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Epizootics caused by Beauveria bassiana and Nomuraea rileyi have been observed on boll worms and Spodoptera litura in south Indian fields during winter since the last 15 years. During the N. rileyi-induced natural epizootics, some boll worms were found surviving without infection. Whether they represent pathogen-resistant genotypes was investigated. Two insect populations, collected 3 months prior to and during the epizootic were established. Their sensitivity to both the fungi was compared in laboratory bioassays. No significant difference in sensitivity was observed between the two populations. It was concluded that the boll worm population surviving the epizootic was not genotypically resistant.
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Natural fungal epizootics have been reported on boll worm (Helicoverpa armigera ) and Spodoptera litura in cotton, pulse and peanut fields in winter months during the past 15 years in some districts of the Andhra Pradesh state of India (records of regional agricultural research stations and agricultural university). The epizootics in 1984 /87 were reported to be due to B. bassiana (Abbaiah et al ., 1988). We investigated the epizootics from 1995 to date. The causative agent for the fungal epizootic in these years was identified as N. rileyi . In between these periods, epizootics were observed by farmers to occur with predicted precision every winter; the causative organism was however not checked. Both these fungi are being used as biocontrol agents against several crop insect pests.
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During the fungal epizootic, thousands of mummified, mycotic larval cadavers were found on the plants and soil. A few ( /5%) live larvae were also spotted during the epizootic. The pest was not totally decimated after the epizootic but persisted, though, below economic threshold. Instances of a proportion of insect population surviving a fungal epizootic have been reported (Glare & Milner, 1991). It was found to be either due to an escape from infection or due to resistance to the fungal pathogen (Glare & Milner, 1991). During an epidemic, under high population density conditions, the survival of some individuals is believed to be due to their receiving the cue of the prevailing disease and responding by partitioning more of their resources to disease resistance / a phenomenon termed ‘density-dependent resistance’ (Wilson et al. , 2001). This has been demonstrated by Wilson et al . (2001) in laboratory bioassays with B. bassiana on crowded and isolated insect larvae of Spodoptera litorralis. During the past 15 years, we have observed a change in the causative organism (from B. bassiana to N. rileyi ) of the annual winter epizootics. During the present N. rileyi -induced epizootics, some larvae were found surviving. A case of resistance seemed a tempting explanation. Development of resistance in insects to a fungal pathogen, however, is generally believed to be rare or slow because insect death is caused due to a combination of several factors (Goettel & Inglis, 1997). Keller et al . (1999), however, reported what appears to be resistance in Melolontha melolontha to Beauveria brongniartii . The population from Switzerland with a long history of B. brongniartii epizootics was found to be less susceptible to the fungal isolates from the same field compared to the Italian population with no incidence of B. brongniartii epizootics (Keller et al ., 1999). It has been noted that the ecotypes within insect host populations are not necessarily equally sensitive to the same pathogen (Hajek & St. Leger 1994). Instances of resistance to fungal pathogens in aphids have been recorded in several places (Glare & Milner, 1991; Hajek & St. Leger, 1994). Sibling groups of leaf cutter bees were found to differ in their susceptibility to chalk brood fungus (Glare & Milner, 1991). Whether insect resistance to pathogenic fungi are sporadic instances or a moderately if not frequently prevalent feature needs to be examined, especially when entomopathogenic fungi are to be used as biopesticides. Therefore an investigation into the cause for survival of some of the larvae during the natural fungal epizootic was made. If the field insect population consists of genotypes differing in their susceptibility to the fungal pathogen, then all the susceptible individuals would succumb to infection during the fungal epizootic; the population surviving the epizootic would consist of mostly the less susceptible individuals. Resistant insect populations would thus be established in due course. To test for this possibility, a comparison could be made of the sensitivity of the insect sample collected prior to, and during the epizootic, to the pathogen (N. rileyi ) in a laboratory bioassay. The insect sample collected prior (3 months) to the onset of natural epizootic would consist of both susceptible and less susceptible (resistant) genotypes, while the insect sample collected during the epizootic would consist mostly of less susceptible individuals, as the highly susceptible genotypes would succumb to infection. A comparison of the response of these two insect populations to N. rileyi would indicate whether the larval population found surviving during the epizootic is less susceptible to fungal infection and therefore not infected (indicating development of resistant population) or alternatively, they escaped infection. Two populations of H. armigera were established from collections made in the same field but at different times: population 1, 3 months prior to N. rileyi epizootic (August 1998); and population 2, a year later during the annual winter epizootic (December 1999).The insect sample was collected from a 0.5-ha cotton field in the Guntur district / a cotton-growing belt in Andhra Pradesh state of south India. Fungal epizootics are prevalent in the fields of this entire district and neighbouring districts of over an area of 100 square miles every winter. The insect sample was collected using a simple random sampling design method (Gomez &
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Gomez, 1984) to have a representation of most of the insect genotypes in the field. The field collected larvae were lab-reared for two generations. Nearly 20 moths were placed in each cage. Ten cages were maintained. The eggs from all the cages were pooled to establish the next generation. The bioassays were done on larvae that hatched from eggs pooled from the second-generation larvae reared in the lab. The larvae were reared singly in perforated plastic boxes (3? /3ƒ) with lids and fed gram seed. The larval cultures were maintained in an environmental chamber set at 259/28C, / 90% humidity and 16/8-h light/dark cycle. The larvae were treated at second instar stage. N. rileyi isolated from the mycotic bollworm larval cadaver collected in the same field from which the insect sample was collected was used. A Beauveria bassiana isolate from a larval cadaver of boll worm collected from a field /200 miles away from the test field was used to serve as a positive control for comparison of the susceptibility of the two insect populations. The fungal cultures were established from conidia preserved in 20% glycerol at /208C. B. bassiana was cultured on SDAY and N. rileyi on SMAY (Sabouraud dextrose/maltose yeast agar) medium. The cultures were maintained in an environmental chamber set at 259/28C and 16/8-light/dark regime. Aqueous conidial suspensions were made from conidia harvested from 14-day-old fungal cultures. The surfactant Tween 80 (Sigma, USA) (0.01%) was used to disperse the conidia. A suspension of 109 conidia mL 1 concentration was made using haemocytometer counts. Lower conidial concentrations were obtained through serial dilution. The bioassays were set up in a completely randomised block design (Goettel & Inglis, 1997). Each treatment sample consisted of 50 insects. The experiment was repeated four times. Each larva was treated with 200 mL of the conidial suspension using a micropipette. A batch of 50 larvae, each larva treated with 0.2 mL of water with 0.01% Tween 80, served as the control in each experiment. Larval mortality was recorded daily for 7 /8 days, by which time the larvae either died or pupated. The dead larvae were placed in Petri dishes lined with moist blotting paper to facilitate the development of mycosis. The cumulative percent mortality was corrected for control mortality (Abbott, 1925), arcsine% transformed and back transformed to normalize distribution (Gomez & Gomez, 1984). One-way analysis of variance (ANOVA) was conducted (Stat Soft, 1995) on the mortality data to test the level of significance of the difference in response between the two treated populations. Similar effects with respect to mortality and mycosis were identified through Tukey’s HSD (honest significant difference) test (Stat Soft, 1995). The average survival time was calculated in each treatment. In bioassays with both fungi, the difference in larval mortality between populations was not found significantly different in ANOVA. With N. rileyi the F value was 0.56 (P /0.427) and with B. bassiana it was 5.04 (P /0.087). Thus both the populations of H. armigera are equally susceptible to the fungi. In bioassays with N. rileyi , no dose mortality relation was observed; a similar level of mortality was caused at all concentrations tested (F /30; P /0.207). However, the proportion of insects with mycosis was lower at the lowest concentration tested compared to the expression at the other two concentrations (Table 1). With B. bassiana , conidial concentration had a significant effect on mortality (F/73.68; P /0.001) and mycosis (Table 1). In all treatments, higher level of mycosis was observed with N. rileyi than B. bassiana (Table 1). The mean survival time did not vary with the different conidial concentrations with both fungi; it ranged between 6 and 7 days (Table 1). The insect population found surviving during the natural epizootic induced by N. rileyi was not found less susceptible to N. rileyi than the insect population existing before the epizootic. Thus the insect population surviving during the epizootic is not representative of the resistant genotypes in the original population (existing before the epizootic). The insects survived in the midst of the fungal epidemic due to escape from infection. It might be that
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TABLE 1. Percent mortality, percent mycosis and mean survival time in bioassays of two populations (collected 3 months before the onset of Nomuraea rileyi -induced natural epizootic and, a year later, during the epizootic of Helicoverpa armigera larvae with spray inoculations of three conidial concentrations of N. rileyi and Beauveria bassiana $



Nomuraea rileyi ITCC 4667



2 /105 7



2 /10



2 /108 Beauveria bassiana ITCC 4688



2 /105 7



2 /10



2 /108



Mean survival time



1 2 1 2 1 2



88.69/0.06a 88.29/0.03a 89.79/0.03a 94.29/0.16a 94.89/0.08a 94.19/0.15a



39.59/0.21b 44.29/0.09b 86.19/0.04a 74.99/0.08a 75.69/0.19a 70.79/0.07a



6.679/0.33 6.679/0.33 6.679/0.33 7.009/0.00 6.339/0.33 6.339/0.33



1 2 1 2 1 2



38.29/0.21b 53.69/0.10ab 91.49/0.09a 94.69/0.09a 94.99/0.08a 94.29/0.21a



0d 8.59/0.55c 37.99/0.08b 32.59/0.15b 58.39/0.09a 53.89/0.04a



6.679/0.33 7.009/0.00 6.679/0.33 6.679/0.33 6.339/0.33 6.679/0.33
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All values represent mean9/SE of eight replicates (four replicates in time each set up as duplicate). a Isolates accessioned at the Indian Type Culture Collection, IARI, Delhi, India. b Population 1 was collected during August (nearly 3 months prior to onset of N. rileyi -induced natural epizootic); population 2 was collected from the same field a year later during N. rileyi epizootic in December. c Corrected for control mortality using Abbott’s formula (Abbott, 1925) and angular transformed (arcsine%) before analysis, back-transformed and rounded. c,d Means within columns followed by the same letter are not significantly different at P/0.05 (Tukey’s honestly significant difference).
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they did not come into contact with the fungal conidia and had providential escape or could have developed density-dependent resistance. Natural fungal epizootics are initiated under favourable environmental conditions only when the pest insect population is very dense (Hajek & St. Leger, 1994). Therefore, density-dependent resistance may operate during a fungal epizootic resulting in escape of some of the insects from infection. It is not possible to demonstrate this phenomenon in boll worms in the lab because they show cannibalism when kept in the same container. The insect pest population being a sexually reproducing one is expected to be genotypically highly heterogeneous. The genetic structure of the fungal populations causing epizootic have recently been analysed in several fungi including N. rileyi (Boucias et al. , 2000). A great deal of variability was observed, which is unusual for an asexually reproducing fungus with no known mode of sexual reproduction. Setting aside the reason behind the existence of the high degree of genetic variability in the fungus, it is interesting to note that the different isolates in the entomopathogenic fungal population were also reported to exhibit variability in their virulence (Tigano-Milani et al ., 1995). Large scale devastation of the insect population during a natural epizootic is believed to be caused by several pathotypes of the fungus (Tigano-Milani et al ., 1995). Regoes et al . (2000) propose that with a heterogenous host population, one of the two alternate ways in evolution of pathogenecity is through specialism: individuals specialize for some host genotype at the cost of losing an opportunity to infect a different host genotype. This would result in the existence of several pathotypes in the pathogen population. The N. rileyi population causing the epizootics in fields we investigated might also be genetically heterogeneous and constituted by several haplo- and pathotypes (as many of the entomogenous fungi investigated). We plan to investigate this in the future. For gauging the relative differences, if any, of the susceptibility of the two insect populations, one fungal isolate would be sufficient. The susceptibility of the two insect populations was also tested with another fungus, B. bassiana ; no difference in susceptibility was found between the two populations with both fungi.



U



F



Conidia/larva Insect poplb % Mortalityc % Mycosisd



O O



Fungusa



Y:/Taylor & Francis/cBST/articles/CBST043-02/CBST043-02.3d[x]



Monday, 7th April 2003 11:15:43



371



SUSCEPTIBILITY TO FUNGI OF COTTON BOLL WORMS



Several instances of co-evolution of the host and pathogen or one-sided evolution of the host have been recorded (e.g., Keller et al ., 1999). We do not rule out the evolution of the host and pathogen together or individually during the long run. From the results of our investigation we conclude that the insects seen escaping infection during N. rileyi -induced epizootic are not a demonstration of selection of resistant individuals; they rather had missed or avoided infection. The reason for the shift of the fungal pathogen causing epizootics from B. bassiana to N. rileyi is not known. It is, however, reported that B. bassiana is sensitive to cultivation conditions (Vanninen, 1995).
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