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Abstract 

Background  The fall armyworm (FAW), Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae), poses a threat 
to the food security of populations in sub-Saharan Africa because of its damage to maize crops. As alternative to the 
use of hazardous pesticides, microbial control is one of the most promising sustainable approaches adopted to limit 
the damages caused by S. frugiperda. The sampling targeted mainly larvae of S. frugiperda; however, during the survey, 
cadavers of earwig found on the same sampling sites were also collected and involved in the study. Cadavers of tar-
geted insects, with and without sign of fungal infection, were sampled from 3 localities in eastern DR Congo. Culture 
of fungal isolates was performed in selective Sabouraud dextrose agar media.

Results  Morphological study of fungal features such as conidia (shape and size) and conidiophores showed that the 
isolates were from the genus Beauveria. Conidial measurements were highly variable and ranged from 2.4 to 3.6 µm 
in length and from 1.75 to 3.0 µm in width. Molecular characterization and phylogenetic analysis of the 2 Beauveria 
isolates based on DNA sequencing of ITS-5.8S region confirmed that both isolates belong to Beauveria bassiana. The 
2 isolates of B. bassiana P5E (OP419735.1) and KA14 (OP419734.1) were isolated from cadavers of FAW and ear-
wig, respectively. The alignment with different sequences of B. bassiana from different continent showed that P5E 
belonged to the same clade of previous isolates reported from Iran and Mexico, while KA14 was with the same clade 
as isolates from Kenya and China.

Conclusion  To our knowledge, this is the first study reporting the occurrence of B. bassiana infecting FAW and earwig 
in eastern DR Congo and in Africa.
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Background
Agriculture, food, fisheries, and forestry resources have 
been increasingly affected by invasive species such as 
the fall armyworm (FAW) Spodoptera frugiperda (J. E. 
Smith) (Lepidoptera: Noctuidae) throughout the world 
(Teem et  al. 2020). The invasive behavior of a species 
depends on the characteristics related to its biology and 
the climatic conditions where it is introduced (Early et al. 
2018). The FAW, S. frugiperda a lepidopteran insect pest, 
is well known as a devastating pest in North and South 
America where it originated and has become a major 
invasive pest at a global scale in the past decade (Tay 
et al. 2023). This pest was first reported in Africa in 2016 
(Goergen et al. 2016) and has spread rapidly over the rest 
of the world excluding Europe. The polyphagous nature 
of FAW enables it to successfully establish in newly 
invaded areas with suitable climatic conditions for its 
survival (Cokola et al. 2021b).

Management of FAW is mainly based on the excessive 
use of pesticides to face with alarming damages observed 
among smallholder farmers in Africa (Hruska 2019). 
Studies reported losses of 26.5–58.8% when non-chemi-
cal applications are made to control FAW (Van den Berg 
et al. 2021). In the Democratic Republic of Congo, FAW 
losses in maize production are approximately 633.000 
metric tons per year, with an estimated monetary value 
of US$ 74.5–185.5 million (Day et al. 2017). The environ-
mental risks associated with pest-control measures have 
always urged scientists toward biological-based alter-
natives. Ecofriendly pest management approaches are 
nowadays of utmost importance to ensure a sustainable 
agriculture (Hruska 2019).

The FAW is naturally attacked by several microorgan-
isms including entomopathogenic fungi (EPFs), nema-
todes, viruses and bacteria and larval mortalities were 
often found in infested corn fields (Withers et al. 2022). 
In its native area, e.g., Mexico, FAW has been found 
infected naturally by EPFs (Cruz-Avalos et  al. 2019). In 
agroecosystems, EPFs, especially the anamorphic taxa 
Beauveria bassiana and Metarhizium anisopliae (Asco-
mycota: Hypocreales), are among the natural enemies of 
several insect pests that have been potential candidates 
for conservation biological control (Meyling and Eilen-
berg 2007).

Beauveria bassiana is widely distributed in nature and 
is the most common and ubiquitous EPF with the abil-
ity to infect a variety of insects belonging to various 
orders (Guo et  al. 2020). In America, B. bassiana has 
been isolated from both FAW cadavers and from soil 
(Cruz-Avalos et al. 2019). However, B. bassiana has not 
been officially recorded in Africa on FAW cadavers. Most 
bioassays of B. bassiana to control FAW in Africa used 
existing strains from collections obtained either from 

soil or from other insects (Akutse et al. 2020). However, 
the fungal infections with M. rileyi have been reported 
in field populations at Africa (Withers et  al. 2022) and 
Asia (Acharya et al. 2022). Data on the characterizations 
of EPFs to control insect pests of crops in Democratic 
Republic of Congo (DRC) are scarce. Therefore, no study 
has been conducted on FAW using B. bassiana in DRC. 
Existing information’s on EPFs were provided by Akutse 
et al. (2020) from tests performed with M. anisopliae iso-
lated from soil to determine their virulence against FAW. 
This study provides the first occurrence and characteri-
zation of a B. bassiana new isolates obtained from FAW 
and earwig cadavers under maize growing conditions in 
eastern DRC.

Methods
Sampling sites and collection of cadavers
A monitoring system has been developed in South Kivu 
province, Eastern DRC, during the period from Decem-
ber 2019 to June 2021. South Kivu is one of 26 prov-
inces of the DRC with an area of approximately 65.070 
Km2. Three sites named Ruzizi plain (Kamanyola), Kab-
are and Kalehe were investigated, and characteristics 
are presented in Table 1. These sites are part of the cor-
ridor considered suitable for the FAW according to the 
existing bio-climatic zones in South Kivu (Cokola et  al. 
2020). Fields infested with FAW and in which the appli-
cation of insecticides was not reported were targeted. 
Transect method was applied to select the studied fields. 
Accordingly, 14 fields were investigated in Kamanyola 
during the period between February and June 2021 ver-
sus 17 in Kabare during the period between December 
2019 and May 2021 and 8 in Kalehe in December 2019. 
The W-sampling technique was used in each field to 
identify and collect cadavers from maize plants (Cokola 
et al. 2021a). Sampling was targeting FAW cadavers with 
and without symptoms of fungal infection. A total of 
78 cadavers including 71 of FAW and 7 of earwig were 
collected. Fifty-four cadavers were collected in Kaman-
yola of which 46 were mycosed against 8 non-mycosed; 

Table 1  Characteristics of the study sites

Characteristics Sites

Kabare Kalehe Ruzizi plain 
(Kamanyola)

Latitude 2°18′57″ S 2°04′37″ S 2°46′21″ S

Longitude 28°47′20″ E 28°53′31″ E 29°00′5″ E

Elevation (m) 1637 1725 889

Mean annual temperature (°C) 22.06 24.01 25.06

Annual precipitations (mm) 1601 1527.3 1063.7
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22 in Kabare of which 7 were from earwigs. Among the 
15 cadavers from FAW, 9 were mycosed versus 6 non-
mycosed and 2 mycosed cadavers in Kalehe. All collected 
specimens were placed in sterile 1.5-ml Eppendorf tubes 
and stored at 4 °C on the day of collection until isolation.

Fungal isolation
Collected samples were allocated into three groups: (1) 
freshly looking mycosed cadavers, (2) cadavers with-
out visible mycelium, and (3) cadavers with very old 
state of mycosis. The latter group was excluded from the 
study. Same protocol of grouping was adopted for ear-
wig’s cadavers. Sabouraud dextrose agar (SDA) medium 
(Sigma-Aldrich®) supplemented with streptomycin 
(0.5 ml of 0.6 g ml−1), tetracycline (0.5 ml of 0.05 g ml−1) 
and cyclohexamide (1  ml of 0.05  g  ml−1) was used as 
media for fungal growth. Fungal isolation procedure 
from the collected cadavers was performed following two 
methods. From the first group, each cadaver was exam-
ined under binocular and a sterile inoculation needle was 
used to pick up a mycelia fragment and to inoculate the 
SDA media following a zigzag pattern. From the second 
group, the cadavers were surface-sterilized with 70% eth-
anol for a period of 10  s to be washed three times with 
demineralized sterile water and placed on filter paper 
to absorb the remaining water. Afterward, each cadaver 
was incubated in SDA. All the plates were incubated at 
25 ± 1 °C in darkness. Plate with cadavers was checked for 
fungal growth up to 5–8 days. Cadavers showing a fungal 
outgrowth were subject to the protocol for fungal isola-
tion as adopted for the first group. Plates inoculated with 
mycelia were checked up to 15 days for fungal growth.

Morphological identification
Beside the aspect and color of fungal colonies, morpho-
logical studies of the isolated fungi were mainly based 
on the shape and size of conidia. Fungal structures were 
mounted in lactophenol blue solution (Sigma-Aldrich®) 
and characterized using an Olympus microscope at 
400× magnification. The fungi were identified using the 
key by Humber (2012). Microphotographs were taken 
with a DS-Qi2 camera (Nikon camera DSQi2, Nikon 
France, France). Intermediate internal magnification 
dial was set up to switch the magnification of the entire 
microscope between 1.0 × and 1.5 × with an exposure 
time of 300 ms and dial-illuminator’s intensity of 30%. To 
determine the microscopic measurements of the conidia, 
the mean and standard deviation values were calculated 
from 50 randomly selected conidia using Fiji ImageJ 1.53t 
(National institute of health, USA). Parameters measured 
were length representing the diameter along major axis 
of conidia and width representing the diameter along 
minor axis of conidia (Talaei-Hassanloui et al. 2006). To 

characterize the Beauveria isolate, these parameters were 
compared to another B. bassiana isolate KA14 obtained 
in the same region (eastern DR Congo) on earwig 
cadaver. Conidial size differences between isolates were 
analyzed by Mann–Whitney U test at 5% significance 
level using RStudio 4.0.2 (R Core Team 2021).

DNA extraction, PCR amplification, and purification
Pure culture of mycelial was harvested with a sterile scal-
pel blade from the SDA plate and placed in sterile 2-ml 
Eppendorf tubes containing two sterile 3-mm-diame-
ter Tungsten Carbide Beads (QIAGEN, Germany). The 
Eppendorf tubes were cooled in liquid nitrogen for 30 s, 
before being crushed using a Retsch Mixer Mill MM 
400 for 1 min at 30 Hz. The freshly crushed material was 
used for ribosomal DNA extraction, using the Qiagen 
DNeasy® Plant Mini Kit following the manufacturer’s 
protocol. The rDNA concentration was measured with 
the Nanodrop (Nanodrop One ISOGEN) and diluted 
to 10  ng/µl. Extracted genomic DNA was amplified by 
internal transcribed spacers (ITS-5.8S rDNA). Forward 
ITS5 (5’-TCC​TCC​GCT​TAT​TGA​TAT​GC-3’) and Reverse 
ITS4 (5’-GGA​AGT​AAA​AGT​CGT​AAC​AAGG-3’) prim-
ers were used to amplify the region (White et al. 1990). 
Amplification reactions were performed in a total volume 
of 50  μl consisting of a mixture of 25  µl of Q5® High-
Fidelity PCR Kit (E0555L), 2.5 μl of reverse ITS4 primer, 
2.5 μl of forward ITS5 primer, 15 µl of molecular grade 
H2O and 5  µl of genomic DNA. PCRs were performed 
under the following conditions: an initial step at 98  °C 
for 3 min., followed by 35 cycles of 98 °C for 1 min, 55 °C 
for 1 min, and 72  °C for 1 min 30  s; a step at 72  °C for 
10 min; and a final step at 4 °C infinitely. Amplicons were 
visualized by agarose gel electrophoresis (1%) in 100 ml 
of 1 × Tris-Boric Acid-EDTA (TBE) and added 5  μl of 
ethidium bromide (EtBr 50 mg/ml). Electrophoresis was 
performed in 1 × TBE buffer at 100  V for 45  min and 
recorded in a Bio Rad gel documentation system (Gel 
Doc EZ Imager).

Sequencing analysis
The purified amplicons were sequenced by Sanger 
sequencing Eurofins Genomics (Anzinger STR. 7A/D-
85560 Ebersberg, Germany). The sequences were assem-
bled and edited using BioEdit sequence alignment editor 
7.2.5 (Hall 1999). The resulting contigs were processed 
through BLASTn analysis using the GenBank database 
(https://​blast.​ncbi.​nlm.​nih.​gov/). The sequences of B. 
bassiana isolates were submitted to GenBank database 
and compared to those of the type strains previously 
reported in the literature to construct phylograms. The 
sequences of the B. bassiana isolate were grouped with 
other Beauveria sequences deposited in the GenBank 

https://blast.ncbi.nlm.nih.gov/
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and were aligned by multiple sequence alignment (MUS-
CLE) using MEGA 11 software (Tamura et al. 2021). The 
ITS sequence of Penicillium chrysogenum was used as 
out-group. The evolutionary history was inferred using 
the neighbor-joining method (Saitou and Nei 1987). 
The percentage of replicate trees in which the associated 
taxa were clustered together in the bootstrap test with 
1000 replicates (Felsenstein 1985). The evolutionary dis-
tances were computed using the p-distance method (Nei 
and Kumar 2000). This analysis involved 17 nucleotide 
sequences and conducted using MEGA11.

Results
Morphology of Beauveria bassiana isolates
Based on the morphological characteristics of the conidia 
of isolates P5E and KA14, preliminary results indicated 
that it was indeed B. bassiana. The morphological char-
acteristics of the isolates are presented in Figs. 1 and 2. 
Isolates exhibited a cottony, powdery white mycelium 

without exudate drops on SDA medium. P5E refers to the 
location "Plaine de la Ruzizi" where the cadaver was col-
lected, the number of the cadaver’s sample in the batch 
collected, and the letter assigned to the replicate Petri 
dish according to the isolation method used. As with 
P5E, the name KA14 refers to the isolate obtained in 
Kabare territory from the 14 cadaver samples collected. 
The conidia of isolate P5E were generally ovoid to cylin-
drical and were white, gray to black in transparency com-
pared to isolate KA14 whose conidia were cylindrical and 
white in transparency.

Conidia from B. bassiana isolate P5E were slightly 
larger than those from KA14 in size, on average. Conid-
ial measurements were highly variable and ranged from 
2.4 to 3.6 µm in length and from 1.75 to 3.0 µm in width. 
Conidial size between B. bassiana isolate P5E and KA14 
was compared in terms of length and width using the 
Mann–Whitney U test (Fig.  3). Conidial length var-
ied significantly between the two isolates (W = 257; 

Fig. 1  Morphological characteristics of Beauveria bassiana infecting the fall armyworm in natural conditions of South Kivu, eastern DR Congo. a 
Mycosed fall armyworm cadaver found on maize leaves ©Marcellin C. Cokola; b Colony growth of B. bassiana isolate on SDA medium; c Conidia; d 
Conidiogenous cells. Pictures of conidia and conidiogenous cells were taken by Nikon Eclipse Ti2-E inverted automated microscope with a Nikon 
camera DSQi2
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Fig. 2  Morphological characteristics of Beauveria bassiana infecting the earwig in natural conditions of South Kivu, eastern DR Congo. a mycosed 
earwig cadaver  © Stereomicroscope Euromex DZ Serie; b Colony growth of B. bassiana isolate KA14 on SDA medium; c Conidia; d Conidiogenous 
cells. Pictures of conidia and conidiogenous cells were taken by Nikon Eclipse Ti2-E inverted automated microscope with a Nikon camera DSQi2

Fig. 3  Comparison of conidial size (n = 50) of Beauveria bassiana isolate P5E obtained from fall armyworm cadavers to isolate KA14. a Conidial 
length; b Conidial width
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p < 0.001). The mean conidial length was 3.17 ± 0.32  µm 
for isolate P5E versus 2.69 ± 0.21  µm for isolate KA14. 
For conidial width, a significant difference was also 
obtained between the two isolates (W = 965; p = 0.049). 
The largest value of conidial width was recorded in iso-
late P5E (2.45 ± 0.27  µm) compared to isolate KA14 
(2.34 ± 0.17 µm).

Molecular identification of Beauveria bassiana isolates
Sequencing of B. bassiana isolate ITS5-5.8S rDNA-ITS4 
confirmed the identity of the species and corroborate 
with the morphological identification presented pre-
viously. Similarity of ITS amplicon of B. bassiana iso-
late P5E was checked with other sequences available in 
GenBank NCBI (Blastn). Furthermore, to illustrate dif-
ferences between the amplicon sequences, phylograms 
were constructed. In this study, 17 sequences including 
the P5E isolate were used to build phylogenetic trees 
that were inferred from sequences of 10 isolates of B. 
bassiana and 6 other species belonging to the Beauve-
ria genus. The sequence from P.  chrysogenum was used 
as an out-group. The evolutionary history was inferred 
using the neighbor-joining method. The optimal tree was 
shown (Fig. 4). The percentage of replicate trees in which 

the associated taxa clustered together in the bootstrap 
test (1000 replicates) was shown above the branches. 
The analyses clustered the Beauveria species into two 
major groups. The first cluster consisted of all B. bassi-
ana isolates except for 1969 one. The P5E (OP419735.1) 
and KA14 (OP419734.1) isolates branched separately 
in this group. The P5E isolate was classified in the same 
clade as TS8 (KY515356.1) isolate from Iran and A30 
(KC461101.1) from Mexico. Isolate KA14 was classified 
in the same clade as isolate 693 ICIPE (KM463112.1) 
from Kenya and isolate SY192 (OK482896.1) from China. 
The second group consisted of B. bassiana isolate 1969 
(AY531998.1) and other Beauveria species, namely B. 
brongniartii, B. pseudobassiana, B. varroae, B. australis, 
B. amorpha and B. caledonica.

Discussion
Insecticide applications against FAW in maize crop are 
not more as effective due to the cryptic feeding behav-
ior of FAW larvae (Hardke et  al. 2011) and the applica-
tion of insecticides when the larvae are too large and no 
longer susceptible, as well as incorrect application meth-
ods and timing (Van den Berg et  al. 2021). In addition, 
pesticide application to control FAW poses a danger to 
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Fig. 4  Phylogenetic tree of Beauveria bassiana isolated from Eastern DR Congo based on ITS sequences by using the neighbor-joining method. The 
percentage of replicate trees in which the associated taxa were clustered together was shown next to the branches. The tree was drawn to scale, 
with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The red mark represents B. bassiana 
isolate P5E, whereas the blue mark represents isolate KA14
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natural enemies’ predators and parasitoids that regulate 
FAW populations in newly invaded areas (Abang et  al. 
2021). For the first time, this study describes 2 isolates 
of EPF B. bassiana from the DR Congo obtained from 
infecting FAW and earwig in maize crop as alternative 
biological control agents. In its native range, an inva-
sive species such as FAW, has been found to be infected 
with entomopathogenic microorganisms (Cruz-Ava-
los et  al. 2019). However, in newly invaded areas, new 
entomopathogenic agents have been reported and their 
presence indicated genotypes that potentially interact 
with FAW host populations, each other and their envi-
ronment and are ideal candidates in the development of 
sustainable biological control (Withers et al. 2022). Since 
its invasion in Africa in 2016, no study has been reported 
about the presence of B. bassiana EPFs on FAW cadavers 
and beneficial insects such as earwig. At least, one study 
in Africa (Withers et  al. 2022) and some others in Asia 
(Acharya et al. 2022) presented instead the occurrence of 
M. rileyi on FAW populations under natural conditions. 
However, this information remained unknown in DR 
Congo, where FAW was reported as a maize pest before 
being officially reported in Africa in 2016 (Cokola et  al. 
2021a).

Currently, it is relevant to analyze the multi-trophic 
interactions involving EPF, insect pest, maize plant and 
beneficial natural enemies. In this study, earwig known to 
be a predatory natural enemy of fall armyworm (Firake 
and Behere 2020) was found to be infected by EPF B. 
bassiana under natural maize growing conditions. This 
observation is not the first elucidated case where an 
entomopathogen infects a beneficial insect. Goettel et al. 
(1990) presented the effects or risk associated with the 
infection of beneficial insects by an entomopathogen and 
especially predators by giving some examples of mycosed 
insects under natural conditions. In the literature, infec-
tion of earwig by B. bassiana is rarely reported under 
natural conditions. This would have implications for bio-
logical control and understanding the epizootiology of 
this beneficial mycotic insect and the resulting effects in 
controlling FAW.

In the identification of Beauveria species, conidia are 
the primary morphological feature used, but they are not 
always sufficiently critical for classification and identifi-
cation due to similarity with others (Zhang et  al. 2022). 
The conidia of isolate P5E were generally ovoid to cylin-
drical and were white, gray to black in transparency. 
This corroborated the description of Rehner and Buck-
ley (2005). Isolate P5E showed different morphological 
characteristics in terms of conidial size and shape com-
pared to isolate KA14. Conidial measurements (length 
and width) were highly variable between the two iso-
lates and fell within the range found by other authors 

(Talaei-Hassanloui et  al. 2006). Although pathogenicity 
has not yet been determined for the P5E isolate, the mor-
phological characteristics (conidial size) and the fungus 
isolation from FAW cadaver allowed to hypothesize the 
potentiality of this isolate as candidate for FAW biologi-
cal control. Previous studies linked conidial size to viru-
lence of EPF (Talaei-Hassanloui et al. 2006). For example, 
Talaei-Hassanloui et  al. (2006) did not find a correla-
tion between virulence and conidial size in B. bassiana. 
In contrast, Liu et al. (2003) found a positive correlation 
between conidial length and virulence of B. bassiana 
isolates. Additionally, a recent study (Ramírez-Ordorica 
et  al. 2022) demonstrated a different chemical signa-
ture and higher virulence of B. bassiana isolates from 
mycosed insect cadavers than those obtained from soil.

The sequencing of the ITS5-5.8S rDNA-ITS4 of 
selected B. bassiana isolate confirmed the identity of 
the species and corroborated with the morphological 
identification. None of the sequences was 100% identi-
cal to each other, demonstrating the uniqueness and dif-
ference between the species considered. In most studies 
on the genetic diversity of B. bassiana, isolates from col-
lections obtained either from infected insects or from 
soil were considered to build phylograms (Rehner et  al. 
2011). Phylogenetic analysis performed by Rehner and 
Buckley (2005) on Beauveria taxa showed that morpho-
logical species were paraphyletic and were classified into 
two unrelated clades, one of which was more related 
to B. brongniartii and the other to B. bassiana. This 
was observed in this study when building phylograms 
where the 1969 isolate of B. bassiana was found in the 
same group as the other species of the genus Beauveria. 
According to Meyling and Eilenberg (2007), the exist-
ence of two unrelated clades may partly explain the high 
genetic diversity within B. bassiana. This entomopatho-
genic species is not a specific host but an opportunist 
one capable of attacking a wide range of insects belong-
ing to diverse taxa (Rehner and Buckley 2005). The minor 
genetic distances (as in this study) between B. bassiana 
isolates according to Fernandes et  al. (2009) indicated a 
considerable correlation with their geographical origin. 
In this study, isolate P5E was classified in the same clade 
as isolates from Iran and Mexico, although the latter were 
isolated from soil. B. bassiana EPFs from infected insects 
are mostly classified in the same clade (Rehner and Buck-
ley 2005).

Conclusions
This study provides the first information on the pres-
ence of EPF B. bassiana infecting FAW and earwig 
in the conditions of South Kivu, eastern DR Congo. 
Morphological and molecular characterization of 
the isolates confirmed the identity of the species and 
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represents a starting point in the development of alter-
native management methods against FAW in Africa. 
As data on EPFs are scarce in DR Congo, this study 
provides insight into the existence of a diversity of 
entomopathogenic microorganisms that have not yet 
been exploited and that could be ideal a biocontrol 
agent for sustainable management of FAW and other 
pests. However, other EPF species such as M. rileyi 
have been reported to infect FAW larvae in newly 
invaded areas, and it would be important to consider 
them in further investigations. The isolates reported 
in this study will be tested for their effectiveness in 
the management of FAW. Furthermore, this study has 
implications in understanding the interactions between 
entomopathogenic microorganisms’ especially B. 
bassiana, FAW, earwig, and climatic conditions of the 
invaded region.
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