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Evaluation of Calcium-Alginate Gel as an Atrtificial Diet Medium
for Bioassays on Common Cutworms
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A calcium-alginate gel diet was developed for Spodoptera litura larvae, and its reliability as a carrier
for incorporating antifeedants as well as insecticides was investigated. The alginate gel diet was
prepared with a simple protocol, which does not involve any heating process. When tested using this
diet, acephate, a Bacillus thuringiensis endotoxin formulation and rotenone reproducibly showed
insecticidal activity against the larvae, while neem oil and scabequinone deterred the larval feeding
effectively. However, not only the insecticidal activity of acephate but also the antifeedant activity of
neem oil was reduced by replacing the alginate component by agar in the diet, suggesting the
usefulness of the alginate gel diet as an assay tool for testing a broad range of samples against the
larvae.
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INTRODUCTION tool for evaluating the pest-controlling activities of many

A variety of insecticides have been used to protect plants synthetic and natural compounds.

from pests {, 2), while transgenic plants expressing insecticidal
proteins fromBacillus thuringiensishave also been deployed ~MATERIALS AND METHODS
to enhance crop pro_tectl_on efﬂ_cac&, @). Even though these Insects. The common cutwormsSpodoptera litura(F.) (Lepi-
measures are effective, intensive efforts have also been madgjoptera: Noctuidae) were reared on an artificial diet (Insecta LF, Nihon
for the deVeIOpment of new insecticidal chemicals as well as Nosan Kogyo Co., Japan) in a controlled room environment at 26.5
for exploration of insecticidal proteins to prepare for the °C and 60% humidity. This insect species is well-known as the worst
emergence of resistant species. To obtain reliable results thepest damaging to a wide range of vegetables in Asia.
bioassay methods for these objectives have to be simple and Test Chemicals.The novel biological assay method was evaluated
stable. However, there have been many cases when samplessing commercial insecticides and natural products. An organic phos-
were applied to test their activities on the surface of leaf disks phorus insecticide acephate and a natural insecticide rotenone from
as well as the artificial diet made from raw plant materials. Derris Derris elliptica) were purchased from Wako Chemical Indus-
Since, in such cases, the samples were not evenly distributed"€s: Ld., and Sigma Chemical Co., Ltd., respectively. A biopesticide
in the diet, and might be degraded or converted to other Bt was a commercial agent, T_oaro ﬂowab[e CT including insecticidal
- . . crystals, produced by the Sumitomo Chemical Takeda Agro Company,
substances by either metabolic systeB)o( reactive molecules

oo ; . S Ltd. The neem oil, including insect antifeedant azadirachtins from the
from plants (6), it is likely that the biological activities were fruit of the neem treeAzadirachta indica) 1), was a gift from Daiho

either over- or undervalued. Perfumery Co., Ltd, while scabequinone was isolated from the tropical
To resolve these problems, we have developed for the sedgeCyperus distang, as reported earlier (8).

Spodoptera liturdarvae a novel alginate gel diet, which does Preparation of Calcium-Alginate Gel Diet. On the dried yeast (60
not include any plant materials. It was possible to prepare the mg/well) distributed in each well of a 24-well plate, the basic solution
alginate gel diet at room temperature or lower, and to repro- (300 uL) was poured and mixed with the yeast powder. The basic
ducibly evaluate antifeedant as well as insecticidal activities of solution consists of sodium alginate (Wako Chemical Industries, Ltd.,
several known compounds against the common cutworms. WhenViscosity 100~150 cP, 1 g), sucrose (2 g), sodium ascorbate (0.4 g),
tested at the same concentrations, the biological activities sodium sorbinate (0.14 g), and methyl benzoate (0.3 g) in distilled water

. . L . . (30 mL). An aqueous sample solution (500) was then poured into
geterm!neg using :]hlsd_dlethwere hlgher conjpareddW;thl those the dish. Lipophilic compounds were tested by dissolving in water by
etermined using the diet that contains agar instead of alginaté yne aqdition of their DMSO:Tween 80 (2:1) stock solution (Final

suggesting that the alginate gel diet can be used as an assayoncentration of DMSO:Tween 80 (1:1) was-110%). The solvent
in this concentration range had no effect on the insect feeding. After

* Author to whom correspondence should be addressed (teleph8he gelation by the addition of 4% aqueous Ca€blution (200uL), a
742-43-1511; faxt-81-742-43-1445; e-mail morimoto@nara.kindai.ac.jp). piece of the diet was placed on a paraffin sheet (ca. 3,amhich was
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Figure 1. Time-dependent progress of insecticidal actions of acephate
and a Bt agent tested using the calcium-alginate gel. Acephate was applied
at 25 ug/mL against second (@) and third (M) instars of S. litura larvae,
while the Bt agent was applied at 700 xg/mL against second (O) and
third (O) instars of the larvae. Mortality of the third-instar larvae that infested
the control gel diet is indicated by X. Ten S. litura larvae were used for
replicate at each dose. Each point represents the mean + SEM of 5
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Figure 2. Dose-insecticidal activity relationships for acephate (O), rotenone
(O), and a Bt agent (@) tested using the calcium-alginate gel bioassay
method. Ten S. litura larvae (third instar) were used for replicate at each
dose. Insecticidal activity of acephate and rotenone was determined at
24 h, while that of the Bt agent was determined at 48 h. Each point
represents the mean + SEM of 3-6 replicates.

Table 1. Evaluation of Insecticidal and Antifeedant Activities of the

replicates. Chemicals by Calcium-Alginate Gel Bioassay against Third-Instar

Common Cutworms (S. litura)

placed on a moistened filter paper (Qualitative filter paper No. 1, Toyo

Roshi Kaisha, Ltd.) at the center of a glass Petri dish (93-mm diameter). test time insecticidal activity antifeedant activity
An agar version of the gel diet was also prepared. Namely x300 chemical N2 (h) LCsP slope cle ECs® slope cP

of the basic solution lacking sodium alginate and containing dry yeast

powder was mixed with 50QL of 3% agar solution containing the ?&Zﬂgﬁf g:g gi 6;2'8 ggg 4%:1(5)%3 “Bd

test sample and 20@L of 4% aqueous Caglsolution at 50°C, and Bt agent 3-5 48 911 2:85 6861277 ND

then the mixture was cooled to set in a water bath. neem ol 5 48 ND 120 1.02 66-181
Assay Procedure.Ten second- or third-instar larvae 8f litura, scabequinone 4 48 ND 669 123 462-1034

which were starved for 24 h before the tests, were released in each
dish containing a piece of the diet and finally covered with the lid of a Numbers of experiments. ® LCso and ECso values (unit: xg/mL) were obtained

the glass Petri dish. The dishes containing the sample diet and larvaesom means of 3-6 experiments by the Probit analyses. © Cl: 95% confidence
were kept under dark condition at 266 with 60% humidity during interval. 4 Not determined.

tests. The mortality of the larvae and the fresh weight of the diet were

measured at every 12 h after the start of the experiments. The testsdetermined at 24 h for the third-instar larvae was 1&8mL
were multiplied over time at a range of concentrations. The mortality (95% confidence interval (Cl): 11-015.1 ug/mL, Figure 2
was judged by the loss of larval mobility, v_vhile an_tifeed_ant ac.tivity and Table 1). A Bt agent containing the insecticidal crystal
was evaluated by comparing _the decrease in _the diet weight with thatproteins was also orally toxic, but acted more slowly than
of blank and cqntrol diets, whlch were placed in the abs_e'nce of larvae acephate in dose and insect-age dependent marfigesd 1).

and test chemicals, respectively, under the same conditions. When tested at 70@g/mL, the Bt agent was able to kill half of

To evaluate the insecticidal and antifeedant activities of each test . Ve
sample, LG and EGy (g/mL) values, concentrations required to kil the second-instar larvae within 48 h after the start of the
half of the third-instar larvae tested and reduce their consumption of €Xperiment. However, a higher dose was required to be effective
the diet by 50% compared with the control in terms of the feeding On the third-instar larvae with a lsgof 911ug/mL (Cl: 686-
suppression index, respectively, were calculated by the Probit analysis1277 ug/mL, Figure 2 and Table 1). Rotenone, a natural
(9) using a PC software (Microsoft, Excel ver. 5, macro program). The insecticide acting on respiration systems, exhibited a moderate
feedin_g suppression index (%) was calculated according to the following jnsecticidal activity in a dose-dependent mantégire 2) with
equation: an LGsp value of 656ug/mL (Cl: 430-1053ug/mL, Table 1).

In addition to the insecticidal compounds, the antifeedant
activities of natural products and synthetic compounds were also
evaluated. Even though insect antifeedants 2,3-dihydrobenzo-
furans (10) and chromonedX) were ineffective in deterring
the feeding by the common cutworms due to unknown mech-
anisms (data not shown), several compounds tested were active

It was possible to mix the alginate components with the as antifeedants. Neem oil and scabequinone did not kill the
sample solution and subsequently make the mixture set by thecommon cutworms within the doses tested, but inhibited the
addition of CaC solution at room temperature or lower. The larval feeding in a dose-dependent manrtégyre 3). Neem
cutworms were able to grow normally on the gel diets at least oil was more potent in the antifeedant activity with ansgC
for 4 days (Figure 1). When applied by mixing with the diets, value of 120ug/mL (Cl: 66—181 ug/mL) than scabequinone
a commercial insecticide acephate reproducibly showed highwith an EGq value of 669ug/mL (Cl = 464—1034ug/mL),
and rapid oral toxicity. The second-instar larvae died more when tested against the third-instar larvdalfle 1).
quickly than the third-instar larvae, but both stages of the larvae  The insecticidal and antifeedant activities described above
died completely by 36 h after the start of the experiments when were obtained with good correlation coefficientsQ(97) in
applied at 25g/mL (Figure 1). The LGp value of acephate  the Probit analysesTéble 1), suggesting that it is possible

Feeding suppression index (3%)[(fresh weight of test diet-
fresh weight of control diet)/(fresh weight of blank diet
fresh weight of control diet)k 100

RESULTS AND DISCUSSION
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100 necessary to improve the diet composition and to accumulate
more data supporting the merit of the diet. Finally, we note
20 that, if the antimicrobial preservatives are excluded, the diet

may also be used to test pathogenicity to insects of living
microorganisms from a variety of origins.
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