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INTRODUCTION

Anticarsia gemmatalis Huebner is becoming a major
threat to soybean production in the New World. The larva
of this noctuid is commonly called the velvetbean cater-
pillar in the USA, ''gusano terciopelo" in Mexico and
"lagarta da soja" in Brazil. As the cultivated area and
the economic value of soybeans have increased significan
tly in the New World tropical and subtropical regions,
during the last 15 years, this foliage feeder has become
recognized as a major soybean pest. In Brazil, it is
frequent that soybean defoliation caused by A. gemmata-
Lis reaches the injury economic level. Therefore, in
this country as well as in other american omnes, it is
considered a key pest of this crop.

Chemical control is still considered the principal
way to combat this insect pest (SARMENTO, 1958; FAGUN-
DES & BAUCKE, 1962; TURNIPSEED, 1967 and 1972; TOOD &
CANERDAY, 1972; STRAYER & GREENE, 1974; PUIATTI & SALGA-
DO, 1981). However, many authors have discussed the
harmful effects of the chemical ingecticides upon natu-
ral enemies and consequently the necessity to use selec-
tive ‘components (BARTLETT, 1963; CROFT & BROWN, 1975;
CARVALHO, 1978; CORSO & GAZZONI, 1980; MOROSINI & BERTOL
DO, 1981). -

In spite of the high susceptibility of the velvet
bean caterpillar to Bacillus thuwiingiensis, 1little at-—
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tention was given to investigate the applicability of com
mercial products in soybean fields (TURNPSEED, 1972; SIT
VA, 1975; SILVA & HEINRICHS, 1975; AMARAL, 1982). The
purpose of the present work, therefore, was to determi-
ne effective concentrations and flow rates of B. thurin
giensis in addition to other aerial- application criteria
to control A. gemmatalis larvae in soybean fields.

MATERIAL AND METHODS

Two formulations, wettable powder (WP) and emulsi
fied suspension (ES), of B. thuringiensis var. hkarstaki
(H:3a-3b) were tested in the field. Samples of these two
formulations (DIPEL) were offered by Abbott Laborato-
ries, Illinois, USA.

The experimental trials were undertaken in a soybean
field in Dourados, State of Mato Grosso do Sul, Brazil.
The area was divided in 40 units, 0.5 ha each. Two con
centrations and two flow rates were evaluated for weach
of the two formulations mentioned above. The experimén-
tal design comprised completely randomized blocks (2 x 2
x 2), including 8 treatments with 4 replicates for each.
The first one didhot receive any treatment, while the se-
cond received conventional chemical insecticides. Con-
centrations and flow rates tested of both formulations
(WP and ES) are shown in table I.

The aircraft used was an IPANEMA (Embraer, Brazil),
with a flight speed of 115 miles/hour and altitude of
1.5 - 2.0 meters. The aircraft was equiped with micro-
nair AU-3000 despersal rotatory units, and utilized ac-
cording to the specifications shown in table II.

Basic aerial application criteria were based on MOTT
et alii (1961), SMIRNOFF et alii (1962; 1973) and PREB-
BLE (1974). Normal assessment procedure of the deposit
on Kromekote cards was undertaken to evaluate spray cove
rage in the different treatments. The drop density va-
lues for each card was determined by counting the number
of spots per cm? and measuring the diameter of each. A
specific tracer dye (Rhodamine) was added to the prepa-
rations (0.15 g/1) to facilitate the measuring procedu
re. To evaluate any possible effect of the dye on the
pathogen, viability tests of B. thuringiensis (plate
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counting) and pathogenicity testes (utilizing A.
gemmatalis larvae) were undertaken.

The HENDERSON & TILTON (1955) formula was utilized

to correct mortality data. "F" test was applied for sta-
tistical comparisons.

Table I - Tested flow rates and dosages of two formula-
tions, WP and ES, of B. thwiinglensdis.

Treatment  Flow rate Dosage Formulation
T1 10 liters/ha 4.8x109 IU/ha WP
T2 20 liters/ha 4.8x109 1U/ha WP
T3 10 liters/ha  8.0x102 IU/ha WP
T4 20 liters/ha 8.0x109 1U/ha WP
T5 5 liters/ha 4.8x109 1U/ha ES
T6 20 liters/ha 4.8x%109 IU/ha ES
T7 5 liters/ha 8.0x109 IU/ha ES
T8 20 liters/ha 8.0x109 IU/ha ES
Cl Control without any pesticide application.

c2

An area treated conventionally with chemical

insecticides

Table II - Specifications of the micronair AU-3000

persing units.

Emission rate

VRU*

Pressure (psi)

5 liters/ha
10 liters/ha
20 liters/ha

9-7-7-9
13-11-11-13
shifted

% Variable Restriction Units.
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RESULTS AND DISCUSSION
Efficiency of applications

The pathogen was applied when the infestation by A.
gemmatalis reached an average of 25 larvae/m, using the
drop-sheet shake method (TURNPSEED, 1974).

The laboratory tests indicated that the tracer dye
had no significant effect on the viability of B. thuvin-
giensis noron its pathogenicity. Moreover, the dye had no
effect on the food consumption of larvae when added to
soybean leaves in the same concentration used in the fi-
eld.

Field collected A. gemmatalis larvae lost their ap-
petite, aproximately, 6 hours after field application of
the pathogen. In the field, a significant mortality has
begun 24 hours after treatments. Corrected mortalities
in the different treatemtns, after 2, 4 and 7 days are
presented in Table III. The results indicate that appli
cation of wettable powder (WP)with a flow rate of 2 liters/
ha at a dose of 8.0 x 109 IU/ha (T4) was more efficient
than the other treatments. Such a dose corresponds to
500 g/ha of the commercial product.

In small experimental plots (7.2 m2) and applied
manually, SILVA (1975) and SILVA & HEINRICHS (1975)
obtained satisfactory control of the same insect pest
using, also, 500 g/ha of the same product (Dipel, WP).

The o0il carrier of the emulsified formulation (ES)
did not affect the viability or pathogeémicity of B.
thuringiensdis. However, it did not permit a good unifor
mity of deposition under field conditions, resul ting in
lower mortality than that obtained by the WP formulation
at the same dosage. HABIB (unpublished), during terres-
trial, applications, observed more efficiency of the
emulsified ,suspension (with emission rate of 200 1/ha and
500 g/ha) than the wettable powder against the same in-
sect. Therefore, it is possible that in terrestrial ap-
plications, more uniformity could be obtained using high
volumes than in aerial applications, which are normally
done with low volumes. On the other hand, the emulsi -
fied suspension could provide more protection to the

pathogen against ultra-violet radiation and also more
stability.
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Table III -~ Corrected mortality in A. gemmatalis larvae

2, 4 and 7 days after aerial application of
B. thuningiensis.

Corrected mortality 7%

Treatment

2 days 4 days 7 days
Tl 28.2 23.1 62.6
T2 51.6 34.9 53.3
T3 43.3 41.7 59.9
T4 58.7 68.1 73.3
T5 41.4 27.3 65.0
T6 44.9 33.5 51.0
T7 49.6 42.1 67.0
T8 - - 17.5

Our survey of the natural enemies (parasites and

predators) in the treated plots, prior to and periodi —
cally after the aerial application of the pathogen, sho-
wed no effect caused on this entomofauna. Macrocharops

bimaculata (Ashmead, 1895) (Hymenoptera, I¢hneumonidae),
was considered the key parasite, while Calosoma granuwla-
tum (Coleoptera, Carabidae) was the key predator. Moreo
ver, the green stink bug, Nezara vinidwla , did not
reach its economic injury level in these treated areas.
Availability, maintainance and efficiency of the natural
enemies may be the reason responsible for the  suppres-
sion of N. vinidula populations in these fields treated
with the bacterium. On the other hand, in C2, which re-
ceived 2 applications of Thiodan 35% (1.4 1/ha), the po-

pulation demsity of the stink bug was much higher and
in some locations reached & bugs/m, economically inju-
rious. The role of natural enemies in soybean fields
and their possible participation in IMP programs were

discussed by some authors, such as TURNPSEED (1972) and
AMARAL (1982).

Effect on soybean productivity

The last parameter used to evaluate the efficiency
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of B. thwungiensis was the soybean productivity. With
this indicator, T4 also showed more satisfactory than
the other treatments. Such a treatment was 307 higher
in production per unit than the conventional one (details
in table 1IV).

Table IV - Weight of grains obtained from 100 plants and
weight of 1000 grains of each treatment.

x Weight (g)

Treatment

Grains of 100 plarts * 1000 grains **
Tl 566.3 a 117.4 ef
T2 679.3 b 121.0 g
T3 732.1 c 117.7 ef
T4 877.3 d 123.4 h
T5 584 .4 a 118.7 if
T6 754.3 c 119.7 gi
T7 545.4 a 113.9 j
T8 700.8 c 116.8 ef
Cl 562.1 a 117.4 ef
c2 607.7 a 118.2 if

* F =40.859; LSD = 65.2
* F = 63,462; LSD = 1.889
Same letters mean no significant differences.

It can be concluded that the aerial application of
8.0 x 109 1 of B. thuringiensis var. kurstaki/ha with a
flow rate of 20 liters (drop density of 50 drops/cm2 and
an average diameter of 215 ym) was the most adequate tre-
atment. A. gemmatalis larvae showed to be highly suscep-
tible to commercially produced B. thuringiensis, the pa-
thogenicity was not affected by type of fomulation, and
it is possible to apply a lethal deposit from aircraft.
Also, the efficiency of aerial applications could be
improved if it were possible to extend the viability of
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spores by protecting them against ultra-violet radiation
and to reduce the clumping tendency of the suspencions.

SUMMARY

Aerial applications of 8 x 109 IU/ha of Bacillus thu
ningiencis var. hunstaki as wettable powder formula~
tion were highly efficient against the velvetbean cater
pillar, Anticarnsia gemmatalis. The emulsified formula-
tion did not permit an adequate uniformity of deposi-
tion, resulting in lower mortality than that obtained by
the wettable powder.

The effectiveness of the pathogen as well as its
safety to the natural enemies in addition to the high
productivity of soybean, favour aerial applications of
commercially produced B. thuringiensis in soybean mono-
cultures.

RESUMO

A formulacao po molhavel & base de Bacillus thun&n
glensis var. zuﬂbtakL demonstrou alta eficieéncia no con
trole da lagarta da soja, Anticarnsia gemmatalis, em
aplicagoes aéreas na dosagem 8 x 109 UI/ha com vazao de
20 1/ha.

A suspensao emulsionavel nao permitiu uma cobertura
uniforme, nas vazoes usadas, resultando em menor eficien
cia no controle da lagarta. O controle satisfatorio ob—
tido, a seguranga para os inimigos naturais e a alta pro
dutividade da soja favorecem recomendagoes de aplicagoes
aéreas de produtos comerciais a base de B. thuningien-
444 (H:3a-3b), na formulagao po molhavel, em monocultu
ras de soja. -
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