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Abstract  Transgenic ines of soyboan, Giyoims max (L) Merril, BMprassing o synthetic oy 14
gene Irom Bacifis Muvingiensis Berlinar (BY), were evaluated in replicated fiold Inals in 1999.
2602 for sUppression of lepidopteran pests and the resaftant crof injury, Yelvatbean caterpillar,
Arficarsia gewtimalalis Hibner, soybean looper, Peeudoplusia includens (Walkar), and gresn
cloverworm, Avpena seabra (.}, popuialion densilies weare essentially absent throughout the
growing season in each year o the siudy in sach of the Btiines avatualed compared wilh moder-
ale (5-10 larvae per row-m) ta heavy {15-20 Llarvae per row-m) populations in the [sooenic and
parentsl lines serving as soybaan controls. Significart A, gemmalals larval populakion recuc-
tlons were observed in the 5 entries compared with the nond! entrias in aach year of this study.
The P includens larval densities wers significantly lower in 8¢ entries in the 3 ¥ra ot this study
when populalicon densitios weare abundant, wheteas M, scabra ware lower in tho B lines inthe 2
¥rs of this sludy when this spacies was present. Curdlative detoliation in non Bt soybean anires
axceeded 95% in some years compared with 0.0-1 8% in the transgarie lines comtaining 24
Yialds of the transganic soybean lines were equal to or Higher than the nonBt linas examined in
each year of this shudy. It appears thal these B Iransgenic soybaans priwide sUperior Saasan-
iong contral of the commaon lepidoptaran pesls on soybeans in the southarm US., resuling in
raduced defoliation levels and potentially higher yields compared with equivalont cultivars that
lack tha Bt trait.

Key Words Bt soybean, Amficarsia genmatalis, Pseudoplusia includens, Hypena scabm,
ransgenic soybaan

Soybean, Giycine max {L.) Memill, is a major agricutural crop produced in the LS.,
with 29.9 millon ha planted in 2002 worth over $15 billion to the preducers (Amernican
Soybean Association 2003). Soybean crops in the southem ragion of the LIS,
are attacked by numerous arthropod pesls causing economic losses annually
(Funderburk et al. 1999}, The velvetbean catempillar, Anficarsia gemmatalis Hilbner,
and soybean looper, Pseudoplusia includens (Walker), are annual economic insect
pests in Georgia {Guillebeau et al. 2004) and throughout the southem U.S, (Sullivan
and Boethel 1994, Funderburk 1994). Other tzpidopteran species thal can cause
gconomic lossas in the southern WS, includg soybean podworm, Helicoverpa zea
(Boddie), green cloverwarm, Hypena scabra (F.}, several armyworm spacias, and
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leszer cornstalk borer, Elasmopalpus lignosefus (2ellert (Funderburk at al, 1935,
MacHae et al. 2005}

Insecticidal control is the primary management tactic used to consistantly prevent
economic crop losses when cutbreaks of insect pests occur on soybean (Todd et al.
1994}, However, soveral effective chemistries have been removed from the market-
place in recent years dua to label revisions or cancellations associated with anviron-
mental concerns or the costly reregistration process {Todd et al. 1984). Also, sorme
lepidopteran pests have developed resistance to some labeled insecticides (Thomas
and Boethel 1994, Felland el al. 1990, Leonard et al. 1980). Thus, mare costly altema-
tive insecticides and insecticide combinations are now necessary 1o achieve accept-
able control of these insecticida resistant pests. The overallincreased public awareness
of watar quality, &ir pollution and food processing alse mandates the judicious use of
widespread applications of insecticides on the soybean crop (Todd et al. 1554). Alter-
native biological and cultural eontrol options for managing lepidopteran pesks on soy-
beans have been developed but are not widely used due to economtic and practical
limitations {Lutirell ot al, 1998, Yeargan 1994, Fuxa 1994}, Developing insect-resistant
soybean lines with accepiable yiglds and agronomic gualities also has not been suf-
ficiently successhul 1o enable widespread adoption within soybean insect past man-
agement programs {Boethel 1983, McPherson and Buss 2007).

Recent advances in crop bictechnology repart on ransgenic crops that express
S-endotoxing (Cry proteing} from Baciftus thuringionsis Betliner (B, a common soil
bactarium found throughout the environment (MacRae =t &l 2005, Marking 2001,
Mikios et al. 2007, Parrott et al. 1994). The adoption of Bi cotton, Gossypium Hirsufurm
L., and Bf eom, Zea mays (L), has reduced the impact of lepidopteran injury to thoze
orops (Perak et al, 2001, Armstrong et al. 1995). 8t soybean varielies are not com-
mercially available at this time; however, some expenimental lines have baan devel-
oped (Miklas et al, 2007, MacRae et al. 2005, Pamatt ot al. 1994, Walker ot al, 2000).
Benetits that are expected from Bt technnlogy include lowered insecticide usage, bet-
ter control of key pests with less field scouting, reduced risks of pest losses due to
paarly timed pesticide applications, and improved safely to the applicator (Conner
etal. 2004). The chjectiva of this study was to examine several transgenic B¢ soybean
lines for lheir ability o provide season-long suppression of lepidopteran soybean
pests including velvetbean caterpillars, soybean loopers, and green cloverworms and
to evaluale the yields of 5f lines in the presence of these pest populations against
isogenea and parental lines lacking the St trait,

Materials and Methods

The transgenic Bt soybean lines used in this study were created using Agrobmete-
rrum-mediated DNA transfer into selected soybean cultivars using techhiques de-
seribad by Hinchee ot al. {1988). The transgenic lines were determined to contain one
intact copy of the Bt gene tic 107, a synthetic Cry7A construct simifar be CrytAc
{Fischhoff and Perak 1935). Isogenic Bt-negalive lines were derived for each line
through Mendelian sagregalion (MacHae at al. 2005). Mine soybean enties, 7 con-
taining B¢ transgencs and 2 without BY ransgenes, were evaluated for lepidopteran
abundance and defoliation in replicated field plots in 1999. One Brpositive entry (B62)
was delivered from Thorne' variety soybean, whergas the remaining & Br-positive and
2 Brnegativg entries were denved from 'A3237" variaty soybean. Both of these paren-
tal varietias are maturity group 3.2, Plots were established at the University of Georgia
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Coastal Plain Experiment Station in Tift Co., GA, and were 4 rows x 10 min length,
spaced C.3 m apart. The enlhes were planted on 13 July in a randomized complate
block design with 4 replications following the Georgia Cooperative Extension Service
soybean production guidelines [Jost 2008). The relatively late planting was included
in an attemgt to achieve a sensiive siage of plant growth in the eardy-maturing plants
during the expected necumence of target pests. Prior to planting, the ground was
turmed arwd bedded, and a preplant incorporation of pendimathalin herbicide {Prowl
33,112 kg [Al] ha ', BASF Corp., Research Triangle Park, NC) plus vemolzte herbi-
cide [Vemam 7E, 2.02 kg [Af] ha™!, Zeneca Ag Products, Wilmington, DE) was applied
on 12 July. Farlilizer (3% N, 9% PO, and 18% K0, Fetcher Limestone, Tifton, GA}
was applied broadcast in late June at & cate of 381 kg ha 1.

Each plol was sampled every 7-10 d for inzect pests beginning in mid-August at
the V5 vegetative stage {unifoliate leaves plus 4 unsured trifoliclate leaves [Teare and
Hodges 1894)) and continuing until late Septermber at the beginning of maturity, orthe
R? reproductive stage (Teare and Hodges 1394). Two 1-m ground cloth samples were
randomly taken down a single row from each plot on each sampling date {Kogan and
Pitre 1580). All lepidepteran larvae cbserved in each sample were identified to spe-
cies and countad. Also, on each sampling date all plols were examined for plant
growth stage (Teare and Hodges 15884 At maturity, the 2 middle rows of gach plot
were harvested on 8 October with & small plot combine {(Amaco Modal SPC 20, Ne-
vada, |A), and plot yields were determined. In mid-August, early Saptemiber and mid-
September, all pants in each plot were visually examined for percentage of defoliation,
in increments of 5%, and a plot estimate was determined for percentage of foliage
removed. Once all plot defoliation estimates were obtained, each plot was examined
a zecond time, and the estimates ware compared with the other plots to ensurg that
the percentages of defoliation were relative to each other. This method of visual dafo-
liaticn has proven to be a reliable astimale of relative defoliation among treatments
compared with measured leaf area removal with an area meter {McPherson et al.
1935) or compared with photographs of similar leaves with known parcentage of de-
tolizfion (Kogan and Kuhlman 1982, all et al. 1989). All ingact count, defoliation, and
yield data were subjected to analysis of vanance (ANOVYA) (SAS Institule 2004), and
significant treatment means were separated using the Waller-Duncan K-ratin test
(SAS Institute 2004}, Prior to analysis, all defoliation percertages ware transformned to
the square root of lhe arcsine, and both the transformad and nontransformed percent-
ages were analyzed.

In 20040, four soybean entres were planted, 1 containing St ransgenas and 3 with-
out transgenes, at the same Tift Co. site. All entries were of maturity group 3.2, with
the transgenic entry and its Bt-negetative isoline denved from A3Z37 soybaan. Mon-
transformed A3237 and the genetically similar *AG3201' varety soybean wera in-
cluged in the rial as additional BEnegative controls. Plods were 4 rows = 9.2 m in
lgngth, spaced .3 m apart and plared on 18 July in a randomized complete block
design with 4 replications. Seed bed preparation, preplant herbicide and fertlizer sp-
plications were made as reported for the 1959 test with the relatively late planting date
used o meximize sxposure to target pasts. Plot sampling for arthropods, plant growth
stages, and percentage defoliation estimates were as reported for the 1894 trial. The
2000 tast plots were harvested on 10 Qctober, using a small-plat combine to harvest
ihie wo center rows of sach plot. All insect count, defotiation, and yield data were
analyzed with ANOVA (SAS Institute 2004), and treatment means were separaled
with the Waller-Duncan K-ratic +test.
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in 2001, two separate tnals were conducted. The tirst test was planted on 8 June
and contatned 8 soybean entries, 3 containing Bt transgenes and 3 withoul 8. Entrias
in this trial incleded BC4Fs propeny of a cross hetween the Bt line 781 and ‘F&-8°
soybean variety (matunty group 6.0). Near-isoganic Bi-postive and Bi-negetative lines
were generated through segregation, and F6-8 was included in the trial as o negatjve
check. The second test containgd & different soybean entries, 2 containing St trans-
geres and 4 without transgenes, and was planted on 11 July, Entries in this trial in-
cluded BG4 Fr progeny of a cross between the Btpositive transgenic line 781 in its
parental A3237 background and soybean vanety “Estrella’ {maturity group 7.0), in
which near-isugenic Bt-positive and Bt-nagative lines were genermated through segre-
gation. Estrella and ancther late-maturity group culivas (WMS8000° soybean, maturity
group 8 0} were included in the tial as additichal regative controls. Progeny from this
eross were expected to be later maturing than the A3237 parantal background. Bolh
test sites contained plots 4 rows = 9.2 m long, spaced 0.3 m apart, and arranged in a
randomized complets block design with 3 replications. Seed bed preparation, a pre-
plant ingorparated application of pendimeathalin hergicide, 1.12 kg [Al] ha™, and 561
kg ha ' of fertilizer ware conducted as previously reponed. Plot sampling for arthro-
peds, plamt growth stages, percentage defoliation estimales, plot harvesting and sta-
tistical analysis of the data, ware sonducted as previously outlined. The eardier planted
tial was harvested (2 center rows} on 8 October, and the latar planted trial was hat-
vested on 5 November,

In 2042, four soybean entries were evaluated for insect pest abundance and crop
damage, 3 containing 5 lransgenes and 1 without 81 All entries were derived from
'ABBAT soybean variely {maturty group 5.5), with the Benegalive line representing
untransformed A5547. The entrizs were planted on 11 June, in plots 4 rows » 9.2 m
wide, spaced 0.3 m apart, and amanged in a randomized complete block design with
4 replications. The sead bed preparation, pendimethalin hebicide, and ferilizer ap-
plication were similar to the methods reported for the 2001 trials. Plot sampling for
arthropods, plant growth stages, defoliation, yield determinations, and siatistical
analyses were conducted as previously described. The yield samplos were harvested
en 7 Octobar. Youcher specimens of the lepidopteran caterpiliars coflected during
this study are deposited in the University of Georgia Tifton Campus Arthropod
Coliection.

Results and Discussion

Walvgtbean caterpillar populahons wera almost completely abzent in all 7 soybean
lines containing Bttransgenes inthe 1983 field trial {Table 1). In conirast, the 2 soybean
lines without Bt transgenes had significantly higher populations of lanvae on 31 August
(F=2044; df = 824, F < 0.01), B September (F=26.74; df = B,24; F= 0,01}, arnd 14
Septernber {F=34.87, df =8,24; P < 0.01) {Table 1}. Priorto 31 August, larval densities
ranged from 0-0.5mow-m in all soybean entries, whereas on 21 September there were
only 1.0and 1.5 per row-m in the A3237 parentat variety and AS237-781( ) Bi-negative
entries, respectively, and no larvae were obeerved in any of the Btentries. The resuling
percentage defoliation from velvetbean caterpillar feeding was significantly higher {F =
40053, dt = B, 24: P 0.01} in tho 2 nonBY entries (87 5 and 95.0%:) than in the 7 Bf
entries {0.0-0.6%) on 22 September (Table 1), No other lepidopteran larvae were com-
monly chserved at this test site in 1993, thus, plant defolistion could be attributed pr-
marity to velvatbean caterpillar faeding. The plot yields were low in all 9 entries evaluated
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Table 1. Larval densltiss (x SEM) of velvetbean caterpillar (and plant growth
stage on each sampling date), percentage defoliation and yield {13%
moisture) on nine soybean lines sither with Bt transgenes {+] or withonst
Bt tranaganes (-}, Titon, GA, 1999

Larvae per row-mater i
Soybean P % Defol. Yield

Ling 31 Aug (R5) 8 Sept (RS} 14 Sept{R&) 22 Sept. kg fha
AJ237-726 (+) 00 £0.00 03010 03x01b 03:01b 526+ IE-EE
AS237-781(+) 00xQ.0c 00+00b 0G0+00b 00+0.0b 579 £ 2223
AJZAF-851 {+)  03+01c G0+0.0h 0Dx008 0O0x0.0b 512+ t68a
AJZA7-B59{+} 00 % 00c 000006 00:00b 0.0+00b 593+329a
Thorne-B82 (+) 0.3 + 0.2 06203b 06+036 06030 41+ 13a
A3237-B63 (+) 090 +& 0.0 Otk 0D1x01b 0.4 £0.1b 5731 236a
A2237-1085 (+) 00x00c 00+00b 0000 00x00b 6262105
A3237-781 [ 55=x18a 333+58a 315+ 108a 975+ 1.1a 424 + 160a
A3ZIT variety (—} 30x1.0b  300x35a 17.0+83a 950+58a 323+ 173a

Codurnrns maans frikawed by the same ieter ai reat ségndficantly difcrend. Wablar-Duncan K-ratic Hesl, P= (.05
Larval dengitics wera 0.5 and 1 5 por row-m an the ABZ37 variety on 24 August and 21 September, FOE -
tively, and = 0.5 par rw-m an adl other samping datos. The R grsdn stage had pods fillng with seeds and
e RE growih aimge had peds contreing full-size seeda [Teare and Hodges 15).

in 1993 (Table 1) dus to the later than normal planting dats {13 July comparad with the
recommended planting dates of 10 May to 10 Jung,; [Jost 2008]) and the dry growing
conditions during August and September. Although yields wera not significantly diffar-
ent between the entries (F = 1.25; df = 8, 24; P = 0.34), all the soybear lines with 5t
transgenes (except Thome-862} produced mean yields of 100-200 kg ba * higher than
the 2 fines without B transgenes. The yields in the 2 nonBt entries wero undoubtediy
reduced due ko larval defoliation. However, this defohation accurred when the soybean
entnes were in Lhe late seed-liling (RS growth stage) or full-size seed {HE; growth
stages, thus yield rectuctions were minimal compared with yield reductions associated
with lepidopteran defoliation that occurs when soybean pods are beginning to form and
fill with seeds (Board et al. 1994, Board 2004, McPharson and Bu=zs 2007},

Bath velvetbean caterpillar and soybean looper farvae were prasent at relatively
high densiies on the 3 nenB! soybean entries evaluated in 2000, but infrequenty ob-
served on any sampling date an the Bt entry (Table 2). Velvetbean caterpillars wore
significantty higher on the nonBt entries than an the Bfentry on 7 septermber (F= 8,95
dt =3, % F=0.01), 14 September (F = 5.83, df = 3, &; P = 0.02), 21 September (F =
1548, df = 3, 8; F< 0.01), and 27 September (F= 1556, 41 =3, 9 P« 0.01) {Table 2).
Soybean looper larval densities also were signilicantly higher on the non Bf entries an
7 September (F=4.90; df = 3, 9; F=0.028), 14 September (F=1106, =3, 9; P<
0.01), and 21 September (F= 3.89; df = 3, 2 P=0.05), Green cloverwonm larvae also
were more abundant on the nonft entries on 14 Sepiember (F=573:di=3,9 F=
0.022] (Table 2). Tha relatively high dansities of velvetbean caterpillar larvae, sovbean
Iooper larvee, and to a limited extent green cloverworm larvae, combined 1o cause
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66-77% defoliation in the nonBY entries compared with only 1.6% in the Bt lina (F =
120.83, df = 3, 9; £« 0.01) (Table 2). Yields did not ditfer amonyg the 4 soybeaan lines
evaluated (F = 1,67, df = 3, §; P> 0.05), but the mean yield lor 781 AGR {+} was highear
Lhan for same of the nonBt entries {Table 2). Undoutitedly, the high defoliation levels in
the nonBt entries had a negative impacl on yields in these fines, but by the time this
defoliation occurred these early-maturing plants had already reached the A5 and RE
plant growlh stages.

In the 2001 soybean trials, velvetboan caterpillar and soybean loaper larvae warg
the commanly chserved lepidopteran spacies in both the 8 June and 11 July plantings
(Table 3). in the & June trial, velvetbean caterpillars were significantly maore abundant
in the: nondit entries on € September (F = 10.03; df = 5, 10; P < 0.01), 13 September
{F=832;df=5,10; P= 0.01), and 20 Septernber (F=9.76 df =5, 10; = 0.01}, and
soybean looper larvae were more abundant in the nonBtentries an & Seplember {F=
3048 df = 5,10 #=0.05). In the 11 July planting, velvetbean caterpillar densities warg
highar in the nenB?lings on & Seplember (F=9.74; di =5, 13; P< 0.04}, 13 Septem-
ber (F=3.5%, df =5.10: P = 0.043} and 20 September {F=6.24; df = 5, 10; £ = 0.01},
and soybean |goper larvae werg more abundant on the nen8t lines on 6 September
(F=72984 df =5 10; P < 0.01). Green cloverworm |arval densities wers 0w in 2001;
however, in the 8 Jure tnal, there were significantly more green cloverworm larvae
{(F=3356df =5 1 P=0.08) in the 3 nonB? entries {1.3-0.7 larvag par row-m}) than
in the: three Bt entires {which had No green doverworm larvae). Alss in the 11 July plant-
g, green cloverworm lanval densilies were approaching a significant difference (F=
207, df = 5 10; P=0.061}, with more in the 4 nonBt antires (2.2-1.7 per rew-m} than
in tha 2 Bt entries (0.2-0.0 per row-m}. The percentage dofoliation also was signifi-
cantly higher in the nonBt soybean entries in both the 8 June planted trial {F = 156.10:
df =5, 10, P = (.01} and the 11 July planted trial {(F = 9932 df = 5, 10; P < 001}
(Table 3). Yields were signficantly higher in the 8tlines than in some o the nonStlines
in the B June thal {(F=6.20; df = 5, 10; P < 0.01}, but no yield ditterences were noted
among the soybean entriss in the 11 July trial (Table 3). Yiclds were much higher in
the qarliar malurity group soybean entries planted on 8 Jung [2177-2582 kg ha 1)
compared with the later matunty group entries plarmted on 11 July (1444-1706
kgha '), The 11 July planting was a month later than the recommended latest planting
date of 10 June for soybeans produced in Georgia {Jost 2006).

In the 2002 triaf, velvatbean catpillar densities were sigrificantly higher on the
non8t entry than in the 3 Brentries on 20 August (F=1521; d = 2. 9; P = 0.01), 27
August{(F=237.28,df =3, 9 P=0.01), and 3 Septermber (F=175% dl=3,9, P« 0.01)
{Table 4). Soyhean looper larval densities alsa were significantly highar on the nen
Btentry on 20 August (F=B.25df= 3, 9; P< 0011 and 3 September (F = 6.55; df =
3.9, P=0.015) (Table 4). Green cloverworm larval population densities were low in all
soybean gntries (1.0 por row-mb on all sampling dates, and na differences among
entres weare observed. The percertage dafoliation in the nonSi entry (83.3%) was
significantly higher {F = 588.0; df = 8, 8, P < 0.01} than n the 3 57 enlries (Takie 4),
Yiclds were sirmilar between the Bt and nonB? soybean gntries being evaluated in
2012 (Table 4). This is likely du= to the fac! that sigrificant defoliation of the Bi-
negative line did not scour until after these maturity groups 5 soybeans had reached
full-sized seed (RE) growth stage (Board et al. 1994, Board 2004, McFharson and
Buss 2007),

The results obtained from these studies conducted in 1999-2002 suggest that all
of the Bt soybean entriss pvaluated, developad by Monsanto Company, provide nearly
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Table 4. Larval densities {x SEM) of velvetbean caterpillars and soybean loopars
(and plant growth stage on each sampling date), percentage defoliation
and yield (13% meisture, kgha) in four soybean lines with Bf transgenes
{+] or without Bf transgenes (-], Tifton, GA, 2002

Velbetbean caterpillar larvae per row-meter

% Datal
Soybean Ling 20 Aug 27 Aug 3 Sept 1% Sept
GM_A19487 (+) 0.0+ 0.0n 0D4=02b 0.3+0.2h 02020
GM_A194594 4] 00200k 03 =02k 1.0+ 14b 0.2+0.20
GM A19459B (4} 0.0 £ 0.0b 00+ 0b 0.3 +0.2b 0.0 +0.0b
ASBAT - 6.1 £{14a 15.9 + 0.8a 106 + .6a B3.3=+102a
Soybean looper larvase per row-meter Yield_
GM_AT9487 (+) .'U'.U:I:U.Db G0+ 004 4.0+ 0.0p 1653 £ 101a
GM_A134504A [+) 33020 0.0+ 0.0a 3.7 +0.09b 16686 + 112a
GM_AT154538 {+} 0.0+ 000 0.0+ 0.0 0.0+ 0.00 1627 + B8a
AESAT (—) 71+ 08a 1.3+ 0.4a 43+03a 1586 1 7da

[R5 (H5) (e}
Calumn means wilt the sama leter mre not sighilicantly diferent, WeHer-Duncan K-ratie fast, 2= 005, 1 epi-
dopleran larvae were low (= 1 § por w1 on all sampling nates befoe 20 August and after 3 Septembor. [Ho
AL growth stage bau pods filling with seeds and the G growdh stage had pods canfainiag Tullsice seeds
Teare and Huoges 1994),

complete gontrol of velvelbean caterpillars, soybean loopers, and green cloverwonms
threughout tho entire growing season. The cumulative percentage of defoliation was
extremcly low in every Bt-soybean ontry (ranging From 0.0-1.6% across all vears)
compared with the nonBt entrios (ranging from 95.0-97 5% in 199%, 66.3-77.5% in
2000, 16.7-60.0% in 204, and 83.3% in 2002). Yields of the transgenic soybean lines
with Bf were equal to the standard soybean cultivars being evaluated in these repli-
cated field trials. However, yislds in all the krisls were lowear than expected due to the
later than recornmended planting dates {lost 2006). However, these later planting
dates were selected to maximize the likelihood of late-season lepidipteran infastations
{McPherson and Bondarni 1881). In one tnal, the 8 June 2001 plantng date, viekds for
the Bt lines were actually significantly higher than the nond? entries. Thus, it appears
that Bttransgenic soybean lines are available that provide season-long control of the
common lepidopteran pests on soybeans produced in the southarn states and that
these Bf lines yield as good or better than some of the cumontly used soybean
cultivars,

The lepidopteran pest infestations were sufficient to cause signilicant diffsrences
in tha percentanes of defoliation betwesn the Bt entrics and the non Bt entries in all 4
years of this study. However, soybean yields were significantly lower in the nonSt
entnies in only one triai (2001}, results confirming earier reports that heavy defolistion
during late zeason (pods already filled with sesds) causes rminimal yisld reductions
{Board et al. 1994, Board 2004}. The lspidopteran species that were effectively
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controlled in all the Bt transgens soyboan entries examined in this study included
A, gemmatatis, P. includens, and H. scabra, Other lepidopteran pests observed at
low densities during this study included Spodoptera exigua (Hibner}, 5. omithegall
{Guenée), and Halicoverpa zea (Broddie], but populations were too low 1o make com-
parizsons between the Bt and nonSi saybean entries.

The high degree of efficacy that these B! soybean lines exhibited in this study
throughout the season against multiple lepidopteran pests confirms previous repons
that this technology is an effective pest management tactic for the soybean crop
{MacHae etal. 2005, Miklos et al. 2007, Parrott et al. 1994, Baur et al. 2003). Confirm-
ing yigld performance and cther desirable agronomic characteristies within the 8t
lines will be necessary for these entries 1o become commercially acceptable. Once
available to producers, these Ot transgenic lines have the pofontial to provide the
aconomic and environmenial benefits already being realized by the commercialization
of Bt cotton and B carn {MacHag et al. 2005).
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