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Abstract Four spray adjuvants were tested in the laboratory as ultraviolet light (UV) pro-
tectants for the nuclear polyhedrosis virus of the celery looper, Anagrapha falcifera (Kirby)
(AfMNPV), against the beet armyworm, Spodoptera exigua (Hubner). We tested a sodium lignin
sulfonate (Lignosite AN®), two diaminostilbene disulfonic acid-derived fluorescent brighteners
(Blankophor BBH® and Blankophor HRS®), and a nutrient-based feeding stimulant (Coax®).
Lignosite AN was active as a UV protectant; Blankophor BBH, as both an enhancer and a UV
protectant; Blankophor HRS, as an enhancer only, and; Coax, as a UV protectant only. Lack of
an effect of Coax as a feeding stimulant may be due to the design of the bioassay, in which
larvae were confined on small pieces of foliage. However, the practical utility of some, if not all,
of these materials may be limited by the cost and/or bulk of the amounts required to achieve the
desired effects.
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Nuclear polyhedrosis viruses (NPVs) form a large group of viruses in the family
Baculoviridae that includes many important pathogens of insect pests. Over the past
three decades, much research has been conducted on NPVs with the aim of utilizing
them as pest control agents (Maramorosch and Sherman 1985, Granados and
Federici 1986, Adams and McClintock 1991). Recently, the development of NPVs that
are genetically engineered to kill insects faster (Bonning and Hammock 1996) has
prompted renewed interest in NPVs as microbial insecticides. While NPVs and other
microbial control agents can provide control when applied to crops as simple mixtures
of pathogens in water, they are usually formulated with various adjuvants to improve
stability, handling, persistence, and activity (Jones et al. 1997, Burges and Jones
1998).

NPVs, including most, if not all, genetically modified NPVs developed to date, are
highly susceptible to degradation by ultraviolet light (UV). Thus, extensive research
has been done on materials that can protect NPVs and other microbial control agents
from UV while they are on the plant surface, before ingestion by the target insect
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(reviewed by Jaques 1977, 1985, Shapiro 1995). Certain diaminostilbene disulfonic
acid derivatives, known as fluorescent brighteners or optical brighteners, are effective
UV protectants for NPVs (Shapiro 1992). These materials absorb energy in the form
of UV and transmit it as visible light. Some of these materials are of particular interest
because, independently of their UV protectant activity, they are also strong enhancers
of the activity of many NPVs (Shapiro 1995, Dougherty et al. 1996, Farrar and Ridg-
way 1997). For example, in laboratory bioassays, median lethal concentrations
(LCqps) for the NPV of the gypsy moth, Lymantria dispar (L.}, (LAMNPV) were re-
duced by as much as 1,837-fold by the addition of a fluorescent brightener (Shapiro
and Robertson 1992, Shapiro et al. 1992). Washburn et al. (1998) reported that
fluorescent brighteners may enhance viral activity by inhibiting the sloughing of in-
fected midgut cells.

Because NPVs must be ingested by the target pest in order to infect, considerable
work has also been done on adjuvants that act as feeding stimulants or phagostimu-
lants, thereby increasing the amount of virus ingested (e.g., Andrews et al. 1975, Bell
and Kanavel 1977, 1978, Bell and Romine 1980). Several materials of this type,
based primarily on vegetable flours, oils, and sugars, have been marketed as adju-
vants for microbial insecticides. At least one of these products, Coax® (AgroSolu-
tions, San Marcos, CA), also acts as a UV protectant for viruses (Shapiro et al. 1983,
Martignoni and lwai 1985).

In the present study, we evaluated the UV-protectant properties of selected virus
adjuvants, including two fluorescent brighteners, a nutrient-based feeding stimulant,
and a sodium lignin sulfonate. The latter material is not known to have effects other
than as a UV protectant, but it is inexpensive (see Discussion) and has been used
successfully with LAMNPV (Reardon and Podgwaite 1994, Farrar et al. 1995).

For this study, we selected the NPV of the celery looper, Anagrapha falcifera
(Kirby) (AfMNPV). This NPV is of particular interest as a biological control agent
because it has a wider host range than most NPVs (at least 31 species of Lepidoptera
in 10 families) (Hostetter and Puttler 1991, Vail et al. 1993). AIMNPV is infectious to
a similar number of, and many of the same, species as the NPV of the alfalfa looper,
Autographa californica (Speyer) (ACMNPV) (Gréner 1986, Adams and McClintock
1991). AIMNPV and AcMNPV are very closely related (Chen et al. 1996) but differ in
their potency against important insect pests; in particular, AfIMNPV is more potent
than is AcCMNPV against the corn earworm, Helicoverpa zea (Boddie) (Hostetter and
Puttler 1991).

For our study, we applied the virus and adjuvants to foliage, with the concentra-
tions of the adjuvants varied, then exposed them to UV. Many previous studies of UV
protectants for microbial control agents included only a single concentration of each
protectant, often with virus applied to artificial diets rather than to foliage (reviewed by
Jaques 1977, 1985, Shapiro 1995). Therefore, evaluation of UV protectants at varying
concentrations applied to foliage is needed. We selected the beet armyworm,
Spodoptera exigua (Hubner), as the test insect because it is only moderately sus-
ceptible to ATMNPV (Farrar and Ridgway 1997). Thus, enhancement by fluorescent
brighteners and increases in ingestion by feeding stimulants may be more readily
detectable in the beet armyworm than in a more susceptible insect.

Materials and Methods

Insects, plants, and virus. We obtained all insects from stock cultures (Insect
Biology and Population Management Research Laboratory, USDA-ARS, Tifton, GA,
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or Gast Rearing, USDA-ARS, Starkville, MS). For tests of any given adjuvant, insects
were from the same source. Larvae were reared, before and after virus treatment, on
artificial diet (King and Hartley 1985).

We used collard, Brassica oleracea L. (Acephala group), cv. ‘Vates,” as the host
plant. Plants were grown in 10-cm diam pots, 2 to 4 plants per pot, in a greenhouse
using a commercial potting medium (Pro Mix BX®, Premier Brands, Red Hill, PA). A
temperature of 24 + 3°C, photoperiod supplemented to 16:8 (L:D) h by low-pressure
sodium vapor lamps, and weekly fertilization (Peters Professional 20-20-20®, Grace-
Sierra, Milpitas, CA) were used. Plants were 5 to 6 wk old when used.

We obtained a sample of an aqueous suspension of AfMNPV (lot Af091295),
labeled to contain 2.00 x 10° occlusion bodies (OB)/ml, from biosys (now Thermo
Trilogy, Columbia, MD) on 22 April 1996.

UV source. The Blak Ray Model B 100 AP® lamp (UVP, Upland, CA) was used
as the UV source. The lamp was mounted 38 cm above a flat surface. Treated leaves
(see below) were placed on white paper on the perimeter of a circle, 18 cm diam,
centered below the lamp. Halfway through the exposure period (see below), the
leaves were turned over. On the perimeter of this circle, UV intensities, as measured
with a UV light meter (model UVX®, UVP, San Gabriel, CA), were 179 and 1,408
pW/cm? at 310 (UV-B) and 365 (UV-A) nm, respectively. UV readings in the same
room, 3 to 4 m from the lights, were 3 and 6 pW/cm? at the same wavelengths,
respectively. For comparison, sunlight at midday in June at Beltsville, MD gave read-
ings of 811 and 2820 uW/cm? at the same respective wavelengths. In tests in which
two lamps were used, the lamps were spaced 1 m apart with a brown cardboard
divider between them, so that areas illuminated would not overlap.

Bioassays. We cut collard leaves from the plants, placed them in water-pics
(water-filled, rubber-capped tubes; Aquapic®, Syndicate sales, Kokomo, IN), and
held them overnight at about 24°C. Most leaves wilted after being cut; only those that
regained their turgor overnight were used. Leaves were dipped in suspensions of
virus and adjuvants (see below), held upright in the water pics, and aliowed to dry.
They were then laid flat, still in the water-pics, under the lamps, and removed after
prescribed exposure periods (see below). Bioassays were always set up after all
leaves had been removed from UV exposure.

Each leaf was cut into four pieces, each 2 to 4 cm?. Each piece was placed
individually in a 5.5 cm-diam Petri dish with moist filter paper. Six late first-to very
early second-instar beet armyworm larvae (reared on artificial diet) were placed in
each dish. Dishes were sealed with Parafilm® (American National Can, Greenwich,
CT) and held at 27°C for 48 h. Larvae were then placed individually in cells of plastic
bioassay trays (Bio-BA-128©, C-D International, Pitman, NJ) filled with artificial diet
and held at 27°C. Mortality was recorded 9 d later. Data from the four pieces from
each leaf (24 larvae) were pooled for calculation of percentage mortality.

Treatments. The initial test was designed to provide baseline data on the degra-
dation of the virus in our system. Based on previous tests (Farrar and Ridgway 1997),
we selected a rate of AIMNPV of 1000 OB/ul. We expected this rate to cause about
90% mortality in the absence of degradation or enhancers. A wetting agent, Triton
X-155® (Union Carbide, Danbury, CT), at 0.01%, and a spreader, Kinetic® (Setre
Chemical Co., Memphis, TN), at 0.125% were added to all treatments in all tests. All
leaves were dipped in a suspension of virus, except for controls, which were dipped
in water with Triton and Kinetic only.

Six treated leaves were placed in a circle under one lamp. Two other treated
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leaves, and one control leaf, were kept unexposed. One leaf was removed from under
the lamp at each hour from 1 to 6 h. Each exposed leaf was turned over halfway
through its exposure period. The test was replicated six times.

We tested varying concentrations of a sodium lignin sulfonate, Lignosite AN®
(Georgia Pacific, Bellingham, WA). Because this material was not expected to have
any effects other than as a UV protectant, varying concentrations of it were not tested
in the absence of UV. Based on results of the test described above (see Results), we
selected an exposure time of 5 h, with the leaves turned over at 2.5 h. The same rate
of virus, 1000 OB/ul, was used. Suspensions of virus with 0, 0.5, 1, 2, 5, and 10%
(wt/vol) Lignosite AN were prepared. For each replicate, one leaf was dipped in each
suspension, plus a control leaf (10% Lignosite AN only). All leaves, except the control
and a second leaf treated with virus only, were exposed to the lamp. Two replicates
were done together, each under a separate lamp, and the test was repeated four
times over time (eight replicates total). Mean and standard error of mortality on the
treatment with virus only and not exposed to UV were calculated for comparative
purposes, but this treatment was not included in the statistical analysis.

Varying concentrations of two fluorescent brighteners, Blankophor® BBH (Burling-
ton Chemical, Burlington, NC) and Blankophor® HRS (Bayer, Rock Hill, SC), were
tested with virus, both on foliage exposed to UV and on foliage not exposed to UV.
Because we expected these materials to enhance the virus, a lower rate of virus, 200
OB/ul, was used; we expected this rate to kill 25 to 50% of larvae in the absence of
UV or enhancer. Rates of enhancer of 0.0, 0.05, 0.1, 0.25, and 0.5% (wt/vol.), plus a
control (0.5% fluorescent brightener) were included. Two leaves were dipped in each
suspension. One leaf of each treatment was exposed to UV; the other, held unex-
posed. The test was replicated as before, except with a total of ten replicates. Be-
cause of time limitations, the two brighteners were tested at different times; therefore,
we made no statistical comparisons between the two fluorescent brighteners.

A nutrient-based feeding stimulant, Coax, was tested in a manner similar to that for
the fluorescent brightener. Coax is a liquid flowable material containing 65% water
(Farrar and Ridgway 1994); this value was used to calculate rates in dry weight per
unit volume. Rates of Coax of 0.0, 0.5, 1.0, 2.5, and 5.0% (dry wt/vol) with the virus
at 200 OB/pl were included. The procedure was otherwise similar to that used for the
fluorescent brighteners.

Data analysis. For each test, we calculated percentage mortality, normalized it by
arcsine V% transformation, and used the PROC MIXED procedure of SAS (SAS
Institute 1992) to perform analyses of variance (ANOVA). Treatments were included
as fixed effects; replication, as a random effect. In the test of exposure times, linear
and quadratic effects of exposure time on mortality were evaluated. In other tests,
concentration of adjuvant, transformed logarithmically, was an independent variable.
In tests with exposed and unexposed treatments, exposure, concentration of adju-
vant, and their interaction were also independent variables. Where a significant in-
teraction was found, data were also analyzed separately.

Results

Mortality of beet armyworm larvae on foliage initially treated with 1000 OB/ul of
AfMNPYV declined from 81.3% on foliage not exposed to UV to 24.4% after 5 h of
exposure (Fig. 1). The linear effect of exposure time on mortality was significant (F =
15.49; df = 1, 40; P = 0.0003). Mortality did not decline further between 5 and 6 h of
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Fig. 1. Mean (xSE) mortality of beet armyworm larvae nine days after feeding as
second instars on collard foliage dipped in a suspension of 1000 OB/ul AfM-
NPV and exposed to UV for varying intervals.

exposure, but this leveling off did not produce a significant quadratic effect of expo-
sure time (F=1.75; df = 1, 40; P = 0.1936), so within the 6-h exposure period, results
indicate a linear effect of exposure on viral activity. No control mortality was seen in
this or any other test in this study, so no adjustments were needed. Based on these
results, we selected a 5-h exposure time, with the leaves turned over at 2.5 h, for
subsequent tests.

Mortality of larvae on foliage initially treated with 1000 OB/l of AIMNPV without
Lignosite AN was 88.3% and 12.1% on unexposed and exposed foliage, respectively.
On exposed foliage, mortality increased with the addition of Lignosite AN, up t0 52.1%
with 10% Lignosite AN (F = 25.83; df = 1, 28; P = 0.0001) (Fig. 2).

In the test of Blankophor BBH, mortality of larvae on foliage initially treated with
200 OB/ul of AfMNPV without the fluorescent brightener was 39.9% and 5.6% on
unexposed and exposed foliage, respectively. Mortality of larvae increased with in-
creasing rates of Blankophor BBH both in the presence of UV and in its absence, with
the greatest increase being in the presence of UV (Fig. 3). Mortality was significantly
affected by UV (F = 70.89; df = 1, 87; P=0.0001), rate of Blankophor BBH (F = 39.31;
df =1, 87; P =0.0001), and the interaction thereof (F= 5.57; df = 1, 87; P = 0.0205).
Analyzed separately, the effect of rate of Blankophor BBH was significant both in the
absence of UV (F = 56.60; df = 1, 41; P=0.0001) and in its presence (F = 76.62; df
=1, 41; P =0.0001).
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Fig. 2. Mean (+SE) mortality of beet armyworm larvae nine days after feeding as
second instars on collard foliage dipped in a suspension of 1000 OB/ul AfM-
NPV with varying concentrations of Lignosite AN and exposed to UV for 5 h,
and on foliage treated with virus only and not exposed to UV.

Results for Blankophor HRS were similar to those for Blankophor BBH, except that
the increase in mortality in the presence of UV was similar to that in the absence of
UV (Fig. 4). Mortality was thus affected by UV (F =49.80; df = 1, 91; P=0.0001) and
rate of Blankophor HRS (F = 35.34; df = 1, 91; P =0.0001), but not by the interaction
thereof (F = 0.03; df = 1, 91; P = 0.8624).

In the test of Coax, mortality of larvae on foliage initially treated with 200 OB/l of
AfMNPV without Coax was 50.2% and 7.7% on unexposed and exposed foliage,
respectively. With the addition of Coax, larval mortality increased primarily in the
presence of UV (Fig. 5). Mortality was significantly affected by UV (F = 238.12; df =
1, 89; P =0.0001) and the interaction of UV and rate of Coax (F = 14.07; df = 1, 89;
P =0.0003), but not by rate of Coax itself (F=1.14; df = 1, 89; P=0.2892). Analyzed
separately, the effect of rate of Coax was significant in the presence of UV (F=49.07;
df =1, 41; P=0.0001), and nonsignificant in the absence of UV (F = 1.03; df = 1, 43;
P =0.3154).

Discussion

In our system, Lignosite AN gave good UV protection for AIMNPYV, but fairly high
rates were required to achieve this protection. The data indicate that 2% (wt/vol) or
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Fig. 3. Mean (+SE) mortality of beet armyworm larvae nine days after feeding as
second instars on collard foliage dipped in a suspension of 200 OB/ul AIMNPV
with varying concentrations of Blankophor BBH with or without exposure to UV
for 5 h.

greater would probably be necessary. While rates of 6% Lignosite AN have been
used in sprays of LAMNPYV against the gypsy moth (Reardon and Podgwaite 1994),
these treatments are low volume aerial applications. On crops such as vegetables,
where higher spray volumes are frequently used, these rates may be impractical. For
example, at a volume of 20 gal/acre (187 liters/ha), 2% would equate to 3.2 Ib.
Lignosite AN/acre (3.59 kg/ha).

Blankophor BBH appeared to act as both an enhancer and a UV protectant. The
significant effect of rate of Blankophor BBH in the absence of UV indicates an effect
as an enhancer. The greater effect of Blankophor BBH in the presence of UV, as
indicated by the significant interaction of UV and rate of Blankophor BBH, is consis-
tent with activity as a UV protectant as well as an enhancer. These results are
consistent with previous reports of activity of fluorescent brighteners as UV pro-
tectants (Shapiro 1992), as enhancers (Shapiro and Robertson 1992, Shapiro et al.
1992), and as both an enhancer and a UV protectant (Dougherty et al. 1996). Vail et
al. (1996) reported a similar material to enhance AIMNPV against the beet armyworm
on artificial diet. Rates required to achieve increased mortality in the presence of UV
were lower than those required for Lignosite AN. However, Blankophor BBH at 1% of
a dip was a moderate feeding deterrent, at least to larvae of the gypsy moth (Farrar
et al. 1995) and corn earworm (R.R.F., unpubl. data), and a related material was
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Fig. 4. Mean (+SE) mortality of beet armyworm larvae nine days after feeding as
second instars on collard foliage dipped in a suspension of 200 OB/ul AfMNPV
with varying concentrations of Blankophor HRS with or without exposure to
UV for 5 h.

deterrent to the beet armyworm (Vail et al. 1996). Farrar et al. (1999) found indica-
tions that against beet armyworm larvae on whole plants, Blankophor BBH was less
effective as an enhancer than against larvae on single leaves, possibly because of
feeding deterrence. In the present study, confinement of larvae on small pieces of
leaves would have limited the opportunity for larvae to avoid the enhancer.

Blankophor HRS, in contrast, appeared to act primarily, if not entirely, as an
enhancer rather than as a UV protectant. The significant effect of rate of Blankophor
HRS on mortality indicates enhancement. The lack of a significant interaction be-
tween rate of enhancer and UV indicates no significant activity as a UV protectant;
Blankophor HRS had similar effects in the presence and absence of UV. Because we
tested Blankophor BBH and Blankophor HRS at different times, direct statistical com-
parisons of the two materials should not be made. However, at least in the absence
of UV, no great differences between the two enhancers are apparent. The apparent
difference in activity as UV protectants is not surprising; Shapiro (1992) tested 23
fluorescent brighteners (not including Blankophor BBH or HRS, however) as UV
protectants for LAMNPV and obtained rates of protection of the virus ranging from
<10% to >90%. The effect of Blankophor HRS on the feeding behavior of beet ar-
myworm larvae is unknown, but it does not appear to deter feeding by corn earworm
larvae (R.R.F., unpubl. data).
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Fig. 5. Mean (+SE) mortality of beet armyworm larvae nine days after feeding as
second instars on collard foliage dipped in a suspension of 200 OB/ul AfIMNPV
with varying concentrations of Coax with or without exposure to UV for 5 h.

In this study, Coax appeared to act primarily, if not entirely, as a UV protectant
rather than as a feeding stimulant. The lack of a significant effect of Coax on mortality
in the absence of UV indicates a lack of activity as a feeding stimulant. The significant
effect of Coax in the presence of UV, and the significant interaction of rate of Coax
and UV, are consistent with activity as a UV protectant. These results are apparently
in contrast with previous studies showing similar feeding stimulants to increase the
efficacy of the NPV of the corn earworm (Andrews et al. 1975, Bell and Kanavel 1977,
1978, Bell and Romine 1980, Luttrell et al. 1983). Ridgway and Farrar (1999) found
that Coax applied to whole bean plants acted as both a feeding stimulant and as a UV
protectant for Bacillus thuringiensis Berliner against the corn earworm. In the present
study, however, as with Blankophor BBH, confinement of larvae on small pieces of
leaves may have limited the effects of the adjuvant on feeding behavior. Farrar and
Ridgway (1995a) obtained increased mortality of several insects using a similar bio-
assay for feeding stimulants with B. thuringiensis which is known to be a feeding
deterrent to many insects (reviewed by Farrar and Ridgway 1995b). The significant
effect of Coax as a UV protectant is consistent with reports of Shapiro et al. (1983)
and Martignoni and Iwai (1985). However, fairly high rates, 1 to 5% dry wt/vol, which
equate to about 3 to 15% vol/vol, were required to achieve this effect.

Results of the present study indicate that all of the adjuvants included have at least
the technical potential to improve the efficacy of NPVs. However, the bulk and/or cost
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of the amount of material required may limit the practical utility of some or all of these
materials. For example, as of December 1999, the wholesale prices of Blankophor
BBH and Blankophor HRS were $10.65 and $7.25 per pound ($23.43 and $15.95/kg),
respectively. At 1% of 20 gal/acre (187 liters/ha), this would equate to $11.62/acre
($28.70/ha) for Blankophor HRS. As of January 2000, the suggested retail price of
Coax was $20.00 per gallon ($5.28/liter). At 3% by volume of 20 gal/acre, the addition
of Coax would cost $12.00/acre ($29.64/ha). Lignosite AN is by far the least expen-
sive material that we tested; as of January 2000, the wholesale price of Lignosite AN
was $345.00 per ton ($0.17/lb, $0.38/kg). The addition of 2% Lignosite AN to 20
gal/acre would thus cost $0.54/acre ($1.36/ha).

Fluorescent brighteners have been shown to render insects susceptible to viruses
to which they are not normally susceptible (Shapiro and Dougherty 1994). Therefore,
these materials have the potential to allow viruses applied against a pest to also infect
other species. However, fluorescent brighteners have not been shown to allow NPVs
of lepidopterans to infect insects in other orders. Usually, no caterpillar found on a
crop plant would be considered a beneficial insect, though it may not be numerous
enough to be considered a pest. In addition, fluorescent brighteners do not alter the
NPV produced in an infected host (Shapiro and Dougherty 1993), so if this virus
persists in the environment following the death of infected hosts, it should be no more
infectious to nontarget insects than is NPV applied without fluorescent brighteners.
Thus, infection of nontarget lepidopterans on a crop plant by NPVs applied with
fluorescent brighteners against a pest species should not cause significant problems.
How more desirable species feeding on weeds in the crop might be affected is
unknown, however. Fluorescent brighteners should also pose little or no risk to hu-
mans and the environment. These materials have long been used in laundry deter-
gents and are generally regarded as safe (Carter 1973).

Based on results of these and previous tests, Blankophor BBH and Coax may
have the greatest potential of the materials included to be of practical use, at least
with ATMNPV against the beet armyworm on collard. However, at least as UV pro-
tectants, these materials should have similar effects with other NPVs and possibly
other microbial control agents. Testing on whole plants and in the field will be needed
to fully evaluate these materials as adjuvants for NPVs.
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