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Abstract:
							                           
In this study, the biological activity and sporulation rate produced by two native isolates (Bb-16 SOR and Bb-92 POE) of Beauveria bassiana (Balsamo-Crivelli) Vuillemin on the leaf beetles Colaspis brunnea (Fabricius) and Cerotoma ruficornis (Oliver) (Coleoptera: Chrysomelidae) were evaluated. Both parameters were compared with a biologically characterized B. bassiana isolate (Bb-18). The adults of these insects were treated with a concentration of 1 × 108 conidia mL-1 of each isolate. The Bb-16 SOR and Bb-92 POE isolates, with accumulative mortality of 97 % and 96 %, respectively, were significantly more pathogenic and virulent than the isolate Bb-18, which caused 84 % mortality. Similarly, Bb-16 SOR and Bb-92 POE isolates induced mortalities of 94 % and 91.5 % in C. ruficornis, compared to 82.2 % caused by Bb-18. The proportion of adults that presented sporulation was also higher in both species of insects infected by Bb-16 SOR (91 % for C. brunnea and 88 % for C. ruficornis) and Bb-92 POE (74 % for C. brunnea and 75 % for C. ruficornis). Furthermore, isolates Bb-16 SOR and Bb-92 POE were the fastest to kill both C. brunnea and C. ruficornis adults. We concluded that native isolates Bb-16 SOR and Bb-92 POE represent an important alternative for the biocontrol of the leaf beetles C. brunnea and C. ruficornis.
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Resumen:
						                           
En este estudio, la actividad biológica y la tasa de esporulación producida por dos aislamientos nativos (Bb-16 SOR y Bb-92 POE) de Beauveria bassiana (Balsamo-Crivelli) Vuillemin se evaluaron sobre los escarabajos de las hojas Colaspis brunnea (Fabricius) y Cerotoma ruficornis (Oliver) (Coleoptera: Chrysomelidae). Ambos parámetros se compararon con un aislamiento de B. bassiana caracterizado biológicamente (Bb-18). Los adultos de estos insectos se trataron con 1 × 108 conidios mL-1 de cada aislamiento. Los aislamientos Bb-16 SOR y Bb 92 POE, con mortalidades acumuladas del 97 % y 96 %, respectivamente, fueron significativamente más patogénicos y virulentos en C. brunnea que el aislamiento Bb-18, con el cual se registró un 84 % de mortalidad. Similarmente, los aislamientos Bb-16 SOR y Bb-92 POE indujeron mortalidades del 94 % y 91,5 % en C. ruficornis, en comparación con el 82,2 % causado por Bb-18. La proporción de cadáveres que presentaron esporulación también fue mayor en ambas especies de insectos infectados por Bb-16 SOR (91 % para C. brunnea y 88 % para C. ruficornis) y Bb-92 POE (74 % para C. brunnea y 75 % para C. ruficornis). Además, los aislamientos Bb-16 SOR y Bb-92 POE fueron más rápidos para matar a estos insectos plaga que la cepa comercial Bb-18. Concluimos que los aislamientos nativos Bb-16 SOR y Bb-92 POE representan una alternativa importante para el biocontrol de los escarabajos de las hojas C. brunnea y C. ruficornis.



Palabras clave: Aislamientos nativos, Control biológic, Hongos entomopatógenos, Hypocreales, Phaseolus vulgaris.
                                








The genera Colaspis (Fabricius) and Cerotoma (Chevrolat) (both Coleoptera: Chrysomelidae) include several leaf beetle species known to be pests of different crops in North and South America (Miwa & Meinke, 2015; de Souza & Pachoute, 2019). One of the main species is Colaspis brunnea (Fabricius), which feeds on rice (Oryza sativa L.), maize (Zea mays L.), and soybean (Glycine max [L.] Merr) (Miwa & Meinke, 2015). Another important species, Cerotoma ruficornis (Oliver), causes damage to several crops but has preference for plants belonging to the Fabaceae family such as the common bean (Phaseolus vulgaris L.) (Ramos et al., 2015). Early-season herbivory by C. ruficornis has been shown to have a negative impact on P. vulgaris production in the field in Cuba with losses of 10% (Ramos et al., 2015).


Beauveria bassiana (Balsamo-Crivelli) Vuillemin (Hypocreales: Clavicipitaceae) is a widely distributed fungus species that has great potential for use in the management of various insect pests (Ebrahimifar & Jamshidnia, 2021). However, there is limited information available on the use of entomopathogenic fungi to control of leaf beetle species. Previous studies have explored the possibility of using B. bassiana for the control of leaf beetles as Xanthogaleruca luteola (Muller) (Ebrahimifar & Jamshidnia, 2021) and Cerotoma arcuata tingomariana (Bechyné) (Quiroga-Cubides et al., 2022). Therefore, it is important to evaluate the effect of native isolates of this fungus in the control of the leaf beetles. This study aimed to evaluate the mortality, median lethal time (LT50), and sporulation rate produced by two native isolates (Bb-16 SOR and Bb-92 POE) of B. bassiana on the leaf beetles C. brunnea and C. ruficornis.

Unless different conditions are specifically detailed below, microcultures, bioassays, and fungal sporulation were evaluated in the laboratory at 25 ± 2 °C, 75 ± 5 % relative humidity (RH) in darkness.

Insects used in this study were obtained from Colaspis brunnea and C. ruficornis colonies maintained in the laboratorio de Sanidad Vegetal de Villa Clara, Cuba. These insects were collected from P. vulgaris fields (22°80′22″N - 80°12′35″W) in the municipality of Sagua La Grande, Provincia Villa Clara, Cuba. In the laboratory, both C. brunnea and C. ruficornis were reared under controlled conditions of 26 ± 2 °C, 65 ± 10 % RH, and a photoperiod of 14:10 h (L: D). The adults were reared on fresh leaves of P. vulgaris (var. Ica Pijao) and the larvae were feed with pieces (~5 cm) of fresh carrot (Daucus carota L.). Two B. bassiana isolates (Bb-16 SOR and Bb-92 POE) were obtained from the entomopathogenic fungi collection of the Facultad de Ciencias Agropecuarias, Universidad Central “Marta Abreu” de Las Villas (UCLV), Santa Clara, Cuba. Both fungal isolates were morphologically characterized using a microscope (400x) based on the keys proposed by Humber (2012) and were also molecularly characterized through the amplification of the Bloc intergenic region via polymerase chain reaction (Ramos et al., 2017).

The isolate Bb-16 SOR (GenBank accession number MF944102) was isolated from soil in a field of common bean crop located in Remedios, Villa Clara, Cuba (22°57′56″N - 79°28′34″W). The isolate Bb-92 POE (GenBank accession number MF944104) was obtained as an endophytic fungus from common bean plants in Encrucijada, Villa Clara, Cuba (22°37′01″N - 79°51′58″W). The commercial strain of B. bassiana (Bb-18), obtained from the coffee berry borer, Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae) was used as reference.

To assess conidial viability of the three B. bassiana isolates used in this study, microcultures were conducted. Conidia from each polysporic culture were sampled and placed in 1.0 mL of a sterile 0.05 % Tween 80 solution. Afterward, a 100 μL aliquot of this suspension was adjusted to a concentration of 1 × 108 conidia mL-1. This sample was then added to 250 μL of solidified PDA (Potato Dextrose Agar) medium on a standard sterilized microscope slide. After 24 hours of incubation, the number of germinated conidia was counted. Conidial germination was defined as the point at which the germ tube length was at least twice the length of the conidia (Goettel & Inglis, 2012). The percentage of conidial germination was calculated using the formula: % conidial germination = (V/T) × 100, where V represents the total number of viable conidia and T represents the total number of viable and non-viable conidia in the sample (Rombach, 1989). Fungal isolates were considered viable if conidial germination was ≥95 % (Sevim et al., 2010).

Twenty C. brunnea or C. ruficornis adults (sex ratio 1:1; 24-h-old) were individually dipped, one by one, for 20 s in 10 mL of conidia suspension comprising 1 × 108 conidia mL-1 for each of the three B. bassiana isolates. The non-ionic surfactant Tween 80 was used at 0.01 % (w/v) to enhance the adhesiveness of the conidia. After treatment, adults of these insects were individually placed in Petri dishes lined with moistened filter paper and with a single leaf of common bean. A group of 20 adults of each leaf beetle species was considered as one replicate. Four replicates for each isolate were prepared. As controls, C. brunnea or C. ruficornis adults were dipped in sterile distilled water with 0.01 % Tween 80 solution alone. The leaf petioles were wrapped in a piece of moist cotton to delay dehydration and they were replaced every two days. Bean leaves were collected from an indoor plant culture free of pesticides established in the UCLV. Prior the bioassay, the bean leaves were surface sterilized by dipping for 3 min in 1.5 % sodium hypochlorite followed by 2 min in 70 % ethanol and finally rinsed three times in sterile distilled water. Bioassays were observed every 24 h to determine the number of dead adults for each isolate for a 10 day-period. The LT50 values were determined after 10 days of incubation. Once mortality was observed, adults of both insect species were individually placed into sterile plastic cups (20 mL) containing 5 mL of 0.5 % agar (water/volume) and a moistened piece of filter paper (2 × 2 cm) to promote sporulation. The plastic cups with dead adults were incubated for 7 days. The proportion of cadavers presenting sporulation was then registered.
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Figure 1. 





Cumulative mortality percentage of Colaspis brunnea (a) and Cerotoma ruficornis (b) adults treated by immersion with 1 × 108 conidia mL-1 of three B. bassiana isolates. 







Within the same time (days post-inoculation), values followed by the same letter are not significantly different from each other (Mann-Whitney U, P> 0.05, for 3 and 5 days for Bb-16 SOR, 3 days for Bb-94 PAE, and 5 days post-inoculation for Bb-18; Student t-test, P> 0.05, for the remained comparisons).











Adult mortality and mycosed adults caused by the three B. bassiana isolates were analyzed by one-way analysis of variance (ANOVA), with the Tukey HSD test (p< 0.05) to separate means. Comparison of adult mortality between C. brunnea and C. ruficornis caused by each B. bassiana isolate was done by a Student t-tests (5 days post-inoculation for Bb-18) or Mann-Whitney U nonparametric tests (3 and 5 days post-inoculation for Bb-16 SOR, 3 days post-inoculation for Bb-94 PAE, and 5 days post-inoculation for Bb-18) using IBM SPSS version 21 statistical package (IBM Corp., Armonk, New York, USA). The relationship time-mortality was analyzed through the LT50 by examining the overlap of 95 % of the confidence limits using Polo Plus© (2002-2003, LeOra Software).

The three B. bassiana isolates caused mortality on C. brunnea from 3 days post-inoculation (29 % for both Bb-16 SOR and Bb-92 POE and 15 % for Bb-18; Fig. 1a). No significant differences were observed between the cumulative mortality caused by Bb-16 SOR and Bb-92 POE isolates in all post-inoculation times assessed (p> 0.60 in all cases), but both isolates differed significantly from the Bb-18 isolate (p< 0.005 in all cases, Fig. 1a). The highest cumulative mortality caused by Bb-16 SOR and Bb-92 POE isolates was observed 8 days post-inoculation (96-97 %), whereas with Bb-18 (84 %), it was observed 24 h later.

In the case of C. ruficornis, mortality began 4 days post-inoculation (12 % for the Bb-16 SOR and Bb-92 POE isolates and 6 % for Bb-18 isolate) (Fig. 1b). Similar to C. brunnea, Bb-16 SOR and Bb-92 POE isolates were significantly more pathogenic on C. ruficornis compared with Bb-18 isolate in all post-inoculation times assessed (p< 0.001 in all cases, Fig. 1b). However, the cumulative mortality caused by Bb-16 SOR isolate was significantly higher than that caused by Bb-92 POE isolate at 5, 6, and 8 days post-inoculation (p< 0.002 in all cases, Fig. 1b). The highest cumulative mortality was observed at 8 days post-inoculation for Bb-16 SOR isolate (94 %), whereas for Bb-92 POE and Bb-18 isolates (91.5 and 82.2 %, respectively), it was observed at 9 and 10 days post-inoculation, respectively.

As in our study, similar time-mortality patterns and/or final mortality have been reported for B. bassiana in other leaf beetle species. For instance, a concentration of 4.9 × 108 conidia mL-1 of B. bassiana, isolated from Cerotoma arcuata tingomariana (Bechyne), was estimated to cause 90 % mortality in adults of this chrysomelid species (Quiroga-Cubides et al., 2022). In the adults of the Colorado potato beetle, Leptinotarsa decemlineata (Say.), exposed to 12 B. bassiana isolates at 1 × 107 conidia mL-1, most of the insects died between 5 and 10 days post-inoculation (between 73 and 100 %; Zemek et al., 2021). Interestingly, although the Bb-16 SOR and Bb-92 POE isolates were obtained from different sources (soil-borne and as endophytic), no significant differences in mortality on either leaf beetle species were observed between the two isolates (Fig. 1a, b). In contrast, the Bb-18 isolate, which was obtained from a coleopteran host, was the less pathogenic.


Colaspis brunnea was significantly more susceptible to three B. bassiana isolates tested compared to C. ruficornis (p< 0.013 in all cases Fig. 2a, c).Similarly,
Roy et al. (2008) compared the susceptibility of three species of coccinellids to a commercial isolate of B. bassiana (Mycotrol GHA), at concentrations of 1 × 105, 1 × 107, and 1 × 109 conidia mL-1, and the authors concluded that Harmonia axyridis Pallas was more resistant to infection than either Adalia bipunctata L. or Coccinella septempunctata L. (which are both highly susceptible).

In this study, the isolates Bb-16 SOR and Bb-94 POE had a high conidia germination rate (95-100 %). No sporulation or mortality was detected on any insect from the control treatment. In addition, the proportion of cadavers presenting sporulation was in accord with the pathogenicity rates since isolates Bb-16 SOR and Bb-94 POE caused the higher cumulative mortality at 10 days post-inoculation (96-97 %; Fig. 1a, b) and induced significantly the higher sporulation in both leaf beetle species bioassayed (74-91 %; Table I) than the reference isolate Bb-18 (52 % and 55 % for C. brunnea and C. ruficornis, respectively).
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Figure 2.





Cumulative mortality percentage between Colaspis brunnea and Cerotoma ruficornis adults treated by immersion with 1 × 108 conidia mL-1 of Bb-16 SOR (A), Bb-92 POE (B), and Bb-18 (C) B. bassiana isolates.







Within the same time (days post-inoculation), values followed by the same letter are not significantly different from each other (Mann-Whitney U, P> 0.05, for 3 and 5 days for Bb-16 SOR, 3 days for Bb-94 PAE, and 5 days post-inoculation for Bb-18; Student t-test, P> 0.05, for the remained comparisons).











Similarly, a concentration of 2.3 × 107 conidia mL-1 of the commercial B. bassiana strain ATCC 74040 caused high mortality (88-90 %) and sporulation (98-100 %) in adults of the leaf beetles Diabrotica virgifera virgifera (Leconte) and Oulema melanopus (Linnaeus) (Velchev et al., 2023). Clearly, the native strains tested here could be an important source of infection and transmission of spores to susceptible hosts and contribute to the overall performance of microbial control in agricultural crops (Chaithra et al., 2022).


No significant differences were observed in the LT50 values between the isolates Bb-16 SOR and Bb-92 POE (4.68 vs. 4.73 days) against C. brunnea, but both isolates were significantly more virulent (1.3-fold) than the isolate Bb-18 (Table I). In contrast, in C. ruficornis, significant differences were only observed between Bb-16 SOR and Bb-18 isolates (5.79 vs. 7.25 days). Some of these LT50 values are similar to those obtained for L. decemlineata adults (ranging from 6.5 to 7.0 days) infected with six and 12 different isolates of B. bassiana at concentrations of 1 × 108 and 1 × 107 conidia mL-1 (Zemek et al., 2021). However, Miranpuri & Khachatourians (1995) also determined that the kill speed of five B. bassiana isolates at 1 × 108 conidia mL-1 on the flea beetle, Phyllotreta cruciferae Goeze (Coleoptera: Chrysomelidae) was highly variable (ranging from 1.86 to 17 days). Differences or similarities in pathogenicity and virulence among B. bassiana isolates could be attributed to host response and to phenotypic and genetic diversity of this fungus(Deka et al., 2021). Other factors related to the biological activity are conidial viability, speed of germination, hyphal growth rate, and enzyme production (Chaithra et al., 2022). In addition, certain B. bassiana isolates may be better adapted for infecting native insect species present in a region with uniform climate conditions (Cottrell & Shapiro-Ilan, 2008), possibly explaining the similar activity of the two native B. bassiana isolates tested in our study.

In conclusion, although the native isolates Bb-16 SOR and Bb-94 POE caused high mortality, exhibited high sporulation rates, and killed insects faster than Bb-18 in C. brunnea and C. ruficornis adults, further studies are needed to determine their efficacy under semi-field and field conditions.
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Table I.





Sporulation and median lethal times (LT50) caused by of three Beauveria bassiana isolates (1 x 108 conidia mL-1) on Colaspis brunnea and Cerotoma ruficornis adults.







Values followed by different letters in the same column denote significant differences for each leaf beetle specie according to the Tukey HSD test, P> 0.05.


  1Percentage±SE. F5,18 = 28.86, P< 0.0001.


  2Days post-inoculation; Lower-Upper limits. Overlap of 95 % confidence limits were used for separate median lethal time values.
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