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Abstract

MVP® Bioinsecticide is the first in a new class of biopesticide products based on Mycogen
Corporation's novel CeliCap® bioencapsulation technology. MVP contzins a selected d-endotoxin of
Bacillus thuringlensis variety kurstaki (B.tk.) that is highly active against the grape berry moth species,
Lobesia bolrana and Eupoecilia ambiguella, as well as the diamondback moth, Flutella xylostella (L.},
Helicoverpa spp, and a number of other important agricultural pest species. In the CellCap system, the
gene for this toxin was first introduced into the genome of a free-living Pseudomones fluorescens (P.1)
strain. In the manufacturing process this P. fluorescens strain is cultured in large fermentors, where the toxin
is produced as a large intracellular crystal, much as it is produced in B. thuringiensis. However, unlike 8.
thuringiensis, the P.f. cells do not lyse or break apart at maturity. When the farmentation is completad,
these intact P.f. cells are killed and fixed in the fermentor using a patented process that encapsulates the
toxin crystals within the stabilized cytoplasm and cell walls of the killed bacterial cells.

The effect of the CellCap bioencapsulation process in protecting the d-endotoxin from environmentai
degradation was evaluated in small plot trials on cabbage and broccoli compared to two standard
conventional B. thuringiensis products to small plots of cabbage and brocooli.  Residual activity was
estimated using a leaf disc bioassay. These tests demonstrated that MVP provided residual activity that
was two to three times greater than conventional B.t. products containing unprotected ioxin crystals. Similar
trials were conducted on grape vines in Ilaly with a similar increase in residual activity being noted.

Efiicacy of MVP was evaluated in small plot tests on grape vines in Italy, France, Spain, Germany,
and Switzerland. In these tests MVP provided excellent [evels of controt of the grape berry moth species,
Lobesia bolrana and Eupoecilia ambiguelfa. Perdormance was supetior to that seen with conventional £.
thuringiensis products and generally similar o that achieved with standard chemical insecticides.

Biginsetticida MVP®, Un Nuovo Insetticida a Base di Delta-endotossina del Bacilfus
thuringiensis per la Lotta contro la Lobesia botrana della Vite

Riassunto

MVP® & il primo in una nuova classe di prodotti biopesticldi basato sulla nueva techologia di
binincapsulazione CellCap® di Mycogen Corporation. MVP contiene una 58-tossina di Bacilfus thuringiensis
varietd kurstaki (B.tk) che & altamente aftive contro le specie di mosca delluva, Lobasia botrana e
Eupoecilia ambiguelia, come anche la Plutefis xylosteifa (I.), Helicoverpa spp, ed un numero di altre
impartanti specie agricole di parassiti, L'efficacia di MVP & stata valutata in prove parcellari su vigneti in
ltalia, Francia, Spagna, Germania e Svizzera, Nel sistema CellCap, il gene di guesta tossina & stato prima
introdotio nel genama di un cappo di Pseudomonas flucrescens (P.1.). Nel procasso di lavorazione questo
ceppo di P, fluorescens viene messo in coltura in grandi fermentatori, dove la tossina é prodoita come un
grande cristallo intracellulare, pilt grande di quello prodotto nel B. thuringiensis. Tuttavia, diversamente dal
B. thuringiensis le cellule P.f. non si dissolvana o spezzano a maturazione. Quando fa fermentazione &
complats, la celluls di P.{. intatta vengono uccise o fissata nel fermentatore usando un processo brevettato
che incapsula i cristalli di tossina tra il citoplasma stabilizzato e le pareti cellulari defle cellule batieriche
devitalizzate,
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L'effetto del processo di bisincapsulazione CellCap nella protezione della 5-tossina dal degradamento
ambientale & stato valutats in prove parceliar su cavoli e broceali e eonfrontato con due prodotti standard di
8. thuringiensis. L'attivita residua & stata stirnala usando un test biologico su un disco fogliare. Queste
prove hanno dimostato che MVP fornisce attivitd residua due o tre volte maggiore dei prodettl B.t.
convenzionali contenenti | ¢ristalli di tossina naon protetti, Prave simili seno state condotia su vigneti in (talia
ottenenedo un incremento simile nell'atiiviia residua.

Introduction

The demand for alternative insecticide products and pest management strategies for managing pest
populations has grown as growers, policy makers, and the general public in many countries have become
more aware of the problems associated with the use of broad spectrum chemical insecticides In crop
protection. Envirenmental contamination, increasing pest resistance, worker safety concerns, and the
potential hazards assoclated with pesticide residues on crops are all problems that have become
increasingly assoctated with the dependence upon bread spectrum chemical insecticides. In addition to
insecticide resistance, the effect of these compounds on beneficial insect populations frequently results in
sacondary pest authreaks and pest resurgence, and is increasingly recognized as adversely impacting our
ahility to manage pest populations in general,

The need for alternative strategies to mitigate these side effects of dependence on broad spectrum
insecticides, has been noted many times and led to the concept of integratad pest management {IEN)
{(Smith and Reynolds 1966, Smith and van den Bosch, 1967). The development of ecenomic injury lavels
and action thresholds and at least the fitst stages of progress toward implementing IPM programs has now
occurred in many different crop situations.

However, the development of efficacious, selective, alternative control methods and products to use in
IPM programs is essential for these programs to be successful. Among the most promising of these
alternatives are products based on fnsect pathogens and naturafly occurring insect toxins. These
biolnsecticldes or microblal insecticides, are effective and specific for target pests, offering a great deal of
promise in resolving some of the problems commeonly associated with dependence on broad spectrum
insecticides. In addition, by offering a completely different mode of action fram canventicnal neurotoxic
chemical insecticides they can be very useful in managing resistance to these chemicals.

The most successful of the bioinsecticide products developed to date are those based on Baciffus
thuringiensis (B.t), & spore-forming bacteria that produces a selectively toxic protein in the form of an
inclusion of crystal within the cell. This protein inclusion is the active component in B.t products and
consists of the protexin form of one or more a(deita)-endatoxins. When this inclusion is ingested by a
susceplible insect hose, it is solubilized and the protoxin{s) processed to the active d-endotoxin form. This
active toxin then binds fo and destroys the midgut epithelium, causing a rapid gut paralysis and cessation of

feeding in less than an hour after ingestion in the most sensitive species, Death gensrally occurs within ene
to three days.

Effective commercial B.t. products for the control of caterpillars have been available for over twenty
years and have been used against caterpillar pests of grapevines, vegetahles, forests and frult for many
years. However, conventional B.t. products have some serious limitations. One of the most significant of
these is the short residual activity under field conditions. '

Duiing the fermentation of B.t. cells, spores and toxin crystals are produced and released into tha
medium when cell walls lyse at the conclusion of the fermentation cycle. I is these spores and crystals
which constitute the active ingredient in conventional B.t. products. When a grower applies a conventional
Bt insecticide to his crop, he is applying these spores and naked crystals of Bacius thurngiensis. It is
these unprotected taxin crystals that are so susceptible to degradation (Figure 1A).  Ultraviolet radiation
{U.V.) has been shown {o rapidiy degrade the activity of B.t. products (lgnofio et al. 1977, Morris 1983; Sneh
and Schuster 1981). In a given crop, the bulk of activity can be lost within two to three days. The
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insecticidal half-life of B.t. products exposed to direct sunlight has been estimated to he 1.5 to 2 days on
cotton follage (Beegle et al. 1981) and two days on white spruce {Morris and Moore, 1975). This means a
lethal dose is present for only a relatively short time, decreasing efficacy and making frequent applications
necessary. This lack of foliar persistence is a key factor in the inconsistent performance of conventional B.L.
insecticides. Mycogen has developed the patented CellCap encapsulation system to address this limitation,

Mycogen's CeliCap Biological Encapsulation System

The CellCap bioencapsulation and delivery systern is Mycogen's proprietary technology for enhaneing
the field persistence and efficacy of B.t. toxins,

The development of a hew biopesticide product based on this CellCap process actually begins when a B.t.

isolate with the desired host range and level of potency is identified in a focused screening and bioassay
effort against a particular target pest. '
The gene(s) coding for the desired d-endotoxin{s) is then isolated and transferred into a Pseudomonas
fluorsscens (P.f) host isolated from tomato foliage. In the manufacture of a CellCap preduct the
transformed P.f. cells are cultured in large-scale fermentors. Unlike B.t. cells which lyse at the end of the
fermentation cycle, the P.1. cell walls remain intact. The P.f. cells are then kilted in the fermentor before
harvest using a proprietary physical and chemical process. This process also fixes the cell wall and
cytoplasm, creating a stable, dead cell "biocapsule” which encapsulates and protects the toxin erystal.
Thus, the ective companent of any CeliCap product contains no living cells, but rather consists of a selected
toxin {or toxins) encapsulated within 2 dead cell “biocapsule” (Figure 1B),

MVP Bicinsecticide is the first of Mycogen's Cell Cap products, and has been developed for the
control of pest lepidopterous farvae. A 8-endotoxin from B.t variety kurstaki with high activity against DBM
and a number of other key caterpillar pests in vegetable craps, was selacted for this product. The studies
reported here were conducted to evaluate MVP and assess the effect of the CellCap biological
encapsulation technalogy on the efficacy and foliar persistence of B.t toxins.

Materials and Methods
1. WVP® Bioinsacticide Foliar Persistence Studles

Cabbane and broccoli - Foliar persistence of MVP on cabbage and broccoli was evaluated in small
plot tests in 1988 and 1989 in the United States in the states of Florida, California, Wisconsin, and North
Carolina. A total of 20 studies were conducted over these two years, These experiments were conducted in
small plats of broccali or cabbage treated with MVP and two representative registered B.t. products, coded
as Check "A" and Check "B". Applications were made at labs| rates of each product. Test materials were
applied either with a COo backpack sprayer or tractor mounted boom sprayer, using one overhead and two
drop hollow cone nozzles (spraying Systems TAUSS). Leaf disc samples (200 discs per treatments) were
collected at several post-treatment intervals beginning with the day of treatrment and ending at 12 days,
These leaf dises were brought back to the lab and activity assayed by placing a single third instar DBM
larvae on each disc and evaluating mortality four days after infestation. The method developed for these
tests has proven to be a highly sensitive technlique for quantifying resldual B.t. activity.

Grapevines - Foliar persisience was also evaluated on grapevines in italy by loriatti {1892) at the
Istituto San Michele all'Adige. In these tests, field treated grapes were sampled at intervals after application
with MVP and three conventional B.t. products. Sampled grape berries were brought back to the laboratory
and residual activity determined using a biological assay with L. bofrana larvae.

2. MVP Bloinsecticide Field Efficacy Evaluations

Small plot tests - Between 1989 and 1993, MVP was tested In Italy, Spain, France, Germany, and
Swikzerland in cooperation with Shell ltalia, Shell Espafa, Agrisheli, Shell Agrar and Agroplant respectively,
against the grape berry moths, L, bolrana, and E. ambiguella in small plot trials on grapes. These frials
included competitive B.L. products, as well as at least one standard chemical treatment generally utilized by
growers in the pariicular region. One or two treatments were made for control of second and third
generation. Some trials on first generation were also conducted. The first application was made when the
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first eggs began to hatch based on direct field observations, Pheromone traps were also used as a guide in
detarmining when ovipasition might begin. In a limited number of trials, a second treatment was made
seven to 14 days later. Either hydraulic or mist blower backpack sprayers were used to apply the test
materials.

Label rates of registered products were applied in these trials. MVP was applied at one to four
litersfha, with maost treatments heing made at two to four liters/ha. Grape bunches were generally sampled
30 days posttreatment and the number of L. bofrana ‘avae and the number of superficial and deep
penetrations of berries estimated. Several trials evaluated the efficacy of MVP on E. ambiguelia.

The use of sugar (sugrose) has been shown to enhance the efficacy of B.t. products (Charmillet, et.
al., 1991} and several kials were conducted fo evaluate the effect of adding sugar to the spray tank (0.5% or
1%) on the efficacy of MVP.

Results

1. MVP Bioinsecticide Persistence Studies

Foliar persistence test in vegetables - The CellCap system was found to consistently enhance foliar
persistence of B.t. #-endotoxin on cabbage and broccoli when compared to conventionat B.t. products.
Generally, within the first two days after application, insecticidal activity of the conventional B.t. products
tested had dropped well below 70% of the original activity. In contrast with MVP, insecticidal activity
remained abave 70% of the original leval aven atter four days. By seven days, residual activity of MVP was
generally above 40%, while both Check “A" and Check "B" had dropped befow 20%. In 20 studies
conducted In four different geographic regions, MVP consistently provided high levels of resldual activity two
to thrée times greater than those recorded for the conventional products seven days after reatments. Figure
2 provides an example of the data collected during the two years of foliar persistence studies. [n this study,
residual activity of MVP averaged 35% aftar seven days versus 14% for Check "A".

Foliar_persistence. studies [n_grapevines - Studies In grapevines on the persistence of MVP,
demonstrated a two -fold enhancement of residual activity compared to three conventional dry B.t. products,
two of which were new products and one an older established product {loriaté, 1992). Activity of the three
traditional B.t. products after seven days had fallen to 54, 36, and 33% mortality from 78,66 and 90% initial
activity, while MVP was still at 79% mortality as compared to 90% mortality initially. The conventional
products were reapplied at eight days. MVP was not reapplied, but at 21 days after treatment still showed
40% mortality as compared ta 40, 35, and 15% for the second treatment of the other products. Additional
trials were conducted by in 1992 and 1983 with similar results showing the enhanced persistence of MVP
and are being reporied at this meeting by Dr. loriati.

2, MVP Bioinsecticide Fiald Efficacy

Small Plot Trials - MV provided excellent control of L. botrane for both second and third generations
in small plot tests conducted between 1883 and 1993 in ltaly, Spain, France, and Germany. Typically MVP
provided petforrmance that was similar to that achieved with the chemical standards and was superior to
that ohservad with other B.t. products. Sampie daia from these krials are presented in Figures 3 as well as
" Table 1 and show that levels of control well in excess of 95% were achievable with MVP.

The optimum rate for control of L. bolrana appears to be three liters per hectare, although a number of
trials such as that presented in Figure 3, showed that doses of less than three liters could provide good
efficacy. Timing of application was shown to be important, with best results being achieved when
applications were made at initiation of egg hetch. Good spray coverage of the grapes was likewise very
impottant,

The eddition of sugar {sucrose) a 0.5 or 1 kg. to the spray tank gave variable results in trials on
secand generation. In ltaly, sugar appeared to enhance the activity of MVP slightly from 83% to 88%
efficacy (Table 1). In France, the results were similar with little or no improvement being noted when sugar
was used (Figure 3). Tests in Germany at lower product rates, however, showed that sugar could
substantially improve activity. In ane test, for example, a 1 literha rate plus 1 kg sugar produced 50%
contral, while 2 litersfha without sugar showed only 30% control. The three liter rate with sugar, produced
73% controd, more than twice the control with the product alone.
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Charmillet and his co-workers (1892) in Switzerland found MVP ta have excellent field efficacy on
beth L. bolrana and E. ambiguella. In their trials in 1891 with L. boirane, they found that the cumulative
efficacy (of MVP over 21 days fo be 93% while the B.t. standard, provided B8% efficacy. The other two Bt
products had cumulative contro! levels of 88 and 73%. In these trials, the efficacy of the chemical standard,
parathion, at 91% was below that of MVP.

Small plot trials in Germany and Swilzerland also demonstrated gnod efficacy of MVP on £
ambiguella. \n the Swiss trials, for example, the cumulative efficacy of MVP over 17 days was found to be
B6% while the B.t standard was second at 80%. The other two B.t products tested had efficacy balow this
at 76 and 63% {Charmillot et al 1992),

Discussion

The results obtasined in the studies reported here have demonstrated that the CellCap
bioencapsulation and delivery system can be used to produce very efficacious, longer residual
bioinsecticldes. The Increased residual activity of MVP, coupled with its selected toxin with high activity
against L. bolrana and E. ambiguella is proving to be a highly effective combination for control of these
species in grapevines in ltaly and the rest of Europe. MVP performance against these key pests of grapes
has surpassed conventional B.t. products, and has proven to be comparable to that of the standard synthetic
chemical treatments,

In addition to the benefits of a high potency toxin and longer residual activity in the field, the CellCap
system also offers superior shelf life stability in a liquid formutation, something difficult to achieve in spore-
containing formulations.

MVP also has benefits it shares with ather B.t.-based products. The B. thuringfensis variety kurstaki &
-endotoxins have been extensively tested on mammals and ather non-target organisms as part of the
regulatory requirements for the registration of the various commercial B.t. products now on the market in
many countries. In these test, the B.t F-endotoxins examined have been found to be highly selective,
showing a consistent lack of toxicity to mammals, birds, fish, beneficlal insects, key aguatic Invertebrates,
and plants. Acute toxicology tests conducted with MVP have llkewise shown no toxic effects an any of
+ these non-target species. Because of their very high degree of safety, B.t. 8-endotoxins are exempted from

Figuge'1. Transmission electron micrograph of the CellCap® active ingredientin  MVP
® Bicinsecticide, showing the Bacillus thuringiensis var. kurstaki ®a-andotoxin protsin
crystal encapsulated within killed and stabilized Pseudomonas fluorescens cells,
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Figure 2. Comparison of persistence of MVP® Bivinsecticide aqueous flowable at 4.6 I/ha and
a conventional Baciflus thuringiensis var, kurstaki product (water dispersible granule) coded as
check "A", applied at 1.7 kg/ha, on broccoli, as determined by laboratory biclogical assays
(Plutella xylostelia third instar farvag) of leaf disc samples of field treated broccoli plants from

plots in Yuma, Arizona, U.S.A..

A) Bar graph showing residual activity found in each of 4 replicate samples (50 leaf discs per

replicate) taken 4 days after treatment.
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Figure 3. Efficacy of MVP® Bioinsecticide on second generation Grape Berry
Moth, Lobesia botrana, on Grapevines in southern France (Provence)
{Control: 4 larvibunch)
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Table 1. Efiicacy of MVP@ Bicinsecticide on the second generation Grape Berry
Moth, Lobesia bofrana, in Northern ltaly, in comparison with a conventional B t.
product and chemical standard

Treatment Dose No. of Sugar | No. larvae/ %
Rate | Applicatio | added/h 100 Control
per ha. ns a. bunches

1 | MVP 4 liter 1 500 gm. 3 99
Bioinsecticide

2 | Check "D" 1 kg. 1 500 gm. 22 92

3 | MVP 4 liter 2 0 9 97
Bioinsecticide

4 | MVP 2 liter 2 0 10 96
Bioinsecticide

5 MVP 4 fiter 1 0 10 96
Bisinsecticide

6 | Check "E" 40 gm. 1 0 5 o8

7 | Untreated check 275 0
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tolerance in the US and other countries and an be applied up o the day of harvest with no re-entry period or
pre-harvest restrictions. This provides growers with important flexibility of use.

The selectivity of action is a key advantage offered hy MVP and other B.t. products, particularly when
these products are used integrated pest management {IPM) programs. This specificity means that B.t.
praducts can be used to reguiate pest populations without direct toxicity to the natural enemies of the target
pest and other phytophagous insects In the crop. The result of this complementary action is that secondary
pest outhreaks and pest resurgence problems can be avoided.

The concept of IPM stressas the need to understand and build on existing ecological processes and
key interspecific relationships that are present in particular agro-ecosystemns and utilizing these to maximum
advantage in regulating and managing pest populations. This construction of pest management systems
from the bottom up, building on this foundation of existing ecological factors is still a long way from being
the primary approach in pest managemant and inmost crop systems we are at best still in the very earliest
stages of IPM development and implementation. |t is clear that as these more sophisticated and
presumably more successful IPM systems are developed, the avallabllity and use of selective controt tactics
will become increasingly important as management tools that are effective and yet also compatible with
existing natural enemies and other ecological factors that contribute to regulation of pest populations. B.t &
endotoxin-based producis like MVP are among the most effective of the selective insecticides that are
currently avallable and among the least disruptive to the existing natural enemy complex, therefore
minimizing the potential for pest resurgence and secondary pest outbreaks. In this regard, they can fill a key
niche in many IPM programs by offering effective yet selective action, a benefit which is not offered by many
other products. The novel CellCap technology gives MVP Bioinsecticide some unique features that can
offer even greater bensfits to growars in the use of thess toxins in crop protection in genera!l and IPM in
particular.

Literature Cited

Beegle, C.C., H.t. Dulmage, D.A. Walfenbarger, and E. Martinez. 1881. Persistence of Bacillus
thuringiensis Berliner insecticidal activity on cotion foliage. Environ, Entomol. 10: 400401,

Charmiilict, P.-J., D. Pasquier, Ph. Antonin, C. Mittaz. 1992, Lulte contre les vers de la grappe eudemis et
cochylis au moyen de Bacillus thuringiensis (BT). resultats de 1881. Revue Suisse Vitic, Arboric.
Hortic, 24{2), 108-118.

Charmillet, P.-J., D. Pasquier, and Ph. Antonin. 1991. Efficacite et remanence de quelques prepartions a
base de Barillus thuringensis (BT) dans ala lutte contre les vers de |a grappe eudemis et cochylis.
Revue Suisse Vitic. Arbaric. Hortic. 23 {3), 187-194.

Ignoffo, C. M., D. L. Hostetter, P. P. Sikorowski, G. Sutter, and W. M. Brooks. 1877. Inactivation of
representative species of entomopathogenic viruses, a bacterium, fungus, and protozoan by ultraviolet
light source. Environ. Entomol. 6: 3, 411-414,

loriatti, C. 1892. Etude en laboratoire de I'activite et de la remanence de trois produits a base de
Bagilus thuringiensis. O.LL.8.

Morris, Q. N. 1883. Protection of Bacilfus thuringiensis from [nactivation by sunlight. Can. £nt,
115:1215-1227.

Morris, O. N. and a. Moore. 1975, Studies on the protection of insect pathogens from sunlight
inactivation. !I. Preliminary field trials, Chem. Control Res, Inst., Can, Fro, Serv,
Rep, CC-X-113. 33 pp.

Sneh, B., and S, Schuster. 1881, Recovery of Baciflus thuringiensis and other bacteria from larvae of
Spodoptera littoralis previously fed B, thuringfensis-treated leaves, J. Invert, Pathol, 37: 285-305,

Smith, R. F., and H. T. Reynolds. 1966. Principles, definitions and scope of integrated control.
Prac, FAQ Symp. on Integrated Pest Control 1:11-17.

Smith, R. F., and R. van Den Bosch. 1967. Integrated contml.. In Pest Control: biological, physicai, and
selected chemical methads, ed. W. W. Kilgore and R. L. Douit, Chap 17, pp. 285-340. Naw York:
Academic Press, 477 pp.



