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\ lhmtct 

I h,. oh1ci..ll\C ('f, 1" p.,pcr 1'1> ll1 ,1u1lmc the cum:n1 u-.c nfhcrb1c1dc-rcw)tant ,c.1\beJn and c,,rn 1n the l mtcd State and dc,"nhc 1he 
ram1h1.al1l1n o( ut1l111n~ 1hc..c cflip, demed from b1otechnoloe;~ lhc pt1puiar pre,, and nc"' art1dc, c.lctJ1I the P'''''"ln, l,f 
1,,l1n .. umer , cm1wmncnt,1l ac.l\o,atc,. Jnd the agm::ulturc rndu,tr) Recent l:Onccrn-.. c,prc,"-Cd b) comumcr, thrl1ugh,1ut the "'lrld 
ha\c .,t1eded lw" hcrh1i..1dc-rc,1,1ant crop, .lrc \1cv.cd and thu, (X'ltcnuall) the adoption ,,f the tcchnt1k>@~ 1 h'° papc:r v.111 fl,cu, l'" 
the tx-nchh dnJ ri,L." ,,I u,mg herl,u;1dc-ri..-...1,1ant ,o)bcan and corn. 'ipt.'"t1hcall) con,truch that c,,nfcr rc,1,t.rn1,;c tl.1 ~l)ph,, ate 

<,luh~matc n:,;;1'f>l,10t lh'I,.. y,1IJ a!,o be d1'4.:u,..cd , ~ono l·l-,c\1cr Science Ltd \ II nghh rc-.cr\cd 

I. ln1roduc1ion 

l'hc u,c ol hcrb1c1<k-rc...""t•mt crop~ m the L nned 
State, ha, mcrca,cd. pmn.trtl) due to the .1dopt1on of 
gl~phlh~llc-rc,1,tant ,o)hean Currcntl>, there arc o,cr 
1000 gl) ph<hatc (.\-(ph<hphonomcth) I) gl)cone) re,i,tant 
"')bean ,ancuc, ,l\a1lablc (Lav.ton. 1999). Thh ha, rc­
,ultcd m a dram~1llc change m v.ccd management tacllQ, 
m the l S ~md .1 marked increase m gl) pho!>atc U!>C. j\"e\, 
hcen,mg .1gn:cmcnt, bJ \lon3anto ,, 1th man) companies 
"tit potcnt1.lll) mcrcc:hC gl) pho~;.ttc U!>C. lnterc tmgl)-. 
corn h)hnd, th,ll arc resistant to gl)pho,ate ha,e not 
been ,,1dcl) a1..:,cptcd to date m the l·urthcrmorc. 
there ha, been ltttlc adoptton of corn or oibcan cul­
tl\ar, tr.rn,gcmcall) rc,1,t.tnt to other herb1c1dC!'l i,uch a!> 

gluflh111atc 1~-,1m1110--l-(h)dro,) mcth)lpho,phon) I) bu­

t.moll'. acid) 
'\\, \\Ced rc..,1,tam.:c to gl)pho!>atc m corn ltnd so)bcan 

pm<luc..:uon hcl<.t, ha, bc...~n documented to date. 1 lo,,­
c,cr. p.lJphlh.llC doe~ not ha,c -,oil residual charnctcr-
1'tlc..:, \ , .1 rc,uh. mult1plc 111-\ea-,on apphcauon, arc 
ortcn ncc..:c..,,.tr) to pro, 1dc acceptable ,, ccd control and 
\\Ill hkcl) pro\ 1dc ,uflic1cnt "telcctton prc~wrc ror the 
dc\l!lopmcnt or gl) pho,~1tc-rcsl)tJnt \\ CCd populauom, 
I unhcrmorc. mult tplc apphcauon:, cause a greater nsk 
or ofl-1~1rgct nHncmcnt of gl)-pho,.nc. anti thu, rcprc,­
cnt, .1 \lgmhcant en, ironmcntJI n ,k 

Recently. the utic or transgcmc crop, h,h cau"tCd con­
"derablc pubhc contro,c") Whtie man) l; produce" 
ma> rccon~1dcr the u~ of tran.,gcni<:. ¼""l)'be;.rns and corn. 
others do not intend to alter the dec1'10l1 to u~ thc'iC 
gencttc-all) modified organi,m, (GMO,) l \\oboda. ::!0001 

The debate liurroundmg tran,gcmc crop~ focu,c, on 
man) 1~~uc, The mo'.')t rct..-cnt. and pcrhap, rcna,1,c. 
is uc relate, 10 con,umcr acceptance or the te,hnolog) 

om,umers ~eemmgl) ha,e not em hr.teed the bcnchh of 
G MOs The failure of the G MO ··HaH aH·· tomato. 
one or the first commcrc1al 1r1.rn,gc01c product\. and the 
current debate about hcrb1c1dc-n!,...,tant corn and 
so) bean ,uggc~h that con,umcr, do not rc,ogn11c the 
benefits attributed to G tO, (lar,on. 19991 l ran,gentc 
crops are reported to cnham:c the chcm1cal tlcpcndcnc~ 
or agnculturc. thu, eroding ,u,tainablc 1.1gncuhurc anti 
rural mcnca ( trangc ,md \11ller. (99-1). I lcrhtc1dc­
n.::,l)tant crop~ and ,ub-,cqucnt hcrb1c1dc u,c potcnu,tll} 
reprc1-ent a ma1or en, 1ronmcntal. cconom1c and ct;olog1-
cal concern. and cnuc:io or the tcchnolog) fa,or ,\,ccpmg 
rcstncuon., to hm1t the Jdopll()ll or G \I ., (Goldburg 

ct al . 1990). 
upportcr, or tran,gcmc crop, rntl1ca1c that (J \10, 

arc no <l1ffcrcnt than '"tr,1d111<.mal'" crop tcchnolog) and 
offer Clltls1dcrablc economic and em1ronmcntal ad\Jllt­
;.1gc, (Burn,1dc. 19961. Other re,carcher, ,uggc..,, that 
1rani,gc111c !)0) bean .md corn 't)\Lcm, \\ 111 prm 1dc bcllcr 
\\ Ced management optJOn, C\Cn ,,hen cfTcclIH! ,1ratcg1c, 

alrcad) exist( \\ 1lcut ct al. 19961 

U.'.'.M , .'.'.l'JJ nu,. -.cc fronl mJttcr I wnn I 1-.c,1a ~1cn..::c I 1J \ II nllht, rc..cr,cJ 

I'll ,u1c,l-11'1~t011!0010:!.•1 
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Pcrhap:,. the greatest H,suc for transgcm crop 1s the 
impact on intemauonal trade (Juma ct al.. I 999). The 
constdcrable debate bet\\CCn 1he b1otechnolog) industry. 
the ,c1cnt1fic communny. and ,, orld con umcrs reflects 
d11lcrcnt ,trateg1c, and assc,smcnts or the tcchnolog) 
I ~u;h group \JC"' the n\kS and bcncfib of transgcm 
planh d11lcrcntl) and suggests the need for a consistent 
regulator) mccham,m. parucularl) for the • Europe 
.ind Japan The lac~ orruncuonal go,crnancc represents 
a maim problem for agncullural b101echnolog). the ac­
ccptam:c of tr~rn,gcmc crop,. and the ut1hzat1on of food­

,iull, demed from C, \IQ, 
1 he (1bJecu,c "'f th1, paper 1, to re, 1c" the current 

,tatu, llf tran,genu.: ,o) bean and corn u~ 10 the 
de,rnbc 1he benehh a,cnbcd 10 1hc 10 tcchnolog). 
assess 1he n,h p,irucularl) 1hose dc1a1led by world 
con,umcr,. and Cllndudc "1th ,uggc uon. for the future. 
\luch or the informauon u,ed to dc,clop 1h1s manu cnpl 
"•' anc.:do1al and found in 1hc popular press. Ho\\c,cr. 
the c ,ourcc!, of 10formauon arc, ital to fully under tand­
ing 1hc issue,. gl\en the 11npor1ance of 1he \\Orld con­
,umcr m the acceptance and u,e of trnn genie crop 

tcchnolog) 

2. Current c;,,tatu, of 1ran~gcnic ~o~ benn and corn 

In 1996. \lon,an10 ind1ca1cd 1ha1 approx1ma1cl) 0.4 
m1lhon ha of gl)pho,a1c-rc'1Sl3nl ,o)bean \\ere plan1cd. 
3 6 m1lhon ha in 1997 and 11 3 m1lhon ha in 199 (John 
G,><llc, per, comm 1. Dull) (I 9991 reponed that 40~, of 
the lo,,a ,o)hcan crop \\a~ gl)pho ate re l\tant m 199 . 
The au1hor e,11ma1c, 1hat 50--60', of 1hc lo\\a ,o)bean 
crop ,,a.., tran-,gcnu.: m 1999 \ cro-,\ the . an csumated 
12- 14 m1lhon ha of gl)phos.11c-rc'1,tant SO)beans \\ere 
plan1ed (I a\\t0n. 19991. Th1' rcpre>Cnt, approximate!) 

240- 2~0 m1lhon in 1echnolog) fees urrentl). 1hcre 
arc gl~ phlh.1te-rc,I,Iant ,o) bean ,ancuc:, a,a1lable from 
more 1han 200 ,eed companies (La\\lOn. 19991. 

'-.on-G \IQ so) bean accoun1cd for appro<tmatel) 
30- 15'• of 1hc l ,o)bean suppl) m 1999 (One, 1999). 
Due 10 rcccnl concern, abou1 1he acccp1ancc of G MO, 
m \\Mid trade. 1he pcrccn1agc of non- ~10 ma) m­
t:rca,c m the future and grov.cr, ma} rcccl\-c a premmm 
of 0.002· 0.009kg I for non-GMO so)bean (One. 
19991 Japan ha, ollcred a 0.01 - 0.02kg I premium [or 
non-C, \1O food-grade ><>)bean. and has a fu1ures on­
tracl for non-G \1 O ,o)bcan, on 1he Tok)O Gram 
I '"hangc !Olson. 20001 

J,1pan hkcl) '"II csiabhsh a food labehng iolerancc of 
S', G \1O m food products Mam1ammg ihe m1egnl) or 
•• n~n-G \1O crop "dtfficuh. l!,I\Cn lhe predominance 
of G \1 O "')bean m 1he f unhcrmore. few gram 
h.mdler, .,re ,ct up to :,egregatc G M SO}beans from 

non-G M soybean ( \\obod,1. 2000). egregauon rel> 
rescnls a cons1derable log1'ltcal problem and added COit 

10 the farmer and gram handler Onl) 2°, of 1he market 
was ,dcnlll) presened Ill 1999 (Ol,on. 2000) 

Europe has purcha,cd an c,11m.11cd ')() b1lhon kg oft,; 
O) bean annuall) ( \ ndcr,nn. 1999) llln,e\er. recent Ct• 

port data suggesl 1ha1 e,p<>rl ,,1 so\ he.in meal 10 Europe 
has dropped 90°, compared"' J9<JS (Ol,on. 20001. fur, 
thermorc, ~oybean and ,o~ hc.,n 1m.:.1I c,rxuh to ruropc 
were 2 and 77°0. rc!,pcct1\Ch , to,,cr in 199, than m 
1997. O1her pnnc1pal ,upphcr> nl >1nb<:an to l·uropc 
include Argcnun;i and llr,1111 1 he u,c of (, \1 0 ,o)bcan 
10 Argenuna 1-, \\1dc,prl!ad. ho,,c, cr the Br.u1han \en­
cuhurc \hmm) h,i, ind1c;i1ed 1h.11 (,\10 ,oibcan ~re 
not \\tdcl) gro\\n in flr,1111 ti ar nn 19991 De,pne 11 
go,ernment pohq .rn c,t111Mh!d lO" o or the Braz.. 
,o)bcan crop" G \1O I \nder,on, l'1'19! 

11 Corn 

orn h}bnd, that arc rc,1,t~mt hl gl) pho,ate ha,c nOI 

been \\1dcl) adopted h11ma1e, ,uggcs1 1ha1 1.6-2 m,I, 
hon ha of gl) pho,atc-rc,1'tan1 corn \\ere planted m !'I'll 
!John Goc11e. pcrs c,,mm.l \\ h1lc glufoS1natc-re,i,1an 
corn ha, been a,a,lablc for ,e,er.11 ,cars. 1hc,c h)bn<l 
ha,c not been '"deli u,cd b) l S farmer, Good allerna• 
t1,e ,,ecd management pn.,gram..,. que,w:mablc ~1cld po 
1en11al. lack of con'1,tcnt elTtc,tc). ,Ind ph) lotoxtCII) h 
,pc 1fic h)brtds ,lo\\cd the ad,,pu,,n of herb1c1dc•r ,,. 
rnnt corn I lo"c,cr. the u,c of other tran,gemc trait 
pnmanly Bani/us tlrurmg1t•n\l\ (Bll. ha, been \\ldcl} ac­
ccplcd Thus. G :-1O corn h)brtd, rcprc,cntcd 23' of 
lo"a corn m 199 (Duff). 19991 l he p,:rccntagcofG\10 
corn m 1999 "" c,umatcd 10 approach 50',. again 
a11nbu1able pnmartl) 10 Ill h1bnd, (Larson. !9991 

Curope t}ptcall) 1mpor1, 2 4~ btlhon kg oft; com 
(Ed\\ard;. 19991 , c,pcnenccd \\llh iransgcru, 
,o)bcan. corn c,pom h;l\c dropped approxima1e~ 
400 m1lhon m 199 due to fear, about G \.1O, T111, 

crca1cd a maior problem for 1he gro\\cr. a, G \10 com 
appeared 10 pro\lde a ,1g1111i«1111 proh1. compared 1, 
non-G"1 corn (Duff). 19991 

2.3 World rran.f/:CIIIC crap pnu/uuum 

The issue ofG \.1O, doc, no1 allccl onl) 1hc Thctt 
"ere more than 27 m1lhon ha of G ~IO crop, gro•n ll 
1998 (Lar on, 1999). Th" reprc,cnted a 10-fold mcreall 
from 1996. Approx,matcl). 40 m1lhon ha "ere plan1td 
w11h 1ransgemcs m 1999 ( Pcrslc) and S1cdO\\, 19991. 0,11 

20 crop pc 1e had iransgcmc ,ancucs Appro, imatd) 
IS',• of the land plan1ed ""h iran,gcmc, " "' 1n de\CIOP, 
mg na11ons. The global markc1 for iran,geni crops •at 
7 m1lhon 111 1995 and gre" to an c,11ma1cd 161 

billion m 199 Proponcnb ,uggc,11hat 1ransgcmccro)" 
pnmanl; SO} bean and corn. rcprc,cnt the ,;olution 

1 
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reeding 1hc growing world populauon without compro­
m1>tnS the ecology or the environment. Em 1ron­
meniahs1s argue that GM Os have risks that arc not fully 
undcr,1ood and may threaten the health or people, and 
diminish e olog1cal dl\cr'1t) Regardless. 11 appears 1ha1 
transgenic crop,,, 1ll l:ont1nuc to be 11nportant to the 

in the 1mmed1;.llc ruturc. 

J. \\eed management pro1cIic~ for 1ran~gcnic so~bean 

;1nd corn 

J I .'iml>t·,m 

\ ~rl ,o ch,"c not to rcg1'tt.:r gluflhmatc rc,1,tant 
,lnbcan thu, k ~nmg the tr.rn,gcmc marlet to \ton• 
'\J~lll \\ h1le Du Pont P1orn:cr "111 ltkcl) oITer tran,genic 
,l,,bcan, ,, 1th output tr.ut,. m, (lthcr uan,genu.: \O) bean. 
other than gl~phlh,llC rc,1,tant, .Irc! current!) a,mlablc 
\lon'itnto 111111.1II~ d.mncd gnl\\er, could u\C their 
G\1O ,o) b<:,1n .111d one apphcauon or gl)phosate 10 
pnn1dc ,au,r~u.:tor} control of \\Ced, Their ad,erll';IOg 
r~ported that e.1rl~ ,c~I,(m ,,ccd interference \\a~ le,:, 
1mpor1an1 fnr "')lic'1n. ,ind 1hu, gl)pho,a1c apphcauons 
could be dcla,ed \\t1hout mktng a lo" of )teld These 
claim, h.l\e n~,1 ~cn rcal11ed con-,1,tcntl} 

l·or c,amplc, lo,,a ,,a, C\trcmcl) ,,et and planung 

\\a,dcla,cd unul l,1tc m 1hc ,pnng 1996. "' a re,uh. mosi 
Jlll)tCmcrgcncc hcrb1c1<le apphcauon, ,,ere made m 1ate 
June and Jul). after mo'1 \\Ced emergence had occurred 
Thus. a ,ingle ,1pphca11on of gl)phosatc, parucularl) in 
narro\\•ro,, {lcv~ than 50cm) culture.. ,,a~ ,cry cfTecuvc 
and met grrmcr cxfk!ctauon:, for ,,eccl control (Q,,cn. 

1997) 
\\ hen planting date, arc earlier. a~ 1s common 10 the 

\ltd\\cst. often a ,inglc apphcauon of a postcmcrgcnce 
herb1c1dc ,\Ill not pro\lde \\CCd conirol 1hat meet> 
gro\\cr-· c,pcc1a11on,. Thts has general!) been 1he snu­
auon m lo"a in 1997. 199 . and 1999 While man) 
gro"cr, ha,c a11cmp1cd 10 u,c a single gl)phosa1c ap· 
phcauon. their ,uccc" ha, not tx.---cn con~1stent. lmpor• 
tantl}. \\ hen gn,\\cr, dcla)ecl the 1mual apphcauon unul 
after mo,t \\Ced, ha,c gcnmnatcd. )!Cid " 'h lost due to 
"'--~<l mtcrfcrcnce. I urthcrmore. grO\\Cr:t m the ~11d,, c

5
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do not nccc"anl) a,cnbc 10 1hc conccp1 of"b10logicall) 

nccc.-,,ar~" ,,ee<l management massi,c 
\\ h1le ,,ced ,c1cnt1:>1' ha,c de,el pcd a 

database de\Crtbtng in1cgra1cd \\CCd manngcmenl i i\\ I) 

,trntcgIc-, and rc!commcnd control of,\ced~ up ton lc,cl 
that chmmatc, potent Iii I interference "1th crop } ield 
, .. b10log1call) nci.:cv,;H)" \\ ecd management). gro,\ers 
mu,t con\ldcr other factor., ~1ore than 50° 0 of ,he lao

d 

under cu1t1,a11on 111 lo\,a 1":> rcnlcd. Thus. e~thetic:i. be­
come, a ,1g111ficant con,1dcra11on 10 the renter farmer d 

Aho. unportant 1:, management of thc sml \\CC 
,ccd n.:..,cn-oir Later emerging ,,ceds ~uch a:, common 

waterhemp (Amara111lws mdis) will produce cons1dcrable 
numbers of seed . Thus 1ransgemc soybean oiler an 
opportunn) 10 make muluple apphcauons or herb1c1dc, 
and cllec11vely con1rol weeds. The au1hor es11ma1cs 1ha1 
1hc number of in-crop, pos1emergence glyphosatc 
apphca11on approached two or more, on the a,·erage, m 

lo,\3 dunng I 999. 
As 1ransgcmc SO) bean and glyphosa1e became 1hc 

predominant markctforcc, other compame.., ha\-c attcm­
p1ed 10 develop produc1s and markcl posiuon, 1ha1 '"II 
allm, 1hcm to remam cconom1cally \table. These prod­
ucb include premix combmauon, (I.e. 1m;.uethap)r and 
glypho,a1e). propne1ar) gl)pho,atc produc1'. and prod­
uct po~1t1oned to provide earl) -.ca,on \\-CCd control 
pnor 10 posicmcrgencc apphcauon, of gl,pho,.11c (1 c 
mctola hlor and metnbu11n}. \\ hcther the-.c ,1r~ttcg1c, 

"'II be succcs ful remain, to be seen. 
m,er It) "eed ~1ent1,h rccogm,c the need for rc!,1'1· 

ual \\CCd management and make rccommcnd.1t1on, to 
re:,ohe gro\\er·~ n~k'.i attnbutablc 10 the reliance on a 
..,mgle postcmergence gl)phm,atc apphc~tuon fhe,e rec• 
ommendauon:, include the U'.)C of a re\ldual herbicide 
applied preplant or prccmergcncc. ahcrnau,c ,trategu:, 
wch as culuvauon and rotar) hoeing. and the mdu,ion 
of re51dual herb1c1dc \\llh gl)pho,alc Gro\\er accept· 
ancc of these recommendauon, ha, lx.'Cn m1\ed. but a, 
1he consi 1ency or \\CCd con1rol from gl) pho,a1c ,y,1cm, 
dcchnes. 11 ts hkcly tha11hcsc alternau,c ,tra1eg1c, "'II be 
more \\tdel) adop1ed The ,pccthc e,amplc, or \\CCd 
conirol problems attnbuiable to iran,gcmc ,o)bc,in ')'· 

1cm '"II be discussed la1cr in th" paper 

J 2 Corn 

The "eed control :,tratcgIe') for tr.in~gcmc herbicide· 
resi~tant com ha"e been ,omc,,hal different than \\1th 
oybean T) p,cally. corn " plan1cd earlier and \le\\cd to 

be more ~usccpublc 10 earl) 111tcrfcrcncc from ,,ccd'; 
Thus, companies ha,e ,uggc,1ed 1hc need for herb1c1de, 
that pro, 1de re:,1dual ontrol. m ,lddmon to the non· 
rc~idual. non-!tClccu,c hcrhn:1dc fnr "h1ch the (J \1 0 ,,a, 
de,cloped The rc'1dual hcrb1c1de, arc promo1ed fo~ 
prcplant or preemcrgencc apphcauon and m,\} mdu<l~ 
the non-re,Idual. non•1:1Clei.:11,e hcrbu.:1dc. Thcrc ~\re a 
number of premix prnduc1' commcrc1all} a, a1lahle 
These include glufminalc and aira11nc. and gl) pho,alc 
and atraone. h J\ ant1<.:1patcd that more prcm1\C\ \\ ill be 

3 ,a,Iablc in 1hc fu1urc 
·1 he performance of tr~m..,gcnIc Cllrn '}'tern,. , 1m1lar to 

iho,c d1..,cu,...cd for ,o)bcan ')'tcm,. ha, been le,.., th.m 
con~1~tcnt \lo,t of the tran,gcmc hcrb1c1<lc-re~1-,t.1nt 
corn. 10 date. ha, been gluflhlllate•tolcrant h) bruJ..,. 
The ,lUthor ob..,cncd .1 number or ,11uarnm, "here the 
glufo\matc cau1,ccl un.t«;(..'Cptablc ph_) totll\lCII) to the 
corn While the h) bnd, ,,ere ceruhcd a, rc..,1'>1 • .lll~ to 

glufo,mate. the c\previItm of the trail \\ ;.l't not ,utlu.:1cnt 
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or con ,stent enough to pro, 1dc an acceptable margin of 
safct) and an esumated 2-4',, of the plants \\ere affected 

Furthermore. glufo~mate. at the apphcauon rate" cur­
rent!) registered. has not consistently controlled "ccds. 
"hp1call). apphcauons ha,c been to larger "ccds. and 
,; field, "1th extreme!) high "ecd populauons Also. 
\ grl , o posllloned glufosmate S),tem; for management 
of d1fiicuh \\Ced, such as \\OOII) cupgrass (Enol'hola 

11
//orn). \ , glufosma1e does not read1l) translocate tn 

planh. effet:tt\C \\CCd o,crage ,\a cnucall)' important 
l a1lurc, \\llh glufosinate \\ere generall) due to dcla)ed 
apphcauom, to larger ,,ced rc~ultmg m poor o, eragc 
I· urthcrmlue. a, glufo,mate ha~ been rela11,cl) CO'tll) 
and ,c,ond apphcauon, \\Cre not con,1dcred an opuon 

b) gfO\\er-~ 
GI) pho,a1e-rc,1Stant h) bnd, ha,e recent!) become 

a,a1lablc to gro,,ers J-lo\\e,er. g.ro\\cr respon,e ha, not 
been'" ra,orablc a, \\llh gl)pho;ate-reS1stan1 o)bcan 
Gremer ... arc lc1:i'-t "1lhng to accept \\CCd"i e,1,1mg \\ 1th 
,ccdhng corn. and apph auon, arc needed earlier than m 
""bean Thu,. \lonsanto ha, posllloned gl)phosate­
re~"tant corn "11h a re,idual ,011-apphed herb1c1de 
Prcml\ combmauon, \\llh gl)pho~ate arc under dc,cl­
opment b) \lon,anto and \\Ill become the ba\l, for \\Ced 
management ,~..,tem, 1n gl)pho\Ute-rc,11:itant corn 

\ not her con,1dera11on "uh earl) gl) pho,ate-rc,1'-ttant 
corn h, bnd, "a' a lad, of toler,incc. \lon,anto did not 
m111all; allo" ,ccond apphcauon, of gl)pho,atc and 
restricted the amount of gl) pho,ate that could be applied 
to the hjbnd, lnJUr) "a' c,b~ned on a number of 
the h) bnd, m111all) a,a1lablc I urthermore. thc;c 
gl)pho,atc-rc,l\tant h)bnd, \\ere not pcrcc1,cd to ha,e 
,m acceptable) 1eld poten11al. It "anuc1pa1ed that future 
h)bnd, \\Ill e,prc" gl)pho,ate resistance at a higher 
lc,cl and ha,c better )!Cid characten,ttc, 

I he u,c of ,01l-rc~1dual herb1c1de, 1n comb1nat1on \\Ith 
po,tcmcrgcnce apphcauon, of the non-~lec11,e. non~ 
rc,1du.1I herb1t:1dc, \\Ill pro\lde gro" er-, v.uh an c,ccp­
ll0t1JI opixutunll) to cfTectl\Clj manage " ecd~- Impor­
tantl). the mdu,10n of altcrnau,c Y.ccd management 
,tratcg1c, 1, common m \hd\\C\t corn producuon ",\ \• 
tern,. \\ h1ch rurthcr 1mpro,c1:i the )uccc~.., of tran,gc~1c 
corn produwon ,),tern, \\ h1lc II is po 1blc 10 rel) 
... otcl) on po,temcrgcncc apphcauon) of the non•sclcc• 
tl\e. non-rc,1dual herb1 1dc for ,1,eed control 10 
tran,gcmc corn production. this stratcg) has not lx.--en 
con,1,tent. nor 1, ll \\Jdel) recommended b) um,er at; 
\\Ced ,,1cntt,t... 

-'· Benrfib at1ributable to transgenic herbicide-rcsisrnnt 
so~ bC'an and corn 

l ran,gcn1c herb1c1dc-rc\lS1ant crop; ha,e a number of 
bcncht<; for gro\\cr<; and co1humcrs. Tran~gcmc 0) bean 
and corn .trc included m agricultural technolog) to 

increase product I\ II) pnmanli b) reducing inputs, a,: 

thus produc11on costs (Persle) .111d S1cdo". 1999, F~ 
thermorc. gl) phosate and )!lufo,mate demonstrate fa1<• 

able en, ironmcntal and to\Knlngu.:al charactcn 

(O1\en. 199-IJ. • 
Duff) (19991 rcr<>rts hmer p1<1<luctmn costs fort,.... 

gcmc ,o)bcan Gnmcr.., 1c114,rtcd th.ll the) pnmanh 
planted gl) pho,.llc-n.:,1..,t.mt Ml) ~.lll lor tmprmcd 1 CQ3 
,ontrol I lcrh1c1dc c,....,t, 1,,1 the trdllS£Cnh.: ,o~ bean 'Atft 

Joo 0 lo,,cr than hu 0011•(1 \1( > ,,,,~.m \ nothcrbcnrit 
from the tran,gcm, "'n lx'.lll'i ,,a grc.llcr herb1l1dc ap­
phcatwn 11mtn!,' lle\lh1ht} 

Gro\\cr.., ha,c g.cncr.111~ c,JX~ncnt-cd ,,,11'1\lCnt contr 
or \\CCd, from gl, ph('l,.ltC 111 µI~ ph<hJtC-rC-.hlJ 
,o)bcan and corn. lmport.unh . gr,,\\cr, h,l\C perctncd 
the )O\,er potcn11.1l for crop ph,h,to,11.:lt~ to be a \ter 
cant benefit for tr.m,gcnu.: crop, 1 ln\\C\Cr. ., mulu-~~ 
mult1-\car ..,tud\ ... uppdrtcd h, the S,n llcan Rc-.e;1.r1.. 
Oc,cl~pment c\mnc1I ... uggc,tcd th.tt ,o~ bean m 
annbutahlc to protop1..,rph~ rtlH',gcn o,1d.1,L'. f PP01 
h1bt1or hcrbK1dc ... due.., not con,1,tcntl~ rc,ult m 10 
soybean ) 1cld, !O"en. unpuhh,hedl l ,rcnen<-.,.. m tbc 
\hd\\c,t \\t''IU)d .1h,o ,ugge,t th.it \.'Onlrol of percnrtm 
\\Ced, ,uch .1, hemp d,,ghane I i,,,,, \num ,amwbmu"'lb 
been 1mpnncd ,,11h the .1dop11un 1..lf gl~phthale•r M 

corn .utd 'l'' he.an 
Generali}: tran,gcnu: ,,,~ hc,1n .ind corn rcpre..en1 • 

opponumt) f1.lr 1mpnncd \\Ced n1.1n.1gcment [\\ ih: 
Cl al. 1996). I r.in,fcmc "'l') ~.111, .rnJ com ma) alsc 
mcrca...c ,he adopl1on or .1hern.1t1\C \\Ced managr,nn: 
practices 1Bur"'1dc. I 9961. 11,mc,er. a ,unc). condllCld 
m con1unctwn "11h the \ Id,, l cupuld ( ·enter for u,u:,. 
able \ gncultun: at kma St.lie l m,cr..,11). md1catedll:.&1 
an mcrca,c in alternau,c ,tr.th!gtc.., hu \\ecd manar­
mcnt in rc ... plm,c to tran,gl!m, ,n,p.., ,, .1 ... unhkel) (OYia. 

199-IJ 
Weed re..,11,lanc:I! 1.., mc:rc.1,rng r.1pu..ll~ throughout la 

\\orld Rc,l\tancc Ill \ I S 111h1blll'f hcrb1c1de, ha dt· 
,eloped at:rlh\ the l S 111 man~ \\t.~d~ ,pcc1e-,. but 

particular. the \ltd"c,t \I ''"'""''·'"' populauon, 
common \\atcrhcmp arc lound frc4ucntl} and the~ 
lauon, arc rap1<ll) rn,rca,rng ((hH~n. I 9971. The u..e 
tran,gcott: \0}bcan and ,,,rn ll"l.l~ ri!prc,cnt an c,ctlk!t 
,tr,neg) to manage the rc,,..,tant \\CCd populauon\. lrt 
portantl;. the non-rc,1d,MI. non-,eh:1.::11,c herb1c1dts'1 
the tran,gem, i.:rop, arc reported hl h,nc .t kn, potetl 
for the c,oluuon of rc,1,1an1 \\Ced populauom (Anoat 
mou,. I 997). 

Pcrhap,. the grcatc,t ht.!ncht for tran,gcnic tC"hnolt 
g,e, m 1:io)bcan and corn h.1, not ,ct been rcahzed. nii 
benefit " 1mpr0\ed output 1ra11:and ul111na1el) !1111> 
'"II ha,c \pcc1hc nutntlonal ,harat:tcn"'ltlC'i that \\lib: 
econom, alli bcnclie1al to agriculture Report> ol• 
pro,cd nu1rrnonal quahuc ... for n,c (On,:a satna) ~ 
cate the high po tcnual for tran,gemc crop, to ~.,· 
malnutntlon throughout the \\ nrl<l {Guerinot. • 

\1 DA. (Jken Crop Prot«llon /9 (]()(K)J 76.5 77 J 

Larson. 1999; Yect al. 2000). The same po1en11al exists m 
1ran,gemc soybean and corn (\ alt Fehr. pcrs. comm.). 

5. Ri,k\ ll\..,ociatcd nith lr:rn..,gcnic h('rbicidc~resistant 
,o~ IK'an, .ind corn 

Cook I 1999) h,tcd "' n,k 1,,uc, for tran,gemt: crop, 
I he li...t mdudcJ thL' n,k or gene tr.111,fer, \\Ccdmc ....... trait 
clki.:b. ~cncllL .111J phcnnt~P" \.trl.lb1llt), c,prc\\1on of 
~Cth:llt. m.,tcn.d from p.nhogcn, .111<l \\Orkcr ... arc1, I or 
c,.11nple m,,\ mg tr.in,gcnc ... cnt:othng .,llcrgcn, ;010 a 
Lr,lp c,,uld h.1,c .1J,cr,c- he.11th cflcch (Pcr..,Je, and 
'-11cd1.l\\ . 1999) I l ll\\c\cr, ,c,cr.1I of thc,I.! n,\... ,,..,uc~ hkcl, 
Jo not darccth rcl.1tc to tr.rn,gcnu.: ,n) hcan .inJ corn • 

I here httll' 11kchhotxt of !!enc tr.rn,fcr from ell her 
Ml\ llc.m or Lorn to ,,ceJ~ pl.111h. thu, ,onfcrnng rc,1,t­
.111,c 111 \\ccds lO the non-,ckc11,c. nnn-n:,u..lual hcrb1-
1.n.k, tC,rooms, 1999) llu\\c,cr. there 1, ., n,k that 
u.in,ci:nic..: crop, Lould OC,omL" H-.Juntccr \\Ced ... (O\\cn. 
199-41 I uuhernwrc. pollen mtni:mcnt ma, rc ... ult in the 
tr,1n,fcr of hcrhK1de rc,1,1.1111.:e 11., ntHt-G \t() corn.\\ h1ch 
i.:,n1IJ then tx·,omc .tn U1t.tnllL1patcJ ,oluntccr \\t.'Cd 
prl,hkm 

D,:-.p1tl" 11lllli...tr~ dain1, th.II the tran,!tcm, ..,~,tem, do 
not n.:prc..,cnt .1 n,k for the de,clopmcnt of hcrhll:1dc­
rc 1,t.tnt \\\.'l'd popul.llmn, I \nmt) mou,. 1997). man~ 
,c.:1cnt1,i... fed that the ,clell1r1n pre ...... urc from the 1.1rgct 
hcrh11..:1Jc, 1' ... uf111.'.1cnt to c.m,c. at the le,11,t. ..,fllfh m \\Ced 
popul.tlll\11.., t,, ,pccte, that arc not elTcctl\el) controlled 
fl)ukc ct .11. 1991, Holt. 199-1. RJd<hC\lch and Holt. 
l9S-H ,umcrou, ,ommon \\.Hcrhcmp and ,cl,etlcaf 
1 lhuulcm 1/J.,·ophr,l\ll) ccmtrol problem, ha,c hcen re­
fl'lrtcd in gl~pho,ate-n: ... 1,tant ,o)h<.:an, 111 lo\\a {O\\cn. 
199.,) Some of thc,c problem~ h\...cl) rcnc,t poor man­
•'!!cmcnt ... tr.1tcg1c, on the part or gro,\ cr .... ho"c,cr d1ffer­
cnual tokran,c to gl) pho,atc h.1, been confirmed in 

"'me 1..'.t\llllllllll "atcrhcmp popul.1t1on, ( Ian /cla)a. per ... 
comm 1. lie ...... tl996J mdu.:.llcd that \\ec<l control proh­
lcm ... for I\\ \I "')"tcnh h.1 ... cd on tr.111,icmc "JO)bcan .md 
cl,rn .ire due to a l.u.:k or lm," ledge .1b<,ut the ccolog} 
and hwh,g) l,f ,,..:ed crop mtcra,uon, 

llcrh1c1dc dnft 1.., ;,1 n,\... for all hcrh1c1dc-.. hut due to 
mulupk 111-crnp ;,1pphG1tU,ln,. ma} be a grc.llcr n,k for 
the tr.tn,gcmt: ,rop ... (O\\Cll. 199-1. I 997). \ .., the current I) 
.1,.ul.1hh: t.trgct hcrhll:1<lc, for tran,gemc ,o~bcan and 
,,,rn <ln rwt h.l\e ... clcc11,1t~ for 1110,1 plant,. ,hght <lnfl 
rrl,m thc-.c hcrh1c1Jc.., ma, i.:.n1...i: greater .1ml more notu;c­
.1hlc J.11n.1gc th,111 dnft f~om other hcrb1L'.lde,. I lcrh1e1<lc 
J11ri compl.unh .rnd ,uh,cquent hug.nmn, continue to 
11H.:rc.1,c 10 lo\\a (Charle-, I d.crman. pcr--. comm.) 
GI) ph,,...,ttc dnft ,ompl.1111h rcprc,cnt .i ,1gmfi1.:an1 num­
hcr ,ll the hH.1I Cllmptunh in lo\\a 

\ rwthcr i.:nnt:crn for tr.uhgcnu.: ,o)bC,lll and ct,rn ,.., 
\\ hcthcr nr ,wt thc ,.unc ) 1eld potcnt1,il c, i...h ,omp;.ircd 
to the non-(1\IO ,.meuc, and h;bmh (Po\,ell. 1999} 

Harper (1997) reported that glyphos.11c-resistan1 ,o)bean 
ha,e the same yield potenual as glypho,atc-scn\111\C 
,·aneuc~. Furthcnnorc, compcllllon bctv .. ecn \Ced com­
panies \\ill result m belier yields for GM h)bnds and 
vanellcs (Du,1ck. l996J. llov,e,er. Marking (1999) ,um­
mar11ed \.lld\\est Ln1Ver>1I) ,o)bcan )!Cid tnal, and 
concluded that there \\a\ a ") 1cld drag·· a,,oc1ated \\ uh 
gl)'pho,atc-re1:i11,1an1 ,aneue;. A 4°0 )1cld pen.tit) \\a, 
a\\OClatcd "1th the gl}phosa1e-rc,1;tancc trail. comp.ired 
to COO\enllonal ,aneue ... f()phngcr l.!t .11. 1999). 

Tauer and 1.0\e (19X9) modeled the 1mp.1ct of tran,­
gemc crop, on production <.:t'hh and prcd1Ltcd that <le,. 
pile claim.., of bct1cr \\Ced m.magement, higher } 1el<l 
po1en11al. and 1mpnncd e,onom1L n,l, thl",c tr.uh 
\\l"IU)d not h.1,c a ,1gmhc.mt effect on c,onomn: return, 
\\hen the tc,hm,log) \\.h \\1del~ adopted Jh,\\1.·,cr the~ 
a1'o prcd11.:tcd th.u earl) adopter, ,H,uld llcnchl ct.o­
nom1eall) from the C,\10 crop, Duff, (llJ991 ,.1hd.11cd 
the ... c claim, .rn<l md1Latcd th.11 no d11Tcrencc.., c,1,t..:d lur 
e,onumu.: return, for C,i\10 .tnJ non•G \l() ,o, hc.111 I he 
potcnual ri:du1.:11on m ~ 1cld potential and thc ;ddcJ ,ccd 
l:tht for tran,gcm, ,o~ bc.111 .rnJ ,orn m.1~ rcljuiri: 
gro\\er, to rca,,e"' \\hether the ant11.:1p.HcJ ""-c<l m.1n­

.1gcment bcnclih out\\c1gh other a,..,c>ci.ucd n,k.., 
Pcrhap\. the mo\t \lgmlic.1111 n..,k attnbut.ible to tran,­

gcmc ,o) bc;.111 and c.;orn 1, the lo" of marlct.1b1ht, for 
G \1O gram. The C\port markeh for thc ... c crop~ arc 
\lgmficant. fapan purcha-.c, alm,ht a third uf corn c,­
portcd from the L' .• ind the l·uropcan Lmon purcha,e, 
appr<n1matel) 40' • of the l ·s '"l bean e,r<1rtcd ( I urner. 
1999). fhc lack of Jl:l:Cptant:c tO\\.trd, 1r.111,£Cnic, c,­
prc,,cd b) thc,c cu,tomer, puh future c,rx,rt ,.,le, .lt 
conS1derablc mk !,\ ndcr,on. 1999; I d\\ard,. 1999). I he 
mab1ht~ of gnn,c'"' .111<l grnm comp.1111c ... to dTclll\CI} 
... cgrcg.itc G\tO, from non- , \10, .11,o pl.ice, the c,port 
of "1rad1t1onal" aop, to cu,tomcr ... "h,, de,irc non­
G \I , m Jeopard) (Ol,on. 2(Xl0. One. 1999. ,ind 
·,\oboda. :!000). fhe lat:\... or toler.rn,c, for G\10 ,lm­
t.1mmauon to non-G \I() ,rop, doc, not help the ,11u­
auon (O1,on. 2()()(11 

6. Con.,umrr, and tran~~enic hcrbicidc-rc,i,t:1111 

\O~ bean and corn 

The t ·111tcd St.11c, I ood .md Drug \ <lm1111,tr.11wn 
fl D \ ) regard ... tran,gcnK ,o~ ~.in .m<l ,orn the ,.1mc a, 
non-G \!O crop,1Kilman. 19991 Thu,. G\l(h lt,l\c b..-cn 
deemed ,afc to c,11 l l ll\\l.!\l.!r. ,omc ,011,umcr, \\orl<l" 1dc 
h,1,c <lctcrmmc<l th.it the..,!.! tran,gc,m.: t.:nlp, arc not Jc­
\lTilblc .ind h.1,c lallcled them •· 1 r.111ke1htc111" food, 
O"lcc. 1999}. fhe dch,ttc lack.., ,t:1cn11hc c:rcd1h1h1~ on 
mam leH:1' '\c\crthclc,..,. ctrn,umcr.., ha,c m.1dc their 
Hllc~, hc.1rd. and .1 -.cgmcnt tlf the fol,<l mdu,tr; h.1.., 
rc.icted ncg.1t1,cl} tlmard, tr.in,gcmc crop, 1}-.. 11111.111. 

1999) \\'h1lc nm,umcr rc,,,t.1n1.:c tt, tr.11hgcn11.: ,rop, "•'"' 
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maml) an 1,~ue m Europe and Japan. some con• 
~umcr ha\C cxpres~ s1m1lar concerns. and some 
companie ha,c re.ponded a ordmgl) 

One or the mam problems 1 "hcther or not processed 
rood, arc G \1O-frce. Labeling the genettc content or the 
gr.11n and processed products has been proposed a, 
a ,olutton to con,umer rears (\losch1nt. 1999). There ha, 
been go\crnmcntal \Upport for \0luntccr labeling of 
tr,m,gcntc gram. and products The la k or tolerance, 
d,><, not appear to ,upport labchng G~IO content a, 
a po"1blc ,olutton to con,umcr\ rears r urthermorc. 
gl\en the problem.., \\Ith gram ,egrcgation. It 1, unhkcl) 
th,11 labehng can l>e efTcctl\el) accomph,hed 

7. Conclu,ion't 

Tram,gcmc hcrb1c1dc•re,1\tant \O)bcan ha,c become 
a ,tandard productton practtcc m the L and ad,ocate, 
predict that tran,gcmc hcrb1c1dc•rc,1\tant corn \\ ill foJ. 
lo" \l o,t or the transgenic hcrb1c1de-rc"stan1 soybean 
and a portion of tran..,gcn1 hcrb1c1dc•rC\1~tant corn ha\C 
trail, that confor rc,"tancc to gl) pho,atc. \ ,mall per­
centage of the tram,gcnu; corn i, for glufo,mate rc,1\t· 
ancc. \l°h1le there are man) benelits attnbutab)c to 
hcrb1c1de•rc,1,tant crop,. there are al,o n,k, The 
grcatc.._1 concern e,pre,,cd b) the con,umcr-, or agncul• 
tural produch addrc,-.c, the ,afet) or footh from tran,. 
genie t:rop, ·,1cncc h;.1, not hccn ahlc 10 ,uccc..,,fulh 
an,\\Cr lh1, concern, and the agm.:ultural mdu,tr} ha~ 
not been cfTcc.:11,cl} rc,pon,1\c to con,umcr rear.._ Gram 
handler ... and procc..,..,or-o, ha\C plac.:cd ,omc rc,tnc.:uon, on 
tran,gcnu; c.:n.1p, 1n an attempt to meet the concern, or 
con,umcr, 

It doc, not appear that the debate about tran,gen,c, 
\\Ill ,oon end 1-urthcrmorc. the con,umcr,· rear, appear 
to be c.,cala11ng. thu, mcrca..,mg the potcnual n,k for 
gro\\cr, \\ho mu,1 market the tran\gcmc ,o)bcan and 
corn The author ,uggest, that the rapid mcrea,c, m the 
u,c of tran,gcmc ~o)bcan and corn \\ill ,lo\\ and ma, 
dechnc in the near ruture. l he uncertatnt) or a profit. and 
the po,"b)c loss or a market." ,11 cau,e man) gro\\ers m 
the l to \\\llCh to crop, \\llhout tran,gemc trail\ 
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