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Comparative Effectiveness of Bacillus thuringiensis
Formulations Against Lepidopterous Pests of Fall Lettuce

J.C. Palumbo, C.H. Mullis, Jr., and F.J. Reyes.

Abstract

A field study was conducted at Yuma in 1991 to examine the relative
effectiveness of several formulations of Bacillus thurinRiensis on beet armyworm
and cabbage looper on seedling and pre -cupping lettuce. Several applications
were made before and after thinning. Results of the study suggest that most

formulations are capable of controlling small larvae. However, because of the
inherent variation in beet armyworm dispersion, it was difficult to statistically
attribute differences in pest levels due to insecticide efficacy.

Introduction

Beet armyworm, Spodoptera exigua, and Cabbage looper Trichoplusia ni are an annual pests of fall lettuce grown
in Arizona. Larvae are very damaging to seedling lettuce plants and if left untreated are capable of causing
significant damage to plants and reductions in yield (Toscano et al. 1982). Insecticidal control is virtually always
utilized to prevent larvae from reaching damaging levels. Several commercial formulations of Bacillus thuringiensis
Kurstaki (Bt), have become readily available, and offer a potential alternative control for lepidopterous larvae
(Trumble 1990). Growers are presently integrating these insecticides into their pest management programs, but
information regarding efficacy of selective products is lacking. Therefore the objective of this study was to evaluate
the relative effectiveness of several formulations of Bt against Beet Armyworm (BAW) and Cabbage Looper (CL)
feeding on fall planted iceberg lettuce.

Materials and Methods

Lettuce was direct seeded into double -row beds on 21 Sep at the Yuma Valley Agricultural Center, Yuma, Az.
Each plot consisted of three, 50 ft long beds, spaced 42 inches apart and bordered on each side by an untreated bed.
Plots were arranged in a completely randomized block design with 4 replicates. Foliar treatments were applied with
a tractor -mounted boom sprayer (2 TX -8 nozzles /row) operated at 40 psi, delivering 20 gal /acre. Spreader - sticker
(Raincoat) was included in all spray treatments at a rate of 12 oz /acre. Distilled water was used in the application
of each treatment. All sprays were applied between 2000 and 2200 hrs. Several formulations of Bt, and Lannate
were evaluated. Three foliar applications at maximum label rate were made during the study.
The first application was applied on 10 Oct, 1991. The plots had not been thinned prior to this time, and plants were
at the 2 -3 leaf stage. Insecticide efficacy was determined by counting the total number of small (1st and 2nd instars)
and large (> 2nd instar) BAW and CL larvae on all lettuce seedlings in three, 0.33 meter lengths of row per
replicate. A pretreatment sample was conducted on 10 Oct, followed by a sample at 5 -DAT on 15 Oct. Data were
analyzed for treatment differences using ANOVA and Ryan's Q -test. The 2nd and 3rd applications of Bt were
applied on 18 and 23 of Oct, respectively. Prior to the 2nd spray, lettuce plots were thinned (17 Oct). This
necessitated a change in our sampling procedure. Insecticide efficacy for these samples was estimated by randomly
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counting the total number of small and large BAW and CL on 15 randomly selected plants per replicate (60 plants/
treatment /sample). Samples were taken on 18, 23 and 28 Sep. Data were analyzed for treatment differences using
ANOVA and Ryan's Q -test.

Results and Discussion

BAW populations were moderate, and CL populations were low during the experimental period. The pretreatment
sample prior to application # 1 showed that although mean numbers of BAW and Cl varied considerably, no
significant differences were detected among treatments (Table 1 and 2). At 5 -DAT, all treatments except MVP,
Lepid -Bt (high rate), and Cutlass contained significantly fewer large BAW than the untreated check at 5 DAT.
However, the statistical analysis also showed that, with the exception of Lepid Bt at 4.0 oz, there were no
differences among Bt treatments in the number of large BAW. There were no differences in the number of small
BAW among treatments at 5 -DAT. In addition, there were no significant differences in small and large CL on either
sample date. The low numbers during the study made it difficult to assess CL treatment differences.

The mean number of small and large BAW larvae per 15 plants after applications #2 and #3 are shown in Table
3. No significant differences in the number of small BAW were observed on any of the sample dates. However,
samples taken on 18 Oct ( 9 days after application #1 and 12 hours before #2 was applied) showed that the number
of large BAW differed among treatments. Plots treated with Lannate contained the fewest number of BAW. Among
the Bt treatments Javelin, Lepid at 2.5 oz, and HPWP 2X contained significantly fewer larvae than the untreated
check. At 5 days after application #2 (23 Oct), all treatments except Lepid at 4.0 oz contained significantly fewer
large BAW larvae then the untreated check. At 5 -DAT application # 3, there were no significant differences among
treatments. The mean number of small and large CL larvae per 15 plants after applications #2 and #3 are shown
in Table 4. There were no significant differences in the number of small CL on any of the three sample dates.
However, samples taken on 23 Oct (5 DAT application #2) to assess large CL larvae, showed that both treatments
of Lepid were not significantly different than the untreated check. No differences in large CL were observed among
treatments on the last sample taken on 28 Oct.

The results of this study indicate that variability among formulations, as well as among BAW densities within the
plots makes it difficult to statistically assess the relative effectiveness of Bt formulations. Previous studies using Bt
on lettuce for BAW also suggest this (Palumbo et al 1991). The pretreatment sample on 10 Oct indicated similar
numbers of both large and small BAW occurred within the plots. There was also a wide range of BAW densities
among treatment replicates per sample, which resulted from the aggregated distribution of BAW on lettuce. These
factors contribute to the overall variability of the sample means. Therefore, it becomes difficult to statistically
separate differences due to the treatment effects. Most entomologists that work with Bt and BAW have expressed
similar frustrations.

In this study, it appears that most of the formulations are capable of controlling small larvae. This is suggested from
the results of the first application. Further work is planned to investigate the use of Bt alone on lettuce aimed at low
populations of newly hatched larvae in various application intervals. It has been well documented that Bt is not very
effective against large BAW. Again, the results of this study support that conclusion. The fact that almost no BAW
were observed in the plots at the end of the study can't be completely attributed to Bt. Several factors such as colder
weather, pupation of larvae, and lack of egg masses also contribute to this occurrence. In conclusion, special efforts
to control experimental variability will be necessary before reliable estimates of differences in Bt formulations can
be determined. At this time, it is not possible to objectively recommend which Bt product(s) is best for control of
BAW on lettuce
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Table 1. Mean number of small (1st and 2nd instars) and large (> 2nd instar) beet armyworms (BAW) per 0.3 row
meters of pre -thinned lettuce treated with various formulations of Bacillus thuringiensis at Yuma, Oct 10, 1991

Treatment Rate'

Mean no. larvae / 0.3 row meters

BAW-small BAW-large

Pretreatment 5 -DAT Pretreatment 5 -DAT

Cutlass WP 3.0 lbs 1.3 a 0.6 a 2.6 a 1.7 abc

Biobit 2.0 lbs 1.9 a 0.8 a 0.8 a 1.4 be

HPWP 2X 1.O lbs 1.8 a 0.3 a 0.8 a 1.1 be

Lepid -Bt 4.0 oz 1.7 a 0.3 a 1.2 a 2.5 ab

Lepid -Bt 2.5 oz 2.8 a 0.3 a 1.8 a 1.3 be

MVP 4.0 qts 1.2 a 0.1 a 2.0 a 1.5 abc

Javelin WG 1.5 lbs 1.4 a 0.2 a 1.0 a 0.6 c

Dipel 2X 2.0 lbs 2.2 a 0.1 a 0.8 a 0.5 c

Ululate L 4.0 pts 1.8 a 0.1 a 1.8 a 0.1 c

Untreated 1.6 a 0.9 a 1.6 a 3.2 a

Table 2. The mean number of small (1st and 2nd instars) and large (> 2nd instar) cabbage loopers (CL) per 0.3
row meters of pre -thinned lettuce treated with various formulations of Bacillus thuringiensis at Yuma, Oct 10, 1991.

Mean no. larvae / 0.3 row meters

CL-small CL-large

Treatment Rate Pretreatment 5 -DAT Pretreatment 5 -DAT

Cutlass WP 3.0 lbs 0.2 a 0 a 0.2 a 0.1 a

Biobit 2.O lbs 0 a 0 a 0.1 a 0 a

HPWP 2X 1.0 lbs 0.1 a 0 a 0.1 a 0 a
Lepid-Bt 4.0 oz 0 a 0.4 a 0 a 0.3 a

Lepid-Bt 2.5 oz 0.1 a 0.2 a 0.1 a 0.4 a

MVP 4.0 qts 0.1 a 0 a 0.2 a 0 a

Javelin WG 1.5 lbs 0.1 a 0 a 0.3 a 0 a

Dipel 2X 2.O lbs 0.3 a 0 a 0.1 a 0 a

Lannate L 4.0 pts 0.3 a 0 a 0.1 a 0 a

Untreated 0.3 a 0.2 a 0.3 a 0.3 a

Means followed by the same letter are not significantly different (P =0.05, df =3,27; Ryan's Q- test).
' Rates for treatments are expressed as the amount of formulated product per acre.
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Table 3. The mean number of small (1st and 2nd instars) and large (> 2nd instar) BAW per 15 lettuce plants
treated with various formulations of Bacillus thuringiensis on lettuce (4 -leaf stage) at Yuma, Arizona.

Treatment Rate'

. Mean no. larvae / 15 plants

BAW-small BAW-large

Oct 18 Oct 23 Oct 28 Oct 18 Oct 23 Oct 28

Cutlass WP 3.0 lbs 0.25 a 0.25 a 0.0 a 4.75 ab 1.75 b 0.0 a

Biobit 2.0 lbs 0.0 a 0.25 a 0.0 a 1.75 abc 1.50 b 0.0 a

HPWP 2X 1.0 lbs 0.0 a 0.0 a 0.0 a 1.50 be 0.75 b 0.0 a

Lepid -Bt 4.0 oz 0.0 a 0.0 a 0.0 a 5.00 ab 2.75 ab 0.0 a

Lepid -Bt 2.5 oz 0.0 a 0.0 a 0.0 a 1.50 be 2.25 b 0.0 a

MVP 4.0gts 0.0 a 0.0 a 0.0 a 3.00 abc 1.50 b 0.02 a

Javelin WG 1.5 lbs 0.25 a 0.25 a 0.0 a 1.00 be 0.25 b 0.0 a

Dipel 2X 2.0 lbs 0.0 a 0.0 a 0.0 a 2.00 abc 1.75 b 0.0 a

Lannate L 4.0 pts 0.50 a 0.25 a 0.0 a 0.50 c 0.25 b 0.0 a

Untreated 0.0 a 0.0 a 0.0 a 5.75 a 5.00 a 0.05 a

Table 4. The mean number of small (1st and 2nd instars) and large (> 2nd instar) CL per 15 lettuce plants treated
with various formulations of Bacillus thuringiensis on lettuce at Yuma, Arizona.

Treatment Rate'

Mean no. larvae / 15 plants

CL-small CL-large

Oct 18 Oct 23 Oct 28 Oct 18 Oct 23 Oct 28

Cutlass WP 3.0 lbs 0.0 a 0.25 a 0.0 a 0.50 a 0.00 b 0.00 a

Biobit 2.0 lbs 0.25 a 0.0 a 0.0 a 0.50 a 0.00 b 0.00 a

HPWP 2X 1.0 lbs 0.25 a 0.0 a 0.0 a 0.00 a 0.00 b 0.00 a

Lepid-Bt 4.0 oz 0.0 a 0.0 a 0.0 a 1.25 a 1.25 ab 0.03 a

Lepid-Bt 2.5 oz 0.0 a 0.0 a 0.0 a 2.00 a 2.50 ab 0.03 a

MVP 4.0 qts 0.25 a 0.0 a 0.0 a 0.50 a 0.00 b 0.00 a

Javelin WG 1.5 lbs 0.0 a 0.0 a 0.0 a 0.00 a 0.00 b 0.00 a

Dipel 2X 2.0 lbs 0.25 a 0.0 a 0.0 a 0.75 a 0.00 b 0.00 a

Lannate L 4.0 pts 0.25 a 0.75 a 0.0 a 0.25 a 0.00 b 0.00 a

Untreated 0.0 a 0.25 a 0.0 a 1.25 a 3.50 a 0.00 a

Means followed by the same letter are not significantly different (P =0.05, df =3,27; Ryan's Q- test).
' Rates for treatments are expressed as the amount of formulated product per acre.
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