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Abstract

The insecticidal activity of Maruca vitrata (F.) multi-nucleopolyhedrovirus (MaviMNPV) combined with oil from neem, Azadirachta indica, Juss .and Jatropha curcas L. (Euphorbiaceae) was studied under laboratory and field conditions against three key insect pests of cowpea, Vigna unguiculata (L.) Walp. Second-instar Aphis craccivora Koch and Megalurothirps sjostedti Trybom nymphs, and third-instar M. vitrata larvae, all from laboratory colonies, were treated with various concentrations of one of the control agents separately or combined. Daily mortality was recorded for five days (A. craccivora and M. sjostedti nymphs) or fourteen days (M. vitrata) and the larval and pupal development as well as adult emergence were assessed. Combination of MaviMNPV resulted in a significantly higher larval mortality in M. vitrata than treatment with either virus or botanical insecticide alone at the corresponding concentrations. Larvae of M. vitrata infected with MaviMNPV and treated with botanical oils died sooner than those infected with only one control agent. Combinations of MaviMNPV and botanical oils produced additive or synergistic effects. No evidence of antagonistic effects was noted. In field experiments, the application of botanical insecticide and MaviMNPV either alone or in combination was effective in reducing insect abundance over the four weeks, and preventing yield loss. In the first field season, where the M. vitrata population was higher, the combination of the virus and either of the botanical pesticides induced significantly higher yields than spraying chemical insecticide. Application of MaviMNPV in combination with J. curcas and A. indica oil has proven to induce consistent MaviMNPV infection in M. vitrata populations. The combined application of MaviMNPV and botanical oils is discussed in the context of integrated pest management. 
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1. Introduction

Cowpea, Vigna unguiculata (L.) Walp. (Fabales: Fabaceae) is the most widely cultivated (Pasquet and Baudoin, 1997) and the most consumed grain legume in West Africa (Akibode and Maredia, 2011). As a multi-purpose legume, cowpea provides nutritious dry grains and fodder for livestock (Tarawali et al., 1997) and maintains soil fertility through nitrogen fixing (Asiwe et al., 2009). In spite of these positive attributes, cowpea production is limited by several constraints among which insect pests are of great importance, causing yield losses ranging from 20 to 80% (Singh et al., 1990; Atachi et al., 2007). The legume pod borer, Maruca vitrata (F.) (Lepidoptera: Crambidae) is a serious pest of grain legumes in the tropics and sub-tropics because of its extensive host range, potential for yield loss, and distribution (Atachi et al., 2002; Arodokoun et al., 2003). The larval stages of M. vitrata attack and feed on cowpea flowers, stems and pods, causing up to 80% yield loss across legume-cereal cropping systems in Africa (Nampala et al., 2002). Chemical pesticides can effectively keep M. vitrata under control (Omongo et al., 1997; Egho, 2010), but insecticide applications against cowpea pests most often cause environmental and health hazards, and harmful side effects on beneficial organisms, particularly natural enemies like predators and parasitoids (Pimentel et al., 1992; Tian et al., 1996). Moreover, insecticides are often not affordable to African peasant farmers. Therefore, the development of alternative methods to control cowpea pests has become of paramount importance for the successful deployment of integrated pest management (IPM) (Tamò et al., 2003). 
The M. vitrata multi-nucleopolyhedrovirus (MaviMNPV) is a specific entomopathogenic baculovirus reported for the first time from Taiwan (Lee et al., 2007), and introduced to the laboratories of IITA-Bénin for assessing its potential against West African populations of M. vitrata. A series of laboratory tests confirmed the results obtained in Taiwan and ascertained the specificity of MaviMNPV to the target host. Experiments replicated in the screen-house in Kano, Nigeria, and recently in controlled field experiments in Benin, Burkina Faso, Niger and Nigeria, yielded promising results (Tamò et al., 2012). However, MaviMNPV is very specific to the pod borer, and does not affect other important cowpea pests such as the cowpea aphid Aphis craccivora Koch (Homoptera: Aphididae), and the flower thrips Megalurothrips sjostedti Trybom (Thysanoptera: Thripidae). 
Botanical pesticides such as neem oil extracted from seeds of the neem tree Azadirachta indica Juss (Meliacae), the physic nut Jatropha curcas L. (Euphorbiaceae), both locally available in Benin, are of particular interest. They are categorized as having low mammal toxicity and being broad-spectrum insecticides that can constitute valuable alternatives to synthetic chemicals (Tamò et al., 2003; Isman, 2006; Dubey et al., 2010). 

Combining insect pathogenic viruses with insecticides for improved pest control is of considerable interest because of synergistic activities and decreasing time to kill the target pest (Senthil Nathan and Kalaivani, 2005). In fact, laboratory and field studies have reported increased virus activity by botanical pesticides including neem derivatives (Senthil Nathan and Kalaivani, 2006; Senthil Kumar et al., 2008). It is also important to understand how different pest control products interact with each other, given the possibility that the efficacy of one or both control agents may be improved, enhanced or suppressed (Solter et al., 2002; Tounou et al., 2007a; 2007b; Tokarev et al., 2011). Because MaviMNPV alone is not expected to exert any control of other major pests of cowpea such as aphids and thrips, it becomes imperative to find ways of combining this potent specific entomopathogen with compatible bio-pesticides such as botanicals. Therefore the objective of the present study was to examine the insecticidal activity of combinations of a MaviMNPV with oil extracted either from seeds of A. indica or J. curcas, against the three key pests M. vitrata, M. sjostedti, and A. craccivora.
2. Materials and Methods

2.1. Insects 
Individuals of A. craccivora and M. sjostedti collected from cowpea fields at the International Institute of Tropical Agriculture (IITA), Benin Station (13 km North of Cotonou, Benin) were reared continuously on fresh cowpea pods at 27–29°C and 71–84% relative humidity (RH) in insectary rooms. The pods, renewed every 2 days, were maintained in cylindrical Plexiglas jars (18 cm diameter x 6.5 cm height) with a nylon mesh covering on the lid. The pod borer M. vitrata was mass-reared on standard artificial diet (Jackai and Raulston, 1988) at IITA-Benin. Second-instar A. craccivora and M. sjostedti (4 day-old) and third-instar M. vitrata (5 day-old) were used as the test insects in all laboratory experiments. 

2.2. Extraction f A. indica and J. curcas oils

Cold-pressed oils extracted from decorticated neem grains and physic nuts were obtained from BioPhyto Collines, a youth agribusiness self-help enterprise, and from GERES-Bénin (Groupe Energies Renouvelables Environnement et Solidarité), a French Non-Governmental Organization (NGO), respectively. 

2.3. Preparation of MaviMNPV 

Freshly emerged M vitrata third instar larvae were inoculated with a virus suspension (from an initial inoculum obtained from The World Vegetable Center, AVRDC, Taiwan and continuously cultured at IITA-Benin) containing 2 x 106 occlusion bodies (OB)/larva. Artificial rearing diet was infused with the MaviMNPV formulation and fed to the larvae, leading to their subsequent infection and death. Virus-killed larvae were thoroughly macerated in distilled water and homogenized. The viral suspension was filtered through a sterilized muslin cloth, and the filtrate was centrifuged at 90g (rcf) for 5 min. The supernatant was discarded and the sediment, containing the OB, was diluted with distilled water. The concentration of the viral suspension was determined by counting in a Neubauer haemocytometer. Serial dilutions were then made with distilled water to produce the concentrations needed for the bioassays. Tween 80 (0.25 ml) and glycerol (0.5 ml) were added to each preparation to ensure adhesiveness of the solutions to the substrates.

2.4. Inoculation of hosts

Second-instar A. craccivora and M. sjostedti nymphs and third-instar M. vitrata larvae were placed singly into 1.5 ml Eppendorf tubes with a piece of wet filter paper and starved for 12 h before the experimental treatments were applied. The test insects were treated either with one control agent (single inoculation) or with the combination of virus and vegetable oil (mixed inoculation). For single inoculation, 30 M. vitrata larvae were provided each with 0.5 g of artificial diet infused with 0.1 ml of one of three concentrations, 3 x 104, 4 x 105, and 5 x 106 OB/ml (corresponding to a total inoculum of 3 x 103, 4 x 104, and 5 x 105 OB/larva, respectively) of MaviMNPV or with 0.12%, 0.25% and 0.50% aqueous suspension of A. indica or J. curcas oil. Only M. vitrata larvae that consumed the entire 0.5 g of treated diet were used in the experiment. Thirty second-instar nymphs (4 day-old) of A. craccivora and M. sjostedti each were placed in cylindrical Plexiglas jars (10 cm diameter x 5 cm height) with a nylon mesh covering on the lid and offered three pods of cowpea soaked for 30 minutes in 200 ml suspension of MaviMNPV or vegetable oils and dried by ventilation at ambient temperature for 5 minutes. For the mixed inoculation, the same number of individuals was exposed to either artificial diet (M. vitrata) or cowpea pods (A. craccivora and M. sjostedti) treated with a mixture of MaviMNPV with J. curcas and neem oil, respectively. Three combinations were tested: 0.12% (oil suspension) + 3 x 104 OB/ml (virus), 0.25% (oil suspension) + 4 x 105 OB/ml (virus) and 0.5% (oil suspension) + 5 x 106 OB/ml (virus). Insects provided with untreated artificial diet (M. vitrata) or untreated pods (A. craccivora and M. sjostedti) were used as the control treatments. The experiments were conducted in a climate chamber (Conviron) at 27 ± 1°C and 85–90% RH, 12h photoperiod, and replicated four times. Fresh suspensions were prepared for each replicate. After having been treated as described above, all of the test insects were provided either with clean artificial diet or fresh cowpea pods as food.

2.5. Data collection

Larval mortality was assessed daily for 14 days (M. vitrata) or 5 days (A. craccivora and M. sjostedti), and developmental time until pupation was recorded. To avoid parthenogenesis development in A. craccivora treatments, the adults were removed from the experiment unit as soon as they appeared. Dead insects were removed from the cages to avoid scavenging. All dead insects in all treatments were examined at the end of the experiment to confirm virus infection. Pupae of M. vitrata were observed until adult emergence. For each treatment, larval and pupal development time as well as adult emergence rate was calculated.

2.6. Field trial

The study was carried out on the experimental farm of the IITA-Benin Station during two consecutive growing seasons in 2011, the first season running from June to September and the second from October to December. The farm is located in the derived savannah characterized by a bimodal rainfall distribution with peaks in June and September, and an average annual precipitation of about 1200 mm. During the trials, monthly mean rainfall recorded was 34 and 36 mm for the first and second growing season, respectively. The temperatures ranged from 21 to 27°C and relative humidity from 80 to 87% during the first season, and from 26 to 30°C and relative humidity from 76 to 83% during the second growing season.

The cowpea variety IT84D449 supplied by IITA was used in this study. The experiment was laid out in a complete randomized block design consisting of six treatments, each replicated four times. The experimental plots measured 7 x 4 m. Plots were separated by 2 m and blocks by 3 m. Cowpea was sown at two seeds in a pocket, 0.25 x 0.8 m spacing. Two weeks after sowing, the crop was thinned to one plant per pocket. Weeding was carried out twice with a hoe during the vegetative stage of the crop.
The treatments consisted of oil emulsions of A. indica and J. curcas at a concentration of 0.25%, MaviMNPV at a concentration of 4 x 105 OB/ml and their combination, and of the synthetic insecticide Deltamethrin (0.5% AI). Untreated plots served as control. The treatments were applied four times, i.e., 35 days after sowing (DAS), and three subsequent applications at one week interval. At each application, the whole cowpea plant was sprayed with a back-pack sprayer at the rate of 200 l of mixture/ha until runoff. A week after the first spray (42 DAS), a sample of ten plants was randomly taken from each plot. The plant were taken to the laboratory and checked thoroughly for A. craccivora. Similarly, samples of twenty flowers and pods per plot were taken at 49 DAS, and continued for three additional weeks. The flowers and pods were dissected under a binocular microscope and the number of thrips and pod borer larvae counted.
At day 21 after the last application, 80 M. vitrata larvae were collected randomly from flowers and pods from plots having received MaviMNPV (i.e., MaviMNPV alone and in combination with oils) as well as from untreated control plots, and reared individually in 1.5 ml Eppendorf tubes on artificial diet until death or pupal formation. Dead larvae were kept in a freezer at -18° C until examination by crushing them singly in Eppendorf tube and homogenization in 200µl distilled water. Four to six microscopic preparations from each homogenized sample were examined as hanging drops using an optical microscope equipped with a color video camera, and MaviMNPV occlusion bodies were identified by their distinctive shape and size. 

The prevalence of infection was calculated as percentage of dead larvae containing viral OBs, compared to the total number of larvae collected by treatment. The incidence of infection was computed as percentage of dead larvae showing presence of viral OBs compared to the total number of dead larvae by treatment.

The damage and losses were evaluated using the numbering and weighing method described by Boxall (1986). A thousand grains were sampled at random from each plot and separated by sorting into healthy and attacked grains. Each group of grain was weighed and damage as well as loss were calculated using the following formulas (Boxall, 1986):
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where D = percentage grain damage, ag = number of grains damaged, hg = number of healthy grains; L = grain loss, hw = weight of healthy grain, aw = weight of damaged grains. Yield per hectare was estimated based on systematic quadrat sampling. Quadrat consisted of 5 m2 plots where cowpea was harvested in each treatment with four replicates.
2.7. Data analysis

Where appropriate, data were transformed to either arcsine or log values prior to analysis, but untransformed values are given in tables and figures. The median survival times (MST) were calculated from Kaplan Meier Survivorship analyses (SPSS for Windows version 16.0 (SPSS Inc., Chicago, IL)) in which significant differences were recorded between treatments whenever the 95% confidence limits failed to overlap. All statistical analyses were done using the general linear model (GLM). Means were compared using Student-Newman-Keuls range test at P < 0.05. The variable “season” was considered as random factor while the different products applied to control insect pests were the fixed factor. Analyses for additive, antagonistic and synergistic interactions were based on a binominal test which involved comparing the expected and observed mortalities (Robertson and Preisler, 1982). The expected mortality at a range of concentrations of each control agent is based on the formula PE = Po + (1-Po) (P1) + (1-Po) (1-P1) (P2), in which PE is the mortality expected from the combination of the two control agents, Po is the natural (control) mortality, P1 is the mortality from MaviMNPV alone and P2 is the mortality botanical oil alone. The chi-square values were based on the formula χ2 = (Lo-LE)2/LE + (Do-DE)2/DE in which Lo is the observed number of living larvae, LE is the expected number, Do is the observed number of dead nymphs and DE is the expected number. This formula was used to test the hypothesis of independence (1 df: P = 0.05). According to these equations, and additive effect occurs when χ2 < 3.84. An antagonistic effect occurs when χ2 > 3.84 and PC < PE, PC and PE represent the observed and expected mortality, respectively, from the combination of the two control agents; and a synergistic effect when χ2 > 3.84 and PC > PE.

3. Results

3.1. Host mortality

The application of MaviMNPV alone on A. craccivora and M. sjostedti did not cause any significant mortality during the experimental observation period, and the same was observed for A. indica and J. curcas oils at 0.1% concentration on M. vitrata. Consequently, median survival times (MSTs) were not estimated for these treatments. They were however estimated for A. indica and J. curcas oils and their combination with the virus. Mortality was higher when A. indica oil and MaviMNPV were used in combination and increased significantly with increasing concentrations of the two products (95% confidence limits with Kaplan Meier survivorship analysis) (Table 1). Even at low level of the combined agents, the larvae treated in combination treatments died sooner than those treated with only one agent except for A. craccivora treated with 0.5% neem or 0.1% neem oil combined with 3x 104 MaviMNPV suspension, and for M. sjostedti treated with 0.1 or 0.3% neem oil or 3x 104 MaviMNPV suspension combined with 0.1% neem oil (Table 1). Similar trend was observed for J. curcas oil used alone or in combination with MaviMNPV. The MST exceeded the observation period when M. vitrata larvae were treated only with 0; 0.1 and 0.3 % J. curcas oil. An average of 6.0 ± 0.7 days was obtained when M. vitrata larvae were treated using 05% J. curcas oil. When J. curcas oil was combined with MaviMNPV, the MST averaged 4.0 ± 1.4, 3.0 ± 0.7 and 3.0 ± 0.2 for 0.1 % J. curcas oil + 3x104 MaviMNPV, 0.3 % J. curcas + 4x105 MaviMNPV and 0.5% J. curcas oil + 5x106 MaviMNPV, respectively. On A. craccivora, the MST was 4.0 ± 0.3, 3.0 ± 0.3 and 2.0 0.1 when the aphid was treated with J. curcas only against 3.0 ± 0.4, 3.0 ± 0.2 and 3.0 ± 0.2 for 0.1 % J. curcas oil + 3x104 MaviMNPV, 0.3 % J. curcas + 4x105 MaviMNPV and 0.5% J. curcas oil + 5x106 MaviMNPV, respectively. Similarly on M. sjostedti, the MST was 3.0 + 0.3 when treated with J. curcas only against 4.0 ± 0.6, 3.0 + 0.3 and 3.0 + 0.2 for 0.1 % J. curcas oil + 3x104 MaviMNPV, 0.3 % J. curcas + 4x105 MaviMNPV and 0.5% J. curcas oil + 5x106 MaviMNPV, respectively. Host mortality increased in both combinations (A. indica oil and virus or J. curcas oil and virus concentrations). In terms of host mortality, there was no evidence of antagonistic interaction between the control agents (Table 2). Combination of MaviMNPV with A. indica oil showed synergistic effect on M. vitrata, while that with J. curcas oil was additive (Table 2). 

3.2. Effect of different treatments on M. vitrata larval and pupal development and adult emergence 

In all treatments, larval and pupa development time tended to be significantly longer when host insects were infected either as sole or mixed infection compared to untreated insects (Table 3). Adult M. vitrata emergence was significantly lower in neem oil at concentrations of 0.1% and 0.3% applied alone or in combination with MaviMNPV compared to untreated insects (Table 3). At a given concentration, similar adult M. vitrata emergence rates were recorded for neem oil alone and combined with MaviMNPV. By contrast, emergence rates were significantly higher when J. curcas oil was applied alone than mixed with MaviMNPV (P < 0.001; Table 3).

3.3. Impact on pest populations under field conditions
The cowpea aphid A. craccivora was present in the experimental fields during the long rainy season from June to September only. At 42 DAS, A. craccivora population was low regardless of treatment (Figure 1a). Significantly lower numbers of A. craccivora were observed in plots treated with Jatropha or neem oil (without and with MaviMNPV) and Deltamethrin (F = 4.28; df = (6, 18); P = 0.0005). The population of M. sjostedti in cowpea flowers increased more rapidly in untreated plots compared to treated plots (F = 6.64; df = (6, 18); P = 0.0008) (Figure 1b). 

The occurrence of M. vitrata larvae in cowpea flowers from untreated and Jatropha or neem oil-treated plots were higher than the other treatments, after 56 DAS (F = 3.31; df = (6, 18); P = 0.02) (Figure 2a). Larval counts from cowpea pods increased significantly in untreated plot (F = 4.89; df = (6, 18); P = 0.004) (Figure 2b).
Prevalence of MaviMNPV and its incidence in field surviving M. vitrata
The assessment of disease prevalence and incidence of infection in dead M. vitrata larvae revealed no background infections in the untreated plots. In MaviMNPV-treated plots however, infections of M. vitrata larvae with MaviMNPV were common, with consistent prevalence in the collected larvae at 21 days post-application (48.3 ± 4.3%, 33.8 ± 3.1%, 28.8 ± 3.1% (first growing season) and 46.3 ± 1.0%, 30.3 ± 4.1%, 33.5 ± 2.9% (second growing season), in plots sprayed with MaviMNPV, MaviMNPV + Neem and MaviMNPV + Jatropha, respectively). Similarly, high disease incidence was recorded in dead larvae with 68.8 ± 1.1%, 65.9 ± 1.1% and 47.7 ± 3.1% (first growing season), 66.8 ± 3.9%, 63.1 ± 2.2%, 43.5 ± 2.0% (second growing season), in plots sprayed with MaviMNPV, MaviMNPV + Neem and MaviMNPV + Jatropha, respectively. Disease prevalence varied significantly between sprayed plots (F = 6.82; df = (2, 6); P = 0.0037), with sole MaviMNPV plots showing higher proportion of infection and disease incidence (F = 14.18; df = (2, 6); P = 0.0084). 
There were no significant interactions between season and treatments for the population reduction of M. sjostedti (F = 0.23; df = (6, 42); P = 0.96); M. vitrata on flower (F = 0.48; df = (6, 42); P = 0.82) and M. vitrata on pod (F = 0.29; df = (6, 42); P = 0.94), while no A. craccivora infestation was recorded during the second rainy season. 

Yield evaluation

Overall, grain damage and losses were more pronounced during the first growing season than in the second season (Table 4). In the first growing season, treatments significantly affected grain damage and losses, with the highest damage and loss recorded in control plots and the lowest in plots treated with the synthetic insecticide (Table 4). However, spraying with mixtures of botanical oils and MaviMNPV increased cowpea seed yield significantly as compared to spraying with MaviMNPV and botanical insecticides used alone, and also compared to synthetic insecticide (Table 4). None of the yield components were affected by treatments during the second growing season.
Discussion

The present study shows that application of MaviMNPV with neem or Jatropha oil resulted in additive and synergistic effects on mortality of the host insects. Our results, however, did not indicate any evidence of antagonistic effects. When two control agents are applied in combination, each biologically active agent may represent an additional stress on the insect's defense system. As demonstrated by Senthil Kumar and Murugan (1998, 1999), it is probable that the active substances in the botanical oils also interfere with the gut lining of the insect, which allows easier penetration of the virus into the hemocoel. Senthil Nathan and Kalaivani (2005) reported shorter survival times in azadirachtin-NPV co-inoculation for Spodoptera litura F. (Lepidoptera: Noctuidae). The low median survival time (MST) of 2.0 days for M. vitrata larvae observed in the combined treatments could be explained by these synergistic interactions. In general, infection by more than one control agent leads to an increase in the numbers of host insects killed. In a laboratory study, Senthil Nathan and Kalaivani (2006) reported combination of azadirachtin and nucleopolyhedrovirus at 0.25 ppm + 1 x 103 OB and 0.5 ppm + 1 x 106 OB resulted in significantly higher larval mortality in S. litura than treatment with either virus or botanical insecticide alone. Similarly, it was easier to kill larvae of Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) with combination of azadirachtin and Spodoptera nucleopolyhedrovirus (SpltNPV) (Senthil Kumar and Kalaivani, 2006). 
Vegetable oils proved to be effective in controlling the target hosts and gave good control even when MaviMNPV was not present. However, M. vitrata larvae infected with MaviMNPV and treated with vegetable oils took longer to develop than untreated controls. The increase in larval and pupal development time and the low rate of adult M. vitrata emergence observed in the different treatments might be due to the establishment of sublethal infection in surviving larvae. Our findings are in concordance with the results of Senthil Kumar et al. (2008) who showed that delay in larval and pupal development occurs by NPV and azadirachtin infected H. armigera. According to Keddie et al. (1989), the reduction in development rate in infected larvae by sublethal doses of NPV is associated with the larvae fighting off the virus infection in its early stages by shedding infected midgut cells into the gut lumen. 

The results of the field experiment confirmed the laboratory test and revealed that spraying neem and physic nut oil alone or in combination with MaviMNPV is effective in reducing cowpea pest populations and damage under field conditions. The high rates of prevalence and incidence of MaviMNPV in M. vitrata larvae by day 21 post-application is a further evidence of its effectiveness against M. vitrata. According to Tamò et al. (2003), MaviMNPV attacks all larval stages of M. vitrata and induces a high larval mortality. The results of combining MaviMNPV with neem and physic nut oils confirmed that there is no negative influence of these oils on the virulence of the virus in the field. The most significant observation with regard to possible environmental implications was the consistently high incidence of infection by MaviMNPV in the treated plots. This is highly relevant for the transmission of the pathogen to the second generation of M. vitrata and the long-term management prospects. Although the transmission of baculoviruses between hosts is thought to be primarily horizontal via susceptible larvae ingesting OBs persisting in the environment, there is also evidence that baculoviruses can be transmitted vertically from adults to their offspring (Myers 2000; Fuxa et al. 2002). Kukan (1999) demonstrated that virus could be transmitted from parent to progeny in lepidopterans and could be found in caterpillars reared from surface decontaminated eggs. In laboratory studies, Liu et al. (2001) reported vertical transmission of baculovirus in three successive generation of H. armigera to be about 34%, 20%, 8%, respectively. These reports coupled with the results from the present study suggest sustained impact of MaviMNPV as a regulating factor of M. vitrata. In conclusion, our results strongly indicate that MaviMNPV used as microbial pesticide, particularly in combination with neem or physic nut oils, can give at least the same degree of control of major cowpea pests as obtained with a standard chemical insecticide. However additional studies will be required for assessing the longer term persistence of MaviMNPV in the environment, and also to determine possible distribution and spread of the virus from the initial point of application.
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