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Abstract

Objectives: To determine the biological cycle of H. virescens and the comparative efficiency of bioinsecticides of 
Bacillus thuringiensis (Bt) (native strain) with respect to Bt (Kurstaki strain) and nuclear polyhedrosis virus (NPV), 
on fifth instar larvae. Methodology:  Postures and larvae of H. virescens were collected from agricultural farms in 
Huaral (Lima) and reared in the laboratory. The Bt and NPV strains were applied to fifth instar larvae under field 
conditions, evaluating larval mortality at 72 hours using Tukey's test with the Infostat software. Results: It was found 
that the life cycle of H. virescens was 77.78 ± 9.14 days with complete metamorphosis. Larval mortality was 
statistically similar (p> 0.05) with native Bt and Bt Kurstaki treatments, and NPV application outperformed (p< 0.05) 
both Bt treatments in fifth instar larval mortality. Conclusion: The life cycle of Heliothis virescens in blueberries has a 
complete metamorphosis with six larval stages ranging from 59-88 days and better control of fifth-instar larvae was 
obtained with NPV.

Keywords: Bacillus thuringiensis Kurstaki; fruit bollworm; nuclear polyhedrosis virus; Tukey test; Vaccinium 
corymbosum var. Biloxi.

Resumen

Objetivos: Determinar el ciclo biológico de H. virescens y la eficacia comparativa de los bioinsecticidas Bacillus 
thuringiensis (Bt) (cepa nativa) respecto a Bt (cepa Kurstaki) y del virus de la poliedrosis nuclear (NPV), sobre larvas 
de quinto estadio. Metodología:  Posturas y larvas de H. virescens fueron recolectadas de fincas agrícolas de Huaral 
(Lima) y criadas en laboratorio. Las cepas Bt y NPV fueron aplicadas a larvas de quinto estadío en condiciones de 
campo, evaluando la mortalidad larval a las 72 horas mediante la prueba de Tukey con el software Infostat. 
Resultados: Se encontró que el ciclo de vida de H. virescens fue de 77,78 ± 9,14 días con una metamorfosis completa. 
La mortalidad larvaria fue estadísticamente similar (p> 0,05) con los tratamientos Bt nativo y Bt Kurstaki y la 
aplicación de NPV superó (p< 0,05) a ambos tratamientos Bt en mortalidad larvaria en el quinto estadio. Conclusión: 
El ciclo biológico de Heliothis virescens en arándanos tiene una metamorfosis completa con seis estadíos larvarios 
que oscilan entre 59-88 días y se obtuvo un mejor control de larvas de quinto estadio con NPV.

Palabras clave: Bacillus thuringiensis Kurstaki; gusano perforador de frutos; prueba de Tukey; virus de la 
poliedrosis nuclear; Vaccinium corymbosum var. Biloxi. 
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Introduction

In recent years, people's habits around the 
world have been changing with healthier trends, 
mainly due to the increase in diseases and 
conditions such as obesity and cancer; for this 
reason, the consumption of highbush blueberries 
(Vaccinium corymbosum L.) is essential in diets, 
because the high content of antioxidants, fibre, 
vitamin C and low caloric intake; blueberries 
have one of the highest concentrations of iron of 
the temperate fruits (Michalska & Lysiak, 2015; 
Romo et al., 2019). Vaccinium species are unique 
compared to many of the world's fruit crops in 
that, most of the harvesting and culture of species 
for food occurred in the geographic regions of 
their origin (Curutchet et al., 2019). This suggests 
that insects involved in many of the ecosystem 
services for these berries are native species, that 
have a shared co-evolutionary history (Jones et 
al., 2014).

In addition, blueberry production presents 
high profitability for farmers and has a 
commercial opportunity that allows exporting the 
product within international competition (Romo 
et al., 2019). Despite the enormous export 
potential that blueberry production has, it 
r e p r e s e n t s  a n  a l t e r n a t i v e  t o  p r o d u c t 
diversification in the Lima region (Ramos et al., 
2018).  Unfortunately, one of the limiting factors 
of crop production is insect pests, highlighting 
Heliothis virescens, whose larvae feed on leaves, 
young shoots, flowers, and fruits (Fulcher et al., 
2015). In this regard, Fulcher et al. (2015) 
indicate that it can cause damage to up to 40% of 
the total plant population.

Heliothis virescens (L.) (Lepidoptera: 
Noctuidae) is a polyphagous pest that has the 
ability to feed on more than 100 plant species 
(Blanco et al., 2008). Sullca et al. (2019) mention 
that this is the main eating pest of foliage of the 
highbush blueberry in Peru conditions. The 
current markets are highly demanding, which 
forces producers to obtain crops with high yields 
and high-quality standards, free of damage by 
pests, as well as toxic pesticide residues which 
restrict their access to the world market, for 
exceeding the maximum residue limits (Tarkanyi 
et al., 2019) and affecting bee pollination (Jones 
et al., 2014).

For a few years has emphasized the use of 
bioinsecticides because they are biodegradable 
and target-specific products; entomopathogenic 

organisms that include fungi, protozoa, 
nematodes, viruses, and some groups of bacteria. 
Within this latter group, Bacillus thuringiensis 
(Bt) is one of the most important species 
frequently used to produce bio-insecticides 
(Chakroun et al., 2016). Presents the peculiarity 
of producing crystal-type inclusions in their 
sporulation phase. Active δ-endotoxins have 
b e e n  d i s c o v e r e d  a g a i n s t  L e p i d o p t e r a 
(butterflies), Coleoptera (beetles), Diptera (flies), 
Hymenoptera (ants), mites and against other 
invertebrates such as nematodes, flatworms, and 
protozoa (Sullca et al., 2019). The advantages of 
Bt are that it is safe for humans, domestic animals, 
flora, and fauna. Meanwhile, H. virescens is a 
significant pest that has the ability to feed many 
plant species, and the extensive use of Bt crops or 
Bt sprays has already led to the evolution of 
resistance to insects in the field for some species 
of Lepidoptera and Coleoptera (Pickett et al., 
2017).

The nuclear polyhedrosis virus (VPN) is part 
of the baculoviruses that infect numerous species 
of insects, mainly Lepidoptera (Nawaz y 
Ghramh, 2019; Teakle et al., 1985). These offer 
great potential to be used within Integrated Pest 
Management, due to their high specificity to 
certain pests, increased virulence, compatibility 
with other control tactics, ease of production, 
stability in storage, safety (harmless to man and 
other animals) and the advantage of not affecting 
the natural balance of the agroecosystem (Kumar 
& Singh, 2015; Kumar, 2012). The production of 
viruses in live host insects is currently the most 
widely used method to obtain material that can be 
used in viral insecticides (Lasa et al., 2008; Badii 
& Abreu, 2006).

In the case of H. virescens control, Romero et 
al. (2012) reported that the treatments that 
showed the best effect were Indoxacarb (Avaunt 
150 SC) and Streptomyces scabies (Agryben 5 
SG), with 100% control in the field. Romeu & 
Veitía (2012) used the essential  oil  of 
Cymbopogon nardus and Coriandrum sativum, 
turning out to be inhibitors of feeding in third 
instar larvae of H. virescens in 90 and 60% 
respectively.

The objective of the research was to describe 
the life cycle of the fruit borer in blueberries and 
to establish, preliminarily, the effect of three 
bioinsecticides on H. virescens larvae under 
controlled conditions.
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Methodology

Study area

The research was carried out at the Instituto 
Nacional de Innovación Agraria (INIA) 
Experimental Station (EEA) ¨Donoso¨ at Huaral 
(Lima), (11°52' S 77°23' W, 180 masl), with 
average temperatures between 18 and 27º C and 
58 to 96 % relative humidity. The insect breeding  
was carried out under laboratory conditions and 
the samples were obtained in experimental fields 
of blueberries Vaccinium corymbosum cv. Biloxi 
under bed system, having a planting density of 
0.50 m between plants and 2.00 m. between lines, 
during the phenological stage of the vegetative 
growth and fruiting of the blueberry, in the 
summertime.

Determination of the life cycle of H. virescens

The experimental material consisting of H. 
virescens postures and larvae was collected from 
Agrícola Santa Azul S.R.L, Agrocosta e Inkas 
Berries.  Flasks containing the samples were 
placed in cages, feeding them with tender 
blueberry sprouts and cotton dipped in water to 
maintain high humidity conditions. Then, the 
material was transported to Laboratorio de 
Entomología at Instituto Nacional de Innovación 
Agraria, Huaral.

The insect breeding began with 20 eggs of 
Heliothis virescens under laboratory conditions 
and the newly hatched larvae were individually 
located in Petri dishes and fed daily with 
blueberry sprouts. Throughout the larval stage 
were conditioned in cages and blueberry sprouts 
were placed in bottles with water, to facilitate 
oviposition. Once the population was uniform, 
the evaluation of the larval stages began, which 
consisted of the number of days for each stage of 
development, as well as the dates of oviposition, 
pre-oviposition periods, oviposition, as well as 
the total number of oviposition. After the adults 
emerged, females were evaluated on a daily basis, 
counting the number of eggs per female.

Biological control assay of H. virescens

It  was used one native strain of B. 
thuringiensis that was isolated, characterized and 

8 quantified at a concentration of 4.68 x 10 CFU 
-1

mL L , at Laboratorio de Biotecnología de la 
Producción at the University José Faustino 
Sánchez Carrión (Huacho, Lima). A commercial 
strain of B. thuringiensis var. Kurstaki had 

obtained from a commercial product 6.4% PM. 
Nuclear polyhedrosis virus (NPV), was extracted 
from a commercial product; these products were 
prepared and applied as directed by the 
manufacturer.

The experimental phase was carried out under 
controlled conditions, which consisted of 
collecting larvae from the fifth stage of Heliothis 
virescens and covering the experimental material 
with an anti-aphid mesh of the size of 20 x 50 cm 
for each individual, with blueberry sprouts. The 
treatments were applied with a manual sprayer at 
the indicated doses using a sample of 25 larvae for 
each treatment and three replications each (Bt 
Kurstaki, native Bt, and VPN), plus the control 
without application. Larvae were counted 72 
hours after the treatment application and 
expressed in mortality percentage.  Means were 
analyzed by the Tukey test multiple comparisons 
(P = 0.95), with the statistical program Infostat.

Results and Discussion

Determination of the life cycle of H. virescens

H. virescens eggs presented a hemispherical 
shape with a length of 0.5-0.8 mm as indicated by 
Méndez (2003), with numerous radial striations. 
At the beginning of oviposition, they were white, 
turning orange and finally greyish brown. The 
eggs had an incubation period of 3-4 days, values 
  similar to those obtained in other reports, such as 
3 days, 2-3 days (Méndez, 2003), and 4.59 days 
(Pérez & Moraima, 2012).

The larvae presented variable colouration, 
dark green to yellowish-green with longitudinally 
ordered white dots, with three dark lines on the 
back. Six larval stages were observed, which were 
differentiated by body length. The duration of the 
complete larval stage was from 28 to 54 days 
(table 1). The larval stage I (6-8 days), larval II (5-
7 days), larval III (4-7 days), larval IV (3-7 days), 
larval V (3-7 days), larval VI (7-14 days) 
corroborating the results of Méndez (2003), who 
indicates that each stage lasts approximately 
between 2-4 days.

Pupae showed light brown color with thin 
spines on the cremaster, length of 15 - 18 mm. The 
time of the pupal period ranged from 17 - 26 days; 
various reports suggest values of the pupal period 
as 8 - 9 days (Pérez & Moraima, 2012) and 10 - 11 
days (Méndez, 2003).
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Adult females were dark brown and males 
were light straw-coloured; forewings had three 
transverse brown bands, and the hind wings were 
a silver color, with dark margins. The body length 
of males ranged from 13 - 15 mm and in females 
from 12 - 24 mm; these data are similar to those of 
Méndez (2003); the duration in the adult period 
was 7-35 days.

Table 1

Duration (days) of H. virescens development 
stages under controlled conditions

The life cycle of H. virescens ranged in 
conditions of the present study, between 59 - 88 
days; Méndez (2003) reported that with a 
temperature of 27.3 - 29.5 ° C and average relative 
humidity of 71.1 - 88.5% respectively, the life 
cycle was 33 - 37 days when the larvae presented 
five instars, while for those of six instars, was 37 - 
44 days, in tobacco leaves. Pérez & Moraima 
(2012) reported a life cycle of 44.50 ± 1.58 for 
females and 44.05 ± 3.80 days for males; values 
of this research do not agree with the authors 
mentioned due to environmental conditions and 
to kind of food that was provided during the 
development of the insect.

The ratio of females to males to females was 

6:8, with a higher prevalence of males at 33 %. In 
the data of H. virescens oviposition, females 
showed a pre-oviposition time of 3 - 7 days before 
reaching the stage of  sexual  maturi ty; 
Subsequently, the oviposition period varied from 
11-23 days, with an average value of 13.6 - 68.5 
eggs per day and a total of 313 to 879 eggs per 
female during their life cycle, a result similar to 
that reported by Méndez (2003); the post-period 
oviposition ranged from 2-6 days (Table 2).

Table 2

Oviposition time (days) of H. virescens under 
controlled conditions

This table shows the oviposition time in days of Heliothis 

virescens under controlled conditions.

Biological control assay of H. virescens

The preliminary results of the application of 
the treatments to H. virescens fifth instar larvae 
after 72 hours (Table 3), show that the Bt Native 
and Bt Kurstaki treatments were not significantly 
different and that the 3 treatments were 
significantly different from the control without 
application, and it would be considered that they 
were effective to decrease insect survival with 
respect to control. The application of NPV 
showed the highest level of control in the larvae, 
with 80% mortality at 72 hours. 

 

Development 
Stages 

Min Max. Period (days) 

Egg 3 4 3.64 ± 0.49 

Larva I 6 8 6.24 ± 0.66 

Larva II 5 7 5.23 ± 0.66 

Larva III 4 7 4.06 ± 0.83 

Larva IV 3 7 3.88 ± 1.22 

Larva V 3 7 5.35 ± 1.49 

Larva VI 7 14 9.23 ± 2.48 

Pupae 17 26 21.05 ± 2.38 

Adult female 7 21 15.12 ± 5.79 

Adult male 17 35 24.80 ± 6.27 

Life cycle 59 88 77.78 ± 9.14 

 
Phases Min Max Time (days) 

Pre-oviposition 
period 

3 7 4.6 ± 1.51 

Oviposition 
period 

11 23 16.6 ± 5.32 

Post oviposition 
period 

2 6 4.0 ± 1.58 

Total 
oviposition 

313 879 537.6 ± 276.9 

Daily 
oviposition 

13.6 68.5 35.06 ± 21.66 
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Table 3

Larval mortality (%) at 72 hours after the 
application of bioinsecticides under controlled 
conditions

Means with different letters are statistically significant 

according to the Tukey test (p <0.05)

In this regard, Carreras et al. (2009) obtained 
in the second instar larvae, a mortality of 50% 

7 with a concentration of B. thuringiensis 2.6 x 10
–1spores mL  under laboratory conditions, while 

the present study in conditions of captivity, 60-
65% mortality was obtained with Bt strains 
applied in fifth instar larvae. Romero et al. (2012) 
in bioassays with the Cry1Ac toxin obtained from 
B. thuringiensis, found that the composition of 
the diet influences the susceptibility response, 
considering the criterion correct in our 
experiment to individually feed the larvae for 
each source with blueberry. 

Conclusions

The life cycle of Heliothis virescens in 
blueberries has a complete metamorphosis with 
sixth larval stages ranging from 59-88 days, and 
fecundity of female adults from 313 to 879 eggs, 
under controlled conditions. Better control of 
fifth instar larvae with the nuclear polyhedrosis 
virus was evidenced compared to native or 
commercial strains of Bacillus thuringiensis in 
controlled conditions, in Huaral. 
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