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For your use and distribution is a technical note formerly by: Sanchez, J., R., Harwood,  J. LeCureux, J. 
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Sugar Beet-Dry Bean Rotation: The Experience of the Innovative Farmers of Michigan. Michigan State 
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The experience of the farms concluded that with residue management systems and a Corn-Beet-Dry Bean 
crop rotation soil erosion is reduced and soil health improve by adopting a chisel plow or zone-till system.  
Attached is the bulletin that was produced because of many sponsors who supported this project from 
1994-1999.  
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Acra Planl 

1\8 SpeClmm 

Agrcvo USA Company 

Agn-Sales. lnc. ~Ubly& 
Unionville J 

AgfO·Culturc Liquid Fcrlilr7.cr 

AmerIcan Cry5till Beet seed 
I3ASF Corpori.liol1 

Bay Port State Bank 

Berger & Company 

Bela Seed 

cargill seed 
Chemical Bank 

CIIM 5et!ds 
Coast,,) Alliance 

Cooper<Jt ive Elevator (Pigeon 
&. Sebewaing) 

DOSatfon International. Inc 

Dry Bean Research Advisory 

""',' 
East Central Mlc.higall Farm 

Cr ... dit Services 

Farm Credit SCrvkO!s 

Farmers Co-op C ... in 
Company IKinde) 

Fil"5t of America Bar'lk 

Gelle! Implement 

Greal Lakes Sugar Beet 
Growers 

Grower Scrvices IFaugrove & 
Owendale) 

Helena Farm Supply 
!lcnder50n Saks &. Service 
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Hilieshog MOllo- lly Seeds 
Hmiker EqUipmenl 

Huron CoullIy Board or 
Commissioners 

Huron COl.ll11y 5011 
Conscrvatlon District 

I~c's Welding & Mfg., In..: 

IndJ!penden! B<ln~ 
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Lacthl'm Equipment 

lGM seed~ 
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?rogmm 
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~llchigan Department of 
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MSU MichIgan AgriCllitural 
t:J:pcr!tnent Station 

MSU Exlension 

Natuml Resource 
Conservation Servin' 

Nlctzke & Faupel, PC. CPA 

North Centrill Region 
SustaInable Agriculture 
Research and education 
Program 

Northrup King (Paul 
Sl!laglinskl) 

Nuvartls Seeds 

Oscntoski EqUipment Inc. 

Plonet'f HI Br~ l!1!ernatl()nal. 
Inc UeffLelpprandt, P,lUl 
Rulhko) 

Producers Natural Products 

ROw Tech, Inc 

IWth Farmers Elevator 

Ruth Stil le B.~nk 

sagina ..... B<ly RC&D 

5<lgma ..... flay USDA Wil ler 
Quahly PrCl/cct 
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Terra InternatIOnal, Inc (B<ld 
A~e, Elkt011, Fairgrove/ 
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Thumb N~!iofl(ll aaf1~ 
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TriState Equlpmem 
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World Wildlife Fund 

Wruble Elev~tor 

Yeller Manufacturing 

zencca '\8 Products 

who are the 
Innovative Fmmers? 

The Innovative Filmlers of 
Mlchtganls an agrk:u ltllt<ll 
organl7.ation Init ially lomllod 
by farmers In Huron County_ 
The group orgamzed 10 

promote rC!;earrh Itl"t would 
make the' area s <lgricu llural 
mdustry more efficlt"1li and 
economically and 
t:rwironmentally sound, aid In 
the dcyt:lopmcm and 
e)(p.an~ion of new technology 
to neighboring farms, 
illrrease awareness anc 
educate the p(lbh.; on current 

agncultural issues and Ircmb. 
and provide a torum for 
discussion or <lgrlculiuraJ and 
environmental issues 

The Innovative FamlCrs 
members hcllcve Ih<ll 
involvement of all segments 
01 Ihe <lgricullurallndustry is 
tbe key to success The 

famll':rs efforts <Inc patknce 
,lnd the support oflcndlng 
In:;tltutJons, agribllslnesses 
and agenCies crea ted a 
remarkable synergism 
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During the L;Jte 1~1\Os. 

Willer quality ISsues c.:ame 10 
the- lort'frollL III MI~hrg':II"S 

Thumb area wilh con.:ems 
about potential sedirrn.'nL 
pe~U~idc and nU!m!n1 r' )iI,jInK 

of the ilrea s SUrf'ILI.' Woller 
WII h mor,' lh.m 90 mlk'!> ", 

La~C I luron shnrcllnc. Hunm 
coumy producers ",cre well 
aWOlfe of lh,'><: ~on.:erns The 
Illln"" Counly Irm')VaIlVC 
F~mlf!rs was (lrg;;loiled in 

I 'I'l3 to t'Slahl bh large, on 
farm pkJIS II) evalu,He lhe 
clte.:liwn~ III '>Oil nltrale 
I"'~llnll. fNun.'" 1)C~lkldt> 
appll',1110n manure 
appU'<lllon le(hnL<luc~ and 
It.1rrow row pmduclllln In 
.}ddnlnU. I ~ produ..:er.. 
colle<;IN more thim 120 Woller 

samples lrom their tile outlets 
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10 determine nllrate Inets In 

Ih~ drainage WOller sample:. 
were colle~led and anaJ)'Ied, 
and an nonomlC andl~s 
Was wmplelN 1<1 dell'mUne 
Ihe \,,'llue 0( mlmgen 1<);'1 

Ihrough the drollnagc sy..lems. 

~I""",n' 
~,."",,", Ray 

R.lw"", 
,/,<".ll.!ng .. loII! 

I n"'''''~'i\C 
r~m"" r.,ld 
;", 

SOme lanners were losing as 
mu( h as 70 pnutlds (If 
",!rogen wOllh $14 an i1ere 

As a result ollhn~ 

preliminill)' df<'r1s, the 
/lCgillivc lmpa(\~ 01 
conVt'nhQnalolgnwllulal 
pradlces on the enYlronment 
were iJenufied Famlers mel 
to dl5l:u50S allemil!lye lolrmmg 
systems lhat could reciocc 
nUlnent, pcstil;:ic\c and 
sedlmenlloadmg of Ihe area's 
5llr(xe W'IlCf The key !s~uc 
was the ris); invulved 111 

switching to conscrVJ!iOrl 
\lllagt' practices III rcdu.;:e <;"11 
I~ wllh iI high value ~WJl 
rotation Ihat induJed ~u!itlr 

Marl.. FOIl 

Gamer farms - \Y }On Gilmer 

~Ilh Gentner 
Gelid Farms Mike Rosa &. 

Tom Gene! 

Stanley G Ge11eL irK SI,In eo 
Neal Geltel 

Gingrich F<lrmS Mel. Troy & 
Todd GingriLh 

RObe" Gnh5man 

GoooJway Farms 11mNhy 
Goo<J 

fred Goll ..... halk 

Grccn licld fanns Inc f.t~ 
v,)Cll..cr 

ChriS Grt:kowJ(7 

GrcnwJ Farm~, In.:. Rlchiilfd 
Gremel 

Gr\ldm fan",> - Pill &. M.nk 
Gruehn 

ETi( Itag~'n 

WA Helford & Sons famlS, 
11K Bill & lim Herronl 

T"m tll'''~ 
Mar\"1n HIli 

ttlnman WI1dnl'r ~arms "arl 
Wlldner 

Glc:nn Lscler 

Jurek f.lrms. Inc RjLh & TIm 
Jurel 

t..BO FaTTns, Inc. Ridtard 
t..rnhn 

MILhael Ki~h 

fohn " nocrr 
Sieve t..<)roles~1 
M>tll farms DOn &. Merle 

1'011\ 

I'rohn Bmthers Tcny.5<:O\l 
Steve & Jim Kroh lt 

(uri Krohn 

lyle t.:rohn 

t.:.rug fJnfu Gary Krug 

(.dUe EWolid farm!>. Irl( 
Kur1 [wald 

Paullelpprandl (,; SUI\, In.: 

Ger.l ld ull'Ui('r 

R,' naW LUll 
~kPhl'C rarms 6111 McPhee 

Gregory Mese>lng 
J.,j11l~ MUldlXh 

Nic~le'r Farms. Inc Uemle 
Nlcqer 

Oak River Fartn~ MI~h(lci 

ZilS"la 
Bmm f'aw\ows~ i 

PI1rncland hlTms l.mty 
SICl11el1 

RoIuCI Fann~ eMI Rad~ f 

Relf Filllns. Inc Or.lOald Rci f 

AillVll &. Vern RCl11bold 

Ridge Run larm~ Steve' & 
11m (;remcl 

ROlh Fam15 Ridt.lld Roth 

RU"M!II famlS Lconard, 
Ibd.y Rilndy &. ll.lI'l<J 
Ru~1I 

SJlIelbc:rg fiUntS RJ(hard 
Sallclbi.-rg 

St.hllldchier Brother!. o.ln 
&. Jim s..:hlu .. kcllier 

S.:hmandl filrms I\enneth 
5<:hmandl 

s<:hmnad. farms I.nnes & 
t.:evln S<:horT\(lck 

Sl;huclle farms Dal<' 
s..:huclle 

Iilmes SChulll 

John SeI(H 

Shaw filrms JIm & Mile 
Sh aw 

Sheridan famlS, uli Pat 
Sh cndan 

Jilek & Phillip Smith 

Keoy SI.>Ulhwullh 

Brian Stamp 
starkey farms, Inc . Larry & 

Richard Stdrkey 

StuUlcnburg Fimns· It Altoen 
Stoutenl:lurg 

SunnS(' farms Clifford Maust 

Richard Sylvester 

T&;Il Famls . GH nnscy & 
fred l,taSt'1I 

- T~II Fartll~ - SleYe Ta ll 

llIumh Swine Enlerprj!oC~ 
Pi!ul & Rillph 
SWJrt/cl,druber 

Charles TII1\rtl<lI"\~ 

Tnplc R fams . Vinc<!11l Paul 
&. David Rnggenbur::k 

Gene vogel 
Walnul Grove Farm~ Steve &. 

I)lane f.!TCf 

Denm!> WeIdman 

Whipl'lClrt'1! Farm.s 1).1\'e 

Eichler 
\VII·1e farm~ . Ron M.:Crea 
Wtllow Creek fanllS Ri<;hard 

Maurer 

Wmnmg Edgt' Consulhng. 
L LeWes Edmgton 

Jerry & pcarl Wirbel 

Zlell;lIld Farms lien!)'. 
Jeanelte & Marl; Ziel 
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successes, then It Ciln really 
help Innovative f1l1'mers (IF) 

look a 101 OCthe risk away 
from individual fJm1(~r$ If I try 
something on 50 acres and It 
doesrn WQrk. then I have an 
expcnslV\! problem" 

JIm 5<Jttelllerg: "Groups like 
IF may come up with some 
radical Ideas [fyou're willing 
[0 think ou~lde the box. to be 

wtlhng to challgt". thiS group 
IS out In from I" 

Ross Vnell..cr "We started IF 

to improvt' environmental 

qUillily wIthout damilging 
family filnll In.::om(:. WC' 

w,Hlted [0 look ill limited 

[iliag<' amI llo·tiII wllh om 
specially crops - SlIgar beets 
and dry beans We knew thai 
Olhers wen" using Te<hlCed 
tillage with corn and 
~ans, but we needed lIJ 

tf)' it (lut here, with our 
important cash crops. Aisc. 

bel<IUl>C famlers were making 
the decisions. oncc we were 
9511Crrcnt certain about the 
system. we .::ould (1e,'ltic that 
was cnmlgh alTd then nTove in 
a di1ter~nt dircctlon ratlTer 
than tonllnue on to 99 pcn;cnt 
certamty The biggest benefit 

from IF IS that it gave us 
confidence to try new til lage 
systems and buy the ncu:s ... <.al)' 

equipment With fewer 
linandal risk!. We pm~ed that 
the new systems wort.. " 

T L Bushey 'People soould 
realile that nOI partJclpating 
is a decision tOCl We dotn 
really have the opllCI1 to ~it on 
the side and JUst keep doing 
thing.-; the way we <1l1vays 
have We Will have to make 
changes. including some that 
wc may not like But Joining IF 
lets pcoptc become part of the 
decision procc$s for changl' " 

Innovative Farmers 
Members (1994-1999) 

Atwater farms, Int - Dfllnb 
<Ii Sh~rkl1e. Kl'lth . CII11\ & 
Br,ld Hagen 

Fred Il<H,Llbkl 

Bay Shore Farms, Inl lames 
S.mc:lbcrg 

lknnis Becker 

Benll<l FamilyFarm, Inc. Ron 
Bernia 

B ~l(h llOl7 FamlS Gary & 
Gerald Bucholz 
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aud:ley Creek Falms, IrTe • 
Terry. Duane & Hernert 
Roggenbu.:k 

U)LLiS Bushey 6. Sons 

Chrlstncr Farms· Rooney & 
Jim Chrlsuwr 

Dale Christner 

D & D farms, Inc. Don & 
Dennis Roggenbuck 

Dhyse Farms Randall & 
Darrel Dhyse 

Harold DI1lJ)I:Skl 
ELM Farms Tim Maust 

I:'n. farm!> Tim &. I'hil 
Lclpprand! 

Engelhard farms. IrK 
Dennis Engelhard 

Fagan Dairy Farm· Michael 
Fagan 

Ralph Fliggcr 

Frlt.,: Brother~ Dennis & 
Randall Fritz 

beets. com and dry beans 
The goal was to produce 
major crops with equal or 
Increased net returns 
while significantly 
reducing environmental 
impacts. Research specialists 
wert! tn~ited to share 1I1e!r 
experience in Implementing 
COJTsc:rvat lon tillage syst(!ms 
They addre:>5Ccl not only the 
benellts ilnd possible 
Inconveniences but also the 

process of 'hange and Its 
dimcultles. The lnnoviltlve 
Fanners put togcther a 
program to dt!\'elop a system 
to l1t Ihelr alreildy cslilblished 
crop rotation while redudrTg 
tillage ilnd remalnm8 
c(;Onomically competi1il'e 

In 1993, two farm Sites 
were identified ilnd ttlla~w 
experiments itlltlak"d The 
e>:pt'liments were unique In 
dC5ign ht.'filLl5e they 
eXilmined the entire .:roppi"g 
s}''SIems Llslng a JllIill! 
d isciplinary approad1 In 
addltimT to lhe fanncrs. the 
study Involved specialists in 

mimy fields. including 
agron,)miSts. Jgrkullurol 
engineers. soil S(:lcntists. 
weed scientists. micro· 

biologists, agrlculturat 
(':C0I10mlsts and ExtensIon 

3gcnts 

The e~pertmcnts generated 
In!Crest across and beyond 
Michigan More than 20 1'101 
tours for the general public. 
agribusiness representative;; 
<lnd policy ICJders anraaed 
more than 1,500 people 
\lLITing SIX years. Innovative 
Farmt!rs' annual reports 

detailln!l son !,jual1ty challges, 
crop p<.!rfomTance, weed 
control. erosion conLro!, etc.. 
were In high demand 

J 

, 
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.... fier six years of [ilrmer 
expo:rien.;es and r('!;O;'Jr( h 
data. the InO<l'o'i1li~e F.mncrs 
and th;: lr pdrtncrS;Hc 

({lnn~ent 1h!l1 a redlKed 
[lililge system works well SOIl 
crml<m poicnli.)1 was reduced 

In the tirst }'t"ilr iln..lln e'Kh 
}'e<lr after by more [hilll 50 
pt:r«:nt-trom 5" IOns pcr 
acre per year to 2J Ions-by 
u~Ul8 lone-til l rather Ihilll 

plowing 

Sl.>il quality (hanged morc 
gradually as organl( milller 
<In'" SOil mancnlS begiln to 
an;IIlTlulale 111 the uPllcr 4 
ilKlles (II soil w,lh reduced 
hllage Soil~.)1 two ~ites 
r.hl,\Yell uxrca"l.'<l Wdler 
11l111llauon rates, with gTNter 
Improvement on the finer 
textured 50011 Zone IlIlage on 
thl.' voeltcr farm Increased 
IllflitmUnn by 58 pcr~ellt over 
ploWing. rcsulhn~ in a higher 
inililralion rate wlll\",rcd 
With moldhoard plOWing on 
Ihe Shaw farm'S s.muler SOil 

Waler -holding (ilpacil y 
in( Teased slightly Oil the Sholli' 
farm but 1"1111 on voel~er's 
flner textured SOil The 
nurogen-suppl)1ng capacIty of 
the soillncrease<l by 3iI 

percent on the ShJW lol-rIT1 Jnd 
by 37 percent OIl 11M! Voel ~er 
farm WIth trans-till cOnlparo~d 
Wllh plowmg 

Crop yIelds wuh n:docc<l 
Ullage wCle slightly ht!:her 
than )lclds with moldboard 
plowmg on 5andy SOIls Yields 
on Ihe: finer textured :;0.,;1 were 
~;m;lilr rl'gardless o( t!l1a~:e 

S)'Sll'm 

The Voelker SJle averaged a 
510 7 percent iOCTl."a5C III net 
rClUl!\s lor bolh lOIle·1I1I Dnd 
chll>Cl ... ompared wtlh mold 
hoard plowing The Shaw sUe 
sh<'wed a mClre dramatIC 
maea,;e m net relurn~. wllh 
30 10 47 perccnttncrease for 
l:onserval1nn tillage compan'd 
wuh nlOldboart;l plowing 
Chisel plow per(ormed beller 
on the 5andier so,1 

''The "lOOVa\l\'C Carmer.; 
NVC come t(.gcthi.'T III a lru.: 
P.ll1t':lpanl resear.:h splnt, 
supported byagncul!ural 
bu~lneS5 and by Ihe loo.:al 
.:ommUnltICS," Simi RKh,lfd 
Barwood. MSU Crop and Soli 

SCtCI1(C'S Dcparlmlml "The 
sclcntlfk results havc been 
wen documented over sewral 
years. with repllcalion an<.l 
SlatlSlkal analysIS aJ'l"'fol'nalC 
10 Idllf\Cl-milnage<! I.lr~ 
'iGlle plots Imrrovt'mcnb In 
!oOllqu.)hty hill'C more Ihall 
(,rr~tlhe few <.Iisadvanlagcs of 
red lKed tillage, f arnlCr5 in the 
arl·;! should be well pleased 
wUh these r~!15 They have 
made lhe systems wor1tl" 

figure 12 . Sugarbecl yield affected 

by IIl1age. 

figure I J . COm yield affecled by tillage. 

• ---- --_.-- .• • -I • 1 - -I .. • 
! 
~ 

----• --i 
I . -I 
I.. • 

• •• • •• -- •• •• -
Tnbie 13. Cropping syslem avctaae retums (beets, 
com ilnd dry bean! combined). 

Shawl $ retum per acre ('i\!o In(feasc over plow) 

""" 1791· <101 

ruM 1661~30' 

ChiSel 188 1~71 

Plow '28 

Voelker 

Zoo< 1M i-81 

"'M 1581 . 21 

Chisel 164 (+ <11 

"ow '" 
'Cll.:ul.lllons do flO( Indude lhe w~1 contrlbution 

"'Mlk ... . It. 

-~. 
• 

- •• - , . -
PUtting the Pieces 
Together 

[he dala Irvm SIX yeilr; nl 
Innovative farmn plot wm" 
Is Imrre~~lve Bul what <.In the 
(armeN thml.? 

Pat 5hend311 "Beyond the 
linanclal gams. an e\'en 
bigger benefit 01 bemg p.lrt of 
Innovallve farmer.> h.lslleen 
tile opporllmitles II proVides 
for me 10 lall.. With like· 
mmde<.l IndiVIduals I Cilll ..:all 
f'C'-lple I Jldn-\ know helole 10 
a~k them questions, and I gN 
calls from fo lks throughout 
tht'Thumb The Information 
age IS great hut I can I digest 
II aU If a grl)l.lp ,5 willing to 
share Its failures ali well as us 
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Figure I . Redudng tillage cuts soil loss and saves money.' 
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Site Description 

Two 40"acre reseJ rLh ranns dIfferIng In soillexlUfe were cst<lbllshed bt:call5e suc,e:>s with 
conservation Iillage deptnds on SOillype. drainage, climate ,md management practices 

LOcation 

Climate 
Aveftwc precipitation 
50ilIYpe 
\ValeT holding ability 
Slope 
Organic matter 
Texture 

Plol size 

Rotarion 

Shaw site Voelker sHe 

Near Bad Axe Near Pigeon 

Cold, moisi winler5 and warnl, humid summers 
31 inches per year 

~l !xl\lre of KHmanagh and Shebeon looms 
Moderate 

1-2% 

1.6-2.396 

Sandy loom 57·70% sand 
18·25%silt 
13-16% clay 
40 acres 
SUgar beel-com -dry bean~wheat 

0- 1% 
2.5-4.09b 

LOam: 51·55%sand 
28·~ silt 

17 · I9%cJay 
40 acres 
Sugar beet-corn-d ry bean 
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Rcpll..:ated pk1!s were t"oUiolis.hed to eVilluiltc lour tmage systems- fall moldboard plOWing. 
fall chISel plowing. trans· till pl<lllting and 1;onCIIII planting 

• 

1 no I"'" '01 ... r",r~m 11",,11 ,11 MI<hls.r,,', .ug.or bed .I, rr~Qe 11\ «>II le. lUre "" oI>olWn ~}' ~ l.Im«linll 
<>I oug.>r _ r~rm~ In 2000 

figure 2. Represenlativeness of Ihe Iwo siles In soJllexlurc. 

. , . 
'--rocen' .and 

* " ..... ...---* _ ... ty....-u ... _ 

T1w' ~lktr ,a,." hols a IOilm 

~II"" Sh.:Iw "'Ie has it Wldy 
loom FOuIl~n f~nnsgro .. 'dng 
sugar ~~, c~n (or their 
"'Pr<:5Oen"'uv~>ess ~re 

m.lke,'led by lhe astctb;u ~ 
two re5Car~h fMms r..pres..'rll 
tht Iio/Indy JolIn! and the 100111 
sodgmups- Thesiltydly-olb 
lndu.:..ued ale found 111. IhI" 
Sa!llI'laW Valley lINn and 11«'1 
l!t$l'.iIrc:h Sl.ll1Ol1 

• 

"One smpnsc was Ihill i111 
(,r the tillage- S)':!otems lan 

produce aboul lhe samc 
yield,' Ross Voel\..er said 
"1hallokl \.15 thai we needed 
10 choose a syslem and IIl~I! 
put our 1I0:i111 and 51.lullnl" 
rnil~illg It work, When we 
changed 1\l!i1gt', we \..epllhe 
$.lmr:: }'ields, so irKome wasn I 
reJu,ed At the same ume we 

gatncd m sc\'clal areas Willer 
ll!1talion Improved_ orgaml­
matter is IIlueasulg i1nd wind 
elO5lon is ledu,ed In 101020 
years. I lhink Ihe illcreased 
olgailic mailer wlil n:~ulllT\ 
!>cller (tops' 

-We had iI mlndsct IMt 
every rlCld needed tilll 
plOWIII&, said TL Busht'y 
·'It Wil~ a wrprise to ').Ct' IhJI 
other sVSlems coliid work IllS! 

as well I find Ih(ll 1 have 10 he 
more Ilmely and a beller 
manager With these.' S)':;Ieml> 
lhen: are a:onom" bt:ocflLS 
UlSl year I had two sugar bed 
Ilt'lds silk by side The yield 
rrom tilt' field Ihal hJd nOi 
been lall plowed was I Ions 
higher ,. 

Sugar beets 

Sugar beet yields with 
conservation ullage .. 'qual Of 

ex.:ccd lhose wllh plowing 
(Table 12 a and h) ThiS slight 

increase In ylelJs w,ulled III 
higher nel returns because 
10t.11 (OSlS ..... o.:rc SIIIIIIaI across 
allllllagc s~lems The 

hlgllest nel returns In sugar 
beels allhe Shaw $lIe were 
obtained lmder chi.scl and 
lone-II II AI the Voelker site 
sugar beets grown In I-one­
and trans·11l1 systems gave 
lhe hl~l nt1 returns 
Shining from ':<ln~enllonal 
plowing 10 redu(t'tlllllage 
may callS!.' iI yield r('tlu.:llon 
during a transition period as 
was observed In 1994,.\ Ihc 

Voelker slle tFigure 121 ,'itel 
this penod yields tend 10 be 
~ompar.lhle a..:1t>SS tlll.:l~ 
sysleOl5 In normal yeaTS and 
be slgnifi..:anUy higher under 
l.onc- an..! HanS-III! during a 
dry year sud! as 1 <J98 

Com 

Allhe Shaw sile. corn 

yields III the' l"~ till and 
.:hlSelullage systems were 
significantly grcater IN'tn 
IhOS£' under trilllS till and 
plow (Table 12<11 No 
differences amllllg Ill lage 
systems were observed allhe 
voelkel slle (TiIh!!' 12b) TIle 

highest net return at both 
Sites was under ch,scl "yielJ 
rcducllon may also be 
expeeted In the Initial pc:riOO 

o/tmnSlllon, especially 011 a 
heavier son. as at the Voelkel 
Slle lfigure 131 Yields 10 a 
year with molsture stress, 
su.:h as 1998_ were higher 
unclc r bI.\th I-one- i1lld 
trilns-till 

Dry beans 

No signHkant differences 
were ()bo;erved In dry bean 
yields among tillage systems 
nt ('ltlltrSlle (TallJe 12a(lnJ 
b) Nel ret lJrns at It\C Shaw 
site were higher under 
(onscrvallon tillage than 
those fTOm plowmg ThiS was 
due IU il margmal (ncrease In 
)1clds and lower 101011 COSts 
Allhe Voelker Slte_ plow i1nd 
,hi'i('l systems g.:nerated Ihe 
hIghest Ilt't rr;:turns 

Wheat 

lhe wheat planted 011 Ihe 

Sh"w I~rm was lreated only 
as a rOlilUon crop 1\ WJS no-
1111 drilled Into each ullage 
s)"l;.tem rollowlng dry beans 
No data were (011('(1('(1 

~"n"'l'rnlng the wheal 

27 



Thble 10. Weed control In navy beans 23 and 64 days 
aner postemergence appllcal10n (1995). 

nl1age Redroot pigweed 

23 DApo1 64 DAPO 

• 
Zone-till % 91 

Chisel 78 " ,~w " 18 

LSD 10.05)1 IS " 

Common 
lambsquarler 

2.) OAPO 

99 

" 
" 
" 

S<>r.tfU' 1\>I>dI<m<I1Ifflt><1" IIJ99 

I Days alter postemergence application 
1 Statistical analysis was taken from i"I more cOmplete 

data set 

"J<Ible 11. Weed cOnlrol In navy beans 14 days after 
post emergence application In the cultivation-only 
weed management tremment t 1996). 

nllage 

Zone-IIII 

ChiS<.:1 

Plow 

LSD (O.OS)I 

Redroot pigweed 

OJ 

o 
o 
19 

Common 
lambsquarter 

59 

10 

o 

" 
:>t'llm". p,~~nd i<nlM, I?'1O 

I Slatlstlcal analy:;is was laken im m a more complcl l! 
data SCI 
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population oftoli1 l lungl 111 
solt WilS lower w ith plowing 
th.ltl With conserv~llon lilla.!!", 
(Table 7). it Is likely \halli llagc 
has less Influence on popula­
tions of fYlhml». FtJ!;ariwn 
and olher saprophVllc IUl1gl 
RhiZ()(WllIll survll'es In 
surfilce: so!11n wlonin-d 1,limt 
debris and d()t!!; IIUI survive 
wel l In Ihe: subsoi l below 6 10 
8 Inches be~ause of low 
oxyt'en Plowing bunes 
surface debns and pmpag\lles 
and brings soil to Ihe: surface 
wilh low populations 01 
RhIZ(>(wlli<1 111 conlT(ls\. 
~I1II(1m and /-ltillll!lln ~tlrvjve 
many Illomhs as <lorman! 
propagules III soil to a 12-ln..:h 
depth, and Ullage pracli.-:es 
have less Innuence on the 
dislribulion o(lh~ fungi in 
the root 7.Olle 

Cro p y ields and econo mics 

The Innovative Farmers 
fOUnd Ihat Yields and 
cconomks from r<--duccd 
IllIage systems CJn match or 
sUlJlass lhose of moldboard 
plowed systems, 

~Thc chan£(·s we·vc made 
have kepI more il1(OI11C on 
I lle f,trm"· said lim Sil ttelbcrg 
"whJlI did thiS sprIng (2{)(1()1 
saved hCllvt:t:11 $l!>.O(lO and 
$50,000 w ilh loday'!> energy 
pliccs' 

Tillage ob~ctlvl:."i vary from 
fann 10 farm Ti llage prepares 
the soil for pla nt ing, manages 
CTOP residue. alleviales soi l 
compacllon, incolllOrates 
lime, ferli ll /er. pe5tiCldes and 
other SOi l amclldments; and 
(ontTQls weeds. Insects and 
dlsease_ Tillage can be an 
cllcet ive way to loosen 1111: 
soil, In(r('ilSC pure :;p<,cc, .. nd 

Impmve inllhmlion and 
dl<lillag(' Four ti llage sy~lem5 
wt're mmparcd althe 
Innoval ,ve FarmcrSlles: fall 
moldboard plowing Wil)~ 

~prln!.l seedbed tillage fall 
(hisel plowing wl\h spring 
~1..'<lbeU ullage. 5pllng lon('­
Iillage usmg planter mounted 
(oullel"S and spring prepla lit 
slrip tl ililge with a trans-IIII 
implement 

The moldboard 1'101'.' buries 
(rop residue and Inverts th­
soil Moldboard plowing costs 
$10 to $14 p('r acre and 
requires a \()I OfhoTSl'pOwer 

101020 hOl"S(.'power per 
foot 01 plow width Many 
Mkhigan farmers prefer this 
sy:;tem heI,;.l LJSI! fa ll plnwcd 
ground lends 10 be WJrmer 

and drier at plant!n!! lime 
thim untilled residue-covered 
~ll 

Chisel plows lIll and shJtter 
tht'soil A dU!iC1 plow Is faster 
Jnll requIres le!iS horsejlOwer 
per foot of width than il 
moldooard plow. creJt<!!> 110 
back or dead furrows, and 
leJves considerable (rop 
rl'$iduc on the soil ~urfnle 

Farmers (an match 
seedbed Iillage lools to a wldl! 
ran~ o( soll and rcsluul! 
~onditions . Options Include 
disks or coulter gangs 10 cut 
!Ieavy residue; sweeps, chisels 

Ot gooscfool polil tS on S-line 
or C~sh~ped cllltlV<ltor shanks; 
chopper wcls. I\"')II1n8 baskets 
or roll ing hJ rrows to brcJk up 
SOi l clods, IncorporJle 
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peSII'::I<!eS and nrm the 
seedllcd. and leveling harrows 
to prl'pare a nnl.' seedbed (or 
JIl1,lll seeded.::rops Su.::h 

tillage tools can be used in 
both moldboard and chisel 
plo ..... ~d ground to create a 
level. IInLL\mTI ~urlace for 
planting 

Zone tillage tools generally 
ust a combination o( coulters 
a nd row c]caners to CUI and 
sweep residue from the soil 
and 1111 a IlilrlOW biltld of!iOiI 
Removing Of Incorpor.tlJng 
residue Jrom the SOil surfa,e 
allows faSler SOil warm up 
and precIse placemenl of 

• 

U·I~,,, ,""" t,U "1'"1"""111 W'I~ <Om rIa"I.' 

, 

\" ""l! _l "",,,,",, II , ..... ~'" 

fcrUilltr WI1I'n two or three 

coulters PC' row arc run Side 
by Silk \111.1 planter, .1 rune of 

5Oi16 to to tllI;h£'!l wide 15 

ullcd, 10"!>ent'd and ,Ieared 01 

rnost :>llrfil~t: residue RoW 

cleaners sweep lhe residue 10 

Inc side C);posInS a barc stnp 
015<),1101012 1I1,;hc5 wide 11\ 

front 0\ lhe plilfllc:r LImb 

The Itilns tllll~ 3 nme 
111138(' lnul designed and bUill 
hy 0.. ... 1.', Paul.md VlnLe 
Roggcnh llc~ III sanll.1,; 
County, Mkhlgan. to take 
advantage otthe Illne and 
nlSl ild~'ilnl.lgt."5 01 no-ull 

plilnttng 00 a line textured 
slltv loam soillhatls slow 10 

warm up mille '>Pnng TlIe 
lrans-IIII implement usc.'s iI 
nilITOW chisel POlIll running 

b 10 II ilkhc.'5 deep btlw~'Cn 
twO flllk'd couhers to cur alld 

Table 9. Weed density In sugilr beets as aITected by tillage and winter vegetation 

control. 

11IJage Weed control Weeds at nrSI cuillvation Weeds 011 second cultlvatlon 

' .. ' 1996 1995 , .. , 
plants/ m ·l 

lON' uJ] Glyphosate 7DsPl 

Zonc·ull Glyphosatt' PRE 1 

ZUllI! till GJyphasatt' OApJ 

Zone·tlll Scthoxydlm PosI~ 

wr.e t!1l Cletho(lim-I'I:l5I' 

Znne-liII culll\llll<lll 01l1y6 

"ow 

LSD 10_05)1. 

'&ven days Ilefore plilnting 
~ Dayofplilnhng 

' FiVt." to etght day<l anef plolnh!lg 

'" 
" 

,,., 
'" 
'" 

" '" 
'" n, 
117 'OS 

4Apphed when wheal COVet ~rnp rea.:hed 20 em ,n helghl 

'" 
4' "" 

"" ,. 
J5 ' 02 

" '''' 
" '" 
, ""' ..... .." 19'91 

~No herbl'ldt'S ..... ere ,lpphc....c to m':U1olge winter 00\'('1 rn)(l, o nly ullage 
I'>SkilL<;lIcal <malysls was wl:cn from a more COinple.lr> data set 

Insect and disease control 

ReSCiltthers have reported 
lh,!! 'Cl(ller 5O!lICIl1p!:r<ltUrt's, 
Im.re.:lo;ed SOil moi~lurC' ,lnd 
fC,JI/(ec! ullilge ilpplkallons 
.:an enhance pathogen and 
Insed pmbJems. ~ially m 
hIghly suscC'pllble pl.1nl5o su.:h 
.1S sugar t>c:e1S Man), dlSCascs 
lhat inlect sugar beet seed 

II11 g5 try/Ilium. Fusarium (lnd 
RIIV,I(I,'11l1l! thrive Imder cool 
mOist soil rondllions SIKh as 
those fllund With redu(ed 

tllIa~ Redu.::ed IIl1age also 
allllws f(If htgher levels (I' 

In!iol'dS to S-Uf\live IIllhe soil 
espeCially armyworms and 
~UIWt)flllS These spcOt"S illl,' 
drawn 10 stubble li('lds and 
WlllIer wh('il l fields 10 lilY 1I1t'lt 

eggs lilr 11\Il!rwlnlering. ()\'Cl 

the six yean; or IhlS study. 
howC'Ver, nil mcrea~ in 
th~a~ ()( mse.:ts was 

oo!>Crvcd In any or the tillage 
~~'!.Iems 

Other studie-s ruve reponcd 
that plowmg consistently 
redocC$ populations of 
RI1I1(1<./"I11(1 Although lhe 
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Figure II . Dry bean plant populations. 

Shaw.lte V ... lka r .Ita 
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weed suppression 

The key 10 successful 

conservation liliage crop 
producl\vily Is managemenl, 
esp!:'Cially w~ control 
TreiltmenlS applfed to conlrol 
weeds before planting usuallv 
include non ·selttllve . 

herbicides. su.;:h as parijqual 
or ROIl1ldup. followed by 
addilion;;tlllerbicide\SI to 
provide r".'lld\la] coniroi The 
densllyof allnual broad)eaf 

weed~ may dL-crease In 
conservalion tl1lage syslems 
while annual grasse~ ilnd 
perennlill brO;ldleaf weeds 
mil)' Increase, rhe use of 
RoUildup ((In significant I)' 
lower weed drmslty when ii'S 
applied al or shortly after 
planting (ROundup musl nOt 
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De applied alter the ~f1)p has 
c:merg(.'d.~ This (lllows more 
weeds to emerge prior \0 

treatment In sligar beets. 
ruoldboord plo ..... td tre<ltments 
had higher weed densities ill 
lime of firSI c\lltlvation than 
any otller tHlage sr;tem (tabl£' 
9) This mily be Ihe result of 
1I11i1g,· slimuIJ(i!1g weed sced 
germination andl or the lack 
ot" a wimer rover 10 shade lhe 
ground and suppress weed 
germination and growth 

In corn. other researchers 

have reporte<lth.1! cavl'r CfOPS 

and/ or eXISting vegetation 
must be ~llled before Of at the 
time of !;'Om planung lor 
satisfactory com prodUClion 
under redu(ed till<tgc sy:.lems 
Sland reductions may oc.:ur 

--
as a result ofplaming mlO live 
vegetation 

tn dry be<ll1s. Roundup 
controlled winter vegelillion 
and emerged sum mer aIUIU;)] 
weeds. and planting was done 
into d w('(cd free seedbed in 
all tlllilge systems Redroot 
pigweed control In 7.one·1I1! 
was grealer than comrolln 
the chlSe] and plow systems 
23 and b4 dilYs aller post 
emergence herbicide appllca­
tfon nable ]0) Common 
lambs(Iu.1rter conlroi2.3 days 
alter poslemcrgence herbicide 
applica tiOn was greilter In 
conservation li11age Ihan tn 
plow [Table 101 When 
cuillvat1ol1 i110ne WiiS used, 
we£'d .:ontrol was lower III 
plow and chisel than in I.one­
till (Table III 

IflCorporale crop residue II 
..... as designed 10 lead lhe 
pl,~nler by a few hours 10 a 
few days and prepare a tilled 
plantl!18 l.une 

Zone-[IIl, Irans [Il l and 

chisel plowlflg are considered 
reduced or conservation 

IlIlage systems because Ihey 
~eep more uop residue on 
the surface lhan does 
moldhoard plowil18 

· We [hough\lha\ because 

..... e arc so tar north, we 
needed plowmg to help warm 
Ihe $Oil in Ihe spring," said 
Ross Voe l ~er. host for one of 

(he lIlnovalive Farmer plots_ 
· We leanted Ihat there aTC 
Olher ways I\'t' ..:an manilgt· 
the system 10 achlevc the 
Silille results. The majority of 
famlers in this ilfCa have 
changed There is much less 
!';tll plowing. and farmers are 
confldenllhallhey arc nul 
losing yield The moldboard 
plow is no longer a millor 
featureo(farmmg here." 

Innovative Farmer Pat 
Sheridan was il l ready ZOlle­
lilling when he joined the 
InnovatIVe fanners. -I haven·! 

u$c!d a moldbo.lrd plow In 

years, he !'oilid_ "Evcn though 
I had (I gilt ftcling that lom:-
1111 was the way 10 go, I'm still 
surprised al how many other 
ranners have Jomed me and 
are now lOne-tilling or uSlOg 
reduced IllIage I didn'lthlnk 

It would grow so fast Also. 
I m getting calls IrOm my 
ncighbol5 asking me how to 
make the system work. Now. 
with high ttlCl costs and low 
cTOp prices. folks i1rc seeing 
thai zone-ti llag£' or reducNl 
tillage makes sense:." 
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Extcpl ior tillage. similar 
crops In cach site genera lly 
reccl~ed simliilf agronomic 
If('iltmenL In any siven 

growln!! season Fertlh7ef 
wall applied by tlillcrent 
C<juipmcnt al dlnerent limes 
haause ofhllagt: dllTcren.:es, 
OUI the total amoonts were 
close to the same Where 
fungl~ldt's or InSC<.:tlcide..~ 
were used, alil illagc plols on 
II given farm were tr(alcO the 
same Ilcrilidde usc d'\ilnged 
wIth t!!lage To enSllfe 
maximum envi ronmental 
benefit the bo$l management 
praCliCe5 suggested by 
prevIous resc!an.:h 31ld tleld 
c;>..reoeocc were used 
IhroughoullOc study 

Sugar beets 
A ~ llgar bo.~l vil rlety was 

St"iecled ea(h year for each 
site (Iccord inglO Indllstry 
recommenllalions The 
preferred varidle5 wele Bet.1 
S82J 1Jnd IlIlIeshog E 17 The 

lallel was planted allhe 
Voelker Sill" In 1998 and at !he 
Shaw Site In 1999 only the 

Shaw site received 

phosphorus ,lIld/or 
potassium (ertlllzer. applied 
prc:plam or al plantlog In 
amounts suggested by a 
5()i1 t~ poor to planung. 
SLlrter nitrogen was 
usually applied ,IL plantmg 
S1dedres.<; nttrogen was 
Iktennmed fOIlOWtr'S a 
prr.>ldt.'(Iress nitrate test AU 
plots normally re.;etvcd 
l>yramin j28 1't/l\) at 
plantlnll and Bo)tJml~ 

(I pI/AI tor postcmcrgcnt 
weed (onlrol When 
needed. Ihe lone (lnd 
trans 1111 plots we~ treated 
prcplilnt wuh Roundup 
(glyphosale, tqt 'M to 
eliminate any postwinler 
planlLover 5«ooo.,,·y 
(ultIV(lllon was used for all 
plots 1<::.1I001'1ng sldedress 

nilrogel' addilions 
Intel, slve SCalll!ll!! 
mnnltort."l1 chilng<."S In 
inS('(1 populations No 

Inseu lcklc application was 
needed ~au5C Insects did 
not e~ceed the lh~5hokl 

limits In 1999. an 
application of \knlate and 
Pcncozeb waS needt."l1 for 
disc:asc: (Olllrol 

Figure 9 . Sugar beel plant populations. 

Sh.w . lt . Vo.lker .It. 

• • - --~- .N --- •• ,. ~- ... -- ~- .M -- 'M , -- ... ,. -- 'N , - -- 'M .~ • , - 1= I • •• ----I •• j: • I 
• • 
• M 
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Figure 10. Com plant populatio ns. 

SMw . ll . V_lk • • • It. - -- -- ~- - ~- -~- - -- ----- I: -- .--- .~ 

., 
,. ,. ,. -

reduced unage sr.;lem 
because of the rougher soil 
surface Despite thiS, O\Ierali 
dl)' bean populations we lt.' 
somewhat similar across 
tIllage systems !FIgure 11]. 
In 1999. the plowed plots had 

-
I: --,. ,. ,. 

reduced dl)' bean populatiOnS 
at thl." Shaw sill', "Ilhe 
Voelker sill'. a Similar pallern 
wa:; observed In the ea rly 
years In L9'J7 and 1998. bean 
populations If\ the plowed 
!;(Ills were consistently hlgh('r 

•• N 

~ 
-

•• •• • •• --
than in those plOlS under 
COIl!>CrvalJon tlUilge however. 
In 1999. plaOi populaliOfls In 
looe· and 1f3llS·till wen' 
Significantly higher 
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Figure 8. Magnesium levels as affecled by IlIIage. 

~ 
! , 

- -
Magnesium 

At the Shaw site. the 
magnesium concentration 
Increased lfigurt 8). II 
difTerent str~lIficallon pallern 
was Observed between lQT1t'­
ull and plow While 7.One till 
accumulatcd Illagneslum in 
tht' top 4 Inehe-s. plow 
atCUlllLl1aled magnesium in 
the lower 4 ta l 0 InellL'S. lit 
Ihe end of the e>;periment, th.: 
magm.'Slum concentration 
remained cOIl$tant across 
tillage sr.-tems (",bit: 8) 
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Plant population 

Though each tillage ~ystem 
was seeded Ilt the same 

planting rate, differences In 
final platll populations were 

observed among tillage 
systenls al bolh sites unlil 
1999 In 1999. plant 
populations were the same In 
all tJllage systems 

Sugar beel populalloll5 at 
the Shaw sitl: were 
consistently lower under 
reduced tillage than plow: 
comparJble populatlol1;, 
across Illlage syStems were 
110t(.'d at the Voelker site 
!Figllre 9) 

Com pOl'ul.ltinns In l(lne­
ti ll were m;nginally lower 
than in chisel. trans-till ilnd 

plowl1l!l which were similar 10 
each other IFigure 10) 

In dry bean~. seed was 
planted al an equal depth in 
each Illlage systl:m illthough 
SCe(ling depth may not hiWC: 
t>!:en as unlrolffl In Ihl: 

• 

Com 
The selenlon of a seilson's 

com hybrid for each sile 
followed technical 
recommcndatlons Pioneer 
3752 131.000 plants per acre) 
and Pioneer37R71 Bt 134,000 
plants per acre) were plamcd 
al both sites In 1997 and 1998, 
respectively. Pho>phDrus 

andlor potassium fertIllzcr 
W(lS appllt'd prior to (lr at 
plilntlng as detemllned by a 
soi l test prior to planting In 
only a few occasio[ls were 

phosphonls or potassium 
used at the Voell;ersite, and 
In vel)' small amounts, 
Nilrogen fertilizer was applied 
at planting and at sidcdrcss 
follOWIng the presidedrcss 
nitrate leSI. All plots received 
Dual II qtlAf at planting. 
Clanty II pI/A) was llsed for 
p<ostcmerge:n,e weed control 
Whcn needed, Ule lOne- alld 

trans-till plots were treated 
I)replanl w ith Roundup 
(1 qll/\) 10 eIlininme any 
existing Winter pIdllt (Ol'er 
1\11 plots were cultivated 
following sidedrcss nitrogen 
(lpplh;:aIJons Inlensive: 
scoullng nlonltored chan~ 

In Insect JlO[1ul<ltions NO in a IQ-in(h band over the 

InSC:l:licllJe was needed row 5Cveral se<:rmdary 
because j,lsecLS did nol cultivations were generally 

exceed the threshold limits I'erformed unlll canopy 
closure. Intensl~'e scouting 

Dry beans 
monllored changes In ins.ct:1 
popula tions. In 1994 , 1':1"% 

The dry bea11 varieti(5 and 1997. dimelhoote (:I plll\) 
Vista, ~taynower and was applied 10 con trol potato 
ll-Iac),.jad. were ~d base.! on leafhopper populations 
MSU valiety tliai data or 
industry suggestions The 
laucr was planted at both Wheat 
sites In 1m Phosphorus On the Shaw farm. wheat 
andlor poIasSil!m (ertIIlLer:; followL'Il beans ~I\d pr«C"Cd~d 

were: applied preplant or at sugar beets in the rotation 

plantll1g as dClernll11cd by a The wheat W(lS nO-111I drilled 

soil test prior [a pl3ntmg Into bean stubble in OCtobc:r 
Nitrogen tertilizer was applied across all tillage lypes The 
only at plJl1ting PlOtS under herbicide 2-4 D was applied 
chisel and plow tillage In the spring along wllh 

systems generally nx:elvcd nitrogen application 

an application of Eptam 
( I 'l qll Al pIllS Tretliln II plll\l 
prior to planting followed ,15 

needed with a f'Cl'>1-emerge 
applicatlun or Basagran 
(1 pt,' A) The 1011e- and trans 

t ill plots were treatell preplant 
with ROIl!1dup j t qll Alto 
ehminate ,lny exiSting IIlant 
cover, During plantIng. Epwm 
I: qllA tredled) plus nell .. n 
I~ pLl A trealed) was bandl""tl 

II 
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L<IC~ or ~Iduf' Co\'cr 

causes Imponil l1t willosses 
IhrOllgh wind and runoff 
erusion 

SOil cruslun has both on 
farm and ofr farm Impacts It 
reduces soil depth. whICh can 

substantially limit productiVIty 
because Of nutri(!n! removal 
lowered soli orsank matteT 
In<l dlminl ~etl ~nuw­

catching and water-stOflllg 

("racily. 

Nutrient-carrying sediment 
can degra.Je ~lreal11s, lakes 
and estuant.>s Tr! nutrient rich 
water bodies, excessive algae 
il11d <,quallc pk111t growth l11il.V 

detract from aesthetiC!; and 
Willer qUilhty Fish ~lBs 
[ol1owlI1g algae blooms arc a 
related problem 

Erosion control 
Ullder conservaliGn tillage 

;.ystcms, '!Sped,lIJy IOne- amJ 
!rallS-lIlI. the soil Is nOI 
plowed (Ind crop residues 
ijC!;umulatc on Ihe soil 
~ul'face as a Illul<:h TIICS/! 

residues reduce soil crosion 
and its related Impacts_ 

-rhe spong winds WtJ hild 
Ihls year (2000) lei liS see Ihal 
Ihe ch~nges we'lle made 
really do help lhe enlliron 
rn~nt ." !;iJld InnOllalll .. c F(lrmcr 
T L ilushey 

Crop residue 

Six yeilrS of data collected 
from Ihe Shaw ':lIld voelker 
Sites [!'able I) show how 

conscrvatlon tillage Ciln 
sl)bslanlially Increase crop 
residue C{)lIcr 

IIIJd. "",.,.' 1m", ",,,,too. ,\In,) 
~n"loo 

AlgOIC Ir\ dlloh high f'Ib."'plXllt,. 
on.! ph",,,,,,, ,~ "',~l< 

Figure 7. Calcium levels as affected by lillage. 

[ 

~ 
I , 

---
Sh"w _Ite 

• I , 

Voelke r _li e 

Table 8. Nutrient concentfitllon as affected by lilIage. Samples laken at the end of 
the e>lperlmenlln November 1999. 

Total C Tota l N P K ca M, 
O~, ~-IOI 0-' 4-10 O. ~-IO 04 4-10 0-' ~·IO , ... 4-10 

mg kg-I 

Shaw 

'0'" 144 131 II 9 65 43 '" '04 1,752 1,857 278 2Z7 
T~ 

,., '" II , 
'" 43 25' OJ 1.135 1,695 '83 ZZI 

Chisel 14' IZZ II 9 55 43 Z3J 106 I,'" 1,827 '>6 U7 

PlOW '" "0 , 9 53 " '" '" 1.940 1.961 770 '" 
VoelI<e, 

'O~ 183 ... 17 /6 '" '" 253 223 1.874 2,082 J.3O '" 
Trans 173 156 17 17 ," '" 397 247 1,84 1 2.037 ,., "0 
Chisel 171 , .. " /6 190 17' m 271 1,847 2,047 >4, 347 
Plow 163 /6, /6 17 '05 '" '" JOO 2,068 I,M I '34 33' 

iSoil depth in Inches. 

21 



Figure 5 . Phosphorus levels as affected by Ullage. 

-~. _.·t .. 
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Figure 6 . Potassium levels as affected by tillage. 

-~. _ ... '0· 

. -

Calcium 
The calclllm (OnCenlratlon 

Increased over time. but no 
differences were observed 
belween lone till and plow 

20 

(Figure 7) At the end of Ihe 
experiment (Ta ble II). the 
calcl\lln concemratlon 
remained constant across all 
IllIago': :oyslcnlS. 

Note on bar graphs: 

DifTerent Io\\·cr·case !ellen; on 
graph ba", illdie,u" tim! the 
valueOllhe bar~ ditfer at the 
0.05 prol.>abihty I"vel 

T:lble I. Crop residue cover as affected by Ullage. 

% surface covered by residue 

T11lage ARer sugar beet' ARer com" Aller wheal" 

Zone-till 

Trans-tIll 

Ch!sel 

Mow 

, Shaw and Voelker sltes 
.. Shaw slte 

"Before the If plots. Illy 
farm was ]00 percent plowed 
behind wheat and corn alld ] 
had no cover crops;· Bush.:oy 
said. ··NOW I very rarely leave 
a field Wllhout cover crops. 
i> nd ] faU plow only before 
sugar beels I leave more 
trash on lap of lhe soil .. 

• 
5 

5 

less lhan ] 

PorenriQ/ soll/oss 

" 
" 5 

The percentage of crop 
residue lell on the SOil surface 
aner ti ll age was used 10 
delernllne the potentia l soU 
loss by erosioll using Natural 
Resources Conservation 
service estim<ltcs Potent ial 

Table 2. Potential soil erosion loss as affected by tillage. 

ARer sugar beet ' ARer com' 

39 

JQ 

" 
2 

soil erOSion on the Innovative 
Farmer plols was reduced up 
to 60 percenl (averaged 
across all crops) With zone-l ill 
compared 10 fa ll plowing 
(Table 2). 

After wheal " 

T1lli1ge Wind Runoff Total Wind Runoff Total Wind Runoff ToI~1 

IOns per acre 

zone-un 3.0 0' 36 0' O. 1.0 , .• 08 2. ' 
Trans-IIII H 0.8 " 05 06 " " 

09 2.5 
Chisel 3.3 " 44 08 08 " 25 L3 38 
1'1011' 3.1 " 53 3.3 2.2 5.5 J1 1.8 5.5 

• Shaw and Voelker sItes 
. , Shaw 5ill.' 

/3 
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.1ctIN ........ """ ~ ,.,.,.,. ,,",II ~ ",.'" 111_ .tu.o<loo.l 
.r..t ".......,."'n,I ..... 'ed IIe1.h ~n"" kit 1<l1'lJllll1 

Different degrees 01 soli 
diSiurbanu:' and resk.!ue 
placemmt led to slgnlftcam 
mangc:s in SOil phyroical, 
biological and chtomit:al 
properties Aller six years. the 
soils under conservation 
lI11age have shown significant 
hnprovement In soil quality 

Physical conditions 
Bulk densifY and soli 
resistance 10 pencfrQllon 

Bulk: density Is 1he weight 
per unlt volume of oven-dry 
soi l It m(,asures soli 
companiOI', SOils With 
t'xccssll'('ly high bulk 
densities can restnct 1001 
growth and inhibit 
productiVity. Throughout tile 
experiment, no dlfTeren(:es in 

blll~ density were obsforved 
arnOllg the l'our tillage 
syst~'nlS Aner sIx )'Cal5 (Table 
31, the bulk density remained 
LiTllfarm across tillage 
systems No dillhences were 
detccted when resistance to 
soil penetration was 
measured It is possible that 
conservation lillage would 
exert iI p(lsilive Impa(1 on 
these'!\Oi1 quality parameters 
over iI klOge-t" lime 

Farmers, however, have 
noticed changes 011 their 
farms 'Our plot work has 
shown that we dOIl 't have 10 
go 011 exhDuSting Our soU: 
sakI Jnnovative Farmer Jim 
Silttelbcrll "I've seen the 5011 
structure change over time In 
places where we used to U!it' 
a tractor. II had galien SO that 

Microbial 
community 
s tructure 

The numbers of fungi and 
protozoa were Significantly 
higher under redl,lced tillage 
when sampled In November 
1999 (Table 7) The nunlbers 

ofbacleria and nemalOOe!>, 
however, wert' no! rrouced 
The number of b.:tcIeriil m .. y 
Incredse dunng the most 
Intense perioos orn::sldue 
decomposItion. butthtlr 
populallon IS kept somewhat 
conM,m t by the prol07o.11l 
gr.uers 

OLhe ... nutrient 
availability 

Increased SOil organic 
mallcr in conscrv(lti(lll tl llalle 
sol l$ increases water 
rCIClHion. Nutrient retention 
would also be eXJ'>e,ted to 
Increase due to reduced 
Ie,khing SOil organic mailer 
has a net negative charge that 
auracts positIVely charged 
nutrients such as pot;;lssium, 
calcium and magnesium and 
keeps them (rom leachinll 
Furthermore, With broa<kast 
fenUlzer appllcauOfls, 
nutno:nLS concent1<lte on or 
near the surface because 
reduced liIIase (dUSt'!> hllie or 

TlIble 7. Mkrobiill commLlnlty stn.acture as Influenced 
by tm .. ge. 

Mkroblal 
community struc ture 

Bilcterial biomass! 

Fungal biomass I 

TOIaI ncmalooes1 

Total proIOlool 

I[)(pressed as IJiIi I 

2Nematotles per 9 of dry soil 
JProtozoa per 9 of dry son 

no mverslon of SOil Nutrients 
rentain where they are 
available to growinll planl5_ 

Phosphorus 
tn Shaws sandy SOi ls, 

zone-ti ll maintained the 
phosphorus level in the lop 
4 In.:hes wuh moldboold 
plowing there was a signifi­
canl reduction III phosphorus 
In Voelker's loamy SOils, 
looe ull and plow both 
maintallll::d phosphorus levels 
throughout the tillage Iilyers 
IAgure 5) A slnllliU' pallern 
was observed for the last 
sampling In November 1999 
(nIble 81 Milnl roots and crop 
growth "pump~ phosphorus 
upward to accumulate in the 

20M Chisel Plow 

122 120 117 

" " 22 

9 7 12 

62,747 58,516 42.471 

top layrr Because the 
phosphorus is msoluble, It Is 
nol carried downward by 
water fllO'.'emenl 

Potassium 

Al both Si tes, thl' potassIUm 
level III the top 4 mchl'S o( soil 
was higher under lone-tillage 
than uncler moldboard 
plOWing There was a Slrong 
strJll fjcatlOll1ll potassium 
concentration bel .... 'CCn the 
tOj/4lncilesandthe41010 
inch soil deJlths (FIgure 6) Al 
the end 01 the experimenl, Ihe 
potassium c()nceiltration 
path!TJl r.:mllined ror the 

Shaw site, but no differences 
lVere observed itt the Voell:tr 
SIIe fTilble 8) 

" 



Figure 4. Carbon and nitrogen mineralizat ion potential as affected by tillage intensi ty. 

Sha w s it . .- --- --I 
~ .... - --, -• I - ~ , -, • -~ --• • • • •• - --

.--; 1 -, -• 
I -, -, • ---- - - • 

Voelk • • s it. 

----- .---

• .......... , .. . -
Table 6. Carbon and nitrogen mlnerilllzation polential as affected by the Intensily of 
Ullage at 70 and 150 days of laboratory lncubiliion. Samples were l<lken In 
November 1999 al a I O·cm depth. Analysts was done <lcross <Ill crops/ fields . 

TillaSe Shaw Voelker 
10 days 

c' ~incrn'Sl/ N' ~ macase' C !>IS IIlCrt"llse' N % ir!creast"' 

Zone 4ss..,,1 " '" lJ "" " ." " T-1I11 ",. 44 44. 38 633, 22 48, 37 
Chisel '94, " .43 J8 570b 10 ." " Plow 375b '" S16b 'Sb 

150 days 

C N C N 

Zone 7I8b 27 70b " l008a " ", 25 
T-liII 81211 " '" 48 921<1 " '" 28 
Chisel 73 1b " '''b 38 8400 , lib " Pk>w 56k "', 781b 64, 

I""",01l"'se lnnuse <JoIIef rtuwcd 00;1 
'r~lnm8k8L 
'Num~ wllhin a (oIum" klIklwe<l by ~ d,lTerent J.:>y...,~ ic'l ler dlrT",~! Ille 0 (I!, pttJI>abiliiy level 
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Table 3 . SoU bulk denslly after sIx years under four 
Illlage systems. 

Tlllage Shaw si te 

Zone-Uti 
Trans-till 
Chisel 

Mow 

we needed it 200 horsepower 
tractor 10 work the $011 We 

were seeing compacllon and 
emergcn,e problems So the 

IF plots confirmed my dec! 

sion 20 years ago to mmimlze 

tilling And now I m expand­
ing my no-till acres This I,'as 
my lirst big no-till year, anu 
I'm continuing to leSllhlS 
mOTe and more on my own," 

1.43 

'" 1 4 1 
1.44 

Voelke r s ite 

gtcm J 

, .30 

'2, 
1.29 

1.28 

T L Bushey shares onl' of 
hls experiences With changes 

111 bulk denSity "we hDd 
planted raU rye in one of our 
fields. In the spring, it grew to 
10 inches or so before we 
h Urtled II down My brOlher 
planlcd beans in that fkld 
Whell he tlnlshed, he asked 

me what I had done to work 
up Iha l field alld make the soll 
so mellow He couldn't 

!Vater-holding ClIpacity 
Is Ihe water ront!'nt of the soil 
at tJeld cap3Cily after gravity 
dra inag!' n Indiciltes the soil's 
ability to hold (lnd provide 
wat!'r nL"Cded ror plant gmwtll 
Water-holding caPilCily Is 
intluJ;:n«:d by both the soU's 
texture and the amount of 
organic m~t1er present At 111.1' 

Shaw site, Ihe ahllity of the SOil 
to retain waler was grealcr 
under conservation Ullage. NO 

signtficanl differences were 
observed at the voelJ..er site 

(Table ~ l 

M~a'lllin~ bulk <le ... ,lly and "aler 
I"nkr.>tlon 

believe thaI il was just the rye 

cover crop ' Now he wants to 
plant alt our beans after a tyC 

cover crop ~ 

Table 4 . Soil water-holding Cilpacity as Influenced 
by lilIage. 

Tillage Shaw sl le Voelker s lle 

• 
2oOt':-lili 41 43 
Trans-lill " " Ch"" 40 " "OW 37 42 

'5 



Water inflllralion 

Infiltration referlio 10 how 
fast standmg Woller goes InlO 
the !;uil In lhe tastlwo years 

of Ihc proJ<!'Cl, Woller 
lnfilu-allon tOlpiKlty was 

conslstenlly higher under 
lone-liII than plow lfigure 31 
water can percolate into 
,0nS('rvolllon IIIIed SOil!; faster 
During rain cvenlS (shown In 
the phOtO on page 17), more 

Figure 3 . Waler Inf1llrculon tale ( 199'9), 

Sh.w.lI. 

• • , , 
• • 

I • I • • • 
I • I • 

• • .-• • - • 
• • • • • •• - • • --

Table s . Waler Infiltration. 

Mow 

'\, Increase 

16 

/ncfl(os '" \Yclft'r /hal could In/iIl1<.Ifl! In Otll" h(l{lr 

Shaw Voelker 
------

1.7 

23 

35% 

2.1 

"'" 

• 

water percolates Inlo the 5011, 
thus redu..:mg the amount of 
soil and water lost through 
surface runorT 

Vo.lk., .It. 

.-
• • -•• •• -•• ---

TIle Shaw site, having more 
sand and less Silt and clay. 

already had a relatively hIgh 
inflltrauOfl fate ThIS rate 

increased by 35 percent over 
tune with 70lle 1111 IniiltTation 
at the heaVIer Voelker sue 
Increased 58 percent with 
lone till. to 2 I Inches in three 
hours, it figure higher than 
th~ 1 of moldboard plowed 
:;andy soil rrablc 5) 

Carbon and 
nitrogen cycling 

pat Sheridan has seen 
bencnts with nutrients. 

"Over the pas4 15 to 20 
years, I never used a lot or 
re"lll/.ef." he said "But even 
from thai base. I've been able 
10 subsli.mhally reduce my 
Inputs. I've round IMII can 
get by With less, 1m doing a 

bcl1C'T job with less (e"1Hzer 
When Jim LeCureux Ilrst 
started talkmg \0 me about 
stdedress OIIrogen tests, 

J thought It was "VOOdoo' 
science ButI'm very much a 
believer now' Using the lest 
has saved me belween 
$10,000 and $20.000 on my 
farm this year And I m seemg 
something happen with 
potassium, too, Somethmg 
dlrTerent is going on in the 
soli, and iI'S increasing 
fertility' 

Total corbon Qnd 
nitrogen 

Conservation tillage 
reQl'ces soi l erosion ilnd is u 
maJor step to conserve soil 
carbon. Carbon. ill the form of 

soli organic maner, Is a maJor 
source of plo11l nutrients and 
tnc major rood source for 
mOSt soil organisms Table 8 
fpagc 21) shows Ihallotal 
carbon and nitrogen 
accumulate!> In the top 
4 [nches of the SOil in reduced 
tillage S}'l>Iems The upper 
4 Inches [s the cnllcal area for 

most soil mICrobial and 
beoefldallnsect a,llvity 1\ is 

mpoftant for crop estabhsh· 
ment and early seedling 
growth 

MfncraJizablc corbon 
nnd nitrogen 

Reduced tillage increased 
not only the tolal carbon and 
nilrogen in the top 4 Inche!>, 

bill also their minelali/.able 
forms As tillagc ult~nsity 
decreased (from moldboard 
plow 10 zone-IIIl), the 
amounts of minerall7.ablc 
cilrbon and nItrogen 
mcn.'ased {Figure 4 and Table 
61 Thell'fore. the SOil's 
capacity to supply nitrogen 10 
a gtowing crop Increases WIth 
reduced tillage 
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