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ABSTRACT Differences in larval survival and development of bollworm, Helicoverpa zea (Bod-
die), and fall armyworm, Spodoptera frugiperda(J.E. Smith), respectively,were found toexist among
commercially available Cry1A(c) transgenic Bacillus thuringiensis Berliner (Bt) varieties. Using a
quantiÞcation assay (ELISA) to measure the levels of d-endotoxin in two of these varieties (ÔDP
451B/RRÕ and ÔNuCOTN 33BÕ), differences in the amount of d-endotoxin present in various plant
parts was correlated with larval survival of bollworms and larval development of fall armyworms
throughout the growing season. Larvae thatwere fed onDP451B/RRcompleteddevelopment faster
and exhibited better survivorship than those larvae fed NuCOTN 33B, whereas lower levels of
d-endotoxinwere generally detected in plant parts fromDP451B/RRcomparedwithNuCOTN33B.
These differences may impact population dynamics of these pests which may be a critical factor in
managing resistance to Bt. Furthermore, the utility of using this system for providing information
to the grower concerning varietal choices may be more common in the future.

KEY WORDS Bacillus thuringiensis quantiÞcation, transgenic varieties, enzyme-linked immu-
nosorbent assay

SINCE THE FIRST transgenic Cry1A(c) Bacillus thurin-
giensis Berliner (Bt) cotton variety was commercial-
ized in1996, therehavebeennumerous advancements
for insect control with transgenic technology. Where
once a single variety contained a single insecticidal
gene, growers can now choose from .25 transgenic
varieties. These varieties can contain the Cry1A(c) Bt
gene (Bollgard, Monsanto, St. Louis, MO), herbicide-
resistance genes (Roundup Ready, Monsanto, St.
Louis, MO, or BXN, Aventis, Lyon, France), and Bt
varieties stacked or pyramided with a herbicide-resis-
tance gene. Because the number of transgenic cotton
varieties being developed annually is increasing, eval-
uation of varieties that best suit speciÞc geographical
regions and growing conditions is becoming increas-
ingly difÞcult. The advent of commercialized
Cry1A(c) d-endotoxin quantiÞcation systems will al-
low more routine evaluations of different Bt varieties.
As with any foliar insecticide and herbicide, the efÞ-
cacy of each varietymust be determined to ensure the
best recommendation to growers.

Resistance management guidelines have been de-
veloped to prolong the usefulness of transgenic insect
control products. Primarily based on modeling data,
these recommendations suggest that planting non-Bt

cotton will serve as a refuge for Bt susceptible Lepi-
doptera and thus delay resistance (Caprio 1994).
These models rely on a high-dose strategy for insects
such as the tobacco budworm, Heliothis virescens (F.),
but delaying resistance developing in insects that are
intrinsically tolerant to Bt cotton, such as the boll-
worm, Helicoverpa zea (Boddie), are much debated.
Recently, laboratory genetic-model studies have
shown that temporal separation of mating can poten-
tially occur among tobacco budworm and pink boll-
worm, Pectinophora gossypiella (Sanders), sub-popu-
lations from non-Bt and Bt cotton (Peck et al. 1999).
The assortative mating results from a delay in larval
development for resistant larvae feeding on Bt cotton
relative to larvae feeding on non-Bt cotton (Liu et al.
1999). Therefore, if current Bt varieties express dif-
ferent levels of Cry1A(c) d-endotoxin, then further
reproductive isolation of populations of intrinsically
tolerant Lepidoptera may occur, complicating recom-
mendations.

Although genetic transformation events often mod-
ify the agronomics of the transgenic variety compared
with the corresponding parental variety (e.g., plant
maturity and mean height) (D&PL Seed Research
and Agronomic Services, Scott, MS), few studies have
beenpublished that examinedifferential expressionof
toxin among different plant parts and varieties (Fitt
1998, Holt 1998, Sachs et al. 1998). Greenplate (1999)
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developed a quantiÞcation bioassay using tobacco
budworms that showed that Cry1A(c) d-endotoxin
levels decrease among squares and bolls throughout
the growing season. Although numerous studies have
shown that intrinsically tolerant Lepidoptera widely
differ in their susceptibility to the d-endotoxin
(MacIntosh et al. 1990, Jenkins et al. 1992, Wilson et
al. 1992, Stone and Sims 1993, Adamczyk et al. 1998a,
Luttrell et al. 1999), none have tried to correlate larval
survival and development to the amount of d-endo-
toxin present in commercial varieties. In a preliminary
experiment, two Bt varieties widely differed in their
effect on bollworm survival (ÔNuCOTN 33BÕ and ÔDP
451B/RRÕ, Delta & Pine Land, Scott, MS). Therefore,
these two varieties were closely examined to deter-
mine if differences exist in bollworm survival and fall
armyworm development among various Bt plant parts
and varieties, and if such differences could be corre-
lated to d-endotoxin concentrations.

Materials and Methods

Field Plots. Eight non-Bt varieties and 17 Bt vari-
eties were planted in experimental plots on 24 May
1999 near Elizabeth, MS (Table 1). Plots consisted of
four rows (1.0 m centers) 3 30.5 m. Treatments were
arranged in a randomized complete block design with
four replications. All plots were nonirrigated. Insec-
ticide applications consistent with local recommen-
dations were made on all varieties for nonlepidopter-
ous insects throughout the season. Only non-Bt
varieties received a single application of foliar insec-
ticide (organophosphate) to control a natural infes-
tation of tobacco budworms and bollworms.

Larval Survival of Bollworms Among Plant Parts
from Different Bt Varieties. Insects. To ensure that
healthy, near wild-type larvae would be used in all
tests, collections were made from whorl-stage Þeld
corn near Stoneville, MS, in early May of 1999. Ap-

proximately 300 larvae were collected and reared to
pupation on artiÞcial diet. Rearing of adults and egg
harvesting were conducted as described in Adamczyk
et al. (1998a). TheF2 or F3 generation of neonateswas
used in all tests.

Leaves, Squares, White Flowers. To compare larval
survival of bollworms among 17 Bt and eight non-Bt
varieties, 15 leaves (fourth true leaf stage), 10 squares
(8Ð9 node stage; prebloom cotton), and Þve white
ßowers (Þrst-position; Þrst week of ßowering) were
harvested from randomly selected plants from each
plot (4 replications) (Table 1). Only a single individ-
ual plant part was harvested per plant. Leaves and
squares were placed into individual 29.6-ml plastic
cups (JetPlastica, Hattisburg, PA), and white ßowers
were placed into individual 236.8 ml paper wax-lined
cups (Chimet, E. Providence, RI). Because of petal
desiccation complicating larval assessments in previ-
ous studies (Adamczyk et al. 1999), the petals were
removed before larval infestation. One neonate was
introduced into a cup containing a leaf (60 neonates/
variety) or a square (40 neonates/variety), while
three neonates were introduced into a cup containing
a white ßower (60 neonates/variety). The cups were
capped with corresponding lids. After 2 d, larvae from
leaves were carefully transferred with a camelÕs-hair
brush into individual 9.0-cm petri dishes that each
containedamoistenedÞlter paper anda fresh leaf, and
the plates were covered with corresponding lids. All
cups and dishes were placed inside an autoclave bag
to further prevent desiccation, and were held in an
environmental chamber (Percival ScientiÞc, Boone,
IA) at 27 6 18C, 80% RH, and a photoperiod of 14:10
(L:D)h.All plant partswere changedevery 2d.Larval
survival among all plant parts was assessed at 4 d after
exposure (DAE). Furthermore, larval survival among
leaves was assessed at 8, 10, and 14 DAE. Larvae were
considered alive if movement was observed after be-
ing lightly stroked with a camel hairbrush. Because
larvae that were inside the square could not be as-
sessed without causing signiÞcant mortality from mu-
tilation, these samples were discarded. The number of
alive larvae fed leaves and white ßowers was log trans-
formed,whereas percent survival of larvae fed squares
was arcsine square-root transformed (Steel andTorrie
1980). Mean survivorship was analyzed using REMLÐ
analysis of variance (ANOVA), and means were sep-
arated with the LSMEANS option of PROC MIXED
(Littell et al. 1996).

Larval Development of Fall Armyworms Between
Two Bt Varieties. Insects. Fall armyworms, Spodoptera
frugiperda (J. E. Smith), were used in the larval de-
velopment study because this species is a damaging
pest of cotton that is intrinsically tolerant to the
Cry1A(c) d-endotoxin and can be easily reared to
pupationonBt varietal tissue (Adamczyket al. 1998a).
Larvae were obtained from the USDA-ARS-CHPRRU
at Mississippi State, MS. Females from this colony are
annually out-crossed with wild, pheromone trapped
males to ensure genetic diversity and traits present in
Þeld individuals. Larval andadult rearing aswell as egg

Table 1. Commercially available cotton varieties planted in
Elizabeth, MS, 1999

Non-Bt cottons Bt cottons

Conventional
Herbicide-
Resistance

genea
Cry1A(c)b

Cry1A(c)b 1
Herbicide-
Resistance

genea

DP388c DP425RRc DP20Bc DP409B/RRc

DP5111c DP429RRc DP32Bc DP422B/RRc

DP5415c DP436RRc DP35Bc DP451B/RRc

DP5415RRc DP50Bc DP458B/RRc

PM1220RRd DP90Bc PM1220B/RRd

DP428Bc

DP448Bc

NuCOTN 33Bc

PM1215BGd

PM1244BGd

PM1330BGd

PM1560BGd

a Roundup Ready (Monsanto, St. Louis, MO).
b Bollgard (Monsanto, St. Louis, MO).
c Delta & Pineland variety (Delta & Pineland, Scott, MS).
d Paymaster variety (Delta & Pineland, Scott, MS).
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harvestingwere conducted as describedbyAdamczyk
et al. (1998a).

Leaves. Two Bt varieties (DP 451B/RR and Nu-
COTN 33B) were compared with each other and a
non-Bt variety served as a control (DP 5415). From
each plot, a single leaf from 30 randomly selected
plants was harvested as described above (4 replica-
tions). One neonate was placed in each dish along
with a moistened Þlter paper, and the dishes were
covered with corresponding lids (120 neonates/vari-
ety). Leaves were changed every 2 d until pupation.
Larval weights were recorded at 16 DAE. Pupal
weights, pupal duration (separated by sex), and time
to pupation also were recorded. All data were log
transformed (Steel and Torrie 1980). Mean survivor-
ship was analyzed using REMLÐANOVA, and means
were separated with the LSMEANS option of PROC
MIXED (Littell et al. 1996).

d-Endotoxin Quantification. Two Bt varieties (Nu-
COTN 33B and DP 451B/RR) that differed in larval
survival and development of bollworms and fall ar-
myworms, respectively, were analyzed to quantify the
amount of d-endotoxin present in various plant parts.
In addition, a non-Bt variety (DP 5415) was used in all
protocol steps as a control.

Leaves. The amounts of d-endotoxin present in
leaves from the two Bt varieties (NuCOTN 33B and
DP 451B/RR) were quantiÞed throughout the grow-
ing season (24 JuneÐ2 September 1999). To ensure
that all leaves used in these assays were of a known,
uniform age, the fourth true leaf from 100 plants in
each plot was tagged on 24 June 1999 (Slant ÔN Lock;
A. M. Leonard, Piqua, OH). For the Þrst three sample
dates (24 June 1999, 7 July 1999, and 6 August 1999),
a single tagged leaf was randomly harvested from Þve
plants/plot (four replications). Because some of the
tagged leaves had shed throughout the growing sea-
son, only enough samples from Þve plants/plot (two
replications) could be harvested for the last sample
date (2 September). Leaves were transported to the
laboratory and within a few hours after being har-
vested, one sample ('5 mg) was taken from each leaf
using a standard 6 mm paper ticket punch. The leaf
samples were weighed to accurately determine the
amountof startingmaterial andcombined intoa1.5-ml
microcentrifuge tube and homogenized by hand in
Cry1A(c) extraction buffer (EnviroLogic, Portland,
ME) using a Þtted pestle. This entire extraction pro-
cess for each variety was replicated twice.

Fig. 1. Amount of d-endotoxin (ppm) measured in leaves from two Bt varieties throughout the 1999 Mississippi Delta
growing season.

Table 2. Mean 6 SE percent larval survival of bollworms fed leaves among cotton varieties and between two commercially available
Bt varieties

Assessment
(DAE)a Non-Bt cottonsb Bt cottonsc

NuCOTN 33B vs DP451B/RR
(P-value)

4 92.29 NS 6 1.12 34.32** 6 2.59 18.33 6 10.32 55.00 6 13.44
(P 5 0.001)

8 87.29 NS 6 1.68 21.08* 6 1.97 8.33 6 6.31 40.00 6 13.61
(P 5 0.001)

10 85.83 NS 6 1.76 15.59** 6 1.59 3.33 6 3.33 30.00 6 11.71
(P , 0.001)

14 83.13 NS 6 1.67 7.84* 6 1.13 0 16.67 6 10.36
(P 5 0.008)

Percent survival converted to number alive and log transformed prior to analysis (a 5 0.05; PROC MIXED [Littell et al. 1996]). * , P , 0.05;
** , P , 0.01; NS, not signiÞcant.

a Days after exposure.
b Average from eight non-Bt varieties (Table 1).
c Average from 17 Bt varieties (Table 1).
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To identify possible geographical isolation affects,
an additional location (B. R. Leonard, Macon Ridge
Location of the Northeast Research Station, LSU Ag-
ricultural Center, Winnsboro, LA) was added. Leaves
were harvested on 29 July 1999 and frozen within 1 d
at 2808C. The identical harvesting and sample extrac-
tion techniques were followed as described above.

To quantify the amount of d-endotoxin present for
each variety, a commercial quantiÞcation plate kitwas
used (EnviroLogic). This “sandwich” enzyme-linked
immunosorbent assay (ELISA) uses a color develop-
ment step where intensity of color production is pro-
portional to Cry1A(c) concentration in the sample
extract. Therefore, quantiÞcation of d-endotoxin is
determined spectrophotometrically (Benchmark,
Bio-Rad, Hercules, CA). For all sample dates, both
varieties were always identically compared in a side-
by-side experiment. The proper standard curve, dilu-
tion factors, positive and negative controls, and cal-
culations were conducted as dictated in the kit
protocol. Means were analyzed using REMLÐ
ANOVA, and the means were separated using the
LSMEANS option of PROC MIXED (Littell et al.
1996).

Square Parts, White Flowers, Bolls. The amount of
d-endotoxin present in plant parts from the two Bt
varieties (NuCOTN 33B and DP 451B/RR) were
quantiÞed simultaneously when bioassays were being
conducted, with the exception of bolls (no bioassay

conducted). To ensure that bolls were the same age,
Þrst-position white ßowers were tagged as described
in Adamczyk et al. (1998b), and the subsequent bolls
harvestedafter3d.Forbractsof squares, apaper ticket
punchwas used to obtain samples asmentioned above
for leaves. However, a scalpel was used to obtain a
cross-section of tissue from square buds,white ßowers
(petals removed), andbollwallmaterial (i.e., no seeds
or lint). The same protocol was used for sample prep-
aration, except that thehomogenization stepwasmod-
iÞed. To maximize uniformity during extraction, a
high-speed homogenizer was used which used stain-
less steel beads (6 mm) to shear the tissue (Mini-Bead
Beater; Biospec Prod, Bartlesville, OK). The amount
of d-endotoxin was quantiÞed as mentioned above for
the leaves.

Results

Correlating Differences in Larval Survival of Boll-
worms to d-Endotoxin Levels in Two Bt Varieties.
Leaves.Although therewereno signiÞcant differences
(P . 0.05) observed in larval survival among the eight
non-Bt varieties at 4 (F 5 0.46; df 5 7, 21; P 5 0.86),
8 (F 5 1.16; df 5 7, 21; P 5 0.36), 10 (F 5 1.40; df 5
7, 21; P 5 0.26), and 14 DAE (F 5 1.33; df 5 7, 21; P 5
0.29), signiÞcantdifferences (P,0.05)wereobserved
in larval survival among the 17 Bt varieties at 4 (F 5
2.41; df 5 16, 48; P 5 0.01), 8 (F 5 1.99; df 5 16, 48; P 5
0.03), 10 (F 5 3.14; df 5 16, 48; P , 0.01), and 14 DAE
(F 5 2.16; df 5 16, 48; P 5 0.02). In particular, signif-
icant differences (P , 0.05) in larval survival were
observed between the two Bt varieties, NuCOTN
33B and DP 451B/RR, at 4 (LSMEANS: t 5 3.38; df 5
48, P , 0.01), 8 (LSMEANS: t 5 23.40; df 5 48, P ,
0.01), 10(LSMEANS: t5 23.84; df548,P,0.01), and
14 DAE (LSMEANS: t 5 22.76; df 5 48, P , 0.01)
(Table 2).

Higher levels of d-endotoxin were detected in
leaves from NuCOTN 33B than in leaves from DP

Fig. 2. Amount of d-endotoxin (ppm) measured in var-
ious plant parts from two Bt varieties.

Fig. 3. Distribution of larval weights (mg) for fall army-
worms reared on two Bt varieties.

Table 3. Mean 6 SE percent larval survival of bollworms fed
squares or white flowers from different cotton varieties

Squares White Flowersa

Non-Bt cottonsb Bt cottonsc Non-Bt cottons Bt cottons

65.60 NS 6 2.38 16.67 NS 6 1.81 76.67 NS 6 1.56 62.06 NS 6 1.81

Percent survival log transformed prior to analysis (a 5 0.05; PROC
MIXED [Littell et al. 1996]). NS, not signiÞcant.

a Petals removed.
b Average from eight non-Bt varieties (Table 1).
c Average from 17 Bt varieties (Table 1).
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451B/RR. SigniÞcant differences (P , 0.05) in the
amount of d-endotoxin present in leaves from these
varieties were observed for all sample dates from ex-
perimental plots in Elizabeth, MS, {[24 June 1999 (175
d): F 5 143.11; df 5 1, 18; P , 0.01] [7 July 1999 (188
d): F 5 18.60; df 5 1, 6; P , 0.01] [6 August 1999 (218
d): F 5 206.69; df 5 1, 3; P , 0.01] [2 September 1999
(245 d): F 5 803.01; df 5 1, 2; P , 0.01)]} including the
samples sent from Winnsboro, LA, [29 July 1999 (210
d): F 5 18.78; df 5 1, 2; P 5 0.04]. Trend lines further
indicate that d-endotoxin levels appear to decrease
throughout the season (Fig. 1).

Square Parts, White Flowers, and Bolls. At 4 DAE,
there were no signiÞcant differences among the eight
non-Bt varieties (P . 0.05) in the survival of larvae
when fed squares or ßowers [(squares: F 5 0.84; df 5
7, 21; P 5 0.57) (white ßowers: F 5 0.52; df 5 7, 21; P 5
0.81)]. Likewise, at 4 DAE there were no signiÞcant
differences among the 17 Bt varieties (P . 0.05) in
survival of larvae when fed squares or ßowers

[(squares: F 5 1.27; df 5 16, 48; P 5 0.26) (white
ßowers: F 5 1.28; df 5 16, 48; P 5 0.25)]. It is note-
worthy that larvae chose to feed only on the bud
portionof the square, rather thanon thebracts. There-
fore, d-endotoxin levels were determined separately
for square buds and bracts (Table 3; Fig 2).

Although not always statistically different, a trend
towardhigher levels of d-endotoxinwasdetected in all
plant parts examined from NuCOTN 33B versus DP
451B/RR. Although there were no signiÞcant differ-
ences between the two Bt varieties (P . 0.05) in
d-endotoxin levels in square buds (F 5 0.56; df 5 1, 6;
P 5 0.48) or white ßowers (F 5 0.11; df 5 1, 6; P 5
0.76), there were signiÞcant differences in d-endo-
toxin levels in square bracts (F 5 59.84; df 5 1, 3; P ,
0.01) and 3-d-old bolls (F 5 68.73; df 5 1, 3; P , 0.01)
(Fig 2).

Correlating Differences in Larval Development of
Fall Armyworms to d-Endotoxin Levels in Two Bt
Varieties. Control data validate that the experimental
design and quality of insects was adequate. As in Ad-
amczyk et al. (1998a), larval and pupal weights were
signiÞcantly higher for larvae reared on a non-Bt va-
riety compared with a Bt variety (P , 0.01). In addi-
tion, time to pupation for larvae reared onDP5415was

Fig. 4. Distribution of pupal weights (mg) for fall armyworms reared on two Bt varieties.

Fig. 5. Distibution of pupation times (d) for fall army-
worms reared on two Bt varieties.

Table 4. Mean 6 SE time (d) in the pupal stage for fall army-
worm larvae fed leaves from conventional and Bt varieties

Variety Males Females

DP 5415a 8.43a 6 0.21 7.88a 6 0.08
DP 451 B/RRb 8.25a 6 0.07 7.29b 6 0.10
NuCOTN 33Bc 8.05a 6 0.09 7.20b 6 0.11

F-value 2.42 9.76
P-value 0.097 ,0.001

Pupal duration time (d) log transformed prior to analysis. Means in
columnfollowedby the same letter arenot signiÞcantlydifferent (a 5
0.05; PROC MIXED [Littell et al. 1996]).

a Non-Bt variety (Table 1).
b Bt-variety containing a herbicide-resistance gene (Table 1).
c Bt-variety derived from DP 5415 (Table 1).
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signiÞcantly less than for those larvae reared on Nu-
COTN 33B or DP 451B/RR (P , 0.01).

There were signiÞcant differences (P , 0.05) in
larval and pupal weights, and time to pupation be-
tween the two Bt varieties. Mean larval weights at 16
DAE were signiÞcantly higher (P , 0.05) for those
larvae fed DP 451B/RR (66.7 mg) than for those fed
NuCOTN 33B (32.0 mg) (t 5 4.31, df 5 140, P , 0.01)
(Fig. 3). Likewise, mean pupal weights were signiÞ-
cantly higher (P , 0.05) for those larvae fed DP
451B/RR(169.2mg) than for larvae fedNuCOTN33B
(151.4 mg) (t 5 2.41, df 5 124, P 5 0.02) (Fig. 4). In
addition, mean time to pupation was signiÞcantly less
(P , 0.05) for those larvae fed DP451B/RR (29.0 d)
than for larvae fed NuCOTN 33B (32.1 d) (t 5 24.06,
df 5 130, P , 0.01) (Fig. 5).

It appears that the d-endotoxin in transgenic Bt
cotton may have an effect on the pupal stage. Al-
though not always signiÞcant, fall armyworms re-
mained in the pupal stage longer when larvae fed on
a non-Bt rather than on either Bt cotton variety. Al-
though there were no signiÞcant differences in pupal
stage duration (P . 0.05) for males among the non-Bt
and Bt varieties, there were signiÞcant differences for
females among the varieties (Table 4).

Discussion

The assumption that all Bt varieties express similar
levels of Cry1A(c) d-endotoxin, and thus have an
identical effect on intrinsically tolerant Lepidopteran
survival and development, appears to be inaccurate.
Our study using a commercially available Bt quanti-
ÞcationELISAcorroborates the results ofHolt (1998),
Fitt (1998), Sachs et al. (1998) and Greenplate (1999)
that showed that the level of Cry1A(c) d-endotoxin
decreases in various plant parts throughout the grow-
ing season. Information on the precise factors that
affect d-endotoxin expression among plants appears to
be limited at this time (Sachs et al. 1998). However,
studies conducted with Australian Bt varieties have
shown that the 35S promotor driving expression of
Cry1A(c) d-endotoxin decreases in Þeld grown plants
as they age throughout the growing season (Finnegan
et al. 1998). In addition, our bioassays and d-endotoxin
levels among various plant parts support many con-
sultants and grower observations thatmore bollworms
are found feeding and damaging Bt cotton fruit (i.e.,
square buds, ßowers and bolls) compared with green
tissue (i.e., leaves, square and boll bracts) (J.J.A., un-
published data).

It is noteworthy that high mortality was observed in
larval bioassays involving leaves collected late in the
season (data not shown), but very low-levels of d-en-
dotoxin were detected. This discrepancy was attrib-
uted to low nutritional value or increased levels of
secondary compounds [e.g., condensed tannins (Ol-
sen et al. 1998)] in these late-season leaves compared
with early-season leaves, because control mortality
using non-Bt leaves was also extremely high (.95%).
Thus, solely relying on larval bioassays to assess the
effectiveness of d-endotoxin may not always be accu-

rate unless proper controls and high-quality insects
are used.

By not providing a high-dose strategy to control the
intrinsically tolerant Lepidoptera (i.e., armyworms,
loopers, andbollworms),managing resistance to these
insects may be further complicated by differential
expression of d-endotoxin among plant parts and va-
rieties (Sachs et al. 1998). Although complex interac-
tions are involved, models developed by Peck et al.
(1999) showed that delays in larval development time
for tobacco budworms feeding onBt cotton compared
with a non-Bt refuge may affect the rate of resistance
development. Inanother study involving thepinkboll-
worm, researchers showed that Bt-resistant larvae
feeding on Bt cotton take 5Ð6 d longer to develop into
moths comparedwithBt-susceptible larvae feedingon
non-Bt cotton (Liu et al. 1999). Our data show that
larval development of the fall armyworm was in-
creasedby 3dwhen fedNuCOTN33Bcomparedwith
DP 451B/RR, which was ample time for these popu-
lations to differentiate in the laboratory. The impli-
cations of differential expression among commercially
available Bt cotton varieties need to be further char-
acterized to determine the impact on population dy-
namics that may be a critical factor in managing re-
sistance.

Because of the relative ease in conducting this
quantiÞcation assay, the utility of using this system
to provide information to the grower concerning
varietal choices may be more common in the future.
With .25 commercially available transgenic Bt cot-
ton varieties to choose from, more information to
determine which variety offers the best insect con-
trol is clearly needed.
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