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Producéo do Virus de Poliedrose Nuclear de Anticarsia gemmatalis Hubner
(Lepidoptera:Noctuidae): Efeito da Dose do Patdgeno,
Populacéo e Idade do Hospedeiro

RESUMO - A producdo do virus de poliedrose nuclear (VPN) de Anticarsia
gemmatalis Hibner em laboratério foi avaliada para lagartas de 1,0, 1,5, 2,0 e
2,5 cm inoculadas com duas doses do virus (10° e 107 corpos poliédricos de in-
clus@o-CPI/ml), pulverizadas sobre a dieta artificial do inseto. As larvas inocula-
das com 2,0 cm, na maior dose, proporcionaram 0s maiores rendimentos na pro-
ducédo do VPN. No entanto, as perdas foram elevadas (42,4% a 64,0%), devido
ao canibalismo, mortes por outras causas e sobrevivéncia a infeccdo. Num outro
experimento foram utilizadas duas doses do VPN (1,0 x 107 e 4,0 x 107 CPI/ml),
trés densidades de lagartas/copo (25, 20 e 15), inoculadas no inicio do 4° instar
(14L); final do 4° instar (F4L); inicio do 5° instar (I5L) e final do 5° instar (F5L).
A maior producéo do VPN ocorreu para I5L, com 25 lagartas por copo, em ambas
as doses, com uma eficiéncia em tomo de 90%, a despeito da diminui¢do do nu-
mero de CPl/lagarta e 0 aumento do canibalismo com o incremento na densidade
de lagartas/copo.

PALAVRAS-CHAVE: Insecta, lagarta-da-soja, baculovirus.

ABSTRACT - The laboratory production of Anticarsia gemmatalis Hubner
nuclear polyhedrosis virus (AgNPV) was evaluated for larvae inoculated at 1.0,
1.5,2.0, and 2.5 cm and with two NPV dosages, 10° and 107 polyhedron inclusion
bodies (PIB)/ml, sprayed on the insect diet surface. A fixed population of 25
larvae/300-ml cup was used. Highest virus yield was achieved for larvae inoculated
with ca. 2.0 cm at the higher NPV dosage. Losses of NPV-inoculated larvae
ranged from 42.4% to 64%, due to high incidence of canibalism, death by other
causes, and pupation. In another experiment, larvae were inoculated with two
NPV dosages (1.0 x 107 and 4.0 x 107 PIB/ml), using 25,20, and 15 larvae/cup at the
beginning of 4th instar (B4L); end of 4th instar (E4L); beginning of 5th instar
(B5L); and end of 5th instar (E5L). Highest NPV production was attained for B5L
at 25 larvae/cup, for both dosages, with a production efficiency of ca 90%, in
spite of a decrease in PIB/larva and an increase in canibalism with the increase
in larval density. Better standardization of larvae at inoculation improved effi-
ciency in NPV production.
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The use of viruses as microbial insec-
ticides depends on the development of large-
scale virus production methods. Despite the
advances in multiplying nuclear polyhedrosis
(NP V) and granulosis (GV) viruses “in vitro”,
this method still has technical and economi-
cal limitations that prevent its use at commer-
cia level (Shieh 1989, Federici 1990). The “in
vivo” production of viruses experienced con-
siderable progress with the improvement of
insect rearing techniques (Shapiro 1986),
alowing the commercialization of viral insec-
ticides, such as the NPV of Heliothis (Helico-
verpa) spp. (Ignoffo & Couch 1981), the NPV
of Lymantria dispar L. (HUber 1986), and the
GV of Cydia pomonella L. (Huber 1990). For
the “in vivo” production of viruses, host tis-
sues should be used as efficiently as possible
to obtain the maximum yield of biologically
active virus per insect or recipient (Ignoffo
1966, Shapiro 1986). Significant losses of virus
may occur due to canibalism, death by other
microoganisms, and insect survival to pupal
stage, among other factors, as a result of un-
proper climatic conditions, insect density/reci-
pient, larval size or instar at inoculation, virus
dosage, etc (Shapiro 1986).

In Brazil, a NPV of the velvetbean caterpi-
Ilar, Anticarsia gemmatalis Hibner (AgNPV),
has been extensively employed as a microbial
insecticide in soybean (Moscardi 1986,1989),
with the annual treated area reaching ca.
1,000,000 ha. (Moscardi 1990, Moscardi &
Sosa-Gomez 1992, 1993). The production of
the AgNPV has been mainly based on its mul-
tiplication on natural host populations, for
further processing of dead larvae into a wetta-
ble-powder formulation (Moscardi 1989).
Although of very low cost, the amount of
AgNPV produced in the field varies conside-
rably from season to season due to climatic
conditions and incidence of natural mortality
factors, which influence larval abundance.
Therefore, development of effective labora-
tory production methods of the AgNPV is ne-
cessary for its multiplication all year long and
complement field-produced NPV.
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Techniques for laboratory rearing of A gem-
matalis were developed (Greene et al. 1976,
Hoffmann-Campo et al. 1985, Parra et al. 1993).
However, attempts to produce the AgNPV in
the laboratory by private companies were not
cost effective. Therefore, this study was con-
ducted to evaluate AgNPV production as re-
lated to the dose of inoculium, density of host
larvae/recipient, and larval size or instar at the
moment of inoculation by the NPV

Material and Methods

A. gemmatalis larvae were obtained from
a colony established at CNPSo-EMBRAPA
from larvae collected in the region of Londrina,
Parand, and maintained on artificial diet
(Hoffmann-Campo et al. 1985). The AgNPV
isolate (LD-79) was obtained in 1979 from na-
turaly-infected A. gemmatalis larvae in a soy-
bean field near Londrina. This isolate is rou-
tinely produced for use as a microbia insec-
ticide in Brazil (Moscardi 1989). It was mul-
tiplied in 4th instar A. gemmatalis larvae by
feeding the insects with artificial diet sprayed
in the surface with a viral suspension contai-
ning 107 polyhedron inclusion bodies (PIB)/
ml. Dead larvae were collected daily and stored
at -| 8°C for partial purification of PIB. Larvae
were homogenized in a blender in distilled
water + sodium dodecil sulfate (SDS) at 0.01 %
and filtered through four layers of cheese
cloth. The filtrate was centrifuged at 1,500 rpm
for two minutes and the resulting supernatant
was centrifuged at 7,000 rpm for 20 minutes.
This sequence of centrifugation was repeated
three times and the final pellet was suspen-
ded in distiled water. Number of PIB was quan-
tified in a counting chamber (Brightline He-
mocitometer).

One experiment was conducted with lar-
vae of ca. 1.0, 1.5, 2.0, and 2.5 cm (density of
25/300-cardboard cup) inoculated with two
AgNPV dosages (10° and 107 PIB/ml), sprayed
(DeVilbiss hand sprayer) upon the diet sur-
face. The second experiment consisted of two
viral dosages (1.0x107 and 4.0x10” PIB/ml)
three larval populations per cup (15, 20 and
25), inoculated at four phases of larval deve-
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lopment: beginning of fourth instar (B4L), end
of fourth instar (E4L), beginning of fifth instar
(B5L), and end of fifth instar (E5SL). Each treat-
ment consisted of five cups, replicated four
times. As the viral suspension dried on the
diet surface, the larvae were transferred to the
cups and maintained at room temperature (26-
29°C). Evaluations on larval mortality were
made daily up to pupation. NPV-dead larvae
were weighted and stored at -18°C for further
determination of PIB/larva/cup. A completely
randomized design was used, and the means
compared by the Duncan’s test (P<0.05).
Evaluated parameters were number of larvae
killed by N PV, by other microorganisms, and
by canibalism, number of larvae surviving to
the pupal stage, weight of NPV-dead larvae,
number of PIB/larva, and number of PIB/
recipient.

Results

Experiment 1. The average number of
AgNPV-dead larvae per cup was significantly
higher for insects inoculated with 2.0 cm at
107 PIB/ml (Table 1). However, at this combi-
nation, only 57.6% of the larvae died by the
AgNPV Total losses in AQNPV production
ranged from 42.4% to 64.0%, mainly due to
canibalism and other causes (eg. bacteria),
and to a lesser extent to insect pupation. The
canibalism occurred either on alive larvae,
weakened by NPV infection, or on freshly
dead larvae, being higher among insects in-
oculated with 1.0 and 1.5 cm. At the lower
dosage there was a clear and inverse relation-
ship between increase in larval size at inocu-
lation and canibalism. Fosses due to mortal-
ity by other causes ranged from 5.9 (23.6%)
to 7.7 larvae (30.8%), at the lower dosage,
with no significant differences found among
the distinct larval sizes. At the higher dosage,
they varied from 16.8% to 29.6%, being sig-
nificantly higher among larvae infected with
2.5 cm. Losses due to pupation tended to be
higher with the increase in larval size at ino-
culation. The increase in dosage did not re-
sult in a significative reduction in pupation,
except for larvae infected with 2.0 cm. In gen-
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Table 1. Number of larvae dead by differ-
ent causes and of pupae obtained after in-
oculation of Anticarsia geminatalis at four
larval sizes with two dosages of its NPV Ini-
tial larval population was 25 per 300-ml cup.

Larval NPV Dosage in PIB/ml

1.0x10° 1.0x107

size (cm)

Number of NPV-dead larvae/cup!

1.0 9.7 bc A 109 b A
1.5 90 ¢ A 108 b A
2.0 123 a A 144 a B
2.5 11.2 ab A 113 b A
Number of larvae dead by canibalism!
1.0 79 a A 84 a A
1.5 6.1 b A 6.0 b A
2.0 34 ¢ A 37 ¢ A
2.5 22d A 36 ¢ B
Number of larvae dead by other causes'
1.0 59 a A 46 b A
1.5 7.1 a A 6.1 abA
2.0 6.0 a A 42 b A
2.5 7.7 a A 74 a A
Number of pupae'
1.0 1.7 ¢ A 1.1 b A
1.5 28 b A 2.1 a A
2.0 33 ab A 2.7 a A
2.5 39a B 2.7 a A

Means followed by same lower case letter,
in the columns, or by same upper case letter,
in the lines, are not different by the Duncan’s
test (P<0.05). Coefficients of variation (CV),
from top to botton, were 12.9, 11.7, 31.4, and
32.2%, respectively.

eral, the evaluated parameters were highly
influenced by the larval size at inoculation
(P<0.05).

Larvae infected with 2.0 cm, at the higher
dosage (107 PIB/ml), provided the highest NPV
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Table 2. Weight of NPV-dead larvae and number of polyhedron inclusion bodies (PIB)
per 300-ml cup obtained after inoculation of Anticarsia gemmatalis at four larval sizes with
two NPV dosages. Initial larva population was 25 per 300-ml cup.

Larval NPV dosage in PIB/ml
Size(cm) 1.0 x 10° 1.0 x 107

Weight (g) of NPV-dead larvae/cup!

1.0 1.39 b A 1.67 ¢ A
1.5 138 b A 1.73 ¢ B
2.0 2.19 a A 274 a B
2.5 205 a A 206 b A
Number of PIB x 10'/cup'
1.0 1.64 b A 2.16 b A
1.5 191 b A 251 b A
2.0 279 a A 381 a B
2.5 221 abA 2.64 b A

Means followed by same lower case letter, in the columns, or by same upper case letter, in
the lines, are not different by the Duncan’s test (P<0.05). Coefficients of variation (CV), from
top to botton, were 13.3 and 22.5 %, respectively.

production, considering weight of dead larvae  increased, reaching a peak for larvae infected
and PIB/cup (Table 2). The mean number of  with 2.0 cm, and decreasing for those ino-
PIB/larvaincreased as size at inoculation  culated with 2.5 cm (Fig. 1). Observed values
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Figure 1. Mean number of polyhedron inclusion bodies (PIB)/larva (+ SEM), obtained by
inoculation of larvae of Anticarsia gemmatalis of different sizes (1.0, 1.5, 2.0, and 2.5 cm)
with two NPV dosages.
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varied from 1.69x 10° (1.0-cm larvae) to 2.27x 10°
PIB/larva (2.0-cm larvae) at the lower dosage,
and from 1.98x 10° (1.0-cm larvae) to 2.65x 10°
PIB/larva (2.0-cm larvae) at the higher dosage.
These results, in conjunction with those in
Table 1, help explain the higher NPV produc-
tion for larvae inoculated with 2.0 cm.

Experiment 2. In this trial a bether standardi-
zation of larvae at inoculation was sought, by
selecting the insects by instar rather than by
approximate size. The mean number of NPV-
dead larvae per cup was significantly higher
for larvae inoculated as early 5th instar (B5L)
at 25 larvae/cup, for both NPV dosages (Ta-
ble 3). In these conditions, 89.2% to 90.0% of
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the larvae died by NPV As larval density was
reduced, there was a clear trend of lower num-
bers of AgNPV-dead larvae/cup, although the
highest efficiency (96.7%) in AgNPV-dead
larvae production was obtained for B4L at 15
larvae/cup, at the higher dosage.

Lower losses of NPV-dead larvae occurred
for those inoculated as B4L or B5L, at 25 lar-
vae/cup (Tables 4 - 6). On the other hand, the
losses, except by pupation, tended to decrease
as larval density/cup was reduced, mainly for
E4L and E5L, probably due to a lower compe-
tition for food at lower densities. Canibalism
was significantly higher among E4L, at 1.0x 107
PIB/ml and 25 larvae/cup, decreasing at lower
densities (Table 4). At 4.0x 107 PIB/ml caniba-

Table 3. Number of NPV-dead larvae obtained after inoculation of Anticarsia gemmatalis
at four larval development stages and three populations per 300-ml cup, with two NPV

dosages.

Number of NPV-dead larvae/cup

Larval

Larval population /cup

Development

25 20 15

Dosage = 1.0 x 10" PIB/ml'
Beginning of 21.7a A 175a B 125a C
4th instar
End of 4th 157b A 145b A 90b B
instar
Beginning of 223aA 159 ab B 12.0a C
5th instar
End of 5th 126 ¢ A I1.3¢ A 69c¢c B
instar

Dosage = 4.0 x 107 PIB/ml'
Beginning of 223aA 182a B 145a C
4th instar
End of 4th 193b A 155b B 119b C
mstar
Beginning of 225aA 18.1a B 12.7ab C
Sth instar
End of 5th 130cA 126 ¢c A 94c B
instar

Means followed by same lower case letter, in the columns, or by same upper case letter, in
the lines, are not different by the Duncan’s test (P<0.05). Coefficients of variation (CV),
from top to botton, were 5.22 and 6.32%, respectively.
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Table 4. Mean number of larvae dead by canibalism after inoculation of Anticarsia
gemmatalis at four larval development stages and three populations per 300-ml cup, with two
NPV dosaoes.

Number of larvae dead by canibalism/cup

Larval
Population of larvae/cup

Development
25 20 15

Dosage = 1.0 x 107 PIB/ml!

Beginning of 1.81b A 123a A 1.34a A
4th instar

End of 4th 353a A 1.87a B 0.59acC
instar

Beginning of 1.14b A 092a A 0.61a A
Sth instar

End of 5th 1.77b A 1.36a A 0.69 a A
instar

Dosage = 4.0 x 107 PIB/ml'

Beginning of 2.65ab A 1.25ab AB 043aB
4th instar

End of 4th 3.56a A 1.67 ab B 0.60a B
instar

Beginning of 1.54b A 0.73b A 0.72a A
Sth instar

End of 5th 3.85a A 2.35a AB 1.36aB
instar

Means followed by same lower case letter, in the columns, or by same upper case letter, in
the lines, are not different by the Duncan’s test (P<0.05). Coefficients of variation (CV),
from top to botton, were 25.9 and 26.4%, respectively.

lism was significantly lower among B5L at 25
larvae/cup, with highest values observed for
E4L and E5L. The average number of deaths
by other causes (Table 5) was also significan-
tly higher for EAL and E5L, at the higher dose
and larval population/cup. Similarly to the ca-
nibalism, this factor induced lower losses at
lower larval densities. The increase in dosage
led to a substantial decrease in the mortality
by other causes, except for ESL at 25 larvae/

cup, with losses varying from zero (B4L) to
18.4% (E5L). Losses due to pupation were
low for B4L and B5L, moderate for E4L, and
high for E5L (Table 6). For E5L, at the lower
NPV dosage, |osses represented 33.2%, 30.5%,
and 43.3%, respectively at 25,20, and 15 larvae
per cup, compared to 2.4%, 9.0%, and 10.7%
for B5L. Therefore, insect pupation was gen-
erally higher at lower larval densities/cup, and
decreased with the increment in NPV dosage.
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Table 5. Mean number of larvae dead by other causes after inoculation of Anticarsia
gemmatalis at four larval development stages and three populations per 300-ml cup, with

two NPV dosages.

Number of larvae dead by other causes/cup

Larval

Population of larvae/cup
Development

25 20 15

Dosage = 1.0 x 107 PIB/ml!
Beginning of 0.1cA 02aA 02aA
4th instar
End of 4th 39aA 0.7aB 0.8aB
instar
Beginning of 0.8cA 1.0a A 0.6aA
Sth instar
End of Sth 22bA 1.2a AB 0.8aB
instar

Dosage = 4.0 x 107 PIB/ml?
Beginning of 0.0 0.2 0.0
4th instar
End of 4th 0.7 0.4 0.1
instar
Beginning of 0.3 0.5 0.5
5th instar
End of 5th 4.6 0.6 0.3
instar

Means followed by same lower case letter, in the columns, or by same upper case letter, in
the lines, were not different by the Duncan’s test (P<0.05). Coefficient of variation (CV) was

25.9% for the lower dosage.

2For the higher dosage there was no homogeneity of variances.

The mean weight of AgNPV-dead larvae/
cup (Table 7) was significantly higher for B5L
at 25 larvael/cup, decreasing with the reduc-
tion in the initial number of larvae/recipient.
Although E5L had a greater body length (ca.
2.5 cm) at inoculation, they resulted in the
lowest weight of NPV-dead larvae per cup,
because of high incidence of canibalism, mor-
tality by other causes, and pupation (Tables
4 - 6). At the lower NPV dosage |osses totalled

49.1% for E5L as opposed to 10% for B5L. On
the other hand, B4L had low levels of losses,
but resulted in mean weights of NPV-dead
larvae/cup similar to those observed for E5L,
due to the smaller size and lower weight of
individual B4L at death. The mean number of
PIB per cup (Table 8) followed a similar trend,
since it is strongly correlated to the larval
weight at death (F. Moscardi, unpublished
data). At 25 larvae/cup the NPV production
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Table 6. Mean number of pupae obtained after inoculation of Anticarsia gemmatalis
larvae at four larval development stages and three populations per 300-ml cup, with two

NPV dosages.
Number of pupae obtained/cup

Larval

Population of larvae/cup
Development

25 20 15

Dose = 1.0 x 107 PIB/ml'
Beginning of 0.1cB 0.8¢c AB 0.9c AB
4th instar
End of 4th 1.8bC 29b B 46b A
instar
Beginning of 0.6cB 1.8b A l.6¢c A
5th instar
End of 5th 83aA 6.1a B 6.5a AB
instar

Dose = 4.0 x 107 PIB/ml’
Beginning of 0.0 0.2 0.0
4th instar
End of 4th 1.3 23 23
instar
Beginning of 0.3 0.6 0.8
5th instar
End of 5th 34 44 3.8
instar

Means followed by same lower case |etter, in the columns, or by same upper case letter,
the lines, are not different by the Duncan’s test (P<0.05). Coefficient of variation (CV) was

16.2% for the lower dosage.

2For the higher dosage there was no homogeneity of variances.

varied from 2.7x 10 (E5L) to 5.8x 10* PIB/
cup (B5L), for the lower AgNPV dosage, and
from 2.9x 10% (B4L) to 5.7x 10 PIB/cup (B5L),
for the higher dosage. Mean PIB/larva increa-
sed from 1.4x 10° (B4L) to 2.5x 10° (B5L), de-
creasing for ESL (2.2x 10°). Furthermore, there
was a trend of an increase in PIB/larva with
the reduction in the initial larval density/cup,

as can be drawn from the tables.

Discussion

The optimization of AgNPV productic
was highly dependent on the studied varia,
bles, specialy larval size or instar at inocula-
tion, or their interaction, as discussed for other
viruses (Shapiro 1982,1986). Selecting insects
by approximate size (experiment 1) was less
efficient than by phase of larval development
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Table 7. Mean weight of NPV-dead larvae per 300-ml cup obtained after inoculation of
Anticarsia gemmatalis larvae at four larval development stages and three populations per

300-ml cup, with two NPV dosages.

Weight of NPV-dead larvae (g)/cup

Larval

Population of larvae/cup

Development

25 20 15

Dose = 1.0 x 107 PIB/m!'
Beginning of 2.28 bc A 1.93 bc AB 1.52b B
4th instar
End of 4th 258b A 2.18b A 1.66b B
instar
Beginning of 432a A 321a B 2.56a C
5th instar
End of 5th 200c A 1.64¢c AB 1.23b B
instar

Dose = 4.0 x 107 PIB/ml!
Beginning of 2.14¢ A 1.63¢c B 1.74 bc AB
4th instar
End of 4th 321b A 2.89b A 2.18 ab B
instar
Beginning of 421a A 341a B 227a C
Sth instar
End of 5th 227¢ A 1.81¢c B 143¢ B
instar

Means followed by same lower case letter, in the columns, or by same upper case letter, in
the lines, are not different by the Duncan’s test (P<0.05). Coefficients of variation (CV),
from top to botton, were 14.6 and 15.0%, respectively.

(experiment 2). In the former, the low NPV
yields can be attributed to the difficulty in
standardizing larvae at inoculation, resulting
in higher canibalism and losses by other cau-
ses. However, the two experiments were not
carried out simultaneously, such that the A.
gemmatalis cohorts utilized might have been
distinct enough (eg. vigour) to contribute for
the substantial differences found between the
two trials. However, it was evident that a better

standardization of larvae was important to
reduce losses in NPV production, since E4L
and E5L (more difficult to standardize) resul-
ted in higher losses in NPV production than
B4L and B5L (selected during ecdysis).

The highest yield of AQNPV was achieved
by inoculating B5L at 25 larvae/300-ml cup,
either at 1.0x 107 or 4.0x 10’ PIB/ml. However,
optimizing production by adjusting these and
other parametersis variable with each spe-
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Table 8. Mean number of polyhedron inclusion bodies (PIB) of the NPV of Anticarsia
gemmatalis obtained per 300-ml cup after inoculation of larvae at four phases of develop-
ment and three populations per cup, with two NPV dosages.

Number of PIB x 10" /cup

Larval
Population of larvae/cup
Development
25 20 15
Dose = 1.0 x 10’ PIB/ml'
Beginning of 3.09 261 2.06
4th instar
End of 4th 3.49 295 2.26
instar
Beginning of 5.84 435 347
Sth instar
End of 5th 2.71 223 1.66
instar
Dose = 4.0 x 10’ PIB/ml?
Beginning of 290cA 220cB 236 bc AB
4th instar
End of 4th 434b A 391bA 295ab B
instar
Beginning of 570a A 461aB 306a C
Sth instar
End of 5th 3.08c A 244cB 194¢ B
instar

For the lower dosage there was no homogeneity of variances.
2Means followed by same lower case letter, in the columns, or by same upper case letter, in
the lines, are not different by the Duncan’s test (P<0.05). Coefficient of variation (CV) was

14.9% for the higher dosage.

cific host, virus isolate, and laboratory condi-
tions (Shapiro 1986). for the NPV of Heliothis
(Helicoverpa) spp., maximum production was
attained by inoculating five-day-old larvae
(Shieh & Bohmfalk 1980). In contrast, Shapiro
et al. (1981) reported that larvae infected in
late instars produced more virus than those
infected in early instars. This was also obser-
ved by Harper (1970) with Peridroma saucia

(Hbn.) infected in mid 5th instar, by Huber &
Dickler (1977) with Rhyacionia buoliana
(Schif.) inoculated as late 4th or early 5th ins-
tar, and by Shapiro (1986) with L. dispar ino-
culated as 5th instar.

These differences regarding the moment
of inoculation for distinct virus-host systems
are probably related to the virus dosage and
larval density/recipient utilized in each test.
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The virus concentration used has varied from
1.0x10° to 5.0xI10” PIB/ml (Shapiro 1986), with
a greater initial concentration not necessarily
resulting in greater virus yield (Shapiro et al.
1981). In the present work, highest AgNPV
yields were obtained by infecting larvae with
high dosages (1.0x107- 4.0x10” PIB/ml). As
observed with the AgNPV, studies with other
baculoviruses show a trend of lower yields of
PIB/larva for increasing larval populations/
recipient (Shapiro 1986). For L. dispar, as larval
density increased from 10 to 14/recipient the
number of PIB/larva decreased, and total NPV
yield/container became constant (Shapiro
1986). Similarly, total yield of Trichoplusia ni
(Hubner) NPV increased as larval density in-
creased from 100 to 400/recipient, although
the number of PIB/larva decreased by three-
fold (Vail et al. 1881). With the A. gemmatalis
NPV, highest yields were achieved by using
25 larvae/300-ml cup as opposed to 20 and 15
larvae/cup, despite an increase in PIB/larvae
at lower larval densities.

The results show that AQNPV production
can be much improved, so as to alow its com-
mercial production and utilization at a compe-
titive cost with available chemical insecticides.
However, the material and methods used in
this study have to be tested in a larger scale
to check their feasibility at industry level. Par-
ra et al.(1993) developed a new method for
large-scale rearing of A. gemmatalis and pro-
posed the procedure for AGQNPV production.
The combination of this method with the infor-
mation generated in the present study may
prove useful for commercial production of
the AQNPV
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