgrec.ate I’ornaiian creased linearly’ with inareasiug siduemimat a rak. at’ 127) ± [24 teitregate is residue added. ‘i’hoo (so ohscrs cr1 that inriagcicgatcs (a 7001) ian) nemeased from 3(d i 4(97 a’ the amount 9 restdue1 Oft kid 1k))) 0 r, 1 2 Oil It) I) I Wig r s Oh t.s rrr, it iOs!nlhcantiy p reater in a titlag pIussi.rawketained treatment ((797) eoi’nptiredii) lace w thout .51 russ)rcal mont (07s8 Si nh et a)., I 94t, I n a in her stud, •adtli)i at a ninhdtgntn Olislinle Ittaterlat and earn slaser nct’cased aiem-stahle upggates (Johnson ci a)., 10O7c These molts are lidicatne ul ha tsencttcnI eitdekarOaa)c minter additon on the aegrecutan process

Sal 51’einiIiOIl ilteet’ soil 54tter rind aejatloll. which are important t)tutors.crap product on. The si/c, shape. and stahi thy- at sod aggregates nnpact pore xi.dixtrihution (Lynch and Bragg, OtiS i. SI at structural stahilt depends on the ahiliat aggregates It) rentarn Intact ssheti suhteeted to Stress such ax rapid \\etling ttsdr.096). Lynch and Bragg OlSS repot ted that U ustable aggregates slake is hen wettcSlaking occurs xs hen aggregates are toii unstable Ii) 55 tthstand pressures result ittfrom entrapped air inside airdrted aggregates during rapid ressetting I Elliott, I 98(Gdth and Fmede.. 199,5: Six in aL, 2.0000). Resistance to slaking is assoe.iate9 wit..large pieces .if orria n ie debris from plant r ails. sO rfaee lit to r. a ad in at hr p0±I
Ii I t lIt 1 4 ns ii n I 2 1 t5 usutuma et al.. l0000t, Under field condtnuss, agerecates near tN: surt;ice arsuh*o ad 10 no ±es I a k i up compa red 11 ag.g regal e.s he low the surface (acer 1 ha-t anproteetc.d from air sir in and rapia ssettine [..esteh and Brae., i9S5).Soil a gregat an 5 00 (di tam For i neft’asiug ss site)’ tntdtrattott. Rcsidue cases [10.1-!aa!, the salt surt.i.ies.: (tO! 10 i.tirec aj:ttdnirs itt!paet anU rtinino!lc’s :tcgrc’gaw $,jf, fl

I n, ,, 1

c0i’itfla red with hae si(, U r:stahle aecreeates at (he srtrface eon (cad to the ft!rrt:!tioiiat crnsts that tn(:-.ihi , .va.1cr itdiitra.t( 0 and a:r movement into tOo 71 (‘l’is.dat( and(dalles, 11)82; lynch :tirt (7.rsiga. (2851-, hiii 2--i. hours of the Nt rnaiion at’ s.orfaeecrusts, 100 1 ) rlifft;sian rate is’ redlaeest h 5(1
. (fathore at uP. 10%i ot ti ‘difig aNrota i niag 0.500 -tiihhiv sn creased in .7 (-trat s’.aratc .5 7-h7d 01 iatpa red with a ins .7Ian ;three cult is at ion pas.srrs) and burnt slnbt,s(e in a 12 ..veen st.ndr- i’ /han. r’t .1lOt i7. liO1i -l.la”O I it5t.c! *ar.c r’c-issitcs were posit 1-vely crrrelatw.I to hvdrat.t(ieilnencis ml uecatlse) correlated to I; silk densit nader dryland eri.Ip prtohteltontn urastert (.aIorado [3ethanti) ci al.. l0(0’, (.ir.ivacrt.s ct at. tIOUlat reported that11 0 it!). 55 ti 10 itt 1 i ii t d i I 1110 Ii 1 5 1 F 11 1 I

cs!nveitt!otsi Its ittled plots. [t:..irves. at n!o!cran: hiiauiuss (ilk1.11.!) 1!! !rtcrartse water a n. nd soil erosion hy imp:nrinc soil- strar.-O..ira lhvlsaah.l/0’!1.:;!50!( i!1Os-.:reeatc -tah!tlt\ i.!tt!.t inoeropisrosits of the soil sttrl’aee.
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26 Soil Qoalde arid ttiolu:et Prodoct

Soti easer se,

FIGURE ‘1.4 Sri) ks rnro predated hr the re\ wed nn,sersat sort lass equation RI ‘Si
and rev’ed wind ens ii cquatnn RWlrQi with ,rs rug arrinurits ri SOIl coWl, Soil t.ratnis tar lade speerhed amount at residue cover hr hare sort under high erodihi tv con,
liOns a’ \iei ott, S it. et at tttO j ,n/ Ito(s) ( arm’s, Pt.’! I

and held studies ‘argues! esen low fractions of re’idue corer can itrastrealir rleere.r
wind erosion i I3ilhro arid I ‘ryrear. lh94.

Fir both wind and water erosion, the relatrrn’htp between sod corer and t.o’

a non i rrear hr tie t ion as here oft tft’ erou ndeover ea n ci rt natty cot i irate crush
trk(ki5 I . ‘. (leneralle, researehers have observed that, the aorrrorrt

cart he e.st.nrnated tr*mrn ott yietd. hor esampie. linear relationships hetveeen th
in in nt op tv d or I i td 1 r h r’ £ 5 1

aL flttlht arid eorn tl.inrderr et rd.. Dthi(i), such tha.t grain yield has been used t:
predict residue yield ‘John on et a I.. 2tthfia t.

‘te relationship taersveen rerone ant ount arid grourideoser ‘a rie.s with ercj
G’reermre (I 051’ nserrts a ri’tet nod to estr rtrate’ the ta ret ii ri erorredeoeer horn

0 resi’.trir’ per a rca. P oman last ra mel te tetti.s eterna i ned ton! tield strrelies
For each ena, (lure, mm reported that the for etion of soil em incur, I mets’ ase’ 1t e
era l.a Ia srrtri ire rerrsi ee r’e LIne’ arm.’ o.ri’m,t alt rae a. asi rare ra ‘uras’ irk! ci mtti it
(P .m..s.s eoionr stet a ird he h I’’ tnrst 5 atroml’ ne’retrse liar k rats (at er’mrrr so!rraa I... m. Thus t h<

I k Il 5
aetrt ial relat irrnsh in indicates that h.ars.’esti ne renirlue se’ ill not reselt n a nropiarr

he erm’p resilue mass ss ii r.teererrse the a non nt of e roramn.leor r,rr he less thirn 25’
rs it’, a ret ri. in, onr ‘a treater rats er ‘or

,“ flee e ele reduce. 0. Ira arid wrten e:r’
atnJ shrrsr tt aids si nd tar to crop residues, Srd I loss rat te.s he seater eroshmrr decrease
est’knlenti.,ttt wntr ,rlere,rorrre se-aetatree eoaa, ‘url i’m” 1’ appnrsrrrraters tire

t’)rr hp’.P and 1! it)’ iaeirst.rr I e”e” 5’af inn 055 ,, Researe h also has shosert

rClr.ssels et al., 2(hlSl.
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.otI cted. lhe amount oh soil aver p ided h. gr \sm im theH •ileht.
nature, oriental on, r titnm ara rtstics, Ition, and tier tactors are impor

taut n &.leterminiae heir ctThch va.ness atredna inp erosion. 12 r exat.nple. erosion
In ni land plartte•d to woody spec tes can he cottparahie to traditional twcropped
land tt no cover crop 15 present \i:tket at,, itith, and etrosion rates can he sara

Cl U 15 St1 ft S I 155 I t, 11 p1 i 15 oh i

\fnl ilek and ia, ‘hz

ions the e.rsl’ a ant, Uhus. ra cHe must 1111.1111 n the. sill siii’ldcc unttl ilic ve.st
is i itahl ished hi tape, seed lie, and ..it her on disruptions feet ease crop ISISIdUe

present on soil sti rfacv., Es tensive ra.search ha.s heen conducted to detertttine .so I
risuin rates ttnder difi7ring conditions • covs.r hollowing lice. Eck et at. 1211011

reported t.hat each lillape operation can decrease the cri.ip resduc coiver I tIPs 11.1

P i, tar n’t i Id d in, iirhance ctI..ise ha SC[I’t r or plantcrst P Hi or nto re

S U,, ii 1

It c.ser alone Iii ( ,ltiit itt’i’ nnlrents.

Pits ft. tn ii eerezzatc Orns ilires as hihit to ‘ceilence .eOIIO CHoice

cii is wi nsf and sater, in hoti tilled anal not.iiiled soils, residue harvest :itcrcase
llnbat of 11 Ill 04u has apt hE P 1 I loston (tiiH d P04 \l tI

e.t at 1)6; 5mph and Mathi, 21106; Malhi and Kt.ttcher, 21)07; Malhi a..nd 1 ettzke,

21)1)7 1. BlancoCa nqu and I at 1 21.11)7 a iso repi )rled that remov up wheat straw
reduced soil aeereeat.e strength contpared to tttulehing. Tdtage can increase erosion

ttii’nph decreased uzgrega1e siihilitr and tncreaed soil detachment. (‘onaercIs,
iotdcr une cotidit inns, iiIttpe can decrease oH hiss 05 i nid nid is lIter IiIe ii

Cli lease water Intlitrition nid ‘,Oii ‘nrl,k oilClti1es t. Dhner at .11., dOiidt
II1cettect of 1llcr,icton hetsseeii tillie ,iiiil i’t’li residtie Ofl ‘oil loss ha’ erosion

aliples and a,irie ft Ill’ oil prperiles ‘ncII i’ iliiiotnre (‘.o at ii P’52: i);hne

at it .2110-li R’ hilleL’ can pius dc iIiole 0!l coser ‘(Ins and (‘u\, 2itii2,

hiit residue removal can ne.gate soniC of the heiietits 1.11 reduceit Iltage. In loih the
northern and southern ifS,, reruns lug, corn residue Iron’s re.dueest-till or no-till pl0ts

c.an resti It in soi I loss rates hy water erosion si n’t i far Ii ‘hose Par convent iona I I lit led
son with no residue removed (Lind,strom, 19h6; Dahney et at,, 21’tOh Irt no-tzIl 51)115,
tile oriii’,In off statatili re.sidue relative to fiat residue change.s s dli lime (Steiner at

1.. 2(11 5)i. nit ltis is aspecie! 1. ilter the ettz’c!lieiesc I ‘it’ ael1i1i11i lIe i’a’sthies

i-I-n iii’ i1iI’’i i’iiltSil’tliitt co11’pii1eI1ts ‘a I’’Iac111ai visIon fla’i’llusc 111ev

ali.t ia.itnore., C,i iii.’. W Hon ci a.. .fi illS .a Residue lea niposti ii in allies. Va ry svl 11 tic

ii mat c’o it ipasit ill u.tt’ plant rnit’r’als, temperi.t a u’e, moisture, ou, 1. characterist las,

arid ptacetnertt Piiua I, I p5)



Soil (uhtv and l1ioi..aet Proclo

.lhe chIn n linear nature d the cr5 rt die sinmltat osstif nous r s.sses make soil loss bs er Stan ces dittlcult tiof soil hot bs em shin is a sntplex f netion of tn ott - and ntrtscraphy, the enemn of the ssind or water itnpaetnig the sod, erodibility, and ataensrs, Current models hissed on mars o remit rch nd date soil ocr is a uriSdetciuttitant ot siul las’ h5 Si nd and oatet e sins l-5ne di that saris’s a tilt0 pes I is1rotn. i(s: renstein. 2(tt)21 -\ddttstnsd emareh t’ nec deit to ar.npletelv e anieteriie tile Tt)eations: Of hiOtiSiss hit fm5t or loumierm andsodic sod entsion in relation to biofuei production.

WATERSHED HYDROEOGICA IMPACTS
Generally, much of the preeed nu rnateria is based on stud ie’ of residue veraffected by tilla e practices ho, incorporatiant rathet than retnol al, Most ofssouk aas done itt plot scale, Esiending this kn wledge to snctnde etlhLts onshed hsdn.hgs t’c difficult Uhlenhrostk t200°t stated that sin research had been tolished on the mpacts of bust net development on watershed hydrology. It is critito develop an understandi up of these impacts as soon as possihfe and more eleasappree ate the differences hem ace rt residue incorporation and renios at tn termstheir m’elat ii e effects on interacting C, nutrient, and ‘a atem eeIes,\ more land becomes dedicated to producing hioftiel crops, environtnetttimpacts of assieiated land use conversions will depend on the nature and exteitt changes in land eoser and \egetatnsn management. Asp charge in land use ainfluence the partlttistitne of precipitation tins eanops intercept in. isertststdc-naps nation, transpiration, and deep perestlat ion, a long a tth aecotnpans Its drci n septiettees. . its t he tropses, i. and use tttay sit i ft toward e lest ri of’ haccsand expa us ion of sic nc n It n tnt! areas wit h hydo sIt g ma i eon.sequenees that are dineWt to model due to lisnited datitsets esss•ersng hsdrshsgv of tropical watersltesifit letthnsso k, flfl7

Its temperate /ssues, hsnd use conversion dir hIs duel craps rusts esnans! r’ sen a hincr at the es perssc of aunt tIlt rips eoe Short- ratatiors, tree craps siojs/su’ or .S//it t II p tt r I 5 ns s
1st s I 1

lii i I tltt,,sasid tetstpers.tte clittistes asia pr’shsthis reatsire hoar
:Jsh usd5 etal , ftds7si’s. I ssd cover es saversians to 5. sSetSStsstsSss 5.555’, “ su 5.ste lease t.s a’ ow “5i i. S. 5’y5 se55’- ayersattd flow (k aehrrsan ci al. ... .O ci. finder rstet a!... fOftht sisal hav ci’ est ‘,hssrs; rs [ii .scsflsester mstre st,Stt titan carts its highly ferritesoils (Zen ci. I... fbttt 1. ‘f snassld hestetis, the hvutsssicsc rcfetiea sit 01 tUar Oerstarid rssei s bsssed ass seceut trends is snereasssse orssssstssstses tists ,sre predicted Ia essntiuitc sNs’ststs 1St 55!

. 2(Wtds l1ss!ckitss s’S

dci the ext cut that htoetsert.’r [eedstoeks are: tIc.risel fntns residues of ant tnal cropssuch as corn, potential hydrilitisie ttnpaets mar teatt t ‘vssrs.f i-neater fraettssns at i.acIt ,a•, ssssssrlsttsl thin ssns.! less neasrsttrf;icc ati utsi’tssre sRlntssts em ilif j, ststesssuerv t it 5. Ti lace practices that into srnorsstr’ rsoss!sts’ we-re shs.asn tisittere:sse the sOsS. rlsssis.f lIt a stsslssaestt at streans diseharice front small watersheds hs:
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32 Soil Quality and B.ioirtrtl Prods

Bat nh:’idg.c, OS I 986. H isO pra’torrna.ncc low co:st hni idi.ngs 0, straw. dyne. &.‘o.sssr, Er
6’ ‘23 2314

I u::,: \‘I !taa,”,:’:c’ :90o \In.c’: cc’a’’’a ia 5,c’c:s a: ‘ ‘‘.O’,a o’’’’’
from :naiza cultivated suits, Soil 861 Bio: item. 28: 1 28 1 263..

Halt, Hi”.. J.P. Parker. and A. Seon 1990 Soil and rcAdnr: :n: acc:::cnt r’l’tr’c’ts. on
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