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Abstract 

Background The aim of this study was to develop an oil formulation from a local betabaculovirus. Hyphantria cunea 
Drury (Lepidoptera: Erebidae) granulovirus (HycuGV-Hc1) was isolated from the infected larvae to test its efficacy on 
the pest. The oil formulation was prepared by mixing the viral suspension with sunflower oil and some adjuvants and 
named HycuGV-TR61. Crude virus and the formulations were carried out on third instar H. cunea larvae using 1 × 
 104–8 OBs /ml concentrations and were exposed to temperatures (28, 35, and 42 °C) and UV-B light at different periods 
(0, 1, 3, 5 h).

Results The mortality rate, which was 50% at the lowest concentration (1 ×  104 OB/ml), reached 99.86% at the high-
est concentration (1 ×  108 OB/ml).  LC50 values of fresh and old forms were calculated as 0.64 ×  104 and 0.87 ×  104 
OBs/ml, respectively. Application of shelf life showed that there was non-significant change in the pathogenic activity 
of the formulation with time. In the experiments, it was observed that the activity decreased as the temperature and 
time of exposure increased. Significantly difference in larval mortality was observed when fresh and old formulations 
were exposed to 0, 1, 3 and 5 h to UV-B, (old: 96.7, 86, 80 and 60%; fresh: 97.1, 90, 85 and 62%, respectively).

Conclusions The results revealed superior aspects of HycuGV-TR61, which was developed as a local viral biopesti-
cide, its resistance to abiotic factors and its potential to be used in pest control.
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Background
The fall webworm, Hyphantria cunea (Drury) (Lepi-
doptera: Erebidae), is a pest of a few ornamental trees 
and shrubs as well as of several agricultural crops. The 

larvae feed in huge nests and can completely defoliate 
trees and shrubs. Native to North America, this species 
has become an invasive pest throughout Europe and Asia 
(Johnson and Lyon 1994). Despite the efforts to control, 
development of resistance to chemicals and extensive 
damage.

Nucleopolyhedroviruses (NPVs) and granuloviruses 
(GVs) (Baculoviridae) are important pathogens of a wide 
range of lepidopteran pests. They have been developed as 
microbial pesticides (Szewczyk et al. 2009). Several NPVs 
and GVs have been isolated from H. cunea larvae and 
considered useful biological control agents (Bayramoglu 
et al. 2018).
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Viral insecticides are emerging as promising alternative 
control agents to chemicals as they are safe for humans 
and the environment, suitable for sustainable agricultural 
practices and the rising market demand (Abd-Alla et al. 
2020). Developing formulations can play an important 
role in stabilize the pathogen during storage and facilitate 
farmers application of bioinsecticide products (Burges 
1998). Viruses must be able to remain intact in environ-
ments outside the host insect. Some materials were used 
as adjuvants to protect the baculoviruses from sunlight 
and proven to increase the efficacy of Baculovirus formu-
lation (Sajap et al. 2009). The development of viral prod-
ucts may differ depending on the viral strain, formulation 
type and content, which means that different methods 
can be used (Roldão et al. 2011). In addition, it has been 
shown that the oil-based formulations are more stable 
on the foliage against environmental factors, such as rain 
and wind and have high shelf life due to low pH levels 
(Batista et al. 2001).

Formulations should allow the microbial agent to dis-
perse in the environment and remain intact for the time 
necessary for its action. Laboratory and field studies have 
shown that the solar radiation (UV) is probably the most 
important factor affecting the persistence of microbial 
agents at the environment (Burges 1998). In general, 
entomopathogenic viruses are quite stable at low temper-
atures. These viruses can survive for several years in dry 
powders form or in suspensions stored in the dark and at 
0–4 °C (Jacques 1985).

Baculovirus biopesticides are prepared to act as nutri-
tional stimulants with various additives such as sugar, 
pre-gelatinized flour, starch, ground corncob, corn oil, 
boric acid and optical brighteners to provide UV pro-
tection (Méndez et  al. 2002). Resin, alginates, and oils 
are used to suspend the active ingredient during storage 
as well as to resuspend it before use (Jones and Burges 
1998).

This study aimed to develop an oil-based formulation 
(HycuGV-TR61) of H. cunea granulovirus (HycuGV-
Hc1) isolated from Turkey and to investigate the shelf life 
of formulations (fresh and old). In addition, it also inves-
tigated the sensitivity of the crude virus and two formula-
tions to UV and temperature.

Method
Virus and insect
The Hyphantria cunea granulovirus HycuGV-Hc1strain 
used in this study was isolated from the larvae of H. cunea 
in previous studies, and its morphological and molecular 
characteristics were determined (Bayramoglu et al. 2018). 
Hyphantria cunea larvae were collected from mulberry 
trees in Rize, Turkey, in June 2021, reared in the labora-
tory to adult moths on mulberry leaves in containers 

(17 × 11 × 7 cm) for oviposition. The newly hatched lar-
vae were fed with fresh mulberry leaves and maintained 
at 26 ± 1  °C, 50 ± 10% RH and 14:10 (L:D) photoperiod. 
The third instar larvae were used in the bioassay.

Production and purification of HycuGV‑Hc1
For production, a suspension of 1 ×  107 occlusion bod-
ies (OBs)/ml HycuGV-Hc1 from pure virus stock in 
the laboratory was applied to the mulberry leaf and the 
third instar H. cunea larvae were starved for six hrs and 
then fed on the leaves in plastic containers. Applica-
tions were maintained at 26 ± 1  °C and 50 ± 10% RH on 
a 14-h light/10-h dark photoperiod. All larvae that die 
from infection were collected daily, homogenized in 
0.1% sodium dodecyl sulfate (SDS), and filtered through 
cheesecloth to separate the virus from insect body and 
tissue parts. An equal volume of 0.1% SDS was added 
to virus suspension, and the filtration was repeated. The 
resulting filtrate was centrifuged at 7.840× g for 30 min at 
4  °C. The supernatant was discarded, and the pellet was 
suspended in  dH2O. The suspension was loaded on 30% 
sucrose and centrifuged for 30 min at 5000× g. The final 
pellet was resuspended with  dH2O, and the OBs were 
quantified visually with a Neubauer haemocytometer. 
The purified HycuGV-Hc1 stock was stored at −  20  °C 
until the bioassays were conducted.

Development of oil‑based viral biopesticide
The formulation was developed by mixing the viral sus-
pension with sunflower oil, surfactant, adjuvant, humec-
tant, solvent, thickener, emulsifier, phagostimulant, 
lubricant-synergist and sticker (Table  1). After all the 
ingredients were prepared, the determined final volume 
(100 ml) was completed with  dH2O and mixed homoge-
neously, and the pH of the mixture was measured. The 

Table 1 Substances to be used in oil-based formulation (Burges 
1998)

Component Substance name Percentage

Virus HycuGV Hc1 20

Baits Sunflower oil 20

Surfactant Tween-80 5

Humectant Glycerol 2

Solvent Ethyl acetate 0.5

Thickener Sorbitol 1

Emulsifier Polyethylene glycol /PEG 2

Phagostimulant-Adjuvant Cotton seed flour 5

Phagostimulant-Binder Sucrose 1.5

Sticker Methyl cellulose 2

Lubricant; synergist Boric acid 0.5

UV protective Lignin sulfate 0.5
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virus suspension was added to the prepared mixture and 
pH of the formulation was re-measured. Thus, the for-
mulation was prepared to be contained 20% active ingre-
dient and 80% other fillers and adjuvants. After the old 
formulation was prepared, it was stored in a glass bottle 
at 4  °C for 1 year until used in trials. Two formulations, 
fresh and old, were prepared one year apart and used in 
bio-test studies.

Efficacy of viral formulation against Hyphantria cunea 
larvae
The efficacy of the formulation was determined by apply-
ing the formulation to third instar larvae of H. cunea in 
two different forms, fresh (prepared daily) and old. (After 
preparation, it was kept in a glass bottle at 4  °C for one 
year under laboratory conditions.) For bioassays, crude 
virus, fresh and old stock formulations (1 ×  109 OB/ml) 
were firstly diluted from 1 ×  108 OB/ml to 1 ×  104 OB/ml. 
One ml of each dilution was contaminated on mulberry 
leaf of equal size, and leaf expected to dry were placed 
in the application boxes. Thirty H. cunea larvae starved 
for six hours were transferred to each box. In the con-
trol group, the formulation without the active ingredi-
ent (virus) was contaminated on the leaf. All treatments, 
thirty larvae of H. cunea were used, and the bio-tests 
were performed in three replicates and were maintained 
at 26 ± 1  °C and 50 ± 10% RH on a 14-h light/10-h dark 
photoperiod for 14 days. Larvae were fed on fresh mul-
berry leaves every day, and symptoms and larval mortal-
ity were assessed daily and recorded.

Effects of temperature and ultraviolet on formulations
In this application, the effects were determined crude 
virus and oil-based HycuGV-Hc1 formulations exposed 
to different temperatures and UV-B degrees on the pest. 
Crude virus and two formulation forms were adjusted to 
1 ×  108 OB/ml in the experiments. Crude virus and both 
forms were exposed to temperatures of 28, 35, 42 and 
60 °C and UV-B radiation (15 watts, G15T8 Germicidal, 
Japan) at 0, 1, 2, 3 and 5  h. Each character was tested 
separately with the control group on third instar H. cunea 
larvae. Application and conditions were carried out as 
described above. Each treatment was repeated three 
times. The larval mortality was recorded daily for 10-day 
post-inoculation.

Statistical analyses
Mortality rates were calculated by Abbott’s formula 
(Abbott 1925). Mortality data were subjected to pro-
bit regression analysis and median lethal concentration 
(LC50) was estimated (Finney 1971). All analyses were 
performed using SPSS 25.0 statistical software (IBM, 
Armonk, NY).

Results
An oil-based biopesticide including 1 ×  109 OBs/ml 
was developed for the first time from the local isolate 
HycuGV-Hc1 reproduced in H. cunea larvae, and it was 
named as HycuGV-TR61. The pH of the formulation 
was measured as 5.3–5.5 as expected. In the insecticidal 
activity trial, crude virus and both forms (fresh and old) 
of the formulation produced a very similar mortality 
plot on H. cunea larvae under laboratory conditions. As 
expected, concentration–response bioassays showed that 
larval mortality increased with increasing virus concen-
trations. The mortality rate, which was 50% at the low 
concentration (1 ×  104 OB/ml), reached 99.86% at the 
highest concentration (1 ×  108 OB/ml) (Fig. 1).

The insecticidal efficacy of the fresh and old forms did 
not differ much, although there was a period of one year 
in between.  LC50 values of new and old forms of for-
mulation were calculated as 0.64 ×  104 (0.09–4.2) and 
0.87 ×  104 (0.1–5.7) OBs/ml, respectively (Table 2).

Trials of the effect of temperature on the formulation 
revealed that both formulation forms were equally sensi-
tive at 1 ×  108 OBs/ml on H. cunea larvae (Fig. 2). Both 
the old and the new formulation were showed close effi-
cacy against larvae at all temperature exposures. In the 
experiments, it was observed that the activity decreased 
as the temperature and exposure increased. It was deter-
mined that there was not much difference in efficacy of 
crude virus and two formulation forms against H. cunea 
larvae at all exposure times at temperatures of 28 and 
35 °C (Fig. 2A, B).

Mortality rates produced by crude virus, fresh and 
old forms at 28  °C were determined as 85.45, 88.75 and 
81.05%, respectively, at 3  h, intervals. In the same con-
ditions, larval mortality was observed at 35  °C as 76.48, 
82.46 and 80%, respectively. At 42  °C, mortality from 

Fig. 1 Concentration response values of crude virus, two formulation 
forms and virus-free formulation on third instar Hyphantria cunea 
larvae
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both forms in 5  h of exposure was approximately 50%, 
but crude virus had 37.85% mortality at the same condi-
tions (Fig. 2C). It was determined that the mortality rate 
decreased rapidly with the increase in time at 60 °C and 
was approximately 15% in both forms at 5 h of exposure 
(Fig. 2D). The mortality rate of the crude virus at 60 °C for 
5 h was determined as 9.48, 85 and 79.42%, respectively.

The efficacy of the crude virus, fresh formulation, old 
formulations (1 ×  108 OBs/ml) and the virus-free formu-
lation in third instar H. cunea larvae differed significantly 
when exposed to UV-B for different durations (Fig.  3). 

Mortality rates at 1-h exposure to UV-B were recorded 
as 86 and 90% for the old and new formulations, respec-
tively. Mortality rates on larvae at 3 and 5 h of exposure 
were calculated as 80 and 60% for the old formulation 
and 85 and 62% for the new formulation, respectively. 
The mortality rates decreased as the exposure time to 
UV-B increased. After 1, 3, and 5 h of exposure to UV-B 
irradiation, mortality rates of the crude virus on larvae 
were 72.84, 58.45, and 42.73%, respectively, while mortal-
ity values of the fresh and old formulations were above 
(73%) on the larvae even after 5 h.

Table 2 LC50 values of two formulations on Hyphantria cunea larvae

Isolate LC50 (OBs/ml) Intercept Slope ± SE df χ2 95% Cl

Lower bound Upper bound

Fresh 0.64 ×  104 2.819 0.573 ± 0.417 3 0.993 0.09 4.2

Old 0.87 ×  104 2.848 0.546 ± 0.420 3 0.997 0.1 5.7

Fig. 2 Mortality rates after temperature application of crude virus, fresh, old formulations, and virus-free formulation against third instar Hyphantria 
cunea. A exposure to 28 °C; B exposure to 35 °C; C exposure to 42 °C; D exposure to 60 °C
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Discussion
Studies on the isolation of betabaculovirus from H. cunea 
in the world date back to very old years and no informa-
tion about its formulation was found in the literature 
searches. It is thought that researching the potential 
of this detected local virus to be used effectively in bio-
logical control and thus the development of the virus as 
a pesticide will provide important contributions to the 
literature and the use of the virus as a biological control 
material.

The formulation of granulovirus-containing biological 
insecticides is the most important part for production. 
For high volume applications, some factors such as shelf 
life and UV protection should be considered to create a 
stable and quality product. The formulation must per-
form good residual activity in field, and not include any 
additive with negative effects on virus efficacy (Rashidan 
et al. 2008). A formulation developed is the result of an 
active ingredient combined with various components 
that facilitate the efficacy, stability, and handling of the 
product (Williams 2001). Liquid formulations are fre-
quently used in the application of biopesticides to larger 
areas. In a study, it has been shown that oil-based formu-
lations were more advantageous in the field than dry for-
mulations (Batista et  al. 2001). So, in the present study, 
oil-based formulation was preferred. Sunflower oil was 
used because it is easier and cheaper to obtain. Different 
oils such as cottonseed oil, corn oil and kaolin are used 
in oil-based formulations (Shapiro et al. 2012). Additives 
such as surfactants, adherents, thickeners, binders, binds 
and phagostimulants and UV protectants were used in 
baculovirus formulations (Haase et  al. 2015). The addi-
tives used in the formulation in this study were Tween-
80 (surfactant), cotton seed flour (adjuvant), glycerol 
(humectant), ethyl acetate (solvent), sorbitol (thickener), 

PEG (emulsifier), sucrose (phagostimulant), boric acid 
(lubricant-synergist), methyl cellulose (sticker) and lignin 
sulfate (UV protectant). Some compounds such as boric 
acid are known to increase the biopesticide properties of 
baculovirus. A study has shown that boric acid reduces 
the  LT50 of larvae infected with a baculovirus (Morales 
et al. 1997). Another study showed that lignin sulfonate 
provides high sun protection (Fernández-Pérez et  al. 
2014). It has been determined that many products used 
as adjuvant in studies had an increasing effect on bacu-
lovirus infections (Ríos-Velasco et al. 2012). In this study, 
cotton seed flour was used in the mixture at a rate of 5%.

Baculoviruses break down in alkaline solutions, 
hence maintaining the pH is particularly important fac-
tor. Therefore, the pH value of the formulation with the 
active ingredient should be between 5 and 7 (Batista et al. 
2001). In this study, the pH of the formulation prior to 
the addition of GV was measured 5.16, while the pH was 
recorded 5.33 after the GV was added.

In the concentration–response test, no effect of virus-
free formulations on H. cunea larvae was observed. Thus, 
it was determined that the compounds used to prepare 
the formulation did not have a negative effect on the 
larvae.  LC50 values for these forms (new and old) were 
calculated as 0.64 ×  104 and 0.87 ×  104 OBs/ml, respec-
tively. In the previous study, crude form HycuGV-Hc1 
virus showed an  LC50 value of 2.6 ×  104 OBs/ml against 
H. cunea third instar larvae after 14  days (Bayramoglu 
et al. 2018). When the  LC50 values were compared, it was 
seen that there was non-significant difference between 
the HycuGV-Hc1 crude virus and its new and old formu-
lations. The  LC50 values of the formulations were calcu-
lated slightly lower than crude virus.

Baculoviruses can withstand high temperatures for 
a short time. They have a OBs (polyhedrin or granulin) 
that makes them environmentally stable (Funk et  al. 
1997). Many formulations have been developed to pro-
tect baculovirus OBs from environmental factors. In the 
formulation of any biological agent, it is important that 
little or no loss of activity (Behle and Birthisel 2014). 
Temperature and UV-B trials showed that the formula-
tion was protective against the infectivity of the virus but 
decreased with prolonged exposure.

The mortality of crude virus and formulations differed 
significantly when exposed to different durations of four 
temperatures (28, 35, 42 and 60 °C) (Fig. 2). In a study, it 
was determined that the mortality rate of a baculovirus at 
three different temperatures for 0, 1, 3 and 5 h decreased 
as the exposure time increased (Eroglu and Demirbag 
2022). There are some studies in the literature that exam-
ined the effect of sunlight on the activity of baculoviruses 
(Sayed et al. 2020). They reported an inverse relationship 
between exposure to sunlight and larval mortality. In the 

Fig. 3 Efficacy of crude virus, fresh, old formulations, and virus-free 
formulation on third instar Hyphantria cunea after UV-B exposure
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present study, the mortality rate at the highest (60) tem-
perature exposure was reduced by approximately 60% at 
1 h. Hence, the larval mortality decreased with increase 
in exposure duration of temperature. However, the activ-
ity of the fresh and old formulations had similar mortal-
ity rates when exposed to heat, while the crude virus had 
less than 10% mortality. It was detected that the formu-
lations in exposure to temperature was higher mortality 
than the crude virus.

It has been noted that insect viruses are inactivated by 
artificial radiation (Cakmak et  al. 2021). In the present 
study, the effect of UV-B exposure of crude virus and for-
mulations, on the virulence of the virus (HycuGV-Hc1) 
was investigated. Significantly difference in larval mortal-
ity was observed when fresh and old formulations were 
exposed to 0, 1, 3 and 5 h to UV-B (old: 96.7, 86, 80 and 
60%; fresh: 97.1, 90, 85 and 62%, respectively). However, 
it was recorded that the crude virus caused a decrease 
of approximately 30% in larval mortality on exposure to 
UV-B (1, 3 and 5 h). Studies have shown that the activity 
of some baculoviruses of UV light decreases with increas-
ing exposure time (Priyadharshini 2009). The inactivation 
of virus was directly related to the period of exposure to 
UV radiation.

Viral insecticides cannot be developed commercially 
until their formulations are physically, chemically, and 
environmentally stable in storage and distribution. Use 
of adjuvants has been found to increase the persistence 
of the virus in the environment (Mehrvar et  al. 2008). 
The incorporation of adjuvants with microbial insecti-
cides to preserve the virus activity is commonly followed 
(Rabindra and Jayaraj 1995). Some researchers have 
noted that the virus can be stable for up to ten years at 
4  °C without loss of effectiveness (Gopali and Lingappa 
2001). In this study, the larval mortality rates of the for-
mulation kept at 4  °C for one year and the newly pre-
pared formulation were calculated as close to each other. 
Similarly, Prabhu et  al. (2017) stated that virus suspen-
sion stored at low temperature causes higher mortality 
than high temperature.

Although the increase in intensity and time in tem-
perature and UV-B application causes some decrease in 
insecticidal activity, the formulation is the most effective 
tool that protects the virus from abiotic factors.

Conclusion 
The findings of this study are the first report on the devel-
opment of a biopesticide originating from betabaculovi-
rus HycuGV, to control of H. cunea and its evaluation for 
both shelf life and UV/temperature protection under lab-
oratory conditions. The present study demonstrated the 
advantages of native oil-based HycuGV-TR61 in the lab-
oratory conditions, its resistance to abiotic factors, and 

its potential for use in pest control. It was shown that the 
preparation HycuGV-TR61 could be a promising biopes-
ticide; however, further direct investigations are required.
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