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20) Ward, D. P. (2002). Public Interest Assessment SupportiD.lt~ « 
Bacillus thuriogiensis Cry3Bbl Protein and the Genetic Material (Vector 
ZMlR13L) Necessary for its Production in Com Event MON 863. MSL-177". 
unpublished assessment prepared by Monsanto Company. 
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I. Summary 

Corn (Zea may.\ L.) i" the large!>t crop grown in the United State~ in term!> or acreage planted 
and net valuc. In 2000. corn production covered 79.5 million acre", yielding 10 hillion 
bu~hd!> \\ ith a net value of S 18.4 billion (NCGA, 200 I). Corn yields are ncgatively impacted 
by a number of insect pe~ts. One of the mo~t perniciou!> in the U.S. Corn Belt is the corn 
rootworm (Diabrotica !>pp.). Corn rootworm larvae damage corn by feeding on the roob, 
reducing the ability of the plant to absorb water and nutrient!> [rom ~oil. and cau~ing 
harve~ling difficultic~ due 10 plant lodging. Corn rootworm i~ the mo!>t !>igniiicant in"ect pe!>t 
prohlem for com production in the U.S. Corn Belt from the ~tandpoinl of chemical 
in!>ecticide u'iage. Approximately 14 million aere~ of com were treated with 
organopho~phatc, carbamate or pyrethroid insecticides to limit corn rootwOfm damage in 
year 2000 (Doane. 200 I). Corn rootworm ha~ been described a., the hillion dollar pe!>t 
complex ha"ed on co~t!> a,,~()ciatcd with the purcha!>e of soil insecticidc!> and crop losses due 
to pe:-.t damage (\1etcalf. J 9R6). 

:'vlonsanto Company ha!> developed. through the u:-.e of recombinant D:--JA technique!>. corn 
planh that arc protected rrom damage due to feeding hy corn rootworm larvae. The ti'i~uc'i of 
these plant:-. produce a modified Bacillus tizuriIlRiemi.\ (.,ub~pecic" kUJrlll.mo[oen.\is) Cry3Bb 1 
protein that i!-. ~eleclively toxic 10 corn root worm ~pccie~. A ~ynthctic variant of the cry3Bhl 
gene \Va:-. prepared by Mon!>anto and incorporated into tran~rorIllation vector. ZM IR 13L. 
Transfomlation of plant!> with thi ... vector rc<,ulled in the production of corn cvcnt M00! 863. 
Cry3Bb I protein and genetic material necessary for its production in corn cyent MON 863 
arc the "ubject of an application for a FIFRA Section 3 regi')tration. 

The henefit!> offered by commercialil.ation of thi~ tcchnology are ~ubstantial. Corn hybrid!> 
containing event MON R63 are con~btently more efficacious than soil-applied in~eclicidcs in 
protecting root~ from larval fecding damage. This ~uperior performance is expected to re:-.ult 
in a ~ignificant yield advantage for gro\\er~ planting ~ON 863 hybrid". Preliminary 
c'ilirnates place this yield benefit at 1.5 to 4.5%. For a reasonable range of price ... and yicld~. 
thc "ulue of thi!-. yield benefit to grower" i!> S4-S12/ac relative to the u!>c of a ~oil-applied 
in~eeticide. depl!nding on corn rootworm pre!>~urc. 

Cry3Bb J i'> far Ie.,!> ha/.urdous than all in"ccticide active ingredient~ currently regi"tered for 
corn rootworm control. The m~iority of corn rootworm in!>ecticides are da,,:-.ified a!> 
rc.,lricted u"e and virtually all are undergoing rca!>"c~:-.ment by EPA due to !>ignificant 
environmental rish. The adoption of M00! 863 hybrid!> provide!> an opportunity to 
trcmendously reduce the occupational and environmental ri'>k!> currently as!>ociated with the 
manufacture, tran"portation, "torage. handling, application and di"posal of convcntional 
in"ecticide!>. In exces:-. of ~evcn million pound:-. of in!>ccticide activc ingredient are annually 
applied to 14 million acre ... or corn for the control of corn rootworm!>. At product maturity. 
MO:\ 863 hybrid!-. have the potential to reduce the!>e applications by million!> of pound~. 
Regi!>tnltion of plant-incorporated Cry3Bb I to limit crop los~e~ cau~cd by com rootworm" 
will pro\ ide :-.ub!>tantial benel1t!> for growers and a rea!>onable certainty of no hann for 
humans and the environment. 
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II. Introduction 

Figure 1 provide" an illustration of the regional distrihut" 

north central Corn Belt ~tate'): 

month i"othenm range between 21 an 
Corn i~ grown in area" where annu' 
rainfall or 15 em i~ approximately 
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Figure I. J)1'Itrihution or acre). hanc"ted for eorll graill b) eoullty in the cllllfincntallJ.S . ror year 20(JO. 
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III. The Corn Rootworm Pest 

Corn yield ... are adver'>cly impacted by a numher of in<;ect pests. One of the mO~l perniciou<, 
pe~h in the U.S . ('om Bell i ~ the com rootworm complex (Diahroticu, spp.), comprised 
primarily of thl! northern com rootwonn (D. harheri, Smith and Lawrence). the we<;tern corn 
rootworm (D. l'irgifera vir~ijera, LeConte) and the Mexican corn roOlworm (D. virgijera 
,;('ae, KrY'>(Jn and Smith) ; refer to Figure 2. One additional Diabrotica specie. the ~oulhern 
corn rootwonn (D. undecimpunctata izm"'ardi, Barber), inhabit~ the ... outhea~tern coa~tal 
region:-. of the U.S. and i~ a relatively minor pc'>t of corn. 

Western. northern , and Mexican corn rootworm:, have a ~imilar life cycle. Each evolve ... 
through a ... ingle generation pcr year, and corn i~ the only economically important ho"t. 
Ovipo~ilion commence~ in July with cgg~ being buried to a depth of two to four ifH.:he-; ncar 
the ba ... e or corn plant~. Thc egg~ over-winter. and the on'>el of hatch range" from Ylay to 
mid-June of the fol1o\\ing sea~on . Temperature and moisture vary with ~oil depth. both 
impact over-wintering ~urvival and time of hatch. After hatching roolworm larvae Wigure 3) 
feed on corn root'> for three to four weeh, pa,>~ing through three in~tar growth ~tage,> . The 
mature larvae pupate in earthen cells and eclosion takes place from mid-June to early July. 
Adult'> live for 75 to 85 day~, feeding on corn foliage, pollcn and !>ilb. Egg~ are laid in the 
late ~ummer and early fall (O'Oay et af.. 1(98). 

Figurc 2. Corn root\\Orn1 adult;.,: \I,c-.tcrn 
(top) . northern (left) and ,>outhcrn (right) . 

Figurc 3. Corn rool\\OrrIl lanae. 

Corn rootworm" arc widely di'>tributed throughout the com growing region~ in the U.S. that 
arc ea:,! of the Rocky Mountain~ (refer to Figure" 4, 5 and 7). The pe'>t i'> abo found in 
Mexico, Bra/il. and many countries or Europe. The level,> of larval infe"tation are highe~t in 
in tiekb that arc cropped continuou:,ly with com (i.e. continuou!> corn). feeding by we:-tern. 
northern. and Mexican corn roO(\l,onn larvae i~ generally greate"t on root~ ncar the '>oil 
.,urf'ace: when lhe~e are consumed. the next lower node i-. attacked. Fir~t and '-oecond in~lar ... 
leave hrown feeding ,>car~ or they tunnel from root tip" to the plant ba')e. de~troying root 
hair" and '>mall rom,>. Third in~tar" cau .. e the majorilY of root damage. generally feeding on 
[he larger primary root:- ncar the stalk and the fir~t set of brace root". Root fceding cau'>c'> 
phy .. iological '>tre:,~ that ~tunts plant growth and can lead to plant lodging (i.e. , falling over). 
Phy,>iological '>tre .. :' and lodging can also have an adver~e impact on crop yield. 
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Figure 4. Di~tribution and !>prcad of the northern com root worm in the con 
different colored region,> repre,ent the extent and pace of ib migration 
(modified from Chiang. 1973. and Kry~all ami Smith. 19R7). 
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and tunneling that di~lupt the transport of nutrient~ and 

deB, 1990: Spike and Tollef..,on. 1991). The lack of roOI 
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Figure 5. Di ... tribution and "prcad of the wc!>tem com root\'.'orm in the contincntal l..S.: the 
different colored rcgiom rcpre~ent lhe extent and pace of iti> migrat.ion acro~., the Corn Belt 
(modified from Chiang, 1973, and Kry.,an and Smith, 19~7). 
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Figure 6. Goo..,cneckcd corn. 

A ~coring "y"lcm dcveloped by HiIl~ and Peters (1971) has been widely u.,cd for rating rool 
damage caw, cd by corn root worm larval fccding. This .,coring "y!>tern i., commonly referred 
to as the Iowa State University rool rating ~cale. Corn plant~ arc dug and the root.., are rated 
on a '>cale of 1-6. Table 1 de<.,cribc,> the level of damage a.,~ociated \.,. ilh each raling. A 
photographic represcntation of root damage raling~ b di~played in Figure 8. 
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Figure 7. Di..,lribution of the Mex.ican com rootworm in the ~ollthcm U.S. and 
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Figure 8. Corn rool). rated for damage caul>ed by rootworm larval feeding w.,ing the Iowa I to (, 
rating ~C,l\c . 

2 3 4 5 6 

Increa'ling Damage 

Root damage rating, arc iuvero.;ely correlated with crop yield. Early regre~,>ion e~timate,> 
predicted a reduction of 5.83 hu/ac in yield for every unit increase in rool damage rating. 
Howcver. yield lo!'>~cs can be much higher. Larval feeding has the potential to cau~e yield 
lo.,!'>e,> ranging from 10.7 to 85.8 bulac if left untreated (Applc el aI., 1977). A root damage 
rating as Iowa). 2.5 i~ generally con.,idered to he an economic thre!>hold for grower., (Steffey 
e/ al., 1(99). Thi., rcpre.,ent~ the e!>timated root rating at which yield lo!>!'> cau~ed by larval 
fecding i'> equal 10 or greater than the co.,t of applying an in~ecticide. 

Grower~ mitigate com rootworm damage primarily through crop rotation or the u~e of ~oil 
in~eclicidc!>. Hi~torically. crop rotation has pro\'ided highly effective protection from corn 
rootworm damage in many agronomic ~ituation., because it brcab the pe'>t"~ life cycle. 
However. scyeral factor, now limit the u~efuInes!> of thi'> management .,lrategy. FiN. many 
grcl'wer'> prefer the option of continuou., (i.e., non rotated) com production. even if thi'> 
practice require~ increased chemical inputs for ~oil fertility and in~ect control. Second, 
re~carcher'> have confirmed the exi.,tence of a northern corn root worm variant in Iowa. 
Minnc~ota. :'-J"ebra~ka and South Dakota that exhibit~ an extended diapau'>c period (.,ee Figure 
9). The egg,> of lhb variant arc ahle to survive through the noncom year., of crop rotation to 
yield larvae that affect fir~t year com (O~tlie. 1987; Tollefson, 1988: Gray ('f al., 1(98) . 
Third .• md of critical impoI1ance. crop rotation i~ no longer effective as a cultural corn 
rootworm management option in ea,t central II1inoi!> and northern Indiana due to the rapid 
~pread of a new ,train or western corn rootworm that. unlike previou .. population'>. lay., it" 
egg., in <.,oybean ficld~ (On~tad and Jo'>elyn. 1999; O'Neal et af .. 19(9). The egg'> of lhi~ 
\Ne~tcrn corn wotworm variant overwinter in ~oybcan lit:ld~ and emerge the following year in 
corn. Ua:-.ed on the rapid expan .. ioll of this variant population ~ince it., initial discovery in 
fIIinoi." it i~ expected to continue to !>pread throughout the Corn Belt bee Figur~ 10). 

Each or the.,e factor, ha~ increa~ed grower reliance on chemical in,>ecticide~ for corn 
rootworm control. The rno.,t common in~ecticidc regime i .. the application of a granular ~oil 
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Figure 9. Geographic di..,trihution of the northern corn rootwonn extended 
(!>hadcd urea) In Iowa. Minne~ola, Ncbra,ka and South Dakota. 

South Dakota 

Nebraska 
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in~ecticide, either in-furrow or banded, at the time of planting. In some agronomic ~ituation:" 
po~t-enlergencc in~ecticide "prays arc applied for adult ... uppre~ ... ion. The ~ational 
Agricultural Slalistics Service (~ASS) of the U.S. Department of Agriculture (USDA) ha ... 
compiled ~tati ... lic ... on year 2000 corn insecticide use acros'> 18 Slate ... compri~ing 73.8 million 
planted acres of corn (~ASS, 200 L). These statistics indicate that <).8 million pounds of 
insecticide active ingredient .. registered for corn rootworm control were applied on more than 
31O/C of the planted acres. Continued ~pread of the ex tended diapause and soybean variant ... 
of the com root worm has increased the number of first year com acre~ needing an insecticide 
treatment. These data from NASS arc in clo'>e agreement with and complement finding'> on 
in ... ecticide usage from The 2000 AgroTrak-

o 
Study conducted by Doane Marketing /{escarch 

(2001). 

-. Tradcmad .. oj DO<lne Marketing Rc~eMch. [nco 
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IV. Corn Insecticide Market 

Management protocols for limiting economic lo~s caused by com rootwo 
crop rotation or the use of chemical insecticides, Crop rotation ha~ h' , 
primary rootworm control mea~ure, 
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- - -

TallIe 2. In.,ccticidl' l'nd-u~c producb rcgblcrcd by EPA for u'>c on COl n for control of corn rootwonn ,>pccic~ (CPR, 20(0), 

~- --=='<- =-=--=--- -~- - ' - ' - -=-=-==--'~=-' 

Product Cia!lsilication c i 
, \V ARN] NG. Restricted Use; cxtn:mely , 

~ f /(10,/ "/ S /lll1 >U I I IIsec!/{ U (' - • ),ngcnta pcnnethrin - 2S.6(k SP 0.2 Ib/ae 
Adult ,' toxiC to ri~h and aquatic invertebrate,>. highly 

control toxic to hce'> 

A IWU/" Xl. /1lI('ctic ide ()Jj6' I Adult toxic to fi~h and aquatic in\'crtebrate~, highly _
I WARNING. Restricted Use: extrcmely 

MI N·· 2./ 'A Grww{a..t" wlh'id, . ICbup; riml'o, - 2.()~ ~l 0.15 Iblae I. .. ,va I W ARNIN G. a"t",tcd USC; t",; cto n,h l EII/III~i(i(1b/(' COI/((·Iltmte - DuP~cnvalerilte::- HACJc . SP (l.OS Iblae contr.~)1 toxic to bce~ ___ " 

~,~, ('orp. , . __ . _I cyfluthrin- O.,~("k __ -' ~J~~)I Ih/ac _" contl'Ol and wildljfe___ -- II 
i 

DANGER, RCf>tricted lisc: extremcly toxic 
Adult to fbh and aquatic invcrtcbratc .... highly toxic ~ 

(>.04Ib/a<.: I ~!!trol to bee~. I!~ ea\1~e allergic ~kin reacti()~_ , 
WARNING. Restricted U!>c; extremely 

I.arval toxic to fish and aquatic inveI1ebratc!., highly 
_(L3 Ih/ac_.I control toxic to bee:- __ _ __ 

Larval CAUTION. Toxic 10 bird!. and ~ildlif~ 

j 'SP 

r-!?irellthril~ - 25.1 (i SP 
" --

RavthroiciG 
2 F:lIluf,li/i(/h!e 

~)'~'(,Ihroici /Il\('clicide -. B~_e!' __ l_~):fllIt~~itl .- 2Yif 

( ' 6» 2 1:(' I ., I '''1' , 'I ,(/pw/,(' c, IlI(,C/U'U ('liO I/lel( (' 

~C Corp. . __ _ 
eh/OI/os": / 5G In I ('(·tide/£, 
Granu/(J~'- GrilTin LLC I c!ll~rifo~ - 15L-'~. 2,O.2lb/ac I co~~rol cxtre!llel~ tOXIC to fl<;h and aquatic orgal1l~m'>_ l', 

Adult & 
Ch/Offo l (ri) 4E illI('c/icidc' - Gnffin Larval WARNING. Toxic to bird ... and wildlife, I 

.()P + 2.52 1~)/ac .~lrol C~lI~!l~ ~oxic to fi~h and aquati~ organbm,> 

, DANGER. Restricted Use; fatal if ~ 
I~L~ _________ L~ll!~rirO"-_~~ 

rCOll1lt('/;' CR Sy.I/(,lIlic IIlI('cticidC'-

Larval I ~wHllowcd. inhaled or absorbed through ~l-in. 
_~~ 1.30lb/ae, control I cxtrem.£!Ltgxic to fi81 and wildlife 

I CAUTION. Rc!>lricted tJse: highly toxic to l 
~ NC'lIlatiC'icie - American C)anamid 

('ompany ___ .. _ I tcrbllro~ - 20(/i 

J)-Z-IlJ<' diazillo/l t1C500 /I/,\('('Iil'ide 
~~.. ()A~ Ib/ac Eontrol bee~ . __ , ___ .~I - Syngcllta 1 diu/innl1 - 4W!c - -- .. - -- -- ._--

:1 /)-7-1/"-" di{/ziwIIIIIG(j{)() WBC I 

I i~\(~( lie ide - SyngclltH I diuLinon .,' 5Mi ~---=-=---~~~-~ ~--==- -""="-- - ~~--~- t 
Adult bird~. Ihh and other wildlife. highly toxic to 

CAUTION. Restricted lJS(': highly toxic to ' 
Adult ~binj." fi~h and other wildlife. highl) toxic to 1 

OP 0,45 Ih/a<.: control bee:-, , 
~.=. ~ ~~,=_._ - _ ~ . _~-~ -~_..dI 

M(ln~all(() COIll]ldll) t-.1SL,I77M I'.ll~e I X of 5:1 
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- - - - - - - - - - - - - - - - - - -
• 2 (.'ont.). hl',ecticidc end-mc product, rcg:i~tl'lcd by ~PA for u"c on corn for contlol or corn root worm ,pccie~ (CPR, 20()O), 

, Dill1l'tllOatc: 4 I:C S\',ltC'lIIic 
l/ml'('lif ide - Helena 
, DimetJwafe 40(J S.ntelllic 

/I/\C'ctidd('-Miticidc> - CAP 
51b, Dimetlwate ~~\"I(ellli( 
In,\{'('ticidl' - Helena 

f · (~'(' / "d S '0/'('(' ,J J 1/.1('('(/('/ (' - , yngcllta 

I ' (,) 2 5(' I '()r(r('~I' .. Jgrarwar 

1II.lcctidde - DuPont 

F(),.t,.e~ \ (, 5(; grl/Ilulllr ill.\('c(icic/e 

lA-dive '( ng;c~ic~t\ 

lefluthrin - Yk 

chloretho)<.yfo!> -
2,S'K 

- DuPont I chlorclho..xyfo\ - y~ 

~----=r'~' ~==~-''''''r~~~-' '-,=-= --.-- .. ~ .. ~~ 
Type II I \J!>c Hate h: Use I Cla!'>!>ifieation l. 

OJ> .t 0.22 Ih/ac -

OP (lAg lb/ac 

0045 I blat: 

OP 

or -1-. o. ~ 6 Ib/ac 

Adult 
control 

Adult 
control 
Adult 

control 
Adult 

control 
Adult 

control 

. DANGER. Restricted Usc: fatal if ~ 
.. wallowed, inhaled or ab.,orbed through \kin, 
highl) toxic tn aquatic invcl1cbratc\ and 
v. ik!lifcLhighly toxic t~) bec~ __ __.. . 
CAUTION. Restricted Usc: highly toxic to I 
binh, fi~h and ·other wildlife, highly toxic 10 

bec~ ... _--- . __ . ---. 
WARNING. Toxic.: to wildlife and aquatic.: 
invertcbrate,>, highly toxic tt~ bee., . ___ _ 

WARNING. Toxic to wildlifc and aquatic ~ 
. invertcbratc.,,~y toxic to ~ce~ __ .__ ., 
DANGER. Tox.ic to wildlil"e and aquatic 
inv~~lebratc~,I~ig~~xic to bcc~ . ___ I 

CAUTION. Rcstl"ictcd Usc; very highl) 
toxic to frc~hwater and c~luarine n~h and N 

~"" 1 invcrte~rale., .. ___ _ 
ANGER. Rc!>tricted lise; toxic to wild 
~nal~, bird.,. li~h and aquatic 

'I Furad(lfl& 4F im('( (icidd 
I_~i( ide - FM~ C'Ol'fl_: .~ __ 

I Adult & 
I l larval 

...J.£~m~ -44(k_~ __ (' I ~~_Ib/a~ control 

MOIhanto COlllp.ll1Y MSL 17766 I'.tg{' II) 01 :iJ 
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- - -

Tablc 2 (cont.). lll~ecticidl' end-u'c proullch Icgi<.tcrcd by I'.P/\ for lI'C Oil corn for control of (;Om roolwOfm 'pccic ... (CPR, 10()O) , 

[~~~ '~Product ,~~ 1~(·li~l'lll-;.:u~nts 'I'T;pc-;-

I 
II ,'.' 
II [.tlll'.!.!.!/e' 1,\1 il1~~J('/icide - [)uP<2!!!....,~cth01ny09(;,_,_ , c 

~ 

l.cJlllwt/'; SP illll'( tic'ide - DuPont 

L(}I',\han~ 15(; GI'tIIllI/al' 

11I.Iecticid~I?()w Agrol->cicn~e, 

I.()r.\h(/n'~) ,4E lll\(,{,ticide - Dow 

~I\~ro ... cicncc~ ____ _ 
M ()ea!> ® I ()fit (; rrJllul (J r 
N('lIwtit'ide hller/icide - Avcnti~ 

~ropScicnce ____ _ 

Mo('(//"; l::C Ne1l1aticicie-
In,I(,( /ie'ide - A YC!lli" CropScicn~e 
Penw'(lp-M'o MicTl)('lu'ap.lulated 

, }1l\('('/iC'itie - Elf Atochcm 

Plwrale 20 (j Ol'!{{//WpI!O\p!w/e 
!rI\('( ,tic ide - UAP ._-----

mcthomy) - 'JO(;' c 

ch~'rif()~-15'if_I,~, 

chlorpyri(ol-> - 44.9C;-f I 01' 

cthopro~0~, 

cthoprop - 6'J.6Ck 

methyl parathioJ\ -
22(;' 

I 

01' 

OP 

OP 

'tlO,:!ltc :- 2(Y.L, t 01'-1' 
II 

})Oltrl('(,(I~ WSB ]JII('('ricidl' - bMe I ' 
CorI!0r~ti~)~n~_, ___ =~, _.J....E.~r!ncthrLn..:-_ 24.7(1c_ _ ~p i 

!\1ll1N\nto ('omp,\I\) MSL-I7766 

Use Rate '" 

0.65lb/ac 

(lA5 Iblac 

2.()3 Iblac 

2.69lh/ac 

3,531h/<lC 

:U4lh/ac 

0.44 Iblac 

lise 

Adult 
control 

Adult 
control 

L<lrval 
control 
Adult & 

larval 
control 

l.arval 
control 

Larhll 
cOlJtrol 

Adult 
control 
---~ 

Adult & 

I'~' ~Cl--=:--f- 't~=:= ,--
, a~sl Il'a 1011 

I 
DANGEI~. Hestricted VOiC; fatal if 
""allowed, toxic to fi~h. aquatic 
invcI1ebi atc~ and mannllnb, highl) lox ic to I 
beef,. known to leach through ,oi I into j 
~r~llndwatcr , _, _ ,_ _ __ _ 
DANGER. Restricted Use: fatal if 
l.waIlowed, may C<llI,C blinunc,!o., toxic to 
fi~h, aquatic invertebrate, and mal11mal~, ~ 

highly toxic to bce~. known to leach through ~ 

!.oil ir!t~) grollnd~'at~_, ,- --- d 
CAUTION. Toxic to bird ... and wildlife. 
extrcm~ly toxic to fi~h an~~ aqtlat~c organi~m~ 

WARNlI\G. Toxic to birll ... and wildlife. i 
<:xtrenJ~ly toxic to t:~~h and aquatic ()r&'lIli~m~ 

WARNING. Toxic to aquatic organbms 
and wildlife 

DANGER. Rcstricted Usc: toxic to aquatic 
, organhm' and extremely tox,ie tobirc!, __ 

WARNING. Relttricted Usc; hi!!hly toxic 
1_ to aquatic,inverICh!aIC" an,d _~ilulifc __ ~ 

larval ~ DANGER. ne!ltricted USl': extremely toxic I 
1,3lh!ac I control_ to fi"h c!nl! wil~lIife __ , ______ . 

WARNING. ncstrictcd IJ"c: extremely 1 
I Adult I toxic to fj"h and aquatic il1vcrtcbratc~, highlY

J O.21b/ac ~(~~.!!,~.:LLto~i~ to ~ce~ , , , ,=' ~~' _ 

I',\gc 20 oi 5:; 

- - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - -
In\ecticidc cnd-u,e product, rcgi-.tercd by EPA for u,e Oil corn fOI control of corn rootwOfm ~pccie\ (CPR, 20()()) . 

" ';~' ~~~: .~. -r-'~-~-~' ~ .. ~-, --r-- .-. - '- -
. Adiw Ingredicnt~ : T~ pc a lJ~l' Rate h ljl>(~ Clal>sificatioll t 1 

~~':----~I 

SP 

SP 

(,;~~aryl - 4~,1 (,1 _--1-_ 

__ r ....... ~.p!lorat~ .'. 20rlc OJ> 
--, -~-, . 

CAllTION. Restricted Use; extremelv 
Adult I toxic to fi~h <\Ild aquatic invertclmltc\. I;ighly ,I 

contl"ON tox ic to hee~ l - ------.--. -- ---- i 
WARNING. Rcr-tricted Usc; extremely , 

Adult , toxic to fi~h and aquatic invertebrate\, highly I 
--.£ontr()I " toxic to bcc~___ _ _ ___ . I 

Larval WARNIN(;. Restricted Usc; toxic til bird!.. 

0 .2Ih/ac 

O,2lb/ac 

0 ,13 Ib/ac control . fl!.h alld aquatic invertebrate, 
.. ---- . ,-- -- ----
Adult ; WARNING, Extremcly toxic to aquatic and 

control el>lLl~rine ~!\'crtebratc!.. highly toxic to l?ce~ 

Adult WARNING. Extremely toxic to aquatic and 

, control e'tua~i~lc il~vertebrat(.'\. high.l)' toxic. to, bee!. I' 
CAU lION, Exlrt'mcly tOXIC to aquallc and ~ 
_c~tuarine inver~ehrate!-., highly toxic to h~. ' 

DANGER. Restricted UflC; extremely toxic 

:or:;.;:' ' (. :t1!.I~_ a~~~ ~il~1 i fe 

Warrior(R) ]lIIl'('tic ide with Zeoli lamhda-cyhalothrin - I 
.?'C'ch!lO/ogv - Syllgenw 11.41k , S~ (),~~.3_~ -Y~ ' ! .... { J~U- "S<"!2"< 

a·OI' OIg.lI1llphll'phalc, SP ')l1lh('II': 1')ICI111010: (' rmb.ul1al.: , PP phCIl}lpYIMole V ,....~== 
b -1I1.IXlIllUIllI"nclrd U'l' I.tll' C\pH!".::d III pound, ill ,!elIH' IIIgl(:UICrtl PCI .!LI(' (.MUlI1l' 111.11 I IIq pI ~ I In) 
l ' - plce.lUtton.lI}' lan!!\lag':.1\ "dtl' d !lIll .lbcl 

r ... !OI1\.1I1!O C(lJllpan} MSL· I77(]() I'dgC 21 o( 5'1 
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FQPA reasse~~ment proce~s may result In the loss of some active ingredients for corn 
rootworm control. 

Doane Marketing Research, Inc .. has conducted a eomprchen~ive '>tudy of pe ... ticide u~e on 
;;elect row. field and specially crops grown in the continental U.S . for year 2000. In thi ... 
)o.tudy. The 2000 AgroTrak Study, data wa;; collected and reported on a crop-specilic ba~i)o. . 

Data were collected primarily by telephone interviews of growers. Mail wa~ u~ed on a 
... upplemental basis. All data were weighted for cach crop at the ... tate and erop reporting 
di.,trict level to project national total~. The weighting proce% used a multiple regrc)o.')ion 
procedure to derivc best-fit estimale~ by adjusting for known disproportionalitie~ of thc 
re~pondent..... Individual crop acreagc estimates were weighted to the late .... t CSDA and )o.tate 
c<;limatc!'>. Thi-. data i ... ~earchable in the ~yndicated AgroTrak database. This databa~e ha~ 
been used to e'itimate thc type and quantity of insecticides applied for control of corn 
rootwonn. The Doane's database b being lIsed for this analy,>is in lieu of the ~ASS databa.,e 
bccau ... e it i., more comprehen)o.ive in scope and can be ea.,ily ~earehed on-line. 

In year 2000, grower!'> reported that 14.197.012 acres of corn were treated \Ni th an in .... ccticide 
for the control of corn rootworm. Grower,> indicated that corn rootw01l11 wa., the ,>ole target 
pe.,t on approximately half of the~e acre~ (6.957,678) and one of a number of pe ... t~ targeted 
for control on the remaining acre~. Corn root\Norm-targeted acre~ that recci\ed an in,>ecticid~ 
treatment reprc~ented 177c of the total acre!'> of corn planted in the continental U.S. and 59(';( 
of the total acrc)o. rcceiving any in~ecticide treatment in 2000. Continuou~ corn and tir ... t year 
corn acrc~ received SSS, and 42% of the rootworm-targetcd in)o.ecticide application". 
re~pccti vely. A total or 7,835,995 pounds of in ... ecticide active ingredient (a.i.). co.,ting S 172 
million. wa~ applied to these acre~. Table 3 contain., a ~ummary of year 2000 corn 
in ... ecticide u.,e data. Figure II dbplay., the regional di~tributi()n of corn rootworm 
in.,ccticide-treated acre~ in the continental U.S. '1'hi<; map clearly ~h()Vv~ that the percentage 
of planted acrc~ receiving treatment b highest in continllou~ corn region!'> and in the region 
where the \Ne~tern corn rootworm ~oybean variant i., prcvalcrll. 

Table 3. In~cclicide u!'>age on com in ) ear lOOO (Doane, 200 I) . 

I First Year 1-· ~==:. 

I Corn All Corn i 
i 

I, 
57.310 + 79.579_....,1 
12.518 I 24.108.; 

i 
6,1l II 1 12,343 ~I 
5,926 14.1<17 II 

I 3.137 7,836 ' 

I 0.529 O.5S2 JI 

It-Acre, planted (x I ,0(0) .. _.. ; 22.269 
, Total tn\ccticide treated acrc~ (x I ,0(0) I1.S90 

I Jot~ in ... ccticide a.i. applied (lb x 1,0(0) 6.332 
tCRW,ta,gcled "ce", (x I ,!XkJ)I--S-,2-7-(--t-- ----t-- -

'-------·-----I--r 
a.i. applied to CRw .. -targctcd (Icrc'i (Ib x I.noo) I 4,699 
A \l:ragc a.i. rme applied (Ib/ac) 0.568 

- --
<;"12.27 \12'<)~ 
~72.699 ~171.510J 

I~\eraf,e co.,t per acre ~ 11.<)5 

I Totdl co"t of CR W in~ecticide purcha.<,cd (x 1.0(0) ~9X,81 I 
'=-~ -=~ == =.-.. - -.----~~~~=~~==='=~===~--'-=~----
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---------------------
II. Corn acre., trealed \\-ilh all in.,ccticidC' ror t:of1trol of corn rootv"onn expre.,.,cd u., a percelll of lolal planted 

2000 (Doane, 200 I). 

,0 

\101l'dnICl COIllP,II1) 

Predominance of 
continuous corn 

\1<;1 -1 7766 

Rotational Corn, Extended 
diapause variant 

Rotational Corn, 
soybean variant 

Page :23 or 53 

% Treated 

Do 
II 0.5 to 20C/c, 

II 20.1 to 50Cfr, 

II 50.l to 1 (l0C}'<, 



Many product ... are regi ... tcred for the control of corn root'Worm (!'.ee Table 2) but a !o.mall 
number dominate the market. Table 4 provide.., a li~ting of the active ingredients contained in 
product~ lhed for treatment of corn rootworm-targeted acre'>. Four active ingredicnt~, 

chlorpyrifo~. tchupirimro~, tefluthrin and terbufo!'.. arc applied to 75o/r of the acre.., treated. 
Three of the~e active ingredicnt!-. are organophosphate~ and three are clu..,!'.ified a.., re~tricted 
u!-.e. Two active ingredient ... , ehl()rpyrifo~ and terbufos, account for 779(· or the total quantity 
of in:-.ecticide applied to corn rootworrn-targeted acre~. Table 5 provide!'l u Ibting of the 
major end-use products that are applied to corn rootworm-targeted acres. Application ... with 
the 13 product... li!'lted in Table 5 account for 98% of the corn rootwonn-targeted acre ... that 
'Wcre treated in 2000. The use of Jive produCb. Aztec 2.1 "'" Granular /mf:'clicidf:'. Counler 
CR 5\Hemic /mecticide-Nematicide. Force JG Insecticide. LOr.\han 15G Granular 
//l.Ieclicide. and Re~f!1ll 4 SC Insecticide, accounted for application.., to 8Jli( of the rootworrn
targeted acres. Four of the..,e five product!'. are re ... tricled use pesticides. Control of corn 
root\Vorm larvae. a~ opposed to control of adults, was by far the prevalent pest control 
... tratcgy utili/cd hy gro\Vcr .... 

Table 4. Imecticidc actiyc ingredient, applied to corn roo(worm-targ.:ted acrei'> in year 2000 
(Doane. 20(1). The~c 11 actiyc ingrcdienh accountcd ["or 9R.3Ck of th<.: total quantity of 
in.,ccticide applied to corn roo(worm-targetcd acrc~ in 2(X)O. 

- --- --~-.==-~ ~ 
Ii Adhe Ingredient Acres Treated (xt,OOO) I Pound~ Applied 
~-C-a-' r-h-()-fu-r-a~n------------~---------3-4-2~~~~-+-------2-4-2-.3~7w9~----~::i 

~hl()rethOXyrO' --+--_ .. 361 ... ___ '__ 55AR5 -.J 
, Chlorpyrifcv, 3.557 ._ '. _ 3.765.310 __ _ I C) nu~~rin/T_~_b_1I,-p_ir_im_r()_,_-+ _____ '_3_2_6___ 1 __ .~?52? ___ i 
I
~FiPro~_ . .. 1.49R 158.1_4_' ___ ., 
I ;,-cyhalolhrin 179 3.846 

I
MethYI para_lh_il_)r_I ____ ·· -t· ·~~~~---3-6-7-----t-- 142.1) I I . --;1 

I Pcrmeth_r_in ______ --II--__ --24-(:-) ~~~~~~~~~~~~~~~~-2--4--.-3~44- --.-=l 
I Phoratc 508 58/U80, 
rT~nu-th-ri-n-_____ ._L ____ 3_','_5_7(_) ____ :=~--.~-O-O.339 ---J 
I' Tcrbufo<, 2,044 2.146.761 j ' 1--
='_ .. . _ ._ Total..L 13.99R 7,?5)6,5?~ __ 

t\ .,mall number of seed-applied inscl:ticides havc reccntly cntered the corn insect control 
markct. Thc ... e producls include GauchJ" .\eed-applied im(!clicide (Gustaf~()n, LLC). 
Pre\crihc l \! \eed-applied imccticide (Gu~tarson, LLC) and Force ,) ST \eed-applied 
imecticide (Syngenta). Imidac10prid i~ the active ingredient in hoth Gauclw and P,-e,\crihe: 
tcf1uthrin i ... thc activc ingredient in Force ST. Gaucho i'> applied to corn seed at a rate of 
0 .16 mg a.i.lkemcl and provide~ protection from damagc and stand los~ caused by 
wirc\x'orms .... ecdcorn maggoh, \Vhite grubs and imported Jire ant., (i.e .• secondary ,>oil pc,ts). 
Thi.., !'Iecd-applied rate of 0.16 rng/kernel equates to 0.011 pound~ of a.iJac planted. By 
contrast. the a\ erage ... oil-applied insecticide rate of 0.552 Iblae i.., SOx higher than the 'ecd
applied rat.c. Prescrihe i~ applied to ,>ecd at a higher rate of 1.34 mg a.i.lkerncl and ForceQ9 
ST wed-applied imecticide i~ applied at a rate of 1.0 mg a.i.lkernel. Both Prncribe and 
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Table 5. In,>ectidd~ end-u~c pmducb mcd for control of corn roolworm in y a 
2()O I). 

r-- =~ - =~~~~ . 
i' A\eragc 
\ Cost 
'I Product" ($/ac) 

/\;:-It't 2./ 'It- Gral/ular /m('clicide 
~(te~~I'pinmJo,!cxnuthrin) 
t COl/flter CR Syl/l'lIIic Imecricide-

~n .05 

SI3.1O-

Adult (A) I 
Larval (L) 

Control 

L 

I L 

===J~FT~j==I=--I=~-, 
I 

rcated Ii 
.000) 

~,327 JI 
2.044 1 

--I 
I 

Nemu/icide (wrbufo~) ~ 13.50 
!I ForCt' 3(; /n .,-eclicidl' (Iefluthrin) ':114.48 I ----L----+t~-~-I---+-+-

lrJ.or(re\1 5G .~rallular inleclicide HI4.65-~--
3.570 

~~-~~-/.+-+---

I; 
:1 ~ (chl()relho,--x~>,,--'I-,o,--r,-) _____ -

Fumdall .JF in.lecticitie/ ~ 11 74 
"nellltltif"idel (carhofuran) . . 

I /"on/J(/Il 15G Granular {lI\l!ctidde, ~ 11 79 
_ (chlorpynfo!-) . 

361 

_. 1._ 34~~ 
, 3 .. 16:)~, 

. \ Lonhlln 4£ IlI.\ecticide 
(chl~rifo!-.) .. 

I Pennc(/I'-M i'vIiaoencap\lJ/alec/ 
L!!Z,ccljcidl' (melh 'I arathiod 

374 ,I 
~~-----++------~r---------+-----____1 

Rc ... trictcd 330 II 

POllflee 3.2 EC /me('licide I j ( Re,>lrictcu 124 I 
ripcrmcthrir.2.ll ___ .____ -++----'-------t-------I 

RCf!.ent 4 SC In.l('cticide (fiproml) Re'>tricted 1,392 
~~-~--r-++_~~~-+r ----~--

, Re~{'m 80 Hi(; In.\eClicide 1 
, < RC'>lriclcd , __ 1(_)6 -1 
'J!lpronill___ - -t-

I
, Thilll.('1 20-G Soil and S.\.\"temie ,L Rc~trictcd I 50S I 
l/n\('~ 'lil:!~le (phoralc) --=,---_/'-- -I---L7'""'<c=-=f-+--r-- -----I----
I Warrior /l1\ecticide ~\ ilh Zl'O I I - ' -r-- --- : 

I, A Re'tricted! 173 I' 
,I '{('C/tIlO/UNY (i __ -_c halolhrin) 

-<-----+-t'----~~H- -r--~ ~----l_ ___ ,,! 13.916 

\ 
I ,r-------
\ , -----_. 

._-,-----

I 8('k! 
--T---;+---:-:-::-'----'----+ ---

, 92(k I, 

1 - . . -+---- -.-:! 
I T'C' 

--,..;:,-L-----1'-/-----------------r---~ ._ -- - 2;; . J 
~14.65 

r into a !-.econd planting sca~on (Ylon~anto storage .,lability data). 
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V. B.t. Protein Cry3Bbl and Corn Event MON 863 

In 199 L Rupar e/ ai., reported di..,covery of a novel Bacillw. thuringiemi.\ (8.1.) ~train 

(EG469I ) that produced a crystal protein that displayed acti v ity again~t the ~outhern corn 
roolworm. Donovan el al. (1992), isolated and ~equenced thc gene encoding thi~ cry~tal 
protein, ",hich wa.., dc')ignatcd Cry3Bb 1 (GcnBank Accession No. Mg9794). Thi.., wild type 
Cry3I3h I protein j.., pre~ent in thc commercial product. Ravell~;" Oil F/owable Bioimeclicitie, 
which ha~ been ~old in the U.S . since 1995 for control of the Colorado potato bectle. a 
coleopteran pe<;t. Raven ha~ never been commercialized for corntrol of corn rootwonn or 
any other pe:-,t of corn. Cry3Bb 1 ~hares approximately 67% amino acid sequence identity 
with another Cry3 protein, Cry3Aa4 (GenBank Acce~sion No. M30503). which ha.., been 
commercially u<;ed in the U.S. and other countries for control of the Colorado potato beetle. a 
major pe~t of potatoe!o. <Pcrlak el al., 1993). 

Advanced molecular techniques have becn directed to the de!o.ign of gene'> that encode 
protcin~ v,,'jth enhanced in~eeticidal activity. English et al. (2000), have de!>igned multiple 
gene ... encoding Cry3Bb I variant~ with enhanced activity again~t corn rootworm "pecie'), 
The~e variants arc vinually identical in ..,tructure to the Cry3Bb 1 \\ild type protein with the 
exception of a small number of strategically placed amino acid sllb~titution~ that enhance 
in~ecticidal acth'ity. The1>e gene~ have been linked to con~titutive plant exprc~~ihlc 

promoters and codon-oplimi/ed for cxpre ... ~ion in monocotyled()nou~ plant1> in order to 
achieve meaningful levels of protein production in root tis~ue~ (Fi~chofr and Pcrlak, 1996: 
Brown ('1 (II., 1997). 

Corn event :vIO:\ 863 wa.., created by particle acceleration technology u~ing a linear O;\lA 
fragment containing synthetic cry3Bbi coding ..,cquence, a~ \\ell as CQding ~equence fur the 
..,electable marker, neomycin phosphotransfera~c type If (~PTII). This linear DI\A fragment 
ha~ been de~ignated w, vector ZMlR 13L. Incorporation of this vcctor into the corn genome 
re~ulh in the production of a Cry3I3b 1 variant that shares 98.9% ~equence identity with the 
\vild type cry~tal protein. Monsanto Company ha~ conducted exten..,ive re~earch to 
characterize corn evcnt MON 863 and to define potential human and environmental ha/ard~ 
a ... "ociated with Cry3Bb I protein. 

A. Product Characteri7..ation 

Southern blot analyse~ have demonstrated that corn event :vION 863 contain~ one copy of the 
tran~forrnalion vector inserted at a ~inglc locus in the plant genome (Cavaw e/ al., 200 I). ~o 
additional clement., from the ZMIR l3L vector. linked or unlinked to intact gene ca~settc." 
were detected in the plant genome. These findingc:., confirm that corn comaining event YlON 
863 will produce the full length protein~ Cry3Bbl and NPTII. Segregation analy~i., of the 
corn rootworm-proteclcd phenotype and Southern blot fingerprint analy~is aero..,., multiple 
generatt(ln~ havc confirmed the ~tability of thc in~erted gene~ in MO:-.J 863 corn (Ward. 
2001). 

. /\ tf"demark of Ecogcn. Inc: EPA Reg. No. 55631\-27 
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B. Product Efticacy 

The tv,o most economically imponant Di 
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performance. Neither of lhese limitation~ applie~ to varietie .. containing event \10T\ 86~. 
Since the Cry3Bb I in.,ecticide i~ contained in lhe rom ti~~ue, it doe~ not require actIvation 
and leveb are highe!>t at the period when larvae are actively feeding (Dud in el 01 .. 2001). 

Figure 12. Summary re~ulb of year 200() efficacy trial re:>ult<, with corn h)'brid~ containing event 
MON 8()3 . Indi\ iuual roOl~ were dug and ruted ba~cd on the Iowa I to 6 RDR "cale. The mean 
RDR for tridl'> conducted at 14 location)' werl;! computed (N=280 rool'>itrcalllll.!nt) . Significant 
diff~rencc" at p<O.05 arc denoted by letter code: 'b' i~ )'ignificalllly different than 'a': 'c' i., 
"ignilicdntly different than 'a' and ' b', 

6 ~----------------------____________________________ -, 

5 •• • •...•. , • .. , ........ , ..•... • ••.•. • • , , •••.. , ••••••.•. 

4 ..................... .. .. _-- - ------ --_ .. - ....... - ... 

,_MeanRDRI 
...................................... _-_ ........ _- ........... .. 

2 

1 

In 200 I, Prc\criiJe .wed·applied imeclicide wa .. included in the efficacy triab conducted by 
univer .. ity re~earchcr .. (,>cc Figure 13). Thi~ .,eed treatmenl provided ~ome level of conlrol 
compared LO untreated checks. hut it'; performancc wa~ notably weaker than each of the ... oil 
applied product .. e\a!uated and weaker than MO:'-l H63. In a 1>eparate sct of efficacy triab 
(data not .,hown), 1>eed treated with the lower rate of imidacloprid contained in Gaucho \eed. 
applied il1l('clicide provided excellent control of ~ccondary .,oil in.,ect~ (e,g, wireworm .... 
white gruhs and !>eed corn maggot~) , 

The di:-trihution of individual plant rool rating:- can provide a mea.,ure of in.,ecticide 
performance c()!l',btcncy, Although a mean RDR may be below the econOJllIC thrc ... hold for 
an in~edicide treatment, then! can be con.,iderable variability in root feeding damage within a 
given field, Pruning of one or more root\, which i ... equivalent to a RDR of 3. cau .. e .. 
.,uflicient damage to re'>ult in a yield lo~s for an individual plant. Any plant that hu,> root 
pruning at a level equivalent to a RDR ~4 i., at ri~k of lodging. Plant Lodging greatly 
increase ... the time and complexity of harvesting a field, Figure 14 di:-play~ the di1>tribution of 
individual root rating!> recorded in 2000 and 200 I efficacy triab with yl0:'-l 86~ hybrids and 
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'Figure 13. Summary rc~ult~ or year 2001 erficacy trial re~ult ... with com hybrid~ 
MON S63. Individual root., \\<erc dug and ratcd ba:-.ed on the Io\\<a I to 6 RDR 
RDR ror triab conducted at 21 location~ were computcd (:\,=465 root 
difference., <it p<O.05 are denoted hy letter code : 'b' i~ ... ignilicantl) di 
dirfer~nt than 'd' and 'b': 'd' b diffcrent than 'a', 'b' and 'c'; 'c' ,~di 
'd'. 

() 

5 

4 

3 

2 

1 

jn~ecticide ~landard)" Thi:-. 

fhi" analy,>i!'- of per 
root worm pre,,~ure in a ti 
aL larval infe'>tation Icv 
\', ere rated and 
RDR=3; not a ,>ingl 
of the 465 plaI1t~ 
l:ontrol. 80Cfi; of 
RDR of6, 

[11:\1 ell n R DR : 

RDR wa" greater than three were u,>~d in 
An average RDR>3 i., indicati\e of .,igniJ'icant 

A.JU">.">lILJl\." to identify difference,> in product performance 
ic thre<;hold, A total of 559 MO:'\ 863 rool .... 

Only l2Cff of the MO;\ 863 planL~ rated had a 
wiLh root damage exceeding a RDR or 3. In contra.,t. 

15G, a \\ ideJy u:.ed insecticide for corn rootworm 
and a small percentage of plants rccei\ ed the maximum 

rrn"nr'" wa~ \veake~t with the ~eed treatment, Prescribe, 

diverse environmental conditiom. arc needed to delllon~trale 
for corn. It ha~ not been practical to conduct ~uch trial ... under 

or the re~triction~ of an experimental u.,c permit (524-EUP
Iy expected that the '>uperior protecLion of root~ provided h} C'ry3Bb 1 

plied in~ecticidc .... will tram,late into a meaningful yield advantage for 
product i~ commereiali/ed. 

.,ludy to invc'>tigate the impact of corn rootworm larval feeding on 
root growth and yield of nontran~genic com, Gray and Steffey (1998a) \\-cre 
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Figure 14. Di:-tribulion or individual plant RDR l>core~ evaluated in 2000 and 20() I lInivcr~ity 

efficac) trial". Root feeding damage wa., "cored u:-ing the Iowa root damage rating (RDR) I to 6 
... calc. Data arc prc.,ented for triab in which the average chcd. RDR >3.0. Without .,ignificant com 
motv.orm pre:-,,>urc in a field it i.,n't po.,.,ihlc to dbtingui"h bet\\cen treatment'>. (N) I'> the number of 
indi\ idual plant., rated for each treatment. A~t('(' 2./C and Pre.lcrihe data arc for 200 I only. 

{Ii- of Root., within RDR Category 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 

285 572 

RDR 

445 465 465 566 

able to demon.,tratc through a rcgrcs~ion analy<;i~ that incremental reduction ... in RDR .,core,> 
equatcd to a yield benefit for grower~. Mitchell (2002) ha~ u<;ed the Gray and Steffey fiel d 
data to e.,timate proportional yield lo.,~ a., a function of the root rating diffcrence. Applying 
thi., model to the data from efficacy field trial., with hybrid., containing event MON 863 
provide ... an e~timatc of the yield henetit for event MON 863 relative to no corn rootworm 
control and relative to control with a ~oil-applied in~ecticide. Ovcr typical range~ for corn 
roolworm prc~~ure. ~10N 863 hyhrids providc a yield benefit of 9 to 28CX relative to no pc.,t 
control and 1.5 to 4.SCfc relative to control with leading ~oil in~ecticide~. For a rca<;onahlc 
rangc of price., and yield~. the value of the event MOr..; 863 yield benefit b S25-~ 75/ac 
relative to no pc"t control and S4-S 12/ac relative to control provided by a ~oil in~ccticidc. 

Preliminary data ohtained from ~mall plot triab conducted by \1on.,anto at multiple location., 
in 200 I corrohorate the :\1itchell prediction of a yield advantage for \10:'-l 863 hyhrid~. 
The ... c ~malJ plot triab demoJ1!>tratcd a yield benefit for MON 863 over two leading !>oil
aprl ied in.,ccticide:-. that ranged from five to 14 bu/ac (refer to Figure 15). Although the yield 
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differcncc~ noted here are ')mall. they do appear to he attributable to ... upcrior 
afforded hy the YI0~ 863 hybrid .... Lodging wa~ not ob:-.er\'cd in lhe.,c ... mall 

Figure 15, Summary re.,ult~ from .. mall plot yield compari.,on trial ... \\lth 
and t\\() leading ... oil-applied tn"'cclieide~. MON X63 and Force .IG tri 
location .... l.onhan 15(; wa ... c\ aluatcd at 13 location .... The £1\ erage R 
Significant yield difference., at p<O.05 arc denoted by letter code : 
than 'u'; 'c' i, different than 'a' and 'b'. 

Yield 

bu/ac 

C. Mammalian Safety 

B.I. i., a gram-po.;ili 
in the U.S. since J 
J98X). The 
demon..,trated i 

pre),cnt in ... oil that ha., heen u'ied commercially 
robial-derived product" with in"cctiddal activity (EPA. 

lP',l" lJ'CUllCJ.lJ toxicity of B.t.-ba~ed in ... cctieide product'> ha" been 
:-.tudie<; (McClintock I!/ al .. 1995). The rc-;ult ... of studie:-. riled in ",upP( 

conducted 
nontoxic 

to register Cry3Bbl. a') \\cll a ... the n.!"ult'> of ,>tudie ... 
protein)', dcmon),trate that lhi" da.,., of protein)' b c.,~entiall)t 

t. protein~ produced 111 genetically modified crop., include acute oral 
ge.,tihility ),ludic.... Thc<;e requiremcnt~ arc ha~ed on the ract that oral 

meaningful rome of expo),urc for hurnam. to Cry protein'> in genetically 
FUt1hcllnore, when protein~ arc tox.ic they arc known to act via acute 

at very low do~c leveb (Sjoblad e/ al.. 1992). The rc ... ult ... or rodent acute 
conducted with Cry3 protein~, including ')e\eral Cry3Bhl variant)" are 
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..,ummariLed in Table 6. In each rodent hioa~say. the highe~t achievahle dose level failed to 
produce evidence of treatment related adver~e efrecl"> and wa~, therefore, con!-.idered to he a 
no ob~enablc effect level (NOEL). 

Table 6. Rodent acute oral NOEL~ determined ror variou~ Cr):1 protcin~. The highe~l do~c 
te~ted in each bioa~~ay wa~ found to be a ~OEL. 

II Cry3Bbi - ~10~ R63 variant 

I Cr)3Bhl - cGI I09R variant 

!I Cry3Bh I - EG 11231 variant 

I Cry3Bb I - Wild t) pc prc~ent in Ra~'en Oil 

NOEL (mg/kg) 

~:noo 

> 29RO 

~ 37XO 

Reference 

Bonnette and Pyla. 2001 

Bcctel. 1999a 

Bectcl. 199% 

Baum e/ al .. 1996 
'I Flowahle iJioin.l('cti(:itie I ~ 30 

1: Crv3Aa4 - Nl't'llA.'llr Potato ~ 5000 LaHik. ef al .. 1995 
.!. -=---=---= --=- -=- = - . . - .-..... _-- ~~==-=~ 

I RlII ell ot! FIOl'vahle Bwifll('clicide contain\ J miJ..ture of Cry3Bb I, Cry3J\J·~ and Cry I Ac 
protein... In the hdtch te\led. Cry3 protein'> c()n~tltuted -lO'ii (\\Ifwt) 01 the immulation: 
CI) ~ nh t protCIn compmed 66-75t;:f of the Cry3 prol.:m\ prc,cnt In Raven .\ he highc,t Jo,c 
tc'>ted \""1, 10' CfU/ral. .... hlch corrc .. pond~ to "pptOXlfllatcl} a 100 mg/kg hod)' \'-clght do~c 
or tordl <lcthe lngrcdit:!nt'>. 

® - ,\ regi,tered trddemJrk of Mon'>Jnto Technology LLC. 

The identical cry3Bbl coding 'icquence u~ed in con..,truction of vector Z\1IR 13L wa,> in~erteJ 
into a ~train of E coli that was u~ed in a heterologou~ fermentation "y~tem to produce the te..,! 
material for YI0~ 863 toxicity ~tudic". A" expected. the Cry3Bb I protein purified from thi .. 
fermentation "'y~tem wa" found to be physicochemically and functionally equivalent to the 
protein produced in \10N 863 corn (Hileman el al.. 2001). In the acute oral toxicity study 
performed with laboratory mice. no mortality or gro-;~ly ob..,ervable adver~e efrect!-. were 
noted (Bonnette and Pyla, 2001). The NOEL wa~ determined to be 23.200 mg/kg. which 
wa~ lhe higheM dose te~ted. 

Mon~al\to ha~ previou~ly ..,ubmitted to EPA tbe result~ of acute rodent toxicity ~tudie.., 'IN ith 
two other Variant~ or Cry3 Bb I. The~e varianL.., were genetically engineered to enhance 
in~ecticidal activity again!-.t corn rootworm and wert~ produced by the recombinant B.l. 
~lrain... EG I 1098 and EG 11231. They have been found to he functionally and 
phy..,icochemically equivalent to the variant of Cry3Bbl produced in MON 863 corn 
(;\~tw()od e/ al .. 200 I). The EG 11 098 and EG 11231 variant~ of Cry3Hb I differ from the 
MOl': 863 variant by two and three amino acids. respectively. Sequence homology for the 
three \'ariant~ i., >99.Slic·. 

Current '>cientific knowledge ~ugge.,t~ that rood allergen~ lcnd to he resi.,tant to protcolYlic 
digc~tiol1, acid and heat. and may be glycoilylatcd. The re~ults of in vitro dige<;tive ratc 
~ludie<; indicate that Cry313h I protcin.., degrade to nondetectahle le" el.., in ... imulatcd ga">tric 
fluid in Ics~ than one minute (Leach et aI., 200La and 200111). i\eithcr the C'ry3Bbl protein 
produced hy E. coli or MON 863 corn i~ gLyco'>ylatcd (Hileman el al .. 200 I). Cry3Bb I i.., not 
detectable in YfO:\ 863 grain following baking at typical grain proces..,ing temperatures (i.e. 
204::; K) for 30 minutes (Hol1c~chak e/ aI., 200 I). A compari.,on of amino acid sequencc.., for 
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g = 0.017 mg/kg 
mg/kg = 1.9 x 105 

= DDE (mg/kg:) 

from the requirement for a tolerance wa~ e.,tablbhl!d for 

'The lack of 
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Completion of lhi!> con~ultation proce:.!> has resulted in a conclu:.ion that com dcri\'cd from 
thi'> new variety i, not materially different in comp()~ition, safety, and other relevant 
parameters from corn currently on the market. 

In "ummary. the human safety of Cry3Bb 1 protein is demonstrated by: I) the rc~ult'> of 
:.tudie!> that :.how an absence of adverse erfect~ in a mammalian ~pecie following acute oral 
expo,>ure, a very large margin of expo<;ure for projected dietary con!>umption. rapid dige!>tion. 
and the ab"cncc of ~equence !>imilaritie!> to known toxins and allergen~:2) comparable re'>ult., 
to !>tudie" of other proteins in the Cry3 cla~s, including Cry3Bb I in the commercial product, 
Ravcn Oil Flmmhle Bioin!!Jecticide: and 3) a nearly 50-year hbtory of "are u~e for B.l. Cry 
protein'> in U.S. agriculture. The wcight of cvidenee e!>tabli~he" a rea~onable certainty of no 
harm for thl!-. protein. 

Both EPA and the U.S . Food and Drug Admini~LraLion have previou"ly determined that 
NPTIl b ... afe t"0r human and animal eon!>umption (EPA. 1994: FDA. 1998). 

D. En "ironmental Safety 

The in~ecticidal "pecificity of a Cry protein can be determined by any number of procc,,!>c~ in 
it" mechani"rn of action, including !>olubilization of the cry"taL proteolytic procc<;!>ing. 
!>tability of the toxin. reccptor affinity, and the formation of ion channel!> and pore!'> within 
that membrane (Englbh and Slatin. 1992). Receptor binding. in particular. b a critical .,tcp 
in the mechani~m of action of the Cry protein~ becau~e without a binding SIte no toxic effect 
can be exerted. Irrever~ibJc binding of toxin., to midgut rcceptor" appear~ to he correlatcd 
wilh in"cct ... u~ceplihility (Schnepf et aI., 1998), Thb i') an important factor in a!>~c!> .. ing the 
"arcty of Cry protein~ for nontarget organi~m~ <;uch a~ fish. bird~ and mammal'>. To data. no 
functional reccptor~ for the!>e protein~ have been identified on intc~tinal cell., of fi.,h. birds or 
mamm..lb (Notcborn. 1994; Sacchi el at.. 1986: Van Mellaert e[ al .. 1981S). 

B.I. Cry protein., have been generally cJa ... "ified ba:-ed on their imecticidal activity. For 
example. Cry 1 proteins are toxic to lepidopteran pe ... t!>, Cry2 protein!> are toxic to 
lepidopteran and dipteran pe!>t~, Cry3 protcins are toxic to coleopteran pe~h. and Cry4 
protein!> arc toxic to dipteran pe<;b (Bravo. 1997: Horte and Whiteley. 1989). The Cry3 cia ... " 
protein. Cry3Bb I. ha., natural in!>ecticidal activity again .. t the coleopteran pe,t. corn 
rootworru (Von Tcrsch et af.. 1994). ~on!'>anto ha .. conductcd a <;crie~ of dietary bioa~ ... ay~ to 
characteriLe the in.,ecticidal i->pectrum of activity for Cry3Bbi. The~e bioa..,..,ay:-. !>upport the 
argument that Cry3Bh I insecticidal activity i!> limited to heetle -;pecic;., \"iithin the family 
Chry ... omelidae (Head el uL.. 2001). 

Potential adver~e effcct~ on nontargeL organbm ... rc~u1ting from cxpo,>ure to Cry3Bb 1 havc 
heen evaluated in a ~crie!> of studies with rcpre'icntative avian. aquatic and terre ... trial 
beneficial invertebrate ... pecic.... Thc<;e nontarget organbm~ were cxpo~ed to high do'>c!> of 
lear ti~!--ue, grain or pollen containing a plant-produced CrY:~Bb I variant or to an artificial 
diet containing a B.l.-produced Cry3Bb 1 variant. The re,>uit!> or thc<;e laboratory bioa ... ~ay!> 
are ... ummariL.cd in Table 7. In each case a no observahle effect concentration (~OEC) for 
Cry3Bh 1 wa~ cstabli..,hed. 
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CladoCl~ 
I J1?!!J!/1I1io l!i( 
I Collcmoolu 
, {i'll/wI/Ilia e(/}u/idll) . 
I Channel Catfi~h 
II (l('/(~/ltru,\ pUlU'~~I~,~. 

Bobwhite Quail 
II.iC()li~~ l'irgill;all~ 

r~~ --n;: .. i ~-- T 
I Suhl>tancc 

Adult Honev Ree ' ) ' .. 
(;\ ' //'r') j lunlll!d pr~ ~JlI JIle (,era _ ' " _ __. _ , __ 
Larval) )olley Bee , , , 

' (A' [I'f' ) Punfl.:d protetn _piS me II'I'lI __ ___ _ , __ _ 

Adult Ladybird Bectle 
(HiPl}(!d({lllia. (,()~w'rg~/~ L 
Adllit Ladybird Beetle 
Cf!iI!l!!!.riwl/ia COIH'l'!'!J('I/I)___ , ____ _ 
Larval I,adybird Beetit' 
(C!?!.('ollll'si/la IIlll('u/a/llL 
Adult Ladybird Bectlc 

RC'iu\tl> ,I 

1\01:(' ~ 2,26 pg/l 

NOEC > X72.5 ~lg/g 
-------

No effect on grcl\\(h or 
~\~i\'al al,35'k of die! 

(C(}/~ollll'gilla /I{({clIlall!!....) __ _ 
; \1onan;h Rutlcrt1y Larvae 

(f)anl!2.J!/e rJE;!It~)_ 
Green Lacewing 

- --;'Oll~n _ . -I No ~fie~l on gr:owlh or 
__ ~rv!\'a.L_ _ _ ,_ 

I,arvac (Chn~'!!l}l'r1(/ ('af'l/l~1}) __ ! Parcl~ilil: HYlllenoptera 
dN(/\(lllil!.::il~jp~?.!!~i') ____ . _. 
!I harthworm 

1\1(l11~.l111() ( 'OIJlP.lfl) t\,lSI -177M 

ConcIu!>icml> h 

~~-I~-'~~ .. ~ 
RcfcrcO('c 

l'\OhC 2 l41x ~urfacL' wuter MElT 
Drottar <lnd Krueger, 

NOEC > (i(ix ,oil MI',I~C 

No ~igniticalll ri~k 
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I\o adver~e effcct~ were ob~crvcd at the maximum expected environmental concentration 
CvlEEC) to which the~e nontargct bencficial organisms would be expo~ed. Thc MEEC for 
organi"ms fceding on corn plants i~ prcdicted LO be 93 J.!g/g bu!'.ed on thc highe~t levcl of 
Cry3Bhl found in leaf and pollen tis~ue of MON R63 corn (Dudin et at., 2001). The MEEC 
for soil-dwelling organisms i~ prcdicted to be 13.3 mglkg based on an a~~umption that corn 
plant" are tillcd into the top six inches of .,oil at the time of maximum Cry3Bb I concentration 
(i.e., 93 llg/g). Thc \-lEEC [or aquatic organi.,ms is predicted to bc 0.016 Ilg/l oa"ed on the 
following as~umptions: the pollen concentration of Cry3Bb I b 93 llg/g, the edge of field 
depo~ition rate for pollcn i~ 0.02-0.03 mg/cm:!, and that the pollen drift~ into a body of water 
2 m deep. 

Thc~c .,tudic" dem<.m.,trate that Cry3Bb I protein~ posc no ~ignilicant risk for harm to 
nontarget organism populations. In all !>tudie~ conducted, a NOEC wa., establi"hed and 
found to excced predicted maximum environmental concentraLion~. Where po~"iblc. the 
NOEC wa~ compared dircctly to the ~lEEC and found to exceed it by 4.3 to 14 I-fold. clearly 
demon~trating an adequate margin of safety for the~c organbrm. Where iL 'wa" not po"sible 
to make thb direct comparison, for examplc in the pollen and grain feeding bioa""ay". it is 
rea"onablc to a~"ullle that the ah"cncc of adver.,e efrect~ following exposure to a dict 
compri~ed largely of pollcn or grain i~ indicative of no "ignificant risk. The fir"t year'" 
re<;ult~ from a two-year field monitoring study corroborate thc~e laboratory findings . The 
abundance of prominent beneficial nontarget invertebrate specie!> vv'a~ found to be 
comparable in conventional and MO~ 863 corn field~, and in some ca.,c~ their abundance 
v, a" higher than in field~ managC!d with ~ynthctic in~ecticides (Bhatti et al., 2001). 

An a,,~e.,~mcnt or endangered ~pecies ri!>k indicatcs that Cry3Bh 1 protein would only pre.,ent 
a halard to terre.,trial beetles of the order Coleoptera. A~ de~cribed above, Cry3 Bb 1 protein 
i~ e~.,cnlially nontoxic to non insect species. thu~ it p01>e~ no risk to endangered mammab. 
bird!>. nonin~cct aquatic organism~ and nonin~ect "oil dwelling organi~llIs (Duan et at.. 20(2). 
Cry3Bhl has ~hown a high degree of '>peciticity among insect~ it affects. Only in~ect~ in the 
order Coleoptera (beetle:-) havc been found to be semilive to Cry3Bbl protein and thili 
sen"ilivity ha., thu~ far heen limited to heetle~ or the Chry~omclidae family. There are no 
endangered beetles in the Chrysomelidae family; therefore, no adverse effect~ on endangered 
heetles are expected. 

The re~ult" of an aerohic I>oil degradation "tudy demon"trate that Cry3Bbi di~"ipate!> very 
quickly in the environment (Martin et ai.. 2000). Analysi~ of ~oil Cry3Bbl concentration by 
in5.cct bioa~~ay and enzyme linked immunosorbant as~ay (ELISA) method~ cstabli.,hed DT~() 
e~timate~ of 2.37 and 2.76 day~, respectively, and DT90 e~timates of 7.'d7 and 9.16 day". 
rc~pectivcl)'. The rapid dis"ipation of Cry3Bb I en~ures expo!>ure rbk for '>oil dwelling 
organi~m~ v, il! be minimal. 

The result" of environmental fate, field monitoring and nontarget organi~m toxicity .,tudic, 
~upport a conclusion that Cry3Bb I proLein~ present in tran~genic corn po"e~ no significant 
risk to the cllvironment. 
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VI. Benetits of Corn Event MO~ 863 

There will he many benefits associated 
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VII. Public Interest Factors 

Rcgbtration of Cry3Bb I and the genetic material necel>l>ary for its production in corn event 
\10~ 863 can be pre~umed to bc in the public intere~t bccaul>e it meetl> criteria for a 
conditional regbtration as delineated ill the EPA policy notice regarding approval or denial 
of application)' for conditional regi ... tration of pesticide product~ (EPA, 1986). Thb criterion 
~tates that u),e of a new pel>ticide during the period of it'. conditional regi~tration mu~t be in 
the public interest. Many factors can be considered in determining whether thi~ public 
interc~t critcrion has been satil>fied. Registration of a new pe'>ticidc is pre~umed to be in the 
public intere),t if it is a replacement for another pe~ticide that i)' of continuing concern t.o 
EPA. PC),ticidc,> of concern to EPA are those which have been determined. through the 
... pecial review proce'>!>, to present relatively high ri~k, but whose regi"tration ha'> heen 
continued hecause their bcncfit~ are relatively high. Corn containing Cry3Bb I protein will 
prm ide an alternative to ~oil insecticides that are currently u!>ed for corn rootworm control 
and are of continuing concern to the Agency. 

A. Presumption of Puhlic Interest 

The n1djority of in'>eeticides regi~tered for corn rootworrn control arc clal>!-.ified al> re),tricted 
u~e pel>ticide~. A li"ting of in~ecticide), currently registered for corn rootwonn control can be 
found in Table 2. The restricted mc cla~sification, imposed due to advcr<ie environmental 
effect!'. under normal u~e practiee~ r40 CFR 152.171(a)], limih the u),e ofthe<,c chemicab to 
certified pe~ticide applicator ... who have rcceived special training needed for ... afc handling 
and application of the),e product),. Additional personal protective equipment to reduce 
occupational expo!->ure and l>pecial record keeping are required for re~trictcd u!'.e pesticide'>. 

Some of these products have been placed under EPA Special Review a~ de~crihed at 40 CFR 
~ 154. The Special Review proce!->s i ... utilized when EPA hal> rea~on to believe that the 
continued u'>e of a pe),ticide may re'>ult in unrea!>onablc adverse effecb to people or the 
environment. Dimethoate, u!'.cd for adult corn rootworm suppre~~ion, was ),ubject to Special 
Re\'ie\\ due to concern~ about carcinogenicity, mutagenicity, fetoLOxicity, and reproductive 
effect, (EPA. 1998a). A~ a re"ull of the Special Review proce ... s, certain applications or 
dimcthoate were cancellc<.l and labeling was modified. Granular product~ containing phorate 
and terbufol> were suhject to Pre-Special Review for ecological adver~e effect!'., and arc 
currently heing evaluated for reregistration (EPA, I 998a). 

In recent YC!lf), EPA has adopte<.l a quotient method for evaluating pesticide ri~h to nontarget 
organisml'>. Applying this method, ri!'.k quotients (RQ) are computed hy comparing estimated 
concenlration~ of the pe!>ticide in the environment to results from ecological toxicity studie-; 
with a variety of nontarget organ i ... m.... Risk quoticnts arc compared to le\'cls of concern 
(LOCl» c!-.tahlished by EPA. The LOCs are criteria u.,cd by EPA to indicate potential risk to 
a nontarget organism. A finding of eonccrn rcsultl> whcn a RQ exceed" a level of concern. 
For corn root\\orm in!-.ecticide ... that have gone through the reregj~tration proce~s. ri~k 

quotient!> have been found to exceed EPA levels of concern. 
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Table 8. Indicator~ of EPA concern for in~ecticidc!' currently regi~tcred for com rootwonn 
wntrol. Collectively. the:.c active ingrcdit:nh account for 9R.2C;t of the total in»l!cticide applied 
in )Car 2(X)O for corn root worm control. 

rr ~-- --~~=-=~S='p=c~c=ia=J~'=~~~---T~op~P~r=io--r~it=y=' ==R~e~' tri~~ Lse-1 

Active Ingredient Review RQ> LOC ' under FQPA Pesticide I 

'I i_~Cyhalothrin (SP) na >! ~ 
, Carhofuran (C) 'i na >! ...j 

I
' ~hloroc[~~)x)fo ... (OP) nu 

Chlorp) nlo~ (OP) >! 
i Cyfluthrin (S~) na 

~ Diazinon (OP) ..J 

.. Dimcthoate (OP) " .y .J ...j!1 
r E~renvalcratc (SP) na ...; 11 

:1 Hhoprop (OP) ";...j,J 
!, bpronil (PP) na V II 

I MethoI1l) I (e) ...j..J"';1 
I ~1ethyl parathion (OP) "';..J ...; \ 
I Phorate (OP) ...j \I ....; I 

~ Tebupirimfo» (OP) na..J ~ I 
I Tefluthrin (SP) na " 1 
LTerbufo:. (O~P=).=~~ " , __ ~..;_~~==~,I=== __ ~ ~~ 

.;. RQ - ri~k quollent: LOC -level oj concern: nJ - recent envJr(mmcnt.1l n ... " .l., ... e~ ... mcnl not .1\ Jddblc 

B. Factors Affecting a Public Interest Finding 

The 19H6 policy notice regarding conditional registration!> indicate!> that EPA will con~ider a 
variety of factor~ pertaining to the need for a new pe~ticide active ingredient. ib comparative 
benefit." ri"k., and cost'> (EPA. 1986). A con~idcration of the~e factors a ... they relate to 
Cry3Bh I corn clearly dcmomtrate~ that registration will be in the public intere.,L 

1. Need Factors 

It wa~ hypOlhe~ized by Mclhus el af. (1954) that [he \\e<;tern com rootworm ha~ heen a pe.,t 
of corn in Central America for 5.000 year~. Smith and Lawrcnce (1967) ~peculated that the 
com rootworm hecame an important pe~t in ~orth America when the Spani.,h introduced the 
European ~y.,tem of com production. Scientific citations regarding the corn rootworm date 
hack to the 1800~. thu~ reflecting the long-standing importance of thi~ pest complex to com 
productIon. It i ... by far the mo~t ... ignificant in.,ect pest in the U.S. Corn Belt. 

Grower~ have hi ... torically limited economic lo!'s cau~ed by corn rootworrn through crop 
rotation or the u'>c of chemical insecticide.... Crop rotation has been the primary rootworm 
control mea~urc. However, the corn rootworm ha~ ~hown a remarkable ability to adapt to 
thi~ agronomic practice. Spread of the extended diapausc and ~oyhean variant~ ha' 
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during the growing "cason. 

/\pproximatcly Ro/, of grower~ u~c corn rootwor 'tllAl rpao' 
in~ecticide appiicationl'o to ~upprcs~ adult ovipo. ·t" n ~to on in the westcrn Corn Bell. 
c~pccially in Kehra~ka where there i!> an infra (;\ur'b-fo!> outing of adult heetle ... by crop 
con~ultants. Ca~e!> of insect rc.,i~tancc to i uycd for adult control have been 
documented (Meinkc et ai., 1997 and 199H . 

The application of ~()il-applicd insccti 
ea!>t ccntral IIlinoi!> and northern Inc·, 

ar corn ha~ incrca~ed significantly in 

growers in the U.S. have had to actively control the corn roOlworm pe..,t for 
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rotation i~ decreasing due to the economics of com production and change'> in pe~t biology. 
Regulatory re<,trictions and a potential reduction in the number of chemical control optioll;' 
will increa"e the need for alternative corn root worm control measures. The"e oh!-.er\'ation~ 
;,upport a determination that regbtration of Cry3Bb I i" in the public interest. 

2. Composition Factors 

The compo"ition of corn containing event MOI\ 863 i" fundamentally different from the 
compo,>ition of conventional in"ecticide cnd-use product'>. The active ingredient. Cry3Bb l. 
i" plant incorporated. It is ~afer than evcry currently regi~tcred corn root worm in"ccticide 
product. Thi" characteristic of the product virtually eliminates the occupational ri"k currently 
a""ociated with the application of chemical controls for com rootworm~. Regi.,tration of thi;, 
product also provide" EPA with an opportunity to reduce the manufacture. tran~portation. 
"torage and di!-.po!-.i.lI of JTIillion~ of pounds of hazardous chemicals annually. These product 
charaCleri~tic~ ~upport a conclusion that regi~tration of Cry38b 1 i" in the puhlic interest. 

3. Usage Factors 

The ~arcty, convenience and ~implicity of planting MON 863-containing hybrid~ compared 
to the application of conventional in~ecticides. along with thc opportunity to extract an 
economic benefit through increa~ed crop yield. are expected to make this product attractive 
to grower". A survey of Iowa com producers found that 29.5% were cnthusia~tic and 43.61?ic 
were cautiou"ly optimi"tic about the pro<;pect of planting genetically modified hybrids that 
\"ere re"btant to corn rootwonn larval feeding damage (Pilcher and Rice, 1998). Thi" 
relatively high level of intere~t wa~ based on grower~' perception that .,uch hybdds would 
reduce the io<;ecticide burden in the environment (40.5~ of re~pondenh) and would le~~en 
farm v.orker exposure to insecticides (21.2111- of respondents). This high level of grower 
intere~t provide~ further evidcnce that registration of Cry3Bb I i" in thc public intere;,l. 

4. Performance Factors 

Three years of cXlen~ive efficacy lido trial", conducted at multiple location~ under varying 
kvel" of corn rootworm pres!>ure, havc conclu.,ively dCJ11on~trated the ~uperior protection of 
root~ provided by hybrids containing event MON 863 compared to hybrid~ treated v,.ilh 
conventional insecticide product~. Cry38b I pos<;essc~ a number of unique propertie'> that 
conventional in!-.ecticide~ do not. The protein i'> efficaciou~ via a mode of action that i" 
relatively !'oclecti\'c to coleopteran insects. The protein i ... expre""cd throughout the root<; of 
the corn plant. Thi" cn~lIre~ protection where it i!-. needed and climinatc~ the ri~k of 
insecticide failure~ a~~ociated with early planting, misapplication, or unfavorable 
environmental conditions. Furthermore, the delivery of Cry38h 1 in the corn ~ecd and ib, 
production in plants eliminate~ many rish a~sociated with conventional insecticide u"agc, 
..;ome of \vhich include impropcr calibration and maintcnance of application equipment. 
handling of hazardous chemical in<;ectjcide~, container di<,posal, chemical mi~placcmenL 
runotl, .. llld "pray drift. 
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5. Risk Factors 

regi ... tration 

that growers will derive a yield henefit from planting YtO~ R63 
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with the operational henefits thil> technology will provide. Expense<; al>l>ociated with the 
maintenance and calibration of in~ecticide application equipment and pe~ticide application. 
"'lOrage. tran~ponatjon and dbpo~al are expected to decrease. The economic ri~k a ... ~ocialed 
with incon ... istenl insecticide performance i~ abo expected to decrea<;e. Although difficult to 
quantify. the l1exihility thi., technology provides in the timing of planting i~ expected to 
re.,ull in an economic gain for the grower. The economic impact of the~e bcnefit~ i~ 
currently being evaluated. 

Ultimately . .,ome portion of the economic gain derived by grower~ tl~ing thi" ne\\. technology 
will be pa~~ed along to c()n~umer~ in the form of lower commodity price~. The~c economic 
belleJiL~ indicate thai rcgi<;lration of Cry3Bb 1 and the genetic material nece~sary for il'i 
production in corn event MOr\" 863 arc in the public interest. 
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