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Abstract 

I n the present study, the potential of inorganic sulphate salts 
(copper sulphate and iron (II) sulphate) as triggers for 
activation of stored Sp/iNPV in S. !ittoralis 4t11 instar larvae was 

evaluated under laboratory conditions. Obtained results showed 
that the ability of sulfate salts to activate infections varied 
according to the type of tested chemical. Results also showed that 
copper sulphate and iron sulphate triggered lethal effect of 
polyhedrosis disease in larvae with range of 10.0-20.0%. In 
addition, results showed that observed larval mortality due to 
treatment with copper sulphate and iron (II) sulphate ranged from 
zero to 45%. This might be due to the intrinsic toxicity of the 
tested compounds. It was noticed that copper sulphate alone at 
different concentrations caused higher mortality percentage than 
iron (II) sulphate. It could be concluded that trace metals such as 
copper and iron can clearly modulate baculovirus induced disease, 
probably due to their different roles in insect immune functions. 
Further work is required to identify useful virus activation 
substances under field conditions. 
Keywords: Sp/iNPV, chemical triggers, larval-mortality, copper 
sulphate, iron (II) sulphate. 

INTRODUCTION 

Because of their notable insecticidal properties, evident robustly host 

specificity and their outstanding biosafety characteristics, nuclear polyhedrosis viruses 

(NPVs) (Family: Baculoviridae) are being developed as biocontrol agents for 

lepidopteran pest insects (Eberle et al., 2012). The viral infection is induced when the 

target pest larvae ingest the virions that are occluded in polyhedral occlusion bodies 

(OBs) (Lua et al., 2003). Following infection, many infected insects would die in a 

period of several days. Although, there might be a part of treated insects survive 

treatment. This can be either because some individuals don't consume enough lethal 

OBs or because that the viral infection has not been initiated. The later may be due to 

inhibition of the viral infection by the host immune system (Marques and Carthew, 

2007 and Pascual et al., 2012), or due to the virus adopting a low virulence non-lethal 

infection strategy (Sorrell et al. 2009; Virto et al., 2013; Moreno-Garda et al., 2014; 
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and Virto et al., 2016), or a combination of both. Early studies suggested that 

stressful conditions related to nutrient availability or the presence of other pathogens 

may trigger the activation of covert infections across many species of Lepidoptera 

(Podgwaite and Mazzone 1986). More recently, more systematic approaches have 

focused on rearing conditions such as high population densities (Opoku-Debrah et al., 

2013), high relative humidity or ingestion of chemical compounds (Ilinykh et al., 

2004). Additionally, a number of studies have reported the activation of covert 

infections following inoculation with viruses that naturally infect a different species of 

host insect, known as heterologous viru~es (Kouassi et al., 2009). 

The present study aims to evaluate the effect of the addition of two inorganic 

sulphate salts; Copper and Iron (II) sulphate, in different concentrations as chemical 

stressors that might trigger the activation of the stored SpliNPV infections in 

Spodoptera littoralis larvae, under laboratory conditions, with the purpose of 

estimating the value of this strategy in the control of S. littoralis populations on field 

crops. 

MATERIALS AND METHODS 

1. Insect cultures and virus stock: 

A susceptible strain of S. littoralis was established from egg masses obtained 

from the Research Division of the cotton leaf worm, Plant Protection Research 

Institute, Dokki-Giza, Egypt. Newly hatched larvae were reared under laboratory 

conditions in an incubator at 26 ± 2° C, of 65 ± 10% R. H., and 8: 16 L: D 

photoperiod at the microbial agent production unit, Plant Protection Research 

Institute, Dokki-Giza, Egypt. 

The viral isolate of Splt-JPV (Baculoviridae) was provided by viral insecticide 

production Laboratory (microbial agent production unit, Plant Protection Research 

Institute, Dokki-Giza, Egypt) in the form of a suspension in sterile distilled water, with 

a stock concentration of 2.4x 1010 polyhedral inclusion bodies (PIB)/ml. 

2. Purification of occlusion bodies (polyhedra) of Sp/INPV: 

Occlusion bodies were purified following the methods of Hunter-Fujita et al., 

(1998). Briefly, infected 5. littoralis cadavers were collected and homogenized in 

0.05M Tris, pH 7.5-7.8, 0.1 % sodium dodecyl sulfate (SDS) (2 ml buffer/g larva). The 

homogenate was filtered twice through a piece of muslin and cotton wool to eliminate 

the insect fragments. Filtrate was clarified three times by centrifuging at 5000 rpm for 

3 min. The supernatant containing the polyhedra was centrifuged at 3000 rpm for 10 

min under cooling (4°C). The pellets of semi-purified polyhedra were re-suspended in 

Tris-SDS and centrifuged at 4000 rpm for 10 min under cooling. Finally, the pellets of 
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the purified polyhedra were re-suspended in sterile distilled water (1 ml HzO/g viral 

precipitate), counted using a bacterial counting chamber under phase contrast 

microscopy at x 400, and stored at -20°C until required. 

3. Activation of Sp/INPV infections under laboratory conditions: 

For virus activation test, three replicates of 20 4th instar larvae were used. 

Three groups were designated. The first group was orally treated by leaf dipping 

technique with one of the following chemical compounds: 0.1, 0.5, 0.75, 1.0, and 

2.0% (wt./vol.) copper sulphate and iron (II) sulphate (El-Gomhoria chemical and 

pharmaceutical company, Cairo, E,gypt). The second group of larvae was treated with 

the previously stored viral isolate of SpliNPV at the concentration of 2.4x 1010 

polyhedral inclusion bodies (PIB)/lOOml. The third group of larvae was treated with a 

mixture of used chemicals at different concentrations mixed with the used viral isolate 

at the ratio of 1/2: 1/2. Identical treatments were performed using virus-free control 

insects. 

4. Statistical analysis: 

Mortality was recorded daily after 48 hours post treatment and cumulative 

larval mortality was determined at the end of the larval stage. Mortality percentage 

was corrected according to Abbott's formula (Abbott, 1925). 

RESULTS AND DISCUSSION 

1. Reactivation of SpliNPV by inorganic sulphate salts: 

Results obtained from table (1) showed that 18.33% of treated 4th instar larvae of 

Spodopter littoralis responded to the used concentration of the previously stored 

SpliNPV. Results also showed that the larval mortality observed due to the addition of 

copper sulphate and iron (II) sulphate to the Sp/t-JPV was enhanced to about 20.0% 

compared to NPV alone. Results also showed that addition of copper sulphate at 0.1, 

0.5 and 0.75% to the NPV used concentration induced larval mortality of 15.0, 16.66, 

and 13.33%, respectively. Higher concentrations of copper sulphate induced either 

low or no mortality. Further, addition of iron (II) sulphate concentration of 0.1, 0.5, 

and 0.75% to used concentration of NPV resulted in 20.0, 13.33, and 10.0% larval 

mortality, respectively (table 1). Virus-killed larvae did not show the typical symptoms 

of polyhedrosis disease, specifically tissue liquefaction although larval mortality 

observed. In addition, results showed that observed larval mortality due to treatment 

with copper sulphate and iron (II) sulphate ranged from zero to 45%. This might be 

due to the intrinsic toxicity of the tested compounds (table 1). It was noticed that 

copper sulphate alone at different concentrations caused higher mortality percentage 

than iron (II) sulphate. 
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In the present study, we evaluated the potential of a selection of inorganic 

sulphate salts as triggers for activation of stored Splfl'JPV in 5. littoralis larvae. The 

ability to activate infections varied according to the type of chemical being tested. Our 

results showed that copper sulphate and iron sulphate triggered lethal polyhedrosis 

disease in 10.0-20.0% of larvae. Trace elements such as copper and iron are essential 

for immune system function in insects (Popham et al, 2012a). Considering each of 

these metals in turn, virus infection significantly altered copper titres in the 

haemolymph of Heliothis virescens, but not in Helicoverpa zea, compared with those 

of healthy larvae (Popham et al., 2012a). ,Indeed, excess or deficiency of copper can 

strongly influence insect responses to infection. For example, Ilinykh et al. (2004) 

previously reported activation of Lymantria dispar multiple nucleopolyhedrovirus 

(LaMNPV) in up to 18% of gypsy moth larvae that fed on diet containing 0.6% copper 

sulphate. In contrast, injection of H. zea larvae with a copper chelating compound 

increased the virulence of the homologous NPV (Washburn et al. 1996), possibly via 

its role at the active site of the phenoloxidase enzyme, a key component of the insect 

immune response to pathogens (Shelby and Popham, 2006). Despite the importance 

of iron availability in insects during infection by bacterial pathogens (Dunphy et al., 

2002 and Watson et al., 2010), the role of this metal during baculovirus infection is · 

poorly understood. Divalent and trivalent iron cations markedly reduced the 

pathogenicity of LaMNPV OBs when administered simultaneously with OB inoculum 

(Shapiro, 2001). In a later detailed study, Popham et al. (2012b) demonstrated that 

dietary iron was retained in larval tissues and increased significantly in the plasma late 

in infection in Heliothis virescens larvae. In the present study, iron (II) sulphate was 

as effective as copper sulphate in Spl/NPV activation, when used at the same 

concentrations. The examination of factors involved in virus activation allowed us to 

explore this as an alternative strategy for pest control. The possibility of triggering 

lethal diseases and initiating viral epizootics could improve the effectiveness and 

reduce the cost of baculovirus-based control methods and could also contribute to the 

design of alternative or complementary strategies of microbial control instead of, or in 

addition to, the inundative use of baculoviruses as insecticides. However, further work 

is required to identify useful virus activation substances under field conditions. We 

conclude that trace metals such as copper and iron can clearly modulate baculovirus 

induced disease, probably due to their different roles in insect immune functions. 
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Table 1. Percentage of virus-induced mortality and mortality due to other causes in 

virus-free S. littora/is larvae a~er treatment with copper sulphate and iron 

(III) sulphate at different concentrations under laboratory conditions 

Treatment 

Copper Sulphate 

(CuS04) +NPV 

Iron (II) Sulphate 

(FeS04) +NPV 

Copper Sulphate 

(CuS04) 

Iron (II) Sulphate 

(FeS04) 

NPV 

Control 

Concentration 

0.10°/o 

0.50°/o 

0.75°/o 

1.0°/o 

2.0°/o 

0.10°/o 

0.50°/o 

0.75°/o 

1.0°/o 

2.0°/o 

0.10°/o 

0.50°/o 

0.75°/o 

1.0°/o 

2.0°10 

0.10°/o 

0.50°/o 

0.75°/o 

1.0°/o 

2.0°/o 

2.4x1010 (PIB)/100ml 

O/o Mortality of virus­

free larvae (n) 

15.00 (9) 

16.66 (10) 

13.33 (8) 

3.33 (2) 

0.00 (0) 

20.00 (12) 

13.33 (8) 

10.00 (6) 

5.00 (3) 

1.66 (1) 

0.0 (0) 

1.66 (1) 

5.00 (3) 

35.00 (21) 

45.00 (27) 

0.0 (0) 

0.0 (0) 

1.66 (1) 

3.33 (2) 

5.00 (3) 

18.33 (11) 

0.0 
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