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Abstract: Aphids are among the most harmful crop pests, damaging plants by sucking sap or by
transmitting pathogenic viruses. Plant infestation by aphids depends on their population growth.
Entomopathogenic fungi are essential participants of terrestrial and aquatic ecosystems, regulating
arthropod communities. Many fungal species with a symbiotic–endophytic relation with plants are
pathogenic, producing insecticides or insect repellents. The present study investigated the effects of
the fungal entomopathogens Beauveria bassiana, Metarhizium anisopliae and Isaria fumosorosea, following
their endophytic colonization of the sweet pepper Capsicum annum, on the development of the green
peach aphid Myzus persicae. After 21 days, B. bassiana produced 100% aphid mortality, M. anisopliae
90% and I. fumosorosea 83.3%. There were also significant differences in terms of the effect on aphid
population in planta and on the survival time of young adults in planta. External mycelium appeared
within 96 h after placing aphid cadavers on damp filter paper. PCR confirmed that the mycelium was
of B. bassiana, M. anisopliae and I. fumosorosea. DNA sequences collected from this work were matched
with existing sequences data in GenBank, using the Basic Local Alignment Search Tool. Our results
showed that none of the three fungal isolates had an effect in promoting or suppressing the growth of
C. annum.
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1. Introduction

Endophytes are microorganisms that spend at least part of their lives living non-parasitically
within plants [1]. There is accumulated evidence that many entomopathogenic fungi are symbiotic with
several plant species while others are species-specific. Usually, this endophytic relationship reinforces
plants with insecticidal or insect repellent traits, a characteristic that could be exploited for designing
environmentally friendly applications for insect control in agriculture [1,2]. Fungal entomopathogens
such as Beauveria bassiana Balsamo (Vuillemin) (Hypocreales: Cordycipitaceae), Metarhizium anisopliae
(Metchnikoff) Sorokin (Hypocreales: Clavicipitaceae) and Isaria fumosorosea (Wize) Brown & Smith
(Hypocreales: Clavicipitaceae), are important participants in the regulation of pest populations.

There is a plethora of recent studies on the insecticidal and insect-repellent attributes of endophytic
entomopathogenic fungi [1,3–7]. In fact, as well as being potentially beneficial to plant growth [3], they
are also capable of increasing rates of infection and mortality among feeding insects, compared to
other biological agents. Noteworthy is also the fact that their symbiosis with the host plant is usually
asymptomatic while it triggers the plant to adjust its response to abiotic changes [8–11]. Endophytic
entomopathogenic fungi are thus considered as a promising alternative for chemical insecticides and
transgenic plants [12]. Aphids are important plant pests, causing considerable direct or indirect losses
to several crop species [13].
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The green peach aphid Myzus persicae Sulzer (Homoptera: Aphididae) is a cosmopolitan aphid
species responsible for serious economic losses. It is polyphagous, feeding on more than 50 plant
families, damaging agricultural, industrial and horticultural crops, as well as stone fruits. In Greece,
M. persicae is an important pest in pepper crops [14], and aphid control is predominantly achieved with
chemical insecticides. However, this practice has caused environmental and resistance problems [14].
Consequently, there is an increasing interest in the use of endophytic entomopathogenic fungi in
biological plant protection. In this context, we documented the effects of the endophytic B. bassiana,
M. anisopliae and I. fumosorosea, in the sweet pepper Capsicum annum, on the development of the green
peach aphid Myzus persicae. To this end, we sprayed the pepper plant with 108 conidia/mL of each
fungus. Aphid mortality, aphid population and plant growth parameters were monitored and recorded
for three months.

2. Materials and Methods

2.1. Fungi, Insect and Plant Material

Local fungal strains of B. bassiana (strain name: GBBSTTS), I. fumosorosea (strain name: RHZ4RAS)
and M. anisopliae (strain name: Z3RAS) from the Achaia region, Greece, were used. Soil samples were
collected from random regions in the prefecture of Achaia. We chose to retrieve fungi from their natural
habitat, as opposed to using laboratory strains, as the former are expected to have higher endophytic
ability. To collect the soil samples, the surface litter was removed, and the soil was dug to a depth
of 10 cm with a soil core borer. The samples, which weighed 300 g each, were placed in plastic bags
and stored at 4 ◦C until they were transferred to the laboratory for further processing. As the fungi
contained in the soil samples would later be retrieved using 3rd-instar Galleria mellonella L. larvae
(Lepidoptera: Pyralidae) as baits, the collected soil was placed on rough cardboard on the laboratory
stalls for 24 h to reduce its humidity. This was necessary as in conditions of excess humidity, the
entomopathogenic nematodes present in the soil would attack and kill the larvae of the insect bait
before the entomopathogenic fungi [15].

Once the soil was dry, it was sieved and placed in petri dishes (10 g of soil from each soil sample)
where 10 G. mellonella larvae were also inserted. This was repeated three times (every 10 days), meaning
that by the end of the experiment, 30 G. mellonella individuals were tested in total per soil sample. The
G. mellonella individuals were kindly provided by the Benaki Phytopathological Institute, Athens. Once
in the petri dishes, the G. mellonella individuals were left in special dark chambers at a temperature of
25 ± 1 ◦C for 14 days. Those insects which exhibited fungal infection were then isolated in different
petri dishes on a layer of the nutrient Sabouraud dextrose agar or SDA (Sabouraud Dextrose Agar,
OXOID LTD). Alternatively, fungal conidia which had been removed from the infected insects, were
cultivated on the same material. Conidia were required to prepare fungal solutions which would
later be sprayed on the pepper plants. The petri dishes were kept at a temperature of 25 ± 1 ◦C in
the dark, to achieve the incubation and development of the fungi. When a fungus developed, it was
isolated once more in order to avoid infestation and to obtain a pure fungal colony. This was achieved
by subculturing of the fungal hyphae. Isolates were maintained in petri dishes on a nutrient SDA
material at 25 ± 1 ◦C and were renewed every month for the duration of the experiment. Fifteen
days after the pure colony was last isolated, fresh conidia were collected from the SDA cultures and
transferred to a 500 mL glass beaker with 100 mL sterile distilled water containing 0.05% Tergitol NP9.
The conidial suspension was filtered across 10–12 layers of sterile cloth to remove hyphal debris and
prepared for the spraying of pepper plants by mixing the solution with a magnetic stirrer for 5 min [16].
Suspensions were adjusted at 1× 108 conidia per milliliter according to Gurulingappa et al. [17], using
a Neubauer hemocytometer (TIEFE 0,100 mm 1/400 9 mm). The viability of conidia, which was over
95% in all cases, was determined after 24 h by repeating a germination test for each stock suspension
as described by Goettel and Inglis [15], in order to ensure the constancy of the viability assessments.
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The colony of the aphids (collected from greenhouse pepper plants) was kept on pepper plants in a
growth chamber (PHC Europe/Sanyo/Panasonic Biomedical MLR-352-PE), in controlled environmental
conditions (27 ± 1 ◦C, 65 ± 5% r.h., 16:8 light-night) throughout their biological cycle.

We used the pepper plant variety Stauros Peloponnesus (Capsicum annum L. Solanales: Solanaceae).
The pepper plants were pre-germinated in 2 × 2 cm pots (one seed per pot in a depth of about 1 cm),
filled with manufactured peat substrate (Pindstrup Plus™). The plants were then transplanted into 1 L
pots, using the same peat substrate. The plants were kept in a growth chamber (27 ± 1 ◦C, 65 ± 5% r.h.,
complete darkness) for the first 24 h. They were then kept in the same growth chamber for the duration
of the experiment in 27 ± 1 ◦C, 65 ± 5% r.h and 16:8 light-night. The plants were only administered
water (200 mL) every three days.

2.2. Plant Inoculation with Fungal Entomopathogens and Assessment of Endophytic Colonization

To investigate the presence of endophytic-stage entomopathogenic fungi, randomized C. annum
leaves were collected with sterile scissors from same age plants, seven days after spraying them
(foliar method) with fungal conidia (1× 108 conidia/mL). Samples of pepper leaves were cut into 1 cm
diameter and 0.5 cm thick discs in a laminar flow chamber. The samples were surface sterilized by
immersion in 96% ethanol solution for one minute, in 6% sodium hypochlorite solution for five minutes
and finally, in 96% ethanol solution for 30 s [2]. Sterile leaf samples were then inoculated into SDA
substrate using a sterile metal hook. The cultures on the SDA substrate samples were incubated in the
dark at 25 ◦C ± 2 and 80% humidity. The growth of conidia lasted 14 days. The germination of fungal
conidia on the pepper leaves was evaluated using an optical microscope (40×). The number of leaves
displaying fungal growth was calculated using the following formula: Number of pepper leaves with
fungal growth/total number of samples [2,18]. For each fungus, eight samples from different areas of
the leaf were taken, which were then placed on the SDA growth substrate and grown in the dark at
25 ◦C ± 2 and in 80% humidity. At the end of the experiment, we measured the height of the pepper
plants (distance from the ground to the apical part of the stem) and counted the leaves. Experiments
were performed during a period of approximately three months and the duration was 21 days each.

2.3. Effect of Endophytic Entomopathogenic Fungi on M. persicae

When pepper plants reached the four-leaf stage, they were sprayed (foliar method) until
dripping [2,18]. Sterile sprayers were used for each entomopathogenic microorganism and conidial
suspensions were at 108 conidia/mL. After spraying with the fungal suspensions, the plants were
covered for 24 h with large diameter black bags to maintain high moisture on the surface of the plant [2].
After 24 h, 10 apterous M. persicae aphids were placed on a randomized leaf after one-hour starvation.
Ten aphids were used per treatment (n = 10), and each experiment (n = 40) was replicated three times
(n = 120). We used a well-developed pepper leaf for each of the three treatments and one for the control,
in a block design with four blocks. Each block therefore consisted of three treatments plus the control
which were replicated three times, thus producing a total of 48 plants for the entire experiment. The
leaf with the aphids was placed in an organdie 10 × 30 cage, to prevent dispersion into the experiment
area. The aphid population was recorded on a weekly basis. The experiments were performed during
a period of approximately three months and the duration was 21 days each.

2.4. Determining the Cause of Death of M. persicae

The DNA sequencing process was also applied to determine the cause of death of aphids,
adopting the method outlined by Rogers and Bendich [19]. The genomic DNA (gDNA) was
extracted by applying universal primer sets ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) and ITS5
(5′-GGAAGTAAAAGTCGTAAC AAGG-3′); a fragment of the internal transcribed spacer (ITS) region
was amplified. PCR reactions (30 µL) included 50 ng of template gDNA, 1.25 µL of each 10 pM
oligonucleotide, 1 µL of 10 mM deoxyribonucleotide triphosphates (dNTPs), 1 µL of 2 U/µL Taq
DNA polymerase (Minotech), 1.5 µL of MgCl2, and 2.5 µL of 10 × PCR buffer. The PCR protocol for
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amplification of the ITS regions included 31 cycles at 94 ◦C for 60 s, at 55 ◦C for 60 s, and at 72 ◦C for
90 s, followed by a final elongation at 72 ◦C for 5 min. PCR products were kept at 4 ◦C. The quantity
and quality of PCR products was resolved by gel electrophoresis, using 2% agarose gel stained with
SYBR Safe DNA Gel Stain (Invitrogen), and visualized under UV light (BIO RAD, Bio-Rad Laboratories
M.EPE Greece, Molecular Imager Gel Doc XR System). The amplified products were purified and
sequenced in CeMIA SA, University of Thessaly.

2.5. Statistical Analysis

All statistical analyses were conducted using SPSS v.23 (IBM-SPSS Statistics, Armonk, NY, USA).
For growth measurements, colonization percentage, mortality and population, one-way ANOVA was
performed. Bonferroni’s post-hoc test was used to compare means of treatments. The Kaplan–Meier
method was selected to determine the mean overall survival, proportion terminating, proportion
surviving, cumulative proportion surviving at end of the experiment, and the hazard rate of treated vs.
untreated plants on aphids. Corrected percent mortality was calculated using Abbott’s formula [20].
All values were arcsine transformed prior to analysis.

The mathematical expression of Abbott’s formula is:

Corrected % = (1 -n in T after treatment/n in Co after treatment) * 100,

n = insect population, T = treated, Co = control.

Comparison of survival distributions was obtained using Breslow (Generalized Wilcoxon)
(SPSS v.23.0). Survival data are often described and input in terms of survival probability and
hazard probability. The former, S(t), refers to the probability that an individual has of surviving an
event from the beginning to a specified point in time, t. Hazard probability, h(t) or λ(t), refers to the
probability that an individual, who is under observation at a specific time t, will experience an event at
that time t. The Cox model is mathematically expressed as:

h(t) = h0(t) × exp{b1x1 + b2x2 + . . . + bpxp},

whereby h(t) is produced by the covariates (x1, x2, . . . , xp) and the size of their coefficients (b1, b2, . . . ,
bp). Hazard probability is very likely to vary over time. The value of baseline hazard, h0, is zero.

3. Results

3.1. Re-Isolation of Endophytic Entomopathogenic Fungi from Pepper Leaves on SDA Substrate

To prove endophytic colonization of pepper leaves by M. anisopliae, B. bassiana and I. fumosorosea,
leaves of same age plants were sprayed with conidial suspensions at 108 conidia/mL. Seven days post
inoculation, leaves were cut and their surface sterilized. Subsequent growth of endophytic fungi on
dextrose agar was monitored. Mycelium began to appear 6 days later and had developed completely
after 11 days at 25 ◦C ± 2 and 95% humidity. Successful re-isolations of the three fungi were obtained
from both leaves and stems of plants of the corresponding treatments (Figures 1 and 2). Decline of
colonization was observed after 14 days, in leaves of plants treated with endophytes (F = 2.156, df = 2,
70, p = 0.133).
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Figure 1. Mean (±sd; n = 24) surface colonization of same age C. annum leaf parts by B. bassiana, M. 
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Figure 2. Detection of endophytic entomopathogenic fungi on treated and untreated pepper plants. 

The fungus was fully developed after 11 days, on Sabouraud dextrose agar. (a) B. bassiana, (b) M. 

anisopliae, (c) I. fumosorosea, and (d) Control. 

3.2. Survival of M. persicae Aphids on Endophytically Colonized Pepper Plants 

Figure 1. Mean (±sd; n = 24) surface colonization of same age C. annum leaf parts by B. bassiana,
M. anisopliae and I. fumosorosea at 7 days, 14 days, and 21 days after exposure. Mean ± sd values with
the same superscript letter are not different in a significant way (Bonferroni’s test: p < 0.05).
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Figure 2. Detection of endophytic entomopathogenic fungi on treated and untreated pepper plants. The
fungus was fully developed after 11 days, on Sabouraud dextrose agar. (a) B. bassiana, (b) M. anisopliae,
(c) I. fumosorosea, and (d) Control.
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3.2. Survival of M. persicae Aphids on Endophytically Colonized Pepper Plants

To determine the effect of endophytes on the survival of M. persicae, pepper plants were sprayed
with 108 conidia/mL of each fungus. After 24 h, apterous M. persicae aphids were placed on the
plant, after they had been starved for one hour. Aphid population was monitored and recorded
on a weekly basis. Experiments showed endophytic ability of the three fungi in the pepper plant.
Moreover, colonized plants showed strong entomopathogenic activity against young adults of the
M. persicae aphid. In terms of the average mortality, there are statistically significant differences
between treatments. After 21 days, mortality was at 100% in plants colonized with B. bassiana, at
90% in plants colonized with M. anisopliae, at 83.3% in plants colonized with I. fumosorosea, while the
control plants showed 0% (F = 6.475, df = 6.35, p < 0.001) (Figure 3). In terms of the average change in
aphid population at the end of the experiment, there were statistically significant differences between
treatments; after 21 days, there were 0.7 ± 1.2 aphids for endophytic B. bassiana, 6.7 ± 3.2 aphids for
endophytic M. anisopliae, and 6.7 ± 2.1 aphids for endophytic I. fumosorosea, while in the control plants
the aphid population was (H2O + Tergitol NP9 0.05%) 68 ± 13.8 aphids (F = 6.475, df = 6.35, p < 0.001)
(Figure 4). All plants colonized with endophytic entomopathogenic fungi had a significant effect on
the aphid population in planta (F = 26.802, df = 6.35, p < 0.001) and on the survival time of the young
apterous adults in planta (Wilcoxon Gehan test: 67.593, df = 3, p < 0.001). The Kaplan–Meier survival
analysis (Breslow (Generalized Wilcoxon)) determined the survival time of aphids on endophytically
colonized plants. The average survival time was 13.18 days with B. bassiana, 18.08 days with
M. anisopliae, 16.80 days with I. fumosorosea and 21.00 days in control plants. The average number of
aphids covered by mycelium on the pepper leaf was 4.3 ± 1.5 at 7 DAE for B. bassiana, 2.3 ± 1.5 at
14 DAE for M. anisopliae and 1.7 ± 0.7 at 14 DAE for I. fumosorosea.
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Figure 3. Mortality of M. persicae aphids on the leaves of endophytic plants, following exposure
to endophytic entomopathogenic fungi after 7, 14 and 21 days. Mean ± sd values with the same
superscript letter are not different in a significant way. (Bonferroni’s test: p < 0.05).

The median lethal time (LT50) calculated with the Kaplan–Meier survival analysis showed that
the lethal time of aphids on pepper leaves was 7 DAE with B. bassiana, followed by I. fumosorosea at
14 DAE and M. anisopliae at 14 DAE. The highest hazard rate on aphids was 14 DAE in plants colonized
with B. bassiana (Table 1). The hazard rate on aphids was 21 DAE in plants colonized with M. anisopliae
and I. fumosorosea (Table 1). Finally, the proportion terminating of aphids in plants colonized with
B. bassiana was 100% at 7 DAE, and their proportion surviving was 100% at 14 DAE. With M. anisopliae,
the proportion terminating was 82% at 14 DAE and the proportion surviving was 100% at 21 DAE.
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With I. fumosorosea, the proportion terminating was 62% at 14 DAE and the proportion surviving
was 100% at 21 DAE (Table 1). In control plants, the proportion of surviving apterous adults was
100% for the duration of the experiment (Table 1). The cumulative proportion of insects surviving at
the end of the experiment was 0% at 14 DAE with B. bassiana; 6% at 21 DAE with M. anisopliae; and
12% at 21 DAE with I. fumosorosea (Table 1). In control plants, the cumulative proportion of apterous
adults surviving at the end of the experiment was 100% (Table 1). Post-mortem mycelial and conidial
growth demonstrated that almost all dead individuals had died due to pathogen virulence. Based on
observations of aphid cadavers, the external mycelium appears within 96 h after placing them on damp
filter paper. This was also confirmed by PCR. DNA sequences in this work were matched with existing
sequences data in GenBank, working with the Basic Local Alignment Search Tool (NCBI BLAST).
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Table 1. Proportion terminating, proportion surviving, cumulative proportion surviving and hazard rate
of endophytic colonized pepper plants on young apterous adults of the M. persicae aphid (Kaplan–Meier
survival function, life table parameters).

Treatment
Day after
Exposure

(DAE)

Proportion
Terminating *

(%)

Proportion
Surviving **

(%)

Cumulative Proportion
Surviving at End of
Interval *** (% ± sd)

Hazard Rate
**** (% ± sd)

B. bassiana
plants

0 57 43 100 00
7 100 00 43 ± 09 11 ± 03

14 00 100 00 29

M. anisopliae
plants

0 27 73 100 00
7 55 45 73 ± 08 04 ± 02

14 82 18 33 ± 09 11 ± 03
21 00 100 06 ± 05 00

I. fumosorosea
plants

0 37 63 100 00
7 53 47 63 ± 09 06 ± 02

14 62 38 30 ± 08 10 ± 03
21 00 100 12 ± 07 00

Control plants

0 00 100 100 00
7 00 100 100 00

14 00 100 100 00
21 00 100 100 00

* Proportion Terminating: The ratio of individuals surviving to the terminal event, to the number of individuals
exposed to risk. ** Proportion Surviving: One minus the proportion terminating. *** Cumulative Proportion
Surviving at End of Interval: The proportion of individuals surviving from the start of the experiment to the end
of the interval. **** Hazard Rate: An estimate of the risk of death during the interval.
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3.3. Capsicum annum Growth (Height and Number of Leaves)

At the end of the experiment, to establish whether endophytic colonization affected plant growth
parameters, we measured the height of the pepper plants (distance from the ground to the apical
part of the stem) and counted the leaves. The growth of pepper leaves ranged from 14 cm (Control)
to 16.25 cm (I. fumosorosea) (Figure 5), and the plant heights from 14.75 cm (M. anisopliae) to 17 cm
(Control) (Figure 5). From the above results, there are no statistically significant differences between
plant heights (F = 3.902, df = 3.23, p = 0.240) or in the number of leaves between colonized plants
(F = 0.759, df = 3.23, p = 0.530).
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4. Discussion

Research indicates that biocontrol agents such as Beauveria, Metarhizium and Isaria generate
systemic resistance against herbivorous insects [2,21,22]. A significant decrease in the population
of M. persicae in endophytically colonized pepper plants was recorded in our experiment. Similar
findings were reported by Akello and Sikora [23] for Aphis fabae (Hemiptera: Aphididae) and
Pelizza et al. [24] for Dichroplus maculipennis (Orthoptera: Acrididae). The literature suggests that
endophytic entomopathogenic fungi, particularly B. bassiana, induce plant defenses which, in turn,
suppress insects. Analogous results were also observed for C. annum in this study.

Following research on different kinds of grass, endophytes seem to negatively affect herbivores
through several mechanisms, ranging from antixenosis and/or antibiosis to the plant generating
secondary compounds and/or to the endophytes producing secondary metabolites [1,2,25]. Infection
by endophytes is conditional upon the genetic and environmental make-up of the insect population.
The host plant’s odor or taste comes from nutrients and odd compounds that are transformed into
complex sensorial inputs in herbivore insects [26]. These inputs are interpreted by the insect’s central
nervous system to determine whether a given plant is a suitable host [13].

It is also assumed that endophytes modify the chemical profile of the plant by altering its phytosterol
composition and that they compete with insects for nutritional compounds [27]. In positively colonized
B. bassiana plants, the overall aphid population was decimated after 14 DAE. Similar results were
obtained for the other colonized plants, with the reduction found to be significant compared with the



Appl. Sci. 2019, 9, 2239 9 of 12

aphid population in control plants. It is yet to be established how endophytic fungi may protect plants
from insect herbivores. The production of secondary metabolites by endophytes is not necessarily the
reason for the negative impact on the aphids which was observed in our study. These negative effects
are evident in the high proportion of aphids terminating and the low proportion of aphids surviving in
colonized plants, compared to the high proportion surviving in control plants. Moreover, cumulative
proportion surviving at end of the interval in colonized plants was significantly lower compared to the
control plants. The hazard rate of colonized plants was significantly higher, especially at 14 DAE, in
comparison with control plants. Systemic spread was previously documented by Bing and Lewis [28],
Wagner and Lewis [11], Posada and Vega [29,30], Gómez-Vidal et al. [31], Akello et al. [4], Tefera and
Vidal [32], Arab and El-Deeb [33], Batta [34], Landa et al. [35], Mantzoukas et al. [2], Ramírez-Rodríguez
and Sánchez-Peña [36,37], and Jaber and Araj [38]. In the current study, the plant displayed no obvious
signs of disease after conidia had been sprayed onto the leaves. Viable conidia are known to adhere to
the surface of the plant instead of floating in the solution, even after application of surfactants [32].

Aphids possess a simple body structure, whereby insects feed and reproduce efficiently, while the
larger part of the nutrient intake is invested in the production of nymphs [36]. In studies published so
far, mycosis has either not been tested or not observed in the endophytic phase of entomopathogenic
fungi. Akello et al. [4] have reported mycosis of more than 60% of Cosmopolites sordidus (Coleoptera:
Curculionidae) adults in their herbivore developmental stages, feeding on inoculated banana plants.
Larvae of Helicoverpa zea (Lepidoptera: Noctuidae) in tomato plants [39], Helicoverpa armigera
(Lepidoptera: Noctuidae) in faba plants [25] and D. maculipennis [24] have been reported as mycosed
by endophytic B. bassiana, but not in all tested strains. Mycosis was not determined on Bemicia tabaci
(Homoptera: Aleyrodidae) following exposure to endophytic fungal entomopathogens (B. bassiana
strain NATURALIS and Metarhizium brunneum strain BIPESCO5) [38]. In our experiment, mycosis of
aphids was found at 7 DAE for B. bassiana and at 14 DAE for M. anisopliae and I. fumosorosea.

Established endophytes should not normally influence the physiology and growth of the plant [40].
Occasionally, they may enhance host resistance to stressful environmental conditions [7], such as drought
and lack of nutrients [6], or strengthen host defense against biotic threats [4,11,23,25]. Endophytic
entomopathogenic fungi may enhance plant growth in a way which renders plants more resistant to
insect herbivory and ensuing loss of biomass [8]. Posada and Vega [30] found that the presence of
entomopathogenic fungi had a positive impact on all growth parameters of coffee seedlings, whereas
Griffin et al. [41], Ownley et al. [42], and Ownley et al. [21] observed that B. bassiana in tomato and
cotton plants contributed to a substantial increase in the height of these crops. Lopez and Sword [43]
noted that inoculation with B. bassiana and Purpureocillium lilacinum (Thom) Samson (Hypocreales:
Ophiocordycipitaceae) produced an enhancement of certain growth parameters in cotton plants, such
as dry weight and size of the reproductive structures. Greenfield et al. [44] observed increased growth
of cassava plants, post-inoculation with B. bassiana and M. anisopliae. Qayyum et al. [45], who inoculated
two different strains of B. bassiana in tomato plants, noted that one strain favored plant growth while the
other delayed plant growth and development and caused a reduction in the size of the fruits. B. bassiana
benefited all growth parameters of Glycine max (L.) Merr. [40]. Our results indicate that the three fungal
isolates used in this study had no role in suppressing or promoting the growth of C. annum under the
conditions tested. However, further research is required to discover the mechanisms by which these
fungi manage to regulate aphid populations. Such studies are crucial in evaluating the potential of
non-chemical alternatives for pest management in peppers, as this information has previously been
unavailable. Moreover, as the use of endophytes is a pioneering research field, more studies need to be
pursued on the applicability of spraying fungal conidia on pepper plants, especially in field conditions.

5. Conclusions

In conclusion, our experiment demonstrates that that application of conidia of fungal
endophytes—that are known to infect pepper plants—affect aphid populations by causing feeding
disorders or disruption of the aphid reproduction cycle. Compared to the control, plant treatment with
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endophytic entomopathogenic fungi lowered the aphid population, but this effect was conditional
upon the isolate; these isolates present a wide range of activity which can be utilized in the biological
control of M. persicae. Our findings support the notion that botanical and microbial pesticides, either
separately or in conjunction with chemicals and other options, can provide effective pest control.
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