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Simple Summary 

The whitefly (Bemisia tabaci) is a major pest of chili crops, and its management primarily 
relies on chemical insecticides. However, the continuous use of these chemicals has led to 
resistance issues and decreased effectiveness. In response to this challenge, the present 
study evaluated local entomopathogenic fungi as a safer, more sustainable alternative for 
controlling this pest, as they are already adapted to local environmental conditions. Fungi 
were collected from whiteflies found on chili plants, then isolated and identified. Their 
effectiveness was subsequently tested under laboratory conditions. The results indicated 
that four fungal strains had a high efficacy, causing mortality rates in whiteflies within 
two to five days. This suggests that native entomopathogenic fungi have the potential to 
serve as biological control agents for whiteflies. Utilizing these fungi could help reduce 
reliance on chemical insecticides, ultimately contributing to the sustainable management 
of chili crops. 

Abstract 

The whitefly (Bemisia tabaci) is a significant pest of chili crops, and the continuous use of 
insecticides to control it has led to insecticide resistance. This study aimed to characterize 
and evaluate the pathogenicity and virulence of native entomopathogenic fungus (EPF) 
strains from the Sotavento region against whiteflies in the laboratory. Fungi were isolated 
from whiteflies collected from chili plants in different habitats and identified through 
morphological and molecular characterization. The pathogenicity of nine EPF strains was 
assessed at 1 × 109 spores mL−1, while the virulence of the most pathogenic strains was 
evaluated from 1 × 104 to 1 × 109 spores mL−1. The lethal concentration (LC50) and lethal 
time (LT50) were also determined. Two native genera of EPF were identified: Beauveria and 
Cordyceps. The strains JV01 and PV02 (Cordyceps javanica), SV01 (Cordyceps fumosorosea), 
and MV03 (Beauveria bassiana) demonstrated high pathogenicity, causing mortality rates 
ranging from 94% to 100% at a concentration of 1 × 106 spores mL−1, five days after 
application. The strains JV01 and SV01 showed LC50 values of 1.65 × 105 and 5.53 × 105 
spores mL−1, respectively, with an LT50 of 2 days for both. In conclusion, highly pathogenic 
and virulent native EPF strains were identified against adult whiteflies on serrano chili. 
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1. Introduction 
Mexico is the second-largest producer of green chili (Capsicum annuum L.) in the 

world, with 3,681,061 t, after China. In the state of Veracruz, it is the second most 
cultivated vegetable, with 5999.5 ha [1]. This crop is mainly affected by the whitefly 
(Bemisia tabaci Gennadius), an economically significant pest [2]. The whitefly reduces the 
photosynthesis rate in plants through the excretion of honeydew during feeding [3]; 
additionally, it transmits important viruses such as Begomoviruses and Criniviruses [4,5], 
which cause yellow leaf curling, leading to delayed plant growth and a significant 
reduction in fruit yield and quality [5,6]. Conventional pest management primarily relies 
on inorganic chemical insecticides, such as organophosphates, pyrethroids, and 
organochlorines [7]. However, their indiscriminate use has led to pest resistance, human 
toxicity, the death of beneficial insects and pollinators, and environmental contamination 
[8,9]; therefore, alternative strategies are needed to control whitefly populations. 

Microbial control, particularly entomopathogenic fungi (EPF), is a viable alternative. 
Unlike other entomopathogenic agents, EPF do not need to be ingested by the insect to be 
effective [10]. They can directly infect insects through the cuticle, are host-specific, act as 
endophytes and antagonists of plant diseases, and are more cost-effective in the long term 
[11,12]. Among the genera of EPF found in the environment and utilized for pest control 
are Metarhizium, Beauveria, Aschersonia, Entomophthora, Zoophthora, Erynia, Eryniopsis, 
Akanthomyces, Fusarium, Hirsutella, Hymenostilbe, Paecilomyces, and Verticillium [13]. 

Using native EPF is crucial in pest control, as their adaptation to local conditions 
ensures virulence and persistence; moreover, their adaptation gives them an advantage 
over external strains [14,15]. The exploration and identification of pathogenic and virulent 
native EPF strains adapted to specific regions are essential for developing effective 
mycoinsecticides [16,17]. Despite the growing use of entomopathogenic fungi for whitefly 
control, limited information exists on native fungal strains adapted to tropical 
agroecosystems. Identifying locally adapted isolates with high pathogenicity and 
virulence is essential to improve biological control strategies and reduce dependence on 
synthetic insecticides. Therefore, this study aimed to isolate, characterize morphologically 
at the genus level, and molecularly at the species level, and evaluate the pathogenicity 
and virulence of native entomopathogenic fungal strains from the Sotavento region of 
Veracruz against adult Bemisia tabaci under laboratory conditions. 

2. Materials and Methods 
The study was conducted in two phases. The first phase involved collecting 

specimens of whiteflies infested with fungi from open-field chili crops, as well as from 
weeds surrounding the crops and in backyard areas, in a polygon with geographical 
coordinates: 18°50′ and 19°15′ N, 95°50′ and 96°25′ W, in the municipalities of Cotaxtla, 
Jamapa, Manlio Favio Altamirano, Medellín de Bravo, Paso de Ovejas, Puente Nacional, 
Soledad de Doblado, and Tlalixcoyan, all located in the Sotavento region of Veracruz, 
from August to December 2024. The second phase consisted of isolating, characterizing, 
and evaluating the pathogenicity and virulence of the collected fungi; this phase was 
carried out at the Entomology Laboratory of the National Institute of Forestry, 
Agricultural, and Livestock Research, at the Cotaxtla Experimental Field (INIFAP-
Cotaxtla), Medellín, Veracruz. 
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2.1. Collection of Infested Whiteflies 

The collection of these specimens was carried out directly in the field, following the 
method suggested by [18]. This process involved searching for whitefly corpses infected 
with fungi on the aerial parts of the plant. The collected corpses were placed individually 
in sterile plastic vials, which were labeled [19] for later isolation in the laboratory. 

2.2. Isolation and Characterization 

The collected specimens were disinfected in sodium hypochlorite (Industria Química 
del Istmo, S.A. de C.V., México city, México) (0.5% of the active product) for 5 min and 
rinsed three times with sterile distilled water, then cultured using the direct seeding 
technique [20] on 90 × 18 mm Petri dishes containing agar-dextrose-Sabouraud medium 
(SDA) (supplied by BD Bioxon® Cuautitlán Izcalli, México state, México), supplemented 
with yeast extract (DIBICO® supplied by DIBICO, SA DE CV, México state, México ) and 
the antibiotic enrofloxacin® supplied by PiSA® Farmacéutica, Coyoacán, Ciudad de 
México, México at a concentration of 1 mL L−1. The dishes with the inoculated specimens 
were incubated at 26 ± 2 °C with a relative humidity (RH) of 80 ± 5% until the colonies 
reached 2 to 4 cm in diameter. From these colonies, monosporic cultures were created to 
characterize the isolates, following [20]. This involved diluting the spores to 10−2, taking 
10 µL, and placing them on agar-agar (DIBICO®), then incubating at 26 ± 2 °C for 24 h. 
After this period, a section of agar containing a single germinated spore was cut and 
transferred to a Petri dish with SDA medium to obtain a monosporic culture. Three 
repetitions were prepared for each isolate. The dishes were incubated at 26 ± 2 °C for 13 
days [21]. Fungi were identified to the genus level through both macroscopic and 
microscopic characterization. Macroscopically, the shape, texture, margin, and color of 
both the front and reverse sides of each colony were recorded. For microscopic 
characterization, fungal tissue preparations were stained with lactophenol blue (supplied 
by Cientifica VelaQuin, Iztapalapa, Ciudad de México, México) and mounted on 
unstained, transparent Scotch tape to observe mycelial type, spore color, and spore shape. 
These characteristics were compared with taxonomic keys [22,23]. 

Based on the characteristics of the colonies, the frequency of isolates in each sampled 
area, and the literature consulted, nine strains were selected. The percentage of 
germination and colony diameter were estimated for these strains, which were assigned 
the codes MV01, MV02, MV03, JV01, JV02, PV01, PV02, SV01, and TV01 according to the 
origin of their collection sites (Table 1). For germination testing, the methodology of [24] 
was followed. From a concentration of 1 × 106 spores mL−1, a sample of 200 µL was taken 
and deposited on agar-agar medium in Petri dishes. Three repetitions were performed for 
each strain. The inoculated dishes were incubated at 25 ± 2 °C for 24 h. After incubation, 
a drop of lactophenol was added to halt germination, and 200 germinated and non-
germinated spores were counted per repetition. Spores were considered germinated when 
the germ tube was at least twice the diameter of the spore; this observation was made 
using a compound microscope with a 40x objective (model Red-220 MOTIC®, Xiamen, 
China). The colony diameter of monosporic isolates was recorded after 13 days of 
incubation [21]. 

Table 1. Origin of the strains collected in the Sotavento region, Veracruz, México. 

Code Habitat/Host Genus Location 
MV01 Backyard/chilpaya chili Beauveria spp. Medellín 
MV02 Plantation/habanero chili Beauveria spp. Medellín 
MV03 Plantation/habanero chili Beauveria spp. Medellín 
JV01 Arvense Cordyceps spp. Jamapa 
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JV02 Arvense Cordyceps spp. Jamapa 
PV01 Plantation/serrano chili Cordyceps spp. Paso de Ovejas 
PV02 Plantation/serrano chili Cordyceps spp. Paso de Ovejas 
SV01 Arvense Cordyceps spp. Soledad de Doblado 
TV01 Arvense Beauveria spp. Tlalixcoyan 

2.3. DNA Extraction and Molecular Identification of Fungal Isolates 

Molecular characterization was performed on isolates that excelled in the 
pathogenicity evaluation. Genomic DNA was obtained from the mycelium of previously 
cultured fungi using a modified version of the protocol described by [25]. DNA 
quantification was performed using a Thermo Fisher NanoDrop 2000 spectrophotometer 
(Thermo Fisher Scientific, Wilmington, DE, USA) [26,27]. To confirm the extraction, 
samples were run on 1% agarose gels at 80 V for one hour. 

The ITS region of the fungal DNA was amplified by PCR [28,29] using the universal 
primers ITS1 and ITS4 [30,31] and was used as a primary approach for fungal 
identification. The PCR conditions consisted of an initial denaturation at 95 °C for 3 min, 
followed by 35 cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, and 
extension at 72 °C for 1 min, with a final extension step at 72 °C for 7 min. The presence of 
the amplified fragments was verified again on 1% agarose gels [32]. The samples were 
subsequently purified using a commercial magnetic bead system [33,34]. Sanger 
sequencing was performed on an ABI 3500 sequencing system using the service provided 
by Macrogen [35]. 

The bidirectional reads for the ITS gene were assembled into contigs and cleaned to 
generate consensus sequences in FASTA format using BioEdit. These sequences were 
compared with the Nucleotide database using the NCBI BLASTn tool, (National Center 
for Biotechnology Information, Bethesda, MD, USA; 
https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 4 April 2026), with match coverage 
ranging from 90% to 100%. Reference ITS sequences used for phylogenetic comparisons 
were retrieved from GenBank based on sequence similarity, taxonomic identity, and 
sequence quality. Information regarding the reference sequences used in the phylogenetic 
analyses, including GenBank accession numbers, taxonomic identification, and 
corresponding ITS sequences. For subsequent analyses, independent sequences were 
aligned using the ClustalW algorithm from BioEdit and then concatenated [36]. 
Phylogenetic reconstruction was performed in MEGA12 using the maximum likelihood 
method, applying the GTR evolutionary model with gamma distribution and 1000 
bootstrap replicates [37]. The final cladogram was edited and visualized in FigTree 
(v1.4.4.). Finally, the obtained sequences were uploaded to NCBI with the ID 
SUB16150138. 

2.4. Management of Whiteflies 

Whitefly (B. tabaci) breeding was established with adults collected in serrano pepper 
plantations in the Sotavento region, Veracruz, where entomopathogenic fungi had never 
been applied. The insects were kept in entomological cages (40 × 40 × 40 cm) covered with 
anti-aphid mesh, which contained serrano pepper plants as a food source, under 
greenhouse conditions. Environmental conditions were controlled at 28–32 °C, 60–80% 
relative humidity, and a 12:12 h (light:dark) photoperiod. After five generations, the adult 
whiteflies were used for bioassays. For the experiment, 250 mL plastic bottles were used 
as cages, designed with a circular side window (5 cm diameter) covered with anti-aphid 
mesh (Figure 1A). Inside each bottle, 60 mL plastic cups (6.9 cm wide by 8.6 cm high) 
containing two-month-old serrano chili seedlings planted in peat moss substrate were 
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placed. The cups with the seedlings were covered with anti-aphid mesh at the base of the 
stem (Figure 1B), to prevent dead flies from becoming lost in the substrate. 

2.5. Pathogenicity Assessment 

For this test, the nine strains indicated in the germination test were used. For each 
strain, a spore suspension of 1 × 109 mL−1 was prepared, dissolved in sterile distilled water 
with 0.1% Tween® 80 (Sigma-Aldrich Química, Toluca, México). Each strain corresponded 
to a treatment; a control was also included, consisting of sterile distilled water with 0.1% 
Tween 80, resulting in a total of 10 treatments, distributed in a completely randomized 
design with three repetitions (three replicas per repetition). Each cage was treated as an 
experimental unit. Three days before spore inoculation, 10 adult whiteflies from the 
breeding stock were placed in each cage with serrano chili plants to allow them to adapt 
to the cage conditions. The spore application involved administering a 0.1 mL spray on 
each plant using a 20 mL manual sprayer. The treated experimental units were maintained 
at 26 ± 2 °C, 80 ± 5% RH, and a 12:12 (light:dark) photoperiod. Mortality was recorded 
every 24 h for 5 days after application (DAA). The dead flies were removed from the cages 
and cultured on SDA medium to confirm their infection by the applied fungus. 

 

Figure 1. Cage design for assessing the pathogenicity and virulence of fungi isolated from whiteflies. 
(A) Cage with window, (B) covered with anti-aphid mesh over the cups. 

2.6. Virulence Assessment 

Based on the pathogenicity results, four outstanding strains (MV01, JV01, PV02, and 
SV01) were selected for virulence evaluation, and the lethal concentration (LC50) and lethal 
time (LT50) were determined. For each strain, five concentrations were evaluated: 1 × 104, 
1 × 106, 1 × 107, 1 × 108 and 1 × 109 spores mL−1; the spores were mixed in sterile distilled 
water with 0.1% Tween 80. The control consisted of sterile distilled water with 0.1% Tween 
80. A total of 21 treatments were conducted, distributed in a completely randomized 
design with three repetitions (three replicas per repetition). The spore inoculation method 
was the same as that used in the pathogenicity assessment. The response variable was the 
percentage of mortality recorded every 24 h for 5 days. The dead whiteflies were removed 
from the cages and cultured on SDA medium to confirm their infection by the 
entomopathogenic fungus. 

2.7. Statistical Analyses 

Descriptive statistics were applied to morphological characterization data; 
specifically, colony diameter was evaluated using an analysis of variance (ANOVA). 
Mortality data associated with pathogenicity and virulence were corrected with the 
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Abbott formula [38] and subsequently analyzed using the nonparametric Kruskal–Wallis 
test at a significance level of p = 0.05, using InfoStat version 2020 software. LC50 and LT50 
were estimated using Probit regression using Statgraphics Centurion v19. 

3. Results 
3.1. Collection and Isolation 

A total of 332 fungal strains were isolated from whiteflies; of these, 283 were collected 
from serrano, habanero, and jalapeño pepper plantations, 5 from backyard plants of 
chiltepín and chilpaya, and 44 from weeds (Table 2). During the isolation process, it was 
observed that mycosis occurred in both nymphs and, particularly, in adults. 

Table 2. Fungal strains obtained from mycosed whiteflies collected from several habitats of the 
Sotavento region, Veracruz. 

Municipality Code 
Habitat 

Plantation Backyard Arvense 
Cotaxtla CV01-CV47 33  14 
Jamapa JV01-JV11   11 
Medellín De Bravo MV01-MV209 196 5 8 
Paso de Ovejas PV01-PV18 18   

Soledad De Doblado SV01-SV08 2  6 
Tlalixcoyan TV01-TV08 3  5 
Puente Nacional PNV01-PNV31 31   

Total  283 5 44 
Blank spaces mean that no whiteflies infected by EPF were found. 

3.2. Macroscopic and Microscopic Characteristics 

Based on the characteristics of the isolates, 193 corresponded to Cordyceps spp. and 
139 to Beauveria spp. Greater variability was observed in the macroscopic characteristics 
of the Cordyceps genus. In the colonies of this genus, circular growth was observed, with 
elevated white mycelium that turned pinkish as it developed, a central indentation, and a 
fluffy, granular, powdery texture. The reverse of the plate exhibited cream-colored growth 
with distinct rays. Flat circular colonies of a pinkish color were also observed, 
characterized by more intense pink concentric rings, a fluffy texture, and a cream reverse 
with prominent brown rings. Additionally, flat circular colonies with white rings, a lilac 
center, a fibrous texture, and a cream reverse with well-defined rings were noted. Other 
colonies turned white, displaying a light gray basipetal center, a prominent fluffy edge, 
and a cottony-powdery texture, with a cream reverse (Figure 2A). 

In contrast, the Beauveria isolates exhibited fluffy, circular colonies ranging from 
white to cream, with a slight central elevation, a fibrous texture, irregular edges, and a 
cream reverse. Some colonies appeared flat and white, with rings, a powdery texture, and 
a cream reverse. Additionally, slow-growing colonies of creamy white color, with a 
cottony-woolly texture, concentric rays, well-defined edges, and a cream reverse with 
distinct rays were observed (Figure 2B). 

Regarding the microscopic characteristics, the Cordyceps isolates exhibited septate, 
branched mycelium, along with branched conidiophores terminating in clusters of 
subglobose phialides arranged in whorls with a narrow neck, from which oval to elliptical, 
unicellular conidia were formed in chains (Figure 3). 

On the other hand, the Beauveria isolates exhibited septate mycelium and short, 
branched conidiophores that emerged from the main hyphae. These conidiophores 
produce phialides with a wide base and an elongated neck, arranged in dense clusters. A 
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rachis extends in a zigzag pattern from the conidiogenous cells, forming small, unicellular, 
hyaline, globose conidia (Figure 4). 

The germination percentages for the strains ranged from 72.7% to 82.6%. Strains JV02, 
PV01, PV02, and SV01 exhibited spore germination rates above 80%, while strains MV01, 
MV02, MV03, TV01, and JV01 displayed germination rates between 72% and 78% (Table 
3). Regarding colony diameter, a highly significant difference was observed (F8,18 = 15.85, 
p = 0.001). Strains JV01, JV02, and SV01 of Cordyceps showed greater mycelial growth 
(ranging from 71.6 to 83.0 mm) compared to strains MV01, MV02, MV03, and TV01 of 
Beauveria (ranging from 52.8 to 58.5 mm) (Table 3). 

 

Figure 2. Macroscopic characteristics of the front and back of fungal strains isolated from mycosed 
whiteflies in the Sotavento region, Veracruz. (A) Cordyceps spp., (B) Beauveria spp. 
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Table 3. Spore germination and colony diameter of fungal strains isolated from whiteflies in the 
Sotavento region of Veracruz. 

Code Germination (%) Colony Diameter (mm) 
JV01 78.07 83.08 a 
JV02 80.98 73.96 a 
MV01 73.97 58.48 bc 
MV02 74.47 58.57 bc 
MV03 72.74 57.52 c 
PV01 82.64 73.54 a 
PV02 81.18 71.63 ab 
SV01 82.09 73.26 a 
TV01 73.23 52.81 c 
Means within columns with the same lowercase letters are not significantly different from each other 
(p > 0.05). 

 

Figure 3. Microscopic characteristics of fungal strains of the Cordyceps spp. genus isolated from 
mycosed whiteflies in the Sotavento region, Veracruz. 
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Figure 4. Microscopic characteristics of Beauveria spp. fungal strains isolated from mycosed 
whiteflies in the Sotavento region of Veracruz. 

3.3. Molecular Identification of Fungal Isolates 

In addition to morphological and microscopic characterization, molecular 
characterization was performed on the four isolates that exhibited the highest 
pathogenicity. Species assignments were primarily based on ITS sequence analysis; 
however, definitive species identification would require additional morphological 
assessments and/or multilocus analyses. The results showed that isolates JV01 and PV02 
clustered within a clade corresponding to Cordyceps sp. (ITS-affiliated with C. javanica), 
with sequence identity values ranging from 90% to 98%. Isolate SV01 clustered with 
Cordyceps sp. (ITS-affiliated with C. fumosorosea), showing 95% sequence identity, whereas 
isolate MV03 corresponded to Beauveria sp. (ITS-affiliated with B. bassiana), with 98% 
sequence identity (Figure 5). 
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Figure 5. Phylogenetic tree of the four strains used in this report. Gene (ITS) Maximum Likelihood 
tree of the four strains. Each number represents bootstrap support values from 1000 replicates, as 
indicated at the nodes. The root of this tree was the fungus OP161747.1_Trichoderma reesei. 

3.4. Pathogenicity of the Strains 

A significant statistical difference was observed between strains at a concentration of 
1 × 109 spores mL−1 regarding whitefly mortality over the five evaluated days; day 1 (H = 
22.81, p = 0.004), day 2 (H = 24.59, p = 0.002), day 3 (H = 25.35, p = 0.002), day 4 (H = 25.97, 
p = 0.001), and day 5 (H = 25.08, p = 0.001). Over the five days of evaluation, strains PV02, 
SV01, MV03, and JV01 stood out for causing the highest mortality rates. It was observed 
that at 4 DAA, PV02 caused 100% mortality of whiteflies. Strains SV01 and MV03 achieved 
100% mortality at 5 DAA, followed by JV01 with 96%. The control group remained below 
all strains, showing a mortality rate of 19.0% (Figure 6). 
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Figure 6. Pathogenicity of the nine strains on the whitefly, applied at a concentration of 1 × 109 spores 
mL−1. Means followed by the same letter are not significantly different (p > 0.05). 

3.5. Virulence of the Strains 

Regarding virulence, factorial analysis indicated significant differences between 
strains, concentrations, and days (H = 364.05, p = 0.0001). The different strains showed an 
increase in mortality over time, associated with higher concentrations. All strains 
successfully induced mycosis from 3 DAA to 5 DAA. Concentrations of 1 × 106, 1 × 107, 1 
× 108, and 1 × 109 spores mL−1 were particularly effective in causing higher mortality 
percentages, in contrast to the concentration of 1 × 104 at 5 DAA. The four evaluated strains 
demonstrated virulence in controlling the whitefly population; however, strains JV01, 
MV03, and SV01 were the most efficient, causing mortalities of 94.3%, 95.8%, and 100%, 
respectively, at 5 DAA with a concentration of 1 × 106. Strain PV02 caused 100% mortality 
at a concentration of 1 × 107 at 5 DAA. The control group showed a maximum mortality 
of 15% was observed at the end of the experiment (Figure 7). 

3.6. Estimation of LC50 and LT50 

The estimated regression equations showed an optimal fit, with R2 values ranging 
from 0.91 to 0.97 (p < 0.01) and highly significant χ2 values (p < 0.01). This confirms a clear 
linear dose–response relationship between dose increment and mortality. The JV01 and 
SV01 strains were the most effective as they had the lowest LC50 (1.65 × 105 and 5.53 × 105 
mL−1 spores, respectively) and LT50 of 2.2 and 2.0 days. On the contrary, the MV03 and 
PV02 strains showed the highest LC 50 values and the longest LT50 (Table 4). 
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Figure 7. Virulence of the strains at different concentrations on whiteflies, recorded over five days after application. DAA = Days after application. 
Means followed by the same letter are not significantly different (p > 0.05).
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Table 4. Lethal concentration (LC50) and lethal time (LT50) of the evaluated strains. 

Strain Regression Equation * R2 * χ2 
LC50 (Spores mL−1) LT50 (Days) 

Interval of Confidence 
95% 

Interval of 
Confidence 95% 

MV03 Y = 5.4831 + 0.2167 X 0.97 111.05 3.69 × 106 (2.70 × 106–5.03 × 106) 2.71 (1.32–5.56) 
SV01 Y = 4.2929 + 0.2899 X 0.96 86.41 5.53 × 105 (3.47 × 105–8.83 × 105) 2.02 (1.23–3.32) 
JV01 Y = 3.8747 + 0.2683 X 0.95 46.88 1.65 × 105 (9.72 × 104–2.79 × 105) 2.23 (1.23–4.02) 
PV02 Y = 2.5832 + 0.7353 X 0.91 86.10 1.82 × 106 (2.63 × 105–1.26 × 107) 4.02 (2.87–5.65) 

R2: good fitness, χ2: calculated value of chi-square, *: p values < 0.01. 

4. Discussion 
The macroscopic characteristics of the strains of the genus Cordyceps recorded in this 

research are consistent with those reported by [39], who observed colonies of Cordyceps 
cultivated in SDA exhibiting a pale pink color and concentric growth. Similarly, Ref. [40] 
noted that white colonies of C. fumosorosea transitioned to a smoky pink 15 days post-
incubation. In contrast, the characteristics of the Beauveria strains align with those 
observed by [41], who documented cottony white colonies that later developed a creamy 
and dusty appearance. Ref. [42] also observed white cottony mycelium colonies with a 
semi-elevated surface. 

Regarding the microscopic characteristics of Cordyceps, the formation of phialides 
and conidia matches the descriptions provided by [43], who noted phialides with a 
globose and broad basal portion, along with a long distal neck. Ref. [44] highlighted the 
presence of oval-shaped conidia originating from successively formed phialides, which 
develop into chains. Likewise, Ref. [45] reported phialides possessing a broad globose 
basal portion, a long distal neck, and ellipsoidal conidia. The characteristics of Beauveria 
identified in this research agree with those described by [21], who noted broad 
conidiogenous cells with a globose base from which conidia emerge, as well as a zig-zag-
shaped rachis. The identification and isolation of various fungal strains is a crucial step in 
the development of mycoinsecticides or biocontrol agents for pest management [46]. 

Molecular identification of the isolated entomopathogenic fungal strains, through 
sequencing of the ITS region, confirmed their membership in well-established genera such 
as Cordyceps and Beauveria. Strains JV01 and PV02 showed 90% to 98% genetic identity 
with Cordyceps javanica, strain SV01 confirmed 95% identity with Cordyceps fumosorosea, 
while strain MV03 achieved 98% identity with Beauveria bassiana. These identities were 
confirmed by phylogenetic analysis, which showed that the strains group appropriately 
within their respective genera. The molecular analysis provided crucial support for the 
previously obtained morphological and microscopic results. The application of Sanger 
sequencing and phylogenetic analysis demonstrated that molecular techniques are key to 
this type of study [47,48]. 

The germination percentage of spores ranged from 72.7 and 82.6%, comparable to 
those reported by [49], who observed germination rates of 60 to 100% in strains of B. 
bassiana. In contrast, Ref. [50] reported conidial germination rates of 93 to 98.9% for strains 
of this species and 97 to 98.3% for strains of C. fumosorosea. Ref. [51] emphasized that 
efficient germination of EPF spores is a critical characteristic for ensuring their 
effectiveness as biological pest control agents. Furthermore, variability was observed in 
the mycelial growth capacity across the two fungal genera; however, the strains of the 
genus Cordyceps exhibited the largest colony diameters (71.6 to 83.0 mm), values similar 
to those reported by [52] for this genus (80.1 to 81.0 mm). In contrast, Ref. [53] had colony 
diameters of 53.3 and 69 mm in C. farinosa and C. fumosorosea, respectively, at a 
temperature of 25 °C. 
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The pathogenicity results demonstrated the high efficacy of four strains in causing 
mortality in whiteflies. Notably, the strain PV02, belonging to the genus Cordyceps, 
achieved 100% mortality at 4 DAA, highlighting its speed and effectiveness. This outcome 
significantly surpasses the findings of [15], who reported that strains of Isaria (reclassified 
as Cordyceps javanica) resulted in 80% mortality after 7 days. Similarly, the strains SV01 
and JV01 also demonstrated pathogenic potential, reaching 100% and 96% mortality, 
respectively, at 5 DAA. Furthermore, the strain MV03 of the genus Beauveria caused 100% 
mortality of whiteflies at 5 DAA, which greatly exceeded the findings reported by [54], 
who observed whitefly mortalities ranging from 71.67% to 98.33% at 3 and 9 days with 
strains of B. bassiana, while [55,56] reported values below 30% and 50%, respectively, with 
strains of the same species. The pathogenicity test is a fundamental indicator for 
measuring the efficacy of pathogenic fungi against pests, as it directly assesses their 
capacity to infect and cause disease in the host insect [57]. Fungal strains that exhibit high 
pathogenicity are considered promising candidates for application as biological control 
agents [58]; this is the case for the evaluated strains that were effective in this research. 

Regarding virulence, the four strains demonstrated the ability to cause mortality 
between 3 and 5 DAA, confirming their potential as entomopathogenic agents. The JV01 
and SV01 strains of the genus Cordyceps, as well as the MV03 strain of the genus Beauveria, 
at a concentration of 1 × 106 spores mL−1, achieved mortality rates ranging from 94% to 
100% at 5 DAA, indicating their high virulence. The PV02 strain of the genus Cordyceps 
required a higher concentration (1 × 107 spores mL−1) to cause 100% mortality at 5 DAA. 
This contrasts with the findings of [15], who reported that a higher concentration (1 × 107 
spores mL−1) of Isaria javanica was needed to achieve mortality rates of 75% to 80% at 7 
DAA. In the case of B. bassiana, Ref. [59] reported that a higher concentration (1 × 109 spores 
mL−1) was necessary to achieve 100% mortality in adult whiteflies at 6 DAA. 

The LC50 and LT50 results indicated that the strains JV01 and SV01 (Cordyceps spp.) 
were efficient in achieving LC50 at low concentrations (1.65 × 105 and 5.53 × 105 spores mL−1, 
respectively) with an LT50 of 2 days in both cases. These values contrast with those 
reported by [60], who determined an LC50 at a concentration of 1 × 107 spores mL−1 and an 
LT50 ranging from 12 to 20 days. In this study, the strains MV03 (Beauveria) and PV02 
(Cordyceps) exhibited LC50 values of 3.69 × 106 and 1.82 × 106 spores mL−1. These values 
contrast with those reported by [60], who determined an LC50 of 1 × 107 spores mL−1 and 
an LT50 of 12 to 20 days. In this study, the strains MV03 (Beauveria) and PV02 (Cordyceps) 
exhibited LC50 values of 3.69 × 106 and 1.82 × 106 spores mL−1 respectively, with LT50 values 
between 2.7 and 4 days. These results indicate that these strains can be considered 
virulent, as suggested by similar studies, particularly those involving Beauveria strains, 
with LC50 values ranging from 0.22 × 104 to 4.91 × 106 spores mL−1 and LT50 values of 3.0 
and 4.0 days [61]. Likewise, [55] identified a virulent strain of B. bassiana with an LC50 of 
0.92 × 106 spores mL−1 and LT50 of 6.10 to 11.66 days. Virulence is a critical attribute for 
selecting highly effective strains for biological pest control using EPF, so the accurate 
estimation of parameters such as LC50 and LT50 is essential, given the varying degrees of 
virulence among strains within the same species [55,61]. Furthermore, Ref. [54] notes that 
the viability of spores should also be considered when evaluating the performance of a 
strain. 

5. Conclusions 
Four strains of native entomopathogenic fungi were identified: JV01 and PV02 as 

Cordyceps javanica, SV01 as Cordyceps fumosorosea, and MV03 as Beauveria bassiana, all of 
which were highly pathogenic. In particular, the strains JV01 and SV01 emerged as the 
most promising due to their high virulence, displaying the lowest LC50 values (1.65 × 105 
and 5.53 × 105 spores mL−1, respectively) and presenting an LT50 of only 2 days in both 
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cases. These characteristics make them excellent candidates for controlling the whitefly 
Bemisia tabaci in serrano chili. 

Author Contributions: Conceptualization, H.C.-M. and M.J.-J.; methodology, M.J.-J., H.C.-M., J.J.-
Z. and L.J.G.-G.; formal analysis, H.C.-M. and M.J.-J.; investigation, M.J.-J., H.C.-M., A.S.-E., F.G.-L., 
L.J.G.-G. and J.J.-Z.; resources, H.C.-M., J.J.-Z. and L.J.G.-G.; writing—original draft preparation, 
M.J.-J., H.C.-M.; writing—review and editing, M.J.-J., H.C.-M., A.S.-E. and F.G.-L.; visualization, 
H.C.-M., M.J.-J., A.S.-E. and L.J.G.-G.; supervision, H.C.-M.; project administration, H.C.-M.; 
funding acquisition, H.C.-M., M.J.-J. and L.J.G.-G. All authors have read and agreed to the published 
version of the manuscript. 

Funding: This research was funded by the National Institute of Forestry, Agricultural and Livestock 
Research (INIFAP) through the project Integrated management technology with low environmental 
impact for vegetable pests in tropical protected agriculture systems” with SIGI registration: 
1542235147 and Postgraduate College Campus Veracruz for the economic support for academic 
activities for M., J.-J. The APC was funded by the National Institute of Forestry, Agricultural and 
Livestock Research. 

Data Availability Statement: Data sharing does not apply to this article. The datasets used in this 
article are not available because they are part of a patent translation process. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Servicio de Información Agroalimentaria y Pesquera (SIAP). Panorama Agroalimentario, la Ruta de la Transformación 

Agroalimentaria 2018–2024. Available online: https://online.pubhtml5.com/rsarc/ywrn/#google_vignette (accessed on 25 
August 2025). 

2. Kammara, M.; Kumar, A.; Singh, S.; Yogita, K.A.; Kumar, A.; Aman, A.S.; Bajpeyi, M.M.; Datt, N. Integrated approaches for 
management of whitefly (Bemisia tabaci Gennadius) to prevent chilli leaf curl disease in chilli crop: A review. Int. J. Plant Soil Sci. 
2023, 35, 1447–1457. 

3. Sani, I.; Ismail, S.I.; Abdullah, S.; Jalinas, J.; Jamian, S.; Saad, N. A review of the biology and control of whitefly, Bemisia tabaci 
(Hemiptera: Aleyrodidae), with special reference to biological control using entomopathogenic fungi. Insects 2020, 11, 619. 

4. Cuéllar, M.E.; Morales, F.J. La mosca blanca Bemisia tabaci (Gennadius) como plaga y vectora de virus en fríjol común (Phaseolus 
vulgaris L.). Rev. Colomb. Entomol. 2006, 32, 1–9. 

5. Nalla, M.K.; Schafleitner, R.; Pappu, H.R.; Barchenger, D.W. Current status, breeding strategies and future prospects for 
managing chilli leaf curl virus disease and associated begomoviruses in chilli (Capsicum spp.). Front. Plant Sci. 2023, 14, 1223982. 

6. Taufik, M.; Zamrun Firihu, M.; Hs, G.; Inda Variani, V.; Hasan, A.; Botek, M.; Fatmawati Tihurua, E.; Indah Wulansari, T.Y. The 
changes of chili Leaf structure by geminivirus infection. J. Hama Dan Penyakit Tumbuh. Trop. 2024, 24, 109–119. 

7. García-Pereyra, J.; Aviña-Martínez, G.; De los Santos-Villalobos, S.; Graciano, R.; García, M.A.; Medrano-Roldán, H. 
Formulation of a bioinsecticide based on neem and chamomile used for the greenhouse control of the glasshouse whitefly 
Trialeurodes vaporariorum. Mod. Environ. Sci. Eng. 2021, 7, 119–125. 

8. Horowitz, A.R.; Ghanim, M.; Roditakis, E.; Nauen, R.; Ishaaya, I. Insecticide resistance and its management in Bemisia tabaci 
species. J. Pest Sci. 2020, 93, 893–910. 

9. Zhai, D.; Lu, H.; Liu, S.; Liu, J.; Zhang, W.; Wu, J.; Li, J.; Bai, R.; Yan, F.; Zhao, C. Fungal warriors: Effects of Beauveria bassiana 
and Purpureocillium lilacinum on CCYV-carrying whiteflies. Biomolecules 2025, 15, 593. 

10. Lacey, L.A.; Grzywacz, D.; Shapiro-Ilan, D.I.; Frutos, R.; Brownbridge, M.; Goettel, M.S. Insect pathogens as biological control 
agents: Back to the future. J. Invertebr. Pathol. 2015, 132, 1–41. 

11. Sharma, A.; Srivastava, A.; Shukla, A.K.; Srivastava, K.; Srivastava, A.K.; Saxena, A.K. Entomopathogenic fungi: A potential 
source for biological control of insect pests. In Phytobiomes: Current Insights and Future Vistas; Solanki, M.K., Kashyap, P.L., 
Kumari, B., Eds.; Springer: Singapore, 2020; pp. 225–250. 

12. Vega, F.E. The Use of Fungal entomopathogens as endophytes in biological control: A review. Mycologia 2018, 110, 4–30. 
13. Motta-Delgado, P.A.; Murcia-Ordóñez, B. Hongos entomopatógenos como alternativa para el control biológico de plagas. 

Ambiente Agua—Interdiscip. J. Appl. Sci. 2011, 6, 77–90. https://doi.org/10.4136/ambi-agua.187. 



Insects 2026, 17, 680 16 of 18 
 

https://doi.org/10.3390/insects17070680 

14. Quesada-Moraga, E.; González-Mas, N.; Yousef-Yousef, M.; Garrido-Jurado, I.; Fernández-Bravo, M. Key role of environmental 
competence in successful use of entomopathogenic fungi in microbial pest control. J. Pest Sci. 2024, 97, 1–15. 

15. Sani, I.; Jamian, S.; Saad, N.; Abdullah, S.; Mohd Hata, E.; Jalinas, J.; Ismail, S.I. Identification and virulence of entomopathogenic 
fungi, Isaria javanica and Purpureocillium lilacinum isolated from the whitefly, Bemisia tabaci (Gennadius) (Hemiptera: 
Aleyrodidae) in Malaysia. Egypt. J. Biol. Pest Control 2023, 33, 14. 

16. Sujithra, M.; Prathibha, H.V.; Rajkumar, M.; Guru-Pirasanna-Pandi, G.; Senthil-Nathan, S.; Hegde, V. Entomopathogenic 
potential of Simplicillium lanosoniveum native strain in suppressing invasive whitefly, Aleurodicus rugioperculatus Martin 
(Hemiptera: Aleyrodidae), infesting coconut. J. Fungi 2021, 7, 964. 

17. Mariappan, K.; Samuel, J.N.; Sevugapperumal, N.; Uthandi, S.; Subbarayalu, M.; Krishnamoorthi, P. Entomopathogenic 
potential of indigenous Simplicillium subtropicum (Hypocreales: Cordycipitaceae) isolates from Tamil Nadu, India, against the 
cotton aphid, Aphis gossypii Glover (Hemiptera: Aphididae). Egypt. J. Biol. Pest Control 2024, 34, 55. 

18. Berlanga-Padilla, A.M.; Ayala-Zermeño, M.A.; Montesinos-Matías, R.; Rodríguez- Rodríguez, J.C. Manual de Exploración para la 
Colecta de Hongos Entomopatógenos, 1st ed.; Centro Nacional de Referencia de Control Biológico-SENASICA: Tecomán, Mexico, 
2016; 58p. 

19. Cañedo, V.; Ames, T. Manual de Laboratorio para el Manejo de Hongos Entomopatógenos; Centro Internacional de la Papa (CIP): 
Lima, Peru, 2004; 62p. 

20. Gómez, R.H.; Zapata, G.A.; Torres, A.E.; Tenorio, C.M. Manual de Producción y Uso de Hongos Entomopatógenos; Servicio Nacional 
de Sanidad Agraria (SENASA): La Molina, Peru, 2014; 37p. 

21. Castillo, C.E.; Cañizalez, L.M.; Valera, R.; Godoy, C.; Guedez, C.; Olivar, R.; Morillo, S. Caracterización morfológica de Beauveria 
bassiana, aislada de diferentes insectos en Trujillo Venezuela. Rev. Acad.-Trujillo-Venez. 2012, 11, 275–281. 

22. Barnett, H.L.; Hunter, B.B. Illustrated Genera of Imperfect Fungi, 4th ed.; The American Phytopatological Society: St. Paul, MN, 
USA, 1988; 240p. 

23. Humber, R.A. Identification of Entomopathogenic Fungi. In Manual of Techniques in Invertebrate Pathology, 2nd ed.; Lacey, L., 
Ed.; Academic Press: London, UK, 2012; pp. 151–187. 

24. Yeo, H.; Pell, J.K.; Alderson, P.G.; Clark, S.J.; Pye, B.J. Laboratory evaluation of temperature effects on the germination and 
growth of entomopathogenic fungi and on their pathogenicity to two aphid species. Pest Manag. Sci. 2003, 59, 156–165. 

25. Wilson, K. Preparation of Genomic DNA from Bacteria. In Current Protocols in Molecular Biology; Ausubel, F. M., Brent, R., 
Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A., Struhl, K., Eds.; John Wiley & Sons: New York, NY, USA, 2001; Chapter 
2, Unit 2.4. 

26. Green, M.R.; Sambrook, J. Isolation and quantification of DNA. Cold Spring Harb. Protoc. 2018, 2018, top093336. 
27. Nielsen, K.; Mogensen, H.S.; Hedman, J.; Niederstätter, H.; Parson, W.; Morling, N. Comparison of five DNA quantification 

methods. Forensic Sci. Int. Genet. 2008, 2, 226–230. 
28. Brooks-Wilson, A.R.; Goodfellow, P.N.; Povey, S.; Nevanlinna, H.A.; de Jong, P.J.; Goodfellow, P.J. Rapid cloning and 

characterization of new chromosome 10 DNA markers by alu element-mediated PCR. Genomics 1990, 7, 614–620. 
29. Wilson, M.R.; Polanskey, D.; Butler, J.; DiZinno, J.A.; Replogle, J.; Budowle, B. Extraction, PCR amplification and sequencing of 

mitochondrial DNA from human hair shafts. BioTechniques 1995, 18, 662–669. 
30. Schoch, C.L.; Seifert, K.A.; Huhndorf, S.; Robert, V.; Spouge, J.L.; Levesque, C.A.; Chen, W.; Fungal Barcoding Consortium; 

Fungal Barcoding Consortium Author List; Bolchacova, E.; et al. Nuclear Ribosomal Internal Transcribed Spacer (ITS) region as 
a universal DNA barcode marker for fungi. Proc. Natl. Acad. Sci. USA 2012, 109, 6241–6246. 

31. Dubey, S.C.; Priyanka, K.; Singh, V. Phylogenetic relationship between different race representative populations of Fusarium 
oxysporum f. sp. ciceris in respect of translation elongation factor-1α, β-Tubulin, and internal transcribed spacer region genes. 
Arch. Microbiol. 2014, 196, 445–452. 

32. Vogelstein, B.; Gillespie, D. Preparative and analytical purification of DNA from agarose. Proc. Natl. Acad. Sci. USA 1979, 76, 
615–619. 

33. Berensmeier, S. Magnetic particles for the separation and purification of nucleic acids. Appl. Microbiol. Biotechnol. 2006, 73, 495–
504. 

34. Azimi, S.; Nixon, G.; Ahern, J.; Balachandran, W. A magnetic bead-based DNA extraction and purification microfluidic device. 
Microfluidics Nanofluidics 2011, 11, 157–165. 

35. Valencia, C.A.; Pervaiz, M.A.; Husami, A.; Qian, Y.; Zhang, K. Sanger sequencing principles, history, and landmarks. In Next 
Generation Sequencing Technologies in Medical Genetics; Valencia, C.A., Pervaiz, M.A., Husami, A., Qian, Y., Zhang, K., Eds.; 
Springer: New York, NY, USA, 2013; pp. 3–11. 



Insects 2026, 17, 680 17 of 18 
 

https://doi.org/10.3390/insects17070680 

36. Thompson, J.D.; Gibson, T.J.; Higgins, D.G. Multiple sequence alignment using ClustalW and ClustalX. Curr. Protoc. Bioinform. 
2002, 2, 2.3. 

37. Kumar, S.; Stecher, G.; Suleski, M.; Sanderford, M.; Sharma, S.; Tamura, K. MEGA12: Molecular Evolutionary Genetic Analysis 
Version 12 for adaptive and green computing. Mol. Biol. Evol. 2024, 41, msae263. 

38. Abbott, W.S. A Method of computing the effectiveness of an insecticide. J. Econ. Entomol. 1925, 18, 265–267. 
39. Dufau, G.I.G.; Monzón, A.; Guerra, J.S.; Santo, U.; Caballero, S.; Castrejon, K.; Sanjur, M. Caracterización morfofisiológica y 

molecular de hongos entomopatógenos asociados a Hypothenemus hampei en áreas cafetaleras de la comarca Ngäbe-Buglè. La 
Calera 2021, 21, 57–66. 

40. Luo, Y.; Wu, S.; He, X.; Wang, D.; He, Y.; Nian, X. Identification of a Cordyceps fumosorosea fungus isolate and its pathogenicity 
against asian citrus psyllid, Diaphorina citri (Hemiptera: Liviidae). Insects 2022, 13, 374. 

41. Elósegui, O.C.; Jiménez, R.J.; Carr, P.A. Aislamiento, identificación y caracterización morfométrica de aislados nativos de 
hongos mitospóricos con potencialidad para el control de especies de insectos plaga. Fitosanidad 2006, 10, 265–272. 

42. Gerónimo-Torres, J.D.C.; Torres-de-La-Cruz, M.; Pérez-de-La Cruz, M.; De-La-Cruz-Pérez, A.; Ortiz-García, C.F.; Cappello-
García, S. Caracterización de aislamientos nativos de Beauveria bassiana y su patogenicidad hacia Hypothenemus hampei, en 
Tabasco, México. Rev. Colomb. Entomol. 2016, 42, 28–35. 

43. Ou, D.; Zhang, L.; Guo, C.; Chen, X.; Ali, S.; Qiu, B. Identification of a new Cordyceps javanica fungus isolate and its toxicity 
evaluation against Asian citrus psyllid. MicrobiologyOpen 2019, 8, e00760. 

44. Du, C.; Wu, J.; Cuthbertson, A.G.S.; Hamid Bashir, M.; Sun, T.; Ali, S. Morphological, molecular and virulence characterisation 
of six Cordyceps spp. isolates infecting the diamondback moth, Pluttela xylostella. Biocontrol Sci. Technol. 2021, 31, 373–386. 

45. Gallou, A.; Serna-Domínguez, M.G.; Berlanga-Padilla, A.M.; Ayala-Zermeño, M.A.; Mellín-Rosas, M.A.; Montesinos-Matías, R.; 
Arredondo-Bernal, H.C. Species clarification of Isaria isolates used as biocontrol agents against Diaphorina citri (Hemiptera: 
Liviidae) in Mexico. Fungal Biol 2016, 120, 414–423. 

46. Riaz, M.; Chen, W.-H.; Kafle, L.; Tseng, M.-N. Morphological and molecular characterization of Purpureocillium lilacinum along 
with its biopesticidal effect against fall armyworm (Spodoptera frugiperda) in Southern Taiwan. Egypt. J. Biol. Pest Control 2024, 
34, 60. 

47. Hawksworth, D.L.; Lücking, R. Fungal Diversity Revisited: 2.2 to 3.8 Million Species. Microbiol Spectr 2017, 5, 4. 17p. 
https://doi.org/10.1128/microbiolspec.FUNK-0052-2016. 

48. Tekpinar, A.D.; Kalmer İpek, A. Utility of various molecular markers in fungal identification and phylogeny. Nova Hedwig. 2019, 
109, 187–224. 

49. Godoy, J.C.; Valera, R.E.; Guédez, C.; Cañizalez, L.M.; Castillo, C. Determinación de temperatura y humedad óptima para la 
germinación y esporulación de cinco aislamientos de Beauveria bassiana. Rev. Fac. Agron. 2007, 24, 415–425. 

50. Musso, A.; Marcondes Almeida, J.E.; Padín, S.B.; Ordoqui, E.; López Lastra, C.C. Eficiencia de hongos entomopatógenos contra 
Rhyzopertha dominica (Fabricius) (Coleoptera: Bostrichidae) bajo condiciones de laboratorio. Rev. Fac. Cienc. Agrar. Univ. Nac. 
Cuyo 2020, 52, 317–324. 

51. Rodríguez-Guerra, R.; Armijo-Martínez, L.F.; López-Arroyo, J.I. Inducción de la germinación de conidios de los hongos 
entomopatógenos Beauveria bassiana, Metarhizium anisopliae y el micoparásito Trichoderma harzianum. Biotecnol. Sustentabilidad 
2020, 5, 48–61. 

52. Sain, S.K.; Monga, D.; Hiremani, N.S.; Nagrale, D.T.; Kranthi, S.; Kumar, R.; Kranthi, K.R.; Tuteja, O.P.; Waghmare, V.N. 
Evaluation of bioefficacy potential of entomopathogenic fungi against the whitefly (Bemisia tabaci Genn.) on cotton under 
polyhouse and field conditions. J. Invertebr. Pathol. 2021, 183, 107618. 

53. Tkaczuk, C.; Majchrowska-Safaryan, A. Temperature requirements for the colony growth and conidial germination of selected 
isolates of entomopathogenic fungi of the Cordyceps and Paecilomyces genera. Agriculture 2023, 13, 1989. 

54. Gebremariam, A.; Chekol, Y.; Assefa, F. Extracellular enzyme activity of entomopathogenic fungi, Beauveria bassiana and 
Metarhizium anisopliae and their pathogenicity potential as a bio-control agent against whitefly pests, Bemisia tabaci and 
Trialeurodes vaporariorum (Hemiptera: Aleyrodidae). BMC Res. Notes 2022, 15, 117. 

55. Lu, Q.; Wang, P.; Ali, A.; Zang, L.-S. Molecular identification and virulence of four Strains of entomopathogenic fungi against 
the whitefly, Bemisia tabaci (Hemiptera: Aleyrodidae). J. Econ. Entomol. 2022, 115, 731–738. 

56. Mascarin, G.M.; Kobori, N.N.; Quintela, E.D.; Delalibera, I. The virulence of entomopathogenic fungi against Bemisia tabaci 
biotype B (Hemiptera: Aleyrodidae) and their conidial production using solid substrate fermentation. Biol. Control 2013, 66, 209–
218. 



Insects 2026, 17, 680 18 of 18 
 

https://doi.org/10.3390/insects17070680 

57. Vega, F.E.; Goettel, M.S.; Blackwell, M.; Chandler, D.; Jackson, M.A.; Keller, S.; Koike, M.; Maniania, N.K.; Monzón, A.; Ownley, 
B.H.; et al. Fungal entomopathogens: New insights on their ecology. Fungal Ecol. 2009, 2, 149–159. 

58. Hanash, A.A.-R.; Abed, R.J.; AL-Magsoosi, A.A.R. Nymphicidal and adulticidal action of Beauveria bassiana isolates in whitefly 
Bemisia tabaci (Hemiptera: Aleyrodidae) in vitro. Casp. J. Environ. Sci. 2022, 20, 967–975. 

59. Abdel-Raheem, M.A.; Al-Keridis, L.A. Virulence of three entomopathogenic fungi against whitefly, Bemisia tabaci (Gennadius) 
(Hemiptera: Aleyrodidae) in tomato crop. J. Entomol. 2019, 14, 155–159. 

60. Dearlove, E.L.; Chandler, D.; Edgington, S.; Berry, S.D.; Martin, G.; Svendsen, C.; Hesketh, H. Improved control of Trialeurodes 
vaporariorum using mixture combinations of entomopathogenic fungi and the chemical insecticide Spiromesifen. Sci. Rep. 2024, 
14, 15259. 

61. Sain, S.K.; Monga, D.; Kumar, R.; Nagrale, D.T.; Kranthi, S.; Kranthi, K.R. Comparative effectiveness of bioassay methods in 
identifying the most virulent entomopathogenic fungal strains to control Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae). 
Egypt. J. Biol. Pest Control 2019, 29, 31. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


