ABSTRACT

Spray dried Bacillus thuringiensis formulations, based on citric or lactic acid,
pregelatiuzed com flour, cornstarch, sopropyl alcohol, sugar, and corn oil, were used 1 leaf
and diet incorporation bioassays, to determine the effects of solar radiation and rain on
insecticidal activity. In diet incorporation tests against Helicoverpa zea, Trichoplusia ni,
Heliothis virescens and Spodop-rgra exigua, insecticidal activity of spray-dried B. thuringiensis
did nor decrease when compared with non-spfay dried material. Caotton leaf hioassay- tests
using Ustrinia nubilalis showed that insecucidal activity of formulations expused to solar
radiation was higher than technical B. thuringiensis exposed to solar -radiation, suggesting the
formuiations provided protection against soiar radiation. In coton leaf bioassays, when five
different starches were used in the formulations, insecticidal activity was reduced after
exposure to solar radiation in only one case. Cotton leaf bioassays also showed a reduction in
insecticidal activity due to exposurte to solar'radiation as the amount of active ingredient in the
formulation increased. Throughout ail tests. rainfastnéss did not improve over technical B.

thuringlensis alone.
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Commercially available pesticide formulations containing Bacillus thuringiensis are applied as
dry granules or as sprayable preparations. Both types of formulations, however, suffer from a
lack of residual insecticidal activity due to wash-off by raini’all or degradation by sunlight. In
addition, most preparations of B, thuringiensis are not palatable to insects thus limiting their
effectiveness. (Gillespié et al. 1994) . Previous research to address these problems has
resulted in the development of a'djuvants confaining starch (McGuire and Shasha 1990, 1992),
gluten (Behle et al. 1996b), casein (Behle et al.1996a), or lignin (McGuire et al. unpublished)
as additives to spray tarnks. These ingredients protect 8. thuringiensis from wash-off by -
rainfall and/or degradation by sunlight. However, as-adjuvants the}-' -require different amounts
of marcerial depending on the spray volume used. Therefore, a user applying 10 L/Ha spray
volume would require much less material than a user applying 100 L/Ha. Thus potential for
commercialization of these materials is limited because packaging for multiple uses is a
problem. Development of granular formulations that are applied dry has alse resulted in
increased residuai activity of microbial pesticides. Examples of these formulations include corn
meal baits (Creighton et al. 1961, Cannerday et al. 1975) and granules formed with gelatinized
starch or tlour (Dunkle and Shasha 1988, Gillespie et al. 1994, Castro-Franco [994), or gluten
(Connick et al. 1991). However, the use of these large granules is restricted to carn or other
plants that have a retaining device such as a whorl. This paper focuses on recent efforts
conducted jointly by Mexican and U.S. scientists aimed ac developing a sprayablc granule that
can resist wash-off and solar degradation of B. thuringiensts.

To overcome the limitations of adjuvant-based protectants, we wanted to develop a

formulation in which the protectants maintained contact with the acuve ingredient throughout



the tank mixing and application process. One way to do this is to quickly dry materials onto
small particles of active ingredient. Spray drying is a method commonly used in food and
oter industries (0 produce micrgcapsules of uniform quali‘t;; containing multiple ingredients.
The equipment is relatively inexpensive to purchase and operate, is commonly available and
easy to use (Taylor 1983, Youngs 1986). The imitial step in the spray drying process is (o

" select a suitable coating materia‘l for the active ingredient. This material should have good
rheological properties. disperse evenly, be non-reactive, and have the ability to hold the active
ingredient (Shahidi and Han 1993). We have found that gelatinized starchy materials such as
corn flour provide the properties described above. We now report 6'11 vic use of spray drying
as a method o prepare small (pass 60 mesh) granules contaimung &£. thuringiensis that are
sprayable and that extend the residual insecticidal activity of B. thuringiensis in response to

simulated environmental [actors.



Materials and Methods~"

B. thunngiensis isolate: Technical B. thuringiensts provided by Abbott Laboratories
(North Chicago, IL) was used in all formulations. The po“‘n‘:ler contained 64,000 JU/mg and
was derived from the strain HD1 used commercially.

Spray drying conditions: A Niro atomizer {Niro Inc. Columbia MDD} was used for all
formulations. The scttings of the atomizer were: inlet temperature 120-130°C, air pressure 4
KPS. outlet temperature 60-90°C and varied throughout the run depending on viscosity of the
formulation mixure. Mixtures were pumped into the atomizer at the rate of 10 ml/min. As
the formulations entered the atamizer. much of the material adhered ;n e sides of the tank.
At the end of the run, the tank was opened and the material was scraped otf the sides and into
the collection vessel. Therefore. residence rime for the material in each formulation varied
from a few seconds to 30 min.

Formulations: The ingredients used in the formulations (Table 1) were sclected based
on availability, cost, and tuncaonality. The combinations and designations tor each of the
formulations are shown in Table 2. The ingredients were mixed under precise conditions as
follows: The oil and starches were first mixed by pressing the twa together in a beaker; the
mixture was then added to 280 mi warm (60°C) water to form a soft dough; sugar was added,
then the alcchol, then the acid. then the malachite green. and then the active ingredient. In
some cases the viscosity of the mixture was 100 high and the addition of more water was
necessary 1o enable pumping ot the material 10 the spray drier. A preliminary formulation
utilized. among other ingredients. nixtamalized flour (used for tood and industrial purposes

and commonly. available in Mexico), cornstarch, and formaldehyde (Tamez-Guerra et al.



1996). In the U.S., nixtamilized flour is not readily available and the use and presence of
formaidehyde may raise concerns. Therefore, several types of formulations were developed.
Formaldehyde was substituted with citric or factic acids (1 2, Table 2), nixtamlized flour was
substituted with other common flours or starches (3-7; Table 2}, amount of active ingredient
(initially 3% of the solids level) was increased up to 50% (8-10; Table 2). The ratio of
nixtamalized flour to ungelatinif:ed cornstarch was adjusted from the original 50:50 (11-12;
Table 2) ta determine 1f the starch content could be increased (thus decreasing overall cost of
the formulation) without loss of protection or activity. Finally, malachite green, a potentiai
sunscreen was removed from the formulation to determine if it playéﬂ a role in solar stability
(13).

[nsect cultures: Ostrinia nubilalis was reared using procedures modified from Ortega
et al. (1980) as reported by Bartelt et al. (1989). Neonates were used in all cotton leaf
bioassays. Helicoverpa zea, Heliothis virescens, Spodoptera exigua, and Frichoplusia ni were
reared on artificial diet modified from Shorei and comtained soy meal (1.0 g}, corn meal (31.1
g), carn oil (10.6 g), SACAROSA (13.6 g), sorbic acid (1.0 g), methyl-p-hydroxybenzoate
(1.6 g), sorbic acid (4.26 g), agar {15.7-g), formaldehyde at 10% (4.4 ml), clorox at 15% (7.3
ml), acetic acid at 25% (12 ml), vitarmin solution (3.5 mi), and distilled water (1 [iter). The
vitamin solution contained calcium pantothenate (12 ml), niacin (6.0 ml), riboflavin (3.0 ml),
tolic acid (3.0 ml), thiamine (3.0 ml), pyridoxine (1.5 ml), biotin (0.12Z ml), B12 (25 ml) and
the volume was brought to | liter with distilled water.

Diet Incorporation Bivassays: [n Momterrey, diet incorporation assays were dane to

determine the ctfect of spray drying on activity of the active agent. Selected formulations
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were added to warm artificial diet, lacking the amtibiotics, at a rate equivalent to 10, 25, 50, or
100 ug 8. thuringiensis technical material per mg diet. The diet was then poured into cups (5
+1 mi per cup) and allowed 10 cool. One neonate was add;d to each of 75 cups per treatment
and held for one week. Probit analysis (Finoey 1971) was done to determine LC50 for each
formulation for each insect species.

Leafl Bioassays: In Peor-ia, bioassays on cotton leaves were comducted with O. nubilalis
and 1nvolved methods similar to those reporfcd by Behle et al (1996a). Cotton plants were
trcated with spray dried formulations added to watell. For assays involving rainfastness,
formulations were applied over the tops of plants in a spray Cllﬂl‘l‘ib‘f—‘.’- with a sinzie traveling
flac fan nozzle (8002ss, Spraying Systems, Wheaton, [L) at 4.9 kg/cm® and a track speed
setting of 3.0 kavh to appiy 35 ml total volume. This rate is equivalent to 235 liters/ha. Ta
account for differences in susceptibility to B. thuringiensis by laboratory-reared neonate
insects, the relative amount of B. thuringiensis was reduced because field rdtes will Kill all
necnate larvae (MRIM unpublished). The rate of 10 mg technical powder /50 ml water was
used and generally Killed about 85% of the test larvae. For all applications, an amount of
spray dried material that contained the equivalent of 10 mg technical material was added ta 50
ml watcr and held until use. For at least 5 min prior to use, suspensions were mixed
thoroughly using a magnetic stirrer. The rainfastness assay was conducted in the same
chamber as that used to apply formulations. The chamber was modified to provide continuous
traversing ot the nozzle assembly that was attached to a water source. As the assernbly
traversed, water was spraved through a full cone nozzle until 5 cm of water was collected in a

rain gauge (approximately 50 minutes of spraying). For solar stability assays, (10 cm®) circles
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were marked onto cotton leaves. This area was then treated with 0.033 ml of formulation that
was spread evenly across the circle with a glass rod. Once dried, plants were then placed
under a light source (CPS SunTest, Hereaus, Hanau, Germc:lﬁy), and exposed for § h.
Regardless of assay type, leaf disks were cut from the plants after treatment and placed in
plastic petri plates containing a filter paper disk. Ten larvae were placed in the dish and
capped with a sealing lid. The dishes were held for three days in the dark at 28°C and then
percentage mortality was obtained for each dish. Data were analyzed with analysis of variance
and means were separated using a protected least significant difference test (Statistix 1994).
To determune if the prucess of spray drying was adding a beht'aﬁt to the overall
formulation, a test was done comparing spray dried and tank-mix formulations. Spray dried
formulations made with 3% and 50% technical material (2 and 10 respectively; Table 2) were
compared with a tank mix containing the same ingredients and levels of B, thuringiensis. The
tank mix formulations had not been spray dried. Solar and rainfastness assdys were done as

described above,
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Diet Incorporation; Assays to determine LC,, for spray dried formulations were done
for four insect species (Tables 3-6) to determine if the condiqtions inherent to spray drying (e.g.
high temperatures, presence of alcohol) caused a loss of insecticidal activity. In all cases,
activity did not decrease when compared with non-spray dried B. thuringiensis and in many
cases, LC,, decreased. This effect could be due to increased feeding due to the large amount
of sugar incorporated into the formulation.

Leaf Bioassays: Bicassays were conducted on cotton |caves against O, rubilalis, The
planr leaf assays gave a good indication of how the formulations pro-[‘ecl insecticidal activity of
B. thuringiensis when exposed to simulated rainfall or simulated sunlight. Previous tests have
indicated that these procedures provide results that will be applicable to field performance
(Behle et al.1996a).

Effect of ac_id type and ratio of nixtamalized flour to unmodified cornstarch:
Formulatons with either lactic or citric acid caused high mortality of Q. nubilalis atter
exposure of treated leaf surfaces to simulated sunlight compared with technicalt 5.
thuringiensis only (Table 7). No significant loss of activity occurred after exposure to sunlight.
In addition, both formulations retained some activity after exposure to artificial rain.
Significant loss of activity did occur upon exposure to sunlight when formulations were made
with a ratio of nixtamalized flour to unmodified starch other than 50:50. However,
significantly more activity was retained in these formulations than technical material only.
Very little activity remained after simulated rainfall,

Effect of modified starch type: Five different starch types were incorporated into the
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formulations and tested on cotton leaves for rainfastness and solar stability (Table 8). In this
test, percent mortality before solar or ran simulation was similar for all formulations,
mcluding technical material only, except for the formulatiox'll made with oxidized starch. None
of the formulations protected the insecticidal activity against 5 cm rainfall. However, several
of the formulations provided solar protection; most notably, flour 961, a gelatinized comm flour
available commercially.

Effect of amount of B. thuringiensis and malachite green: The initial formulation
contained only 3% B. thuringiensis techuical powder. Whiile this rate produced some rather
remarkable results with respect o solar stability, 0 be econnmicallfviable, the level of active
wmgredieat must be increased. In leaf assays, a clear trend emerged with respect to solar
stability and amount of active ingredient (Table 9). As the level of active ingredient increased,
ihe svlar prutection decreased. Formulations with B. rhiringiensis levels of 3 and 10%
survived significantly better than formulations with 25 or 50% B. thuringiensis. However,
formulations with 50% B. thuringiensis were significantly better than technical powder alone
both before and after exposure to simulated sunlight. Perhaps the nitial difference is due to
the ingredients in the formulation acting as feeding stimulants. While this may affect overall
results, original activity remaining after solar simulation for spray dried formulations with
50% active ingredient (44 %) is still better than technical material by itself (39%). As above,
none of the formulations provided protection from rainfall. There was no significant
improvement in solar stability from the addition of malachite green when the amount of B.
thuringiensts in the formulation was 3%. There was, however, an effect on rainfastness. The

formulation made without malachite green adhered better during the simulated rainfall than
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the formulation without malachite green. The formulation without malachite green was not
more rainfast than techncal B. thuringiensis.

Effect of spray drying: To test the effect of spray dllying on resistance to wash-oft and
solar degradation, formulation ingrediems were tank mixed using the same proportions and
solids levels of two previously made spray dried formulations. While there was no effect on
rainfastness, there were (wo aother effects worth noting. First, spray dried formulations made
with 30% B. thuringiens:is gave higher mortality before exposure to sunlight. This effect
could be due to the close adherence of potential feeding stimulants to the active agent. The -
second poimt is tﬁat spray dried formulations provided beter solar p_r‘c[ecdon than tank mixed
formulations when 3% B. thuringiensis is used. The 50% B. thuringiensis spray dried

formulation did not provide additional solar protection compared with technical material only.
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Discussion

Some of the first formuiations of B. raniemis involved some form of protection
system and some of the formulations were considered to be encapsulated (Creighton et al.
1961, Angus and Luthy 1972). Angus and Luthy (1972) suggested the use of smudge proof
carben paper as a matrix and demonstrated that the matrix provided phagostimulation, solar
protection and did not harm activity. Rainfastness has continued to plague formulations of B.
thuringiensts and a search for ingredients with resistance to wash-off resulted in the use of
pregelatinized starches and flours (McGuire and Shasha 1990;. Siné;: this discovery, gluten
(Behle ct al. 1996b) and casein (Behle et al. 1996a) have been shown to be more effective with
smaller amounts of material necessary for resistance to wash-off. In addition, each of these
materials provides solar stability (o B. thuringtensis foliar deposits. However, all of these
materials require addition to a spray tank in relatively specific amm.lms. i.e. flour requires 2 g
per 100 mi (2% solids); gluten requires 1 % salids and casein reguices 0 % soiids.. These
requirements place limitations on the commercial use of the adjuvants because end users may
use different amounts ot water for different applications. The spray dried formulation,
however, removes this perceat solds requirerment. By 1ying the protective matrix directly to
the active ingredient and maintaining the two together in the spray tank, the deposition on the
leat surtace will survive in response to sunlight.

The spray dried formulatians did provide adequate solar protecuon (o 8. Zweringiensis
when levels of B, thuringiensis were relatively low (3% or 10%) in the formulation.

Increasing the amount of B. thuringiensis in the formulation is important because costs
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assoctated with handling and processing large amounts of formulation ingredients could
prohibit wide scale use of these formulations. Although costs of the ingredients are relatively
lbw (approximately $0.50 U.S. dollars/kg for the flour), ap'plying 500 g B. thuringiensis per
ha in a 3% formulation would require 16.6 kg of formulated product. A 50% formulation
would require only 2 kg/ha and is more representative of a commercial formulation.

Surprisingly, rainfasmegs was not consistently improved with the spray dried
formulations and in certain cases performed worse than technical material only (Table 9).
Possibly, the granules provide enough relief on the leaf surface to enable water o physically
knock the formulation off the piant.

In summary, the formulations presented in this manuscript do provise a mechanism for
tying protective ingredients to an active agent. These ingredients are inexpensive, most are
commonly available and easy to use. Likewise, the spray drying process and equipment is
well known and generally available. The formulations can be added to a sp'fay tank in any
ratio to the amount of water and sprayed onto a leaf surface. While these formulations do not

render stability to rainfall, they do provide 2 high level of solar stability.
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Table 1: Ingredients used in the formulations

Ingredient

Squrce

Nixtamalized flour

Cornstarch

Miraget

Flour 961

Oxidized Starch

Potato Starch

Enriched Bleached
Wheat Flour

Corn U1l

Powdered Sugar

Citric acid

Lactic Acid

Isupropyl alcohal

Maseca, location

CPC products, New Jersey
Staley, Inc. Decarr, IL
Il.l'inois Cereal Mills, Paris, IL
National Starch, New Jersey

National Starch, New Jersey

IGA Grocery store brand

Mazola. CPC International, New Jersey
IGA Grocery store brand

Eastman. Rochester, New York

Fisher Chemical, New Jersey

Fisher Chemical, New lcrsey
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Table 3. Effect of spray drying om activity of B. rhuringiémis insecticidal activity

in diet incorporation tests against Helicaverpa zea

Formulaton(#)!  Slope (+-SE) ICq 95% CI X?

Technical only?  2.195 (40.3323) 7.77 10.266-4.951 0.441
Citric (1) 2.482 (:tO-:4243) 6.80 9.0364.116 3.417
Lactic (2) 2.194 (£0.4588) 4.40a 7.047-1.856 4.062
Miragel (3) 2.33 (10.3622) 7.62 9.996-4.896 -‘1.613
961 (4) 2.352 (£0.4141) 6.32 8.641-3.5:80 2.223
10% Bt (8) [.979.(1£0.4133) 4.22 6.746-1.513 1.334
Maseca 25 (11)  1.538 (£+0.2653) 6.52 9.740-3.141 3.285
Maseca 75 (12) 1.467 (+0.2616) 5.82 0.065-2.527 2.639

'Reter to Table 2

‘Technical Bt only
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Tabie 4. Effect of spray drying on activity of B. rhuriugiénsfs insecticidal activity

in diet incorporation tests against Trichoplusia ni

Formuiation(#)'  Slope (+SE) LC,, 95% CI X2

Technical only?  1.583 (+0.2015)  1.23 1.697-0.7984 0.643
Citric (1) 1.241 (£0.2121) 0.4 0.796-0.154 0.720
Lactic (2) 0.870 (+0.2245)  0.09 0.335-0.0022 5.329
Miragel (3) 1.461 (+0.2148)  0.71 1.085-0.365 "L.919
961 (4) [.416 (£0.2405) 045 9.778-0 173 0.138
10% Bt (5) 1.176 (£0.2410)  0.27 0.579-0.0545 3.257
Masecs 25 (11)  1.048 (£0.1775)  0.55 1.010-0.189 3.070
Maseca 75 (12)  1.185 (+0.2044)  0.51 0.905-0.184 1.753

IRefer to Table

'Technical Bt only
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Table 5. Effect of spray drving on actvity of B, rhur:'ng:‘;msis insecticidal activity

in diet wncorporation tests against Heliothis virescens

Formulation()'  Slope (+SE) LCy, 95% CI Xz

Technical only*  2.319(+0.3327) 8.72 11.165-5.968 0.545
Citric (1) 2.313 (£0.3848) 6.86 9.222-4.115 1.201
Lactic (2) 1.922 (+0.3993) 4.20 6.756-1.488 0.971
Miragel (3) 2.017 (£0.3043) 8.00 10.699-5.001 0.204
961 (4) 2.409 (+0.4046) 6.90 9.1904.192 2.018
10% Bt (5) 1.997 (+0.3903)  4.83 7.354-2.0416 1.027
Maseca 25 (11)  1.711 (+0.3129) 5.01 7.789-2.129 0.272
Mascca 75 {12)  1.365 (1£0.2927) 3.47 1.365 +0.292 0.605

Refer to Table

echnical Bt only




Table 6. Effect of spray drying on activity of B. thuringiensis insecticidal activity in dict

incorparalion tests againsi Spodoptera exigua.

—— T —

Formulation®! _ Slope (+SE) LCy. 95%Cl X
Technical only?  2.72 (0.311) 13.93 11.30-16.47 0.0025
Citric Acid (1) 2.68 (0.397) 8.74 6.22-8.74 3.75
Lactic Acid (2)  2.08 (0.362) 5.68 2.92-8.16 0.70
Miragel (3) 2,26 (0.325) 8.43 5.64-10.91 1.26
Flour 961 (4) 2.47 (0.407) 7.18 4.50-9.43 .25
10% Bt (5) 2.75 (0.388) 9.12 6.67-11.24 2.25
Maseca 25% (11)  1.63 (0.237) 11.52 7.54-15.23 7.56
Maseca 75% (12)  1.82 (Q 244) 12.81 9.07-16.31 6.19

'Refer to Table 2

Technical Bt only
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Table 7. Effect of acid type and tatio of nixtamilized flour to buffalo starch on rainfastness
and solar stability of Bacillus thuringiensts as measured by percentage mortality of Ostrinia

nubilalis placed on treated cotton leaves

Exposure of Leaf Surfaces

Fommulation (A None Rain Solar
Citric Acid (1) . 100.0 64.4 9.5
Lactic Acid (2) 9.0 59.4 91.8
25:75 (11) 98.0 19.5 76.2
75:25 (12) 100.0 27.0 78.0
Technical Bronly - - 59.0 10.4 36.1

Cotton leaves were treated with formulation, then exposed to simulated rainfall or sunlight,
then fed to neonate O. nubilalis. £=29.08, df=14,126. P<{.00]; rritical value (SE) for
comparisen 16.276 (8.225)

‘See Table 2 for formulation composition.
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Table 8. Effect of modified starch type an activity of Bacillus thuringiensis as measured by

percentage mortality of Ostrinia nubilalis placed on treated cotton leaves

Exposure of Leaf Surfaces

Miragel (3) 94.0 17 66
Flour 961 (4) . 94 35 80
Oxidized starch (5) 59 23 41
Potato Starch (ﬁ] 78 17 74
Enriched flour (7) 86 29 71
Technical Bt oaly 34 27 40

Cotion leaves were treated with formulation, then exposed 10 simulated rainfall or sunlight,
then fed to neonate Ostrinia nubilalis. F=16.00, df=20,180, P <0.001; critical value (SE)
for comparison 18.544 (9.398)

'See Table 2 for formulation compaosition.
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Table 9: Effect of relative amount of Baciilus thuringiensis and malachite green on insecticidal
activity of formulations as measured by percentage mortality of Ostrinia nubilalis placed on

treated cotton leaves

Exposure of Leaf Surfaces

Eormulation (&) Naoge Rain Salar
3% (2) _ 1000 6.9 95.8
10% (8) 100.0 42 86.0
25% (9) 95.0 7.0 64.4
50% (10) 96.0 6.0 020
Without green (13) 1000 20.5 91.0
Technical Bt only 493 15.1 19.2

Cotton leaves were treated with formulation, then exposed to simulated rainfall or sunlight,
- then fed t0 neanate Q. nubilalis. F=118.20, df=20,177, P<0.001; critical value (SE) for
comparison 10.23 (5.134)

‘See Table 2 for formulation composition.
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Table 10: Effect of spray drying on activity of Baciilus thuringiensis as measured by

percentage mortality of Ostrinia nubilalis placed on treated cotton leaves

Exposure of Leal Surtaces

Method! Level of B, t_ None _Rain Solar
Spray dry (1) 3% 100.0 10.1 90.0
Spray dry (10) .‘50% 83.8 5.0 25.2
Tank mix 3% 97.0 20 71.0
Tank mix 50% 69.8 3.0 325
Technical Bt only 53.6 W8 327

Cottan leaves were treated with formulation, then exposed to simulated rainfall or sunlight,
then fed to neonate Q. nubilalis, F=68.7, df=15,159, £<0Q.001. LSD Critical value for
comparison = 12.28

‘Refer 10 Table 2 o
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ABSTRACT

The process for microencapsulating a strain Bacillus thuringiensis subsp.
kumamatoesis (C-9), Tor the biocontrol of Epilachna vanivestis Mulsant, a bean pest, is
discussed. This strain was isolated from a dead E. varivestis from a bean (Phaseolus
vufgaries) field in Durango, Mexica. The bioinsecticide activity of this microcapsulated
strain had an LDg of 397 ng/ml against coleopteran larvae in bicassays with plants,
and an LDsy of 219.35 ug/ml aqainst Trichoplusia ni \arvae using artificial diets. The
formulation was prepared with equal parts of com starch and corn nixtamalized flour as
a formulation matrix, as well as vegetable ail, powdered sugar, isopropanol, malachite
green (photoprotector), and formaldehyde (antoxidant).. This mixture was
microencapsulated using the spray dry technique. Residual activity of the original
formulation was observed 15 days after exposure to environmental conditions on
plants, and after six mounths and two years in storage. A field test under dry
conditions, using a sprayable formulation at 3% of the active ingredient, showed
martality of 75 and 16%, eight and fifteen days after application respectively of the C-9 |
microcapsules. If it rained after application, the activity fell to 14% in one week. This

study shows the possibility of using Bt microencapsulated material far pest control in

bean.

KEY WORDS: coleopteran, Epifachna varivests, micmencapsuiatéd formulations, Bacillus

thuringiensis.



Bacillus thuringiensis used against insects as a biocontrol agent has received
considerable attention in recent years, The field experiments have been directed
toward pratection of B. thuringiensis spares and crystals from noxious environmental -
factors. Good results were obtained with granulated formulations employing corn meal
bait (Creighton et af, 1961; Cannerday ef af, 1 975); and aptimum conditions of
dispersion, residuality and application in the field (Dunkie & Shasha, 1988). The
research on formulation technalogy for B. thuringiensis principally includes UV-
pratectants, adherents, and phagastimulants (Angus & Lithy, 1871, Durnkle & Shasha,
1989; Liu et al, 1993; McGuire et al, 1989, McGuire et af, 1990). Recently, different
materials were used far preparing granulated matrices or microcapsuies, depending on
the type of crop and application. In general, the granulated formulations are used in
crops where retention on the |eaf is possible (corn, cotton, grass, etc.) (Dunkie &
Shasha, 1988). In field crops most microbial applications, both experimentally and
aperationally, are foliar sprays (Couch, 1978). Currently, sprﬁyable formulations are
used more extensively than granular formulations (McGuire & Shasha, 1990).

Micraencapsulated B. thuringiensis farmulations have been used successfully
against the Colorado potato beetle (Leptinotarse decerniineata) (Zehnder ef af, 1992).
The Mexican bean heetle Eplfachna varivestis Mulsant (Coleoptera: Coccinellidae), is
an important pest in bean, soybean and lima bean crops (Kegan, 1871), causing

serious economic loss, especially in irrigated crops (Valdez & Alvarez, 1991). This



pest is distributed from Panama to southern Canada (Kogan & Pitre, 1980). In
Curango, Mexico, 10-100% of the bean foliage is consumed by this pest every year,
especially in irrigated crops. Current control techniques include chemical insecticides
and, more recently, occasional introductions of a parasitoid wasp Pedicbius foveolatus
Crawford (Hymenaptera: Eulophidae). However, the parasitoid just attacks pupae, and
the damaging larvae are not controlled (Carrillo-Sanchez, 1971; Bemhardt & Shepard,
1978). Perhaps, 8. thuringiensis could be used in several crops against E. varivestis,
but a report indicates very low taxicity (Keller & Langenbruch, 1993).

This research is focused on the possibility of introducing B. thuringiensis

formulated as microcapsules into bean crops as a bioinsecticide against E. varnivestis.



Materials and Methods

Strain production. The strain used was G-9 (subsp. kumamatoensis) obtained
fram the International Caollection of Bacilfis Entomopathogens Iocated at the Facultad
de Ciencias Biologicas; Universidad Autonoma de Nuevo Leon. This strain was
isolated from a dead E. vanvestis in Durango, Mex Spores and crystals were produced
using a farmentation process in a fermentor (Microferm New Brunswick MF-214). The
fermentation media contained: malasses, 20.0 g; soy flour, 20.0 g; corn liquor, 10.0 g;
CaCO3, 2.0 g; tap water, 1000 m(; at pH - 7.2 £ 0.2. The fermentation canditions were
automatically maintained. They included agitation at 700 rpm; temi'ierature, 30°C 15°C;
pH 7.0 £ 1.0. Oxygen saturation was 90-100% initially and oxygen was supplied at 1
v.v.m. (air volume/ media volume/minute). The process was followed with microscaopic
examinations every two haours until ca. 90% of spores and crystals were liberated. The
spare-crystal complex was ablained following coprecipitation with lactose (Dulmage et
al, 1970).

Bioassays. The strain was tested against first instar [arvae of the coieopteran E.
varivestis with bean leaves and the lepidopteran Tnichoplusia ni with an artificial diet
under laboratory conditions. For E. vanvestis, bean leaves were incculated with 100 pi
of each concentration on a marked area of 33 cm? and allowed ta dry. The

cancentrations employed were 10, 25, 50, 100, and 250 mg/50 ml of spore-crystal

camplex ar active ingredient of the microencapsulated formutation. A disk was cut from



each leaf and put in a plastic dish. Each disk was infested with three larvae, using five
repetitions by treatment, and one negative contral. The dishes were maintained in a
room at 25°C % 3°C, and 65% * 5% relative humidity (RH) far five days and supplied
with ane untreated leaf each third day. The LDg, was abtained using the Probit
statistical methad (SAS, 1989). Bicassays with the lepidopteran 7. ni were done using
first instar larvae and artificial media (madified Shorei diet) (Castro-Franco et al, 1995).

The concentrations employed were 5, 10, 13, 15, 25, 50, and 10Q ug/ml, with three

repetitions and 25 larvae/repetition; one larva per container. Each treatment was
maintained at 28°C & 5°C, and 65% x 5% of RH, for one week. The LDs; was obtained
in the same way as for the coleopteran larvae.

Encapsulating agents. Two different materials were used for matrix
encapsulation at three concentrations: 0.0, 50.0, and 100.0 g carnstarch (Maizena™)
and (0.0, 50.0, and 100.0 g) nixtamalized carn flour Maseca™). Vegetable oil
(Capullo™) was also assayed in several partions (5.0, 10.0, 20.0, 40.0 and 50.G mi) for
polar coating. The ather materials used were: isopropanol (Capulio™), 120.0 m|;
powdered sugar (Valle Verde™) 100.0 g; malachite green and its oxalate salts
{(Merck™), 0 1 g; as a solar protectant, and formaldehyde (Baker™), 0.5 ml, as an
antoxidant (Castro-Franco, 1994). The different mixtures were subjected to the
following rheological assays: viscosity, shear rate, and fluid type, tfollowing the
methodology of Rao (1992). The viscosimeter was a Brookfield RVF and employed a
correction factor of a sucrose standard at 60%. The viscosity measurements were at

20°C, 30 min. and 2 h after initial mixing.



Microencapsulation procedures. The microencapsulating technique employed
a spray dryer with an Apex SSE (Niro atomizer). The conditions for
microencapsulation were: feed source, 10 ml/min; air temperature in, 130°C; air
temperature out, 60°C; air pressure 4 Kilopounds (Kp); (Saucedo-Mendiala, 1990).
Moisture content of the microencapsulated formulation has measured immediately, six
months and two years after preparation. Moisture content was obtained by determining
dry weight (Lynch et al, 1972). Texture, particle size, percent dissolved solids were also
tested. The insecticidal activity (% martality) was measured the same way as tescribed
above, but using only two concentrations of active ingredient in the formulate praduct:
500 and 50 pg/mi . This test also was done against T. ni larvae immediately after
preparation and after six months and two years of storage, and with E. vanvestis after
six mounths and two years of storage.

‘Adherence of formulations to leaf surface. The different formulations were
assayed on bean plant leaf surface grown in greenhouse conditions. The bean,
Phaseolus vuigaris var perugano, was planted in plastic pots (25 cm diameter), with 25-
30 plants per pot; and the plants were used approximately 3 wk later when 2-4 true
leaves had expanded on each plant. The formulation was mixed with water (100.0 g in
500.0 ml) and was sprayed on bean plants with a plastic manual sprayer of 1000 ml,
approximately 10 mi/fplant. The plastic pots were placed in a greenhouse withaut rain.
Other pots were left under environmental conditions, and were natural rained on two

hour after spraying. lLeaf surfaces were examined grossly and microscopically every 1-

2 d to obtain the percent of original material remaining.



Persistence assays. Three different materials were assayed with the strain to
determine residual insecticidai activity of 8. thuringiensis on a bean crap naturally
infested by E. varivestis in Vicente Guerrero, Dgo, Mex. Plot size was 3 m by 1.5 m
with 15-20 bean plants/plot, The microencapsulated formulation containing 4% wiw of
B. thuringiensis was sprayed at a rate of 100 literthectar, {2 kghectar of the
formulation). Live and dead larvae were counted each week and taken to the
laboratary for reisolation of B. thuringiensis. When no larvae were found, the Crop was

atificiafly infested twice with €0 first and secand instar larvae.



Results

Strains production. The fermentation behavior was as follows: 200 mi antifoam
consumed; 200 ml 20% HC| consumed; 20 ml 20% NaCl consumed; sporulation
ocurred in abaut 18 h; total fermentation time was 30 h. The rate of active ingredient
production (spore-crystal complex) was 13.1 g/l employing the lactose coprecipitation
methad. The resuits of bicassays were expressed as % mortality and they are shown in
Table 1.

Rheolagical Properties of Encapsulating Materials. The first encapsulating
material assayed was corn starch . One hundred grams was manually mixed with 20 ml
of vegetable oil . This was added to 280 m! of warm water (60-70°C) and a dough
farmed, and 100 g pulverized sugar was then added. At this moment, the mixture
behaved like a liquid as a result of the decrease in water activity giving a low rate of
viscosity (11.264 centipoises (cp), Table 2). When the nixtamalized com flour was
substituted for the cornstarch, the viscosity value was greatly increased (1,434.353 cp).
A third assay with equal parts of both (50 g each), obtained a viscosity value of 49.28
cp. The viscosity measurement was taken immediately and again two hours after
mixing, with variable velocity, to determine the fluid type (Newtonian ar non-
Newtonian). The viscasimeter is most accurate between 20 and 500 cp. Non-
Newtonian fluids give unequal values at different times and veiocities. It was found that
using only nixtamalized corn produced a nan-Newtorian pseudoplastic fluid type (Table

2). There were aiso assays of different amounts of vegetable oil, whose function as a
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phagostimulant and nonpolar coat of microcapsules is very important. Low quantities
{5-10 ml), did not give a good coat and it appeared that the material dissolved very fast.
Large amounts (40-bC ml) caused clumping of the microcapsules. The most suitahle
quantity was 20.0 ml.. The viscosity values with starch and nixtamalized matrixes and
variable quantities of vegetable oil were: 5.0ml=4.2 ¢p; 10.0 =5.5¢cp; 40.0mi =120
¢p; and 50.0 mi =14.2 cp. The shear rate and fluid type is also shown in Table 2.

Microencapsulation characteristics. The microencapsulated formuiations
presented several characteristics. There were more large particles when only
nixtamalized corn was added. The other formulations were suitable for spraying. The
mixture of nixtamalized corn with corn starch and corn starch alone had lower
solubilities and remained in suspension longer. There were no significant differences
in moisture content. We found that the moisture content was approximately 4.5% after
two years (Table 4).

Adherence to Leaves. The different formulations showed variable adherence to
bean leaves. All of them displayed a certain degee of agglutination, and nixtamalized
corn was most likety to obstruct the spray nozzle. The small particles were retained
mare efficiently than the larger sizes. 65% of the microcapsules were retained up to 12
days in dry conditions, but were easily washed off by rain. Microscopically, we
observed the aggregation of materials after spraying on a glass slide, but the
aggregates were easily washed off.

Persistence assays. Microcapsulates were applied to bean crops naturally E.

varivestis infested. Larvae were in different instars at the time of application. Seven
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days after applying the B. thunngiensis-microcapsuies, we found only living pupae. No
larvae were present. A few pupae showing softness aor biackness were collected and
re-isolation of B. thuringiensis was reisolated. Mortality rate after artificial infestation
was 65% at 8 d and 16% at 15 d after application. When the pots were exposed ta
rain, the mortality fell to 13% after one week (Table 3).

Microcapsulation stability and shelf life. The moisture content and toxic
activity results of the recently prepared and stored formulations are shown in Table 4.
The moisture content was higher in the alder formulations, but the value after two years
of storage (4.5%) showed a good shelf life. Although the toxic activity after two years

was low, it was within the range of most B. thuringiensis formulations.
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Discussion

The toxicity of 8. thuringiensis against coleopteran has been studied relatively
recently (Krieg, 1989) iy investigatars using B. thuringiensis serovar. tenebrionis.
Suhsequently, a few strains active against these insects have been reported, but the
toxicity of each strain is variable against different coleopteran species (Herrnstadt et a/,
1986), Reports indicate slight toxicity against the E. varivestis by
B. thuringiensis (Keeler & Langenbruch, 1993). Using bioassays we confirmed these
findings. In the field test, the application of this formulation reduced the number of
larvae, but the natural mortality of these larvae is 60% for first ingtar and 35% for the
second instar (Bernhardt & Shepard, 1978). This work shows the same as was
mentioned by Keeler and Langenbruch (1993) that the economic controt! of E.

varivestis with B. thuringiensis seems unfikely. In addition to the 3-endotoxin, the B-

exotoxin has been reported as toxic to E. varivestis (Cantwell et al, 19885, cited by

Keeler & Langenbruch, 1993), and we ohserved a cytotoxic effect likely be caused by

B-exotoxin in mice.

Since the 1960's, encapsulation as a protection system for B. thuringiensis
formulations has been studied (Creighton et al, 1961; Angus & LGthy, 1971). Angus
and Liithy, (1971) suggested encapsulation of spores and crystals of bacilli by a
methad similar to that used in producing smudge-proof carbon paper. They used a
matrix that was a phagostimulant and less sensitive to sunlight while toxicity was

unaffected. Zehnder et af (1992) found that the success of B. thuringiensis against
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coleopterans depended an using a microencapsulated formulation. An interesting
observation that should be followed up is that in the bioassays, the larvae would not eat
the treated parts of the (eaf, instead they fed on the untreated edge of the disks. This
lack of palatability may explain the seeming nonsusceptibility of coleopteran larvae to
the effects of B. thuringiensis toxin.

When we tested the sprayable formulation of com starch, we found increased
water solubility (Chinachoti, 1993). Low water solubility is desirable to reduce the loss
of active ingredients from the micracapsules. On the other hand, when nixtamalized
com flour was used as encapsulating materials it produced goaod results in large
granule formulations (Gastro-Franco, 1994). The nixtamalization process in Mexico
includes both heat and alkaline treatment after which 80-90% of the molecules are
pregelatinized forming a meshlike matrix. (Collison, 1968). Employing only
nixtamalized corn as an encapsulating matrix, we found the particle size was too large
and unsprayable.. Smaller particles also remain in suspension longer. We think that
the matrix based on corn starch and nixtamalized flour is a material suitable for
spraying. This formulation gives adequate solar pratection to B. thuringiensis, but Iacké
the ability to adhere to the leaves, These results were comparable to others obtained
with the same formulation prepared with the HD-1 strain in artificial conditions tested
against QOstrinia nubilalis on cotton plants using a solar lamp and simulated rain a
reported in a previous paper (Tamez-Guerra et al, unpublished).

Although we found no difference in bean yield between the cantrol and treated

plots, we feel it was because of a later attack by Esigmene acrea (Lepidoptera:
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Arctiidae) on both treated and contral plats in the first year. The second year we found
that £. varivestis did not infest either the control plots or the treated plots in high
numbers.

Qur studies show that the toxic activity is conserved for two years in storage in
conditions below 28°C. Although higher than the freshiy prepared materiai, the
muaisture content of the stored formulation (4.5%) showed it has a goad shelf iife. With
this formulation we have the passibility of using B. thuringiensis strains far E. vanvestis
pest contral on beans. Moreover, we show that preparation of these materials is
economical and accessible to the manufacturer and may be applied by spraying. It
may be possible to use this methodology for bioinsecticide production, but ta use this
process successfully, we need to look for another adherent material suitable for use in

the spray dry technigue and that mantains the sheff life of the product
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Table 1.Percent mortality of Epilachna varivestis and Trichoplusia ni larvae using

leaves and artificial diet respectively treated with strain C-9.

Epilachna varivestis' - Trichoplusia ni’

Dase (1g/50ml) Percentage mortality Dose (ug/mil) Percentage mortality

25 0/15 5 3/75
50 UAE 10 17175
100 4135 13 17175
250 715S 15 : 22175
500 10/18 25 31775
1000 14115 50 38/75
Control 0/18 100 42/73
Contral 175

1. Bioassays on bean leaves, LD = 397ug/ml. Slape 95% 264 - 2.3 x 10°
2. Bioassays on artificial diet, LD=a = 219.35 ug/ml. Slope 95% 156-668.
Prabit stadistic methad (SAS, 1989).



9

Table 2. Rheological properties of encapsulating agents.'

Cornflour Corn Starch Both (50-50)
Viscocity (cp) 1434.179 11.264 49.28
Reading 430 32 8.0
rpm° 2 20 20
correction factor 33.353 3,52 6.25
Fluid type non-Newtonian* " 'Newtonian non-Newtonian
Share rate high low medium

1. With 20 ml of vegetahle oil
2. Centipoises

3. Revolutions per minute

4. Pseudoplastic

Table 3. Taxic activity persistency of a sprayable B. thuringiensis formulation in

bean fieid infested bath naturally and artificially with Mexican bean beetle.'

Number of larvae naturally infesting Number of larvae artificially infested”

Initial After 8 days Initial After 8 days After 15 days
Without rain 80 >10 (88%) 60 21 (65%) 51 (16%)
With rain 80 72 (14%) 60 52 (13%) N. D.
1. The number in the parenthesis indicates the mortality percent. Average of three

replications.
2. Artificial infestation was done each week after the first application.



Table 4. Moisture content and toxic activity vs E. varivestis and T. ni, of
microcapsulated C-9 B. thuringiensis strain

20

Immediatety Six month later Two years later
Moisture content 1.2 28 4.5
Insect Percent mortality (500 pg/mi)
E. varivestis' 64 48 52
T.nF 88 72 66

1. Bioassays on bean leaves, average of five replications, three larvae per replication

2. Bioassays on artificial diet, average of three replications, 25 larvae per replication



