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Abstract
Entomopathogenic fungi (EPF) are promising eco-friendly alternatives to chemical insecticides against various insect pests. 
We assessed the efficacy of different Beauveria bassiana (Bals.-Criv.) Vuill. strains against Brevicoryne brassicae (L.), a 
major pest of Brassica crops under both laboratory and field conditions. The virulence and endophytic properties of three 
strains of B. bassiana, the commercial strain GHA, the endemic one KA14 from the Democratic Republic of Congo (DRC), 
and GxABT-1 from Belgium, were assessed under laboratory conditions. Under field conditions in eastern DRC, the efficacy 
of the B. bassiana GHA was evaluated compared to that of a conventional insecticide. In vitro, the lethal time 50 (LT50) 
values ranged from 3 days for B. bassiana GxABT-1 to 4 days for both GHA and KA14 following direct application of fungi. 
Aphid exposure to fungus-treated leaves at 7 and 14 days after inoculation (DAI) resulted in LT50 values of 4 to 5 days for 
GHA and KA14. Regarding the endophytic potential, B. bassiana KA14 showed higher performance in colonizing plant 
tissues and improving plant height growth. In the dual-choice tests, aphids were initially attracted to fungus-treated plants at 
7 DAI but showed no preference between treated and control plants at 14 DAI. Field trials indicated no significant difference 
between fungal and chemical insecticide treatments, but both significantly reduced B. brassicae infestation compared to the 
Control. Our results support the interest of exploring the potential of the endemic B. bassiana KA14 strain against various 
insect pests and applying different methods.
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Introduction

The cabbage aphid, Brevicoryne brassicae (Linnaeus, 1758) 
(Hemiptera: Aphididae), is an important limiting pest caus-
ing severe losses in Brassica crops (Pereira et al. 2019; 
Mpumi et al. 2020; Gakuru et al. 2024). The highly damag-
ing potential of B. brassicae is mainly due to its reproductive 
capacity, especially in warm weather (Munthali and Tshego-
fatso 2014), and its feeding activity, which causes the wilting 
of leaves and therefore a poor head formation (Saha et al. 
2018; Hao et al. 2019).

Chemical insecticides are the main practice used by vegeta-
ble growers to protect cabbage from insects (Tudi et al. 2021). 
In the southeastern Democratic Republic of Congo (DRC), 
86% of smallholder farmers in Lubumbashi rely on chemical 
control practices to protect the Chinese cabbage crops (Bala-
sha and Nsele 2019). Such practices cause adverse effects on 
the environment and human health. They can also be toxic 
to non-target organisms, including beneficial insects, besides 

Edited by María F Cingolani

 *	 Patient Niyibizi Gakuru 
	 patientgakuru@gmail.com

1	 Functional and Evolutionary Entomology, TERRA, 
Gembloux Agro-Bio Tech, Univ of Liège, Gembloux, 
Belgium

2	 Regional Post-Graduate Training School On Integrated 
Management of Tropical Forests and Lands (ERAIFT), 
POBox 15373, Kinshasa, Democratic Republic of Congo

3	 Dept of Crop Sciences, Faculty of Agriculture 
and Environmental Sciences, Univ of Goma, POBox 204, 
Goma, Democratic Republic of Congo

4	 Dept of Crop Sciences, Faculty of Agriculture 
and Environmental Sciences, Univ Evangelique en Afrique, 
POBox 3323, Bukavu, Democratic Republic of Congo

http://crossmark.crossref.org/dialog/?doi=10.1007/s13744-025-01327-w&domain=pdf
http://orcid.org/0009-0001-8657-2418


	 P. N. Gakuru et al.  111   Page 2 of 12

the emergence of resistance within treated insect pests (Ntow 
et al. 2006; Tudi et al. 2021). As an alternative control method, 
biological control agents are being encouraged in Integrated 
Pest Management (IPM) (Vu et al. 2007; Prabha et al. 2016). 
Beneficial microbes such as fungi are among the sustainable 
and eco-friendly alternatives to chemical pesticides within 
IPM systems, enhancing crop protection while minimizing 
environmental impact. Due to their specificity and ability to 
infect through the cuticle, hypocrealean entomopathogenic 
fungi (EPF) exhibit a broad host range of arthropods, including 
sap-sucking insects such as aphids (Biryol et al. 2022; Shang 
et al. 2024). For example, Beauveria bassiana (Bals.-Criv.) 
Vuill. (Hypocreales: Cordycipitaceae) is one of the most stud-
ied species within EPF. It exhibits a cosmopolitan distribution 
and affects many insect hosts (Mascarin and Jaronski 2016). 
Besides its entomopathogenic potential, B. bassiana is also 
recognized as an endophytic fungus that can colonize plant 
tissues without harming its host (Francis et al. 2022). In this 
form, a mutualistic relationship is established in which the 
fungus benefits from plant-derived nutrients and, in response, 
promotes plant growth and enhances the host immune system 
against biotic stressors, including pathogens and insect pests 
(Torkaman et al. 2023).

Many strains of B. bassiana have been used to control veg-
etable insect pests, including the diamondback moth Plutella 
xylostella (Linnaeus, 1758) (Shehzad et al. 2022), the cabbage 
looper Trichoplusia ni (Hübner, 1803) (Mireles-Valdez et al. 
2023), the green peach aphid Myzus persicae (Sulzer, 1776) 
(Yogananda et al. 2023; Arinanto et al. 2024), and the tomato 
fruit worm Helicoverpa armigera (Hübner, 1808) (Qayyum 
et al. 2015). However, little attention has been paid to their 
performance against B. brassicae. Different studies have evalu-
ated the biocontrol properties of the B. bassiana GHA strain 
in different agroclimatic areas around the world (Świergiel 
et al. 2016; Mantzoukas et al. 2022), but to our knowledge, no 
study has been conducted to evaluate their potential against the 
cabbage aphid under the environmental conditions of eastern 
DRC.

This study aims to evaluate the virulence of different strains 
of B. bassiana against B. brassicae. Specifically, the study 
investigated (a) the pathogenicity of different B. bassiana 
strains on B. brassicae as well as their endophytic potential 
under laboratory conditions and (b) the performance of the 
commercial B. bassiana GHA against the same aphid species 
under natural conditions of eastern DRC. The outcome of such 
a study will help to establish more sustainable practices to 
control B. brassicae.

Materials and methods

Evaluation of the pathogenicity and endophytic 
behavior of entomopathogenic fungi 
under laboratory conditions

Cabbage plants and aphids rearing

Healthy cabbage plants were obtained by direct seeding onto 
seed trays filled with a universal potting soil (TERS50, La 
Plaine Chassart, Belgium). Two weeks after sowing, the 
seedlings were transplanted into 10-cm diameter pots. Both 
trays and pots were placed in closed cages in a growth cham-
ber under controlled conditions at 23 ± 1 °C, 60% RH, and 
LD 16:8 h. Colonies of B. brassicae were collected from 
infested cabbage crops and transferred to the Functional and 
Evolutionary Entomology Laboratory at Gembloux Agro-
Bio Tech (University of Liège, Belgium). Healthy aphids 
were then picked up from the samples and used to infest 
six-leaf stage healthy cabbage plants and kept in rearing 
cages (BugDorm 4M4545, 90 MegaView Science Co. Ltd., 
Taichung, Taiwan) under the same controlled conditions as 
mentioned above. Several successive generations were moni-
tored to ensure the aphid colonies were free of parasitoids or 
natural fungal infection.

Beauveria bassiana: origin and inoculum preparation

A total of three strains of B. bassiana were used in this 
study, including the GHA strain isolated from the com-
mercial formulation Botanigard 22WP, GxABT-1 isolate 
obtained from soil samples as described in Dessauvages 
et al. (2024), while KA14 is an endemic strain isolated from 
earwig (Dermaptera: Forficulidae) cadavers collected in 
eastern DRC (Cokola et al. 2023). The different B. bassiana 
strains were maintained on Sabouraud Dextrose Agar (SDA) 
media and incubated for 2 weeks at 23 ± 1 °C to allow myce-
lia and spore production. The fungal inoculum was prepared 
by harvesting the different fungal structures (conidia and 
mycelia) into 10 mL of 0.03% Tween 80 using a sterilized 
spatula. The fungal suspension was then filtered using sterile 
cheesecloth. Conidia count was determined using a Bürker 
hemocytometer (Marienfeld, Germany), and concentration 
was adjusted to 1 × 108 mL−1. To test the viability of the 
conidia of each strain, 100 µL of 1 × 105 conidia mL−1 dilu-
tion was spread on an SDA plate and incubated at 23 ± 1°C. 
After 24 h, germinated and non-germinated conidia were 
counted, and only when we reported > 90% viability were 
used for the bioassays.
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Efficacy of fungal treatments against Brevicoryne brassicae

Ten aphids were placed in a Petri dish and sprayed, from 
a 10 cm distance, with 1 mL of a 1 × 108 conidia mL−1 of 
fungal inoculum (B. bassiana GHA, KA14 and GxABT-
1). The same number of aphids was sprayed with 0.03% 
Tween 80 for the negative control. Each group of treated 
aphids was then transferred to a young cabbage leaf taken 
from non-infested 3-week-old seedlings secured in a plastic 
cup containing 1.5% agar solution, following the method by 
Ben Fekih et al. (2019). The agar served as a micro-humid 
environment to keep the aphid’s food resource fresh during 
the bioassay. Five replicates were performed for each treat-
ment. The different cups were kept in controlled conditions 
at  23 °C for LD 16:8 h. Aphid mortality was checked daily 
over 8 days. Aphid cadavers were collected daily and pre-
pared for surface sterilization by immersion in 70% ethanol 
for 10 s and then washed three times for 10 s in sterile water, 
as described in Dessauvages et al. (2024). Then, the cadav-
ers were placed on sterile wet filter paper in a Petri dish and 
incubated at  23 °C to allow fungal outgrowth if it existed.

Endophytic potential and indirect impact on Brevicoryne 
brassicae

Both B. bassiana GHA and the endemic strain KA14 conidia 
suspensions were prepared as described above. Five millilit-
ers of 1 × 108 conidia mL−1 of each of the fungal suspensions 
was used to spray the leaves and stem of 3-week-old cabbage 
plants following the method of Jaber and Enkerli (2017) and 
Jaber et al. (2018). The control plants were sprayed with an 
equal volume of 0.03% Tween 80. Twenty plants were used 
to assess the indirect impact of the B. bassiana treatments 
against the aphid. The endophytic impact of B. bassiana 
GHA and KA14 in treated plants on B. brassicae was tested 
at 7 and 14 days after inoculation (DAI). Cabbage leaves 
harvested at 7 and 14 DAI were individually secured in 1.5% 
agar solution in cups of 30 mL. Then, 10 aphids were trans-
ferred onto each of the leaves. The mortality of aphids was 
checked daily for a period of 8 days, as above. Five replicates 
were adopted for each treatment and sampling time.

Impact of fungal treatments on plant growth 
and endophytic colonization

Growth parameters such as plant height (the distance from 
the base of the plant to the tip of the longest leaf) were meas-
ured at 7 and 14 DAI for both inoculated and control plants. 
The experiment followed a three-treatment design (two 
strains of B. bassiana GHA and KA14 and the Control); 
each treatment included a total of 20 plants, 10 of which 
were sampled at 7 DAI and then at 14 DAI for plant growth 

parameters assessment and endophytic plant colonization 
assays. The net height increase parameter, adapted from 
Torkaman et al. (2023), was estimated as the difference 
between the height at 7 or 14 DAI and the initial height 
before inoculation. The endophytic potential of both strains 
of B. bassiana on treated plants was assessed at 7 and 14 
DAI following Parsa et al. (2013). The same plants chosen 
randomly for assessing the growth parameters were used 
to perform the endophytic colonization assessment. Leaves, 
stems, and roots from five plants per treatment were pro-
cessed on each sampling day. Plant material was surface 
sterilized by immersion in 70% ethanol for 2 min, followed 
by 2 min in sodium hypochlorite and three rinses in ster-
ile distilled water. The plant material was surface-dried in 
a laminar flow hood. Six leaf discs (approximately 1 cm2) 
were cut from surface-sterilized leaves, and a similar num-
ber of stem tissue pieces (approximately 1 cm long) were 
obtained using a sterile scalpel. Six selected segments 
(approximately 1 cm long) of the different root parts (pri-
mary roots and lateral roots) were cut using a sterile scalpel. 
The six sampled plant tissues from each plant segment were 
then evenly distributed on separate Petri dishes containing 
SDA culture medium 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). The dishes were 
incubated at 25 ± 1 °C and inspected for fungal outgrowth 
after 14 days. The percent colonization frequency (CF) was 
calculated using the following formula from Altaf et al. 
(2023).

Dual‑choice tests

To assess the impact of endophytic colonization of the tested 
fungal strains on aphid behavior, leaf discs from cabbage 
plants were used for dual-choice assays, as described in Fingu-
Mabola et al. (2020). Leaf discs of 1 cm diameter were col-
lected from inoculated cabbage plants at 7 and 14 DAI and 
control plants. The different leaf discs were taken from leaves 
of the same age per plant at both sampling times and placed in 
9-cm diameter Petri dishes containing moist filter paper (VWR 
Grade 424, 90 mm diameter, Germany). The Petri dishes were 
kept in the dark for 10 min to reduce the emission of vola-
tiles from the cutting procedure as explained in Fingu-Mabola 
et al. (2020). Then, two leaf discs of two combinations (fungal 
treated at 7 DAI or 14 DAI and Control) were placed about 6 
cm apart. A total of 10 adult aphids kept for 2 h without food 
were placed in the center of the Petri dish to assess feeding 
preference. The dishes were kept in a ventilated incubator at 

CF =
Number of plant segments showing fungal growth

Total number of plated plant segments
× 100
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23°C. The number of aphids on each of the two discs was 
recorded after 2, 4, and 6 h. Each combination of choice was 
repeated five times.

Field experiments

Field experiments were conducted in eastern DRC, North-
Kivu province, Nyiragongo Territory, about 15 km north of 
Goma city during two consecutive seasons: an experiment 
conducted in the long rainy season (October 2022–January 
2023) named “LRS” and an experiment conducted in the short 
rainy season (March–July 2023) named “SRS.” Geographic 
coordinates are 1°36.4544′S; 29°15.4049′E; altitude 1801 m 
and 01°36.3277′S; 29°15.4736′E; altitude 1815 m, respec-
tively. For each experimental season, a completely randomized 
block design was used with three replicates for each treatment: 
a commercial formulation of B. bassiana GHA (Botanigard 
22WP), the pyrethroid chemical insecticide (Cyperscope 5EC) 
as a positive control, and the negative control plots treated 
only with water (Table 1). The wettable powder of Botani-
gard 22WP was applied according to EU standards (Certis 
2021). The first insecticide application was made at the vul-
nerable stage of the crop to insect attacks, i.e., 15 days after 
transplanting (DAT). Two further applications were made 
at about 10-day intervals, depending on weather conditions, 
particularly rainfall. All insecticide applications were made 
with a backpack sprayer. The plots selected for each treatment 
were 4 × 2 m and contained 24 plants each. Transplanting was 
carried out on raised beds with a 0.5 m × 0.4 m spacing. No 
agrochemical product was applied, but all plots received an 
organic fertilizer. Other recommended cultural operations, 
such as weeding and ridging, were applied evenly using hand 
tools. Cabbage plants within plots were monitored every 7 
days from 7 DAT, and aphids were counted using a 10× mag-
nifying glass. Spaces between leaves and their upper and lower 
surfaces were also checked for hidden insects (Shonga and 
Getu 2021; Mantzoukas et al. 2022). General plant health was 
assessed by counting the number of plants showing signs of 
aphids. The following formula was used to determine the infes-
tation rate:

Infestationrate =
Number of infested plant

Total number of plants
× 100

Statistical analysis

Statistical analyses were performed using R 4.4.1 software. 
First, a descriptive analysis was carried out to identify gen-
eral patterns in the data. Using the Kaplan-Meier method, 
survival probabilities at each event time were estimated 
using the survival and survminer packages (Kassambara 
et al. 2016; R Core Team 2024; Therneau 2024), considering 
the number of aphids exposed to entomopathogenic fungi 
and the number of observed events to generate the survival 
curve. The log-rank test was then used to assess differences 
in survival between treatments. The effect of entomopatho-
genic fungal treatments on endophytism rate was assessed 
using the Kruskal-Wallis test. When a significant difference 
between treatments was observed, post hoc comparisons 
were made using Dunn’s test with Bonferroni correction. 
Medians, quartiles, and interquartiles of the endophytic rate 
were calculated, and box plots were used to visualize the 
distributions. The endophytic potential was analyzed using a 
beta regression generalized linear model (GLM) with a logit 
link function, with segment, treatment, and day after inocu-
lation as explanatory variables. Since the endophytic rate 
is expressed as a percentage (bounded between 0 and 100), 
a transformation was made using the Smithson-Verkuilen 
adjustment (Smithson and Verkuilen 2006) to meet the 
requirements of the model. Analysis of variance (ANOVA) 
was performed to test the overall effect of each explana-
tory variable on the response variable. For significant main 
effects, pairwise comparisons were conducted using esti-
mated marginal means with Tukey’s honest significant dif-
ference (HSD) adjustment for multiple testing. A similar 
ANOVA was applied to assess the effect of treatment on 
plant height. A generalized linear mixed model (GLMM) 
was applied for the choice test using the glmer function. 
The model assessed the effects of treatment and time on the 
response variable (number of insects per treatment), assum-
ing a Poisson distribution with a log-link function. In the 
field experiments, a two-way ANOVA was performed to 
evaluate the effect of treatment and time on aphid infesta-
tions at 5% significance. The interaction between treatment 
and time was also tested. When a significant difference was 
observed, post hoc comparisons were made using Tukey’s 
test. The significance level was set at 5% for all tests. All 
graphs were generated using the R package ggplot2 (Wick-
ham 2016).

Table 1   Description of 
insecticides used in the field 
experiments

Commercial name Description/active ingredient Dose

Botanigard 22WP Entomopathogenic fungus, Beauveria bassiana, 
GHA strain; 4.4 × 1010 viable conidia/kg

0.0625%, i.e., 62.5 
g/100 L of water

Cyperscope 5EC Pyrethroid insecticide, Cypermethrin 5% 100 mL/100 L of water
Control Water -



Dual Impact Assessments of Beauveria bassiana (Ascomycota: Hypocreales) Against Brevicoryn… Page 5 of 12    111 

Results

Lethal effect and endophytic activity of Beauveria 
bassiana strains under laboratory conditions

Effect of fungal treatments on Brevicoryne brassicae

The Kaplan-Meier survival analysis revealed significant dif-
ferences in survival probability among all groups following 
direct application of entomopathogenic fungi (p < 0.001; 
95% confidence level), as shown in Fig. 1. All treated groups 
(GxABT-1, GHA, and KA14) showed a steep decline in sur-
vival, with the lethal time 50 (LT50) values of 3 days for 

GxABT-1 and 4 days for both GHA and KA14. In contrast, 
the control group showed a much slower decline, with over 
75% survival maintained beyond 4 days, confirming that 
mortality was treatment-induced.

Indirect effects of fungal treatments on Brevicoryne 
brassicae

The Kaplan-Meier survival analysis revealed significant 
differences in survival probability following exposure to 
fungus-treated leaves collected at 7 and 14 DAI (Fig. 2). 
Both GHA and KA14 treatments caused rapid mortality, 
with median survival time dropping sharply within 4 and 
5 days of exposure to treated leaves collected at 7 and 14 
DAI, respectively. In contrast, the control group maintained 
high survival (> 70% throughout the observation period). 
The curves for GHA and KA14 overlap closely, suggesting 
no significant difference in their efficacy.

Effects of fungal treatments on cabbage plant growth 
parameters

The effects of the endophytic fungal treatments and the time 
after inoculation on the net height increase (NHI) are shown 
in Table 2. No significant differences between treatments 
were observed for the NHI recorded 7 days after inoculation 
(DAI). The treatments had no measurable effect on plant 
height under the conditions tested (F(2,12) = 0.12, p = 0.886). 
However, a significant difference exists between treatments 
in NHI calculated at 14 DAI. Seedlings treated with endo-
phytic fungi solutions show higher values than controls 
(F(2,12) = 5.73, p = 0.017).

The potential of the different fungal strains to colonize the 
different plant parts was registered at 7 and 14 DAI (Fig. 3). 
A Kruskal-Wallis test indicated significant differences 
in colonization across treatments (H(2) = 43.3, p < 0.001) 
and among plant segments (H(2) = 6.7, p = 0.033). Beta 

Fig. 1   Kaplan-Meier survival probability following direct application 
of Beauveria bassiana to adult Brevicoryne Brassicae. The log-rank 
test was used for significant differences between treatments (p < 0.05). 
Survival rates were calculated based on five replicates for each treat-
ment

Fig. 2    Kaplan-Meier survival 
probability of adult Brevicoryne 
brassicae exposed to Beauveria 
bassiana. A Survival probabil-
ity following insect exposure to 
fungus-treated leaves harvested 
7 days after inoculation; B 
Survival probability following 
insect exposure to fungus-
treated leaves harvested 14 days 
after inoculation. The log-rank 
test was used for significant 
differences between treatments 
(p < 0.05). Survival rates were 
calculated based on five repli-
cates for each treatment



	 P. N. Gakuru et al.  111   Page 6 of 12

regression revealed significant variations in endophytic 
colonization depending on the plant segment and the fun-
gal treatment (Table 3). Stems exhibited a notably higher 
likelihood of colonization than leaves (GLM: χ2 = 2.68, 
p = 0.007), suggesting a twofold increase in the likelihood 
of colonization. The fungal treatments had a significant 
effect: GHA significantly increased colonization compared 
with the Control (GLM: χ2 = 4.02, p < 0.001), while KA14 
was even more effective (GLM: χ2 = 6.34, p < 0.001), i.e., 
around two times more effective than GHA. However, no 
significant difference was observed between roots and leaves 
(GLM: χ2 = −0.47, p = 0.632) or between days 7 and 14 after 
inoculation (GLM: χ2 = 0.43, p = 0.664), suggesting tempo-
ral stability of colonization.

Table 2   Effect of endophytic 
Beauveria bassiana isolates on 
the plant height

Means ± standard deviation followed by the same letter do not differ statistically at 5% significance accord-
ing to the Tukey post hoc test, and an asterisk shows significant differences between treatments: *p < 0.05

Days after 
inoculation

Treatment Plant height before 
inoculation (cm)

Plant height after 
inoculation (cm)

Net height increase p-value

7 DAI B. bassiana GHA 17.6 ± 1.51 19.2 ± 1.68 1.6 ± 0.22 a 0.886
B. bassiana KA14 17.6 ± 1.38 19.1 ± 2.24 1.5 ± 0.93 a

Control 17.7 ± 1.39 19.1 ± 1.71 1.4 ± 0.54 a

14 DAI B. bassiana GHA 18.4 ± 1.08 21.6 ± 1.24 3.2 ± 0.27 a 0.017*
B. bassiana KA14 16.9 ± 2.30 20.3 ± 2.41 3.4 ± 0.83 a

Control 16.8 ± 0.90 18.8 ± 1.03 2.0 ± 0.50 b

Fig. 3   Endophytic potential of 
Beauveria bassiana isolates 
in cabbage plant. A Beauveria 
bassiana growing from cabbage 
tissues. From left to right, leaf, 
stem, and root segments are 
shown. B Violin plot represent-
ing the endophytism rate of fun-
gal isolates from plant segments 
collected at 7 and 14 days after 
inoculation (DAI). C Box plot 
of endophytism rate according 
to treatments at 7 and 14 DAI. 
The significance letters (a, b) 
indicate statistically different 
groups determined by a post hoc 
Dunn’s test

Table 3   Outputs of beta regression generalized linear model (GLM) 
summarizing the inoculation of entomopathogenic fungi in cabbage

Estimate Std. error Z value Pr(>|z|)

(Intercept) −2.382 0.309 −7.701  < 0.001***
Root −0.136 0.284 −0.479 0.632
Stem 0.780 0.290 2.687 0.007**
B. bassiana GHA 1.159 0.288 4.023  < 0.001***
B. bassiana KA14 1.917 0.302 6.344  < 0.001***
7 DAI 0.101 0.233 0.434 0.664
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Choice test assays

For the choice test performed with leaves harvested at 7 
DAI, the tested aphids were more attracted to leaves from 
inoculated plants than to those of the controls. More aphids 
were observed on the discs treated with the B. bassiana 
GHA (GLMM: χ2

(1) = 15.13, p < 0.001) and B. bassiana 
KA14 (GLMM: χ2

(1) = 20.23, p < 0.001) than on the control 
discs. Interestingly, when the experiments were performed 
on leaves harvested 14 DAI, aphids showed no preference 
between fungal inoculated leaves (B. bassiana GHA or 
KA14) and control plants. Aphids’ choice among treatments 
was not influenced by the time factor (p > 0.05) (Fig. 4).

Efficacy of Beauveria bassiana GHA treatment 
against Brevicoryne brassicae under field conditions

Significant differences were reported between the treat-
ments in the “LRS” experiment (F(2,54) = 64.33, p < 0.001) 
and the “SRS” experiment (F(2,54) = 49.42, p < 0.001) for 
the infestation rate (Fig. 5A and B). Infestation rates were 
similar for all treatments in the first few days after trans-
planting (DAT). This was followed by a significantly higher 
number of aphids for the control plots until the end of the 
experiments (79.1 ± 4.1% and 83.3 ± 4.1% at 63 DAT in the 
“LRS” and “SRS” experiments, respectively). In contrast, 
the Cyperscope 5EC and B. bassiana GHA treatments effec-
tively reduced aphid infestation, and post hoc comparisons 
using Tukey’s test indicated no significant difference among 
the two treatments.

The aphids’ infestation on B. brassicae started at 14 
and 7 DAT in the “LRS” and “SRS” experiments, respec-
tively. About aphid number, significant differences were 
observed among the treatments in the “LRS” (F(2,54) = 48.49, 
p < 0.001) and “SRS” (F(2,54) = 75.67, p < 0.001) 

experiments. Over time, aphid numbers were stable in the 
plots treated with the fungus and chemical insecticide, com-
pared with the control plots, where infestations continued 
to increase, reaching a maximum of 123.6 ± 23.1 aphids at 
63 DAT and 146.6 ± 17.6 aphids at 56 DAT in “LRS” and 
“SRS” experiments, respectively. Post hoc comparisons 
using Tukey’s test indicated that the EPF B. bassiana and 
the Cyperscope 5EC plots showed similar data compared 
to the control plots, which had the highest aphid number 
(Fig. 5C and D).

Discussion

Biocontrol potential of Beauveria bassiana 
under laboratory assays

Aphid mortality and survival probability

Survival probability revealed a significant effect of B. bassi-
ana treatments on B. brassicae aphid mortality, whether by 
direct application or exposure to inoculated leaves. These 
results are consistent with previous studies demonstrating 
the pathogenicity of EPF B. bassiana against a wide range 
of insect pests. For example, Lugendo et al. (2025) evalu-
ated the lethal and sublethal effects of B. bassiana (GHA) 
and Metarhizium brunneum (USDA 4556 and V275), both 
adjusted to 1 × 108 conidia mL−1, on the bean weevil Bru-
chus rufimanus (Boheman, 1833). They reported that B. 
bassiana GHA was the most effective strain, achieving an 
LT50 of 4 days and 96.6% mortality at 10 days. Similarly, 
Dessauvages et al. (2024) compared two B. bassiana strains 
(GHA and GxABT-1; 1 × 108 conidia mL−1) in a direct 
spray experiment against the green peach aphid (M. per-
sicae) reporting LT50 values of 5 and 6 days for GxABT-1 

Fig. 4   Selection of plants 
by aphids between Control 
and fungal inoculated plants 
(Beauveria bassiana GHA and 
KA14) in two-choice preference 
tests. For each test, 10 aphids 
were released and observed 
after 2, 4, and 6 h. On the left, 
the p-values represent tests 
comparing aphid distribution 
over time. On the right, there 
are leaves harvested 7 days and 
14 days after inoculation of cab-
bage seedlings. Error bars are 
standard errors (SE)
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and GHA, respectively. The comparative pathogenicity of 
the commercial strain GHA and the indigenous strain KA14 
highlights subtle but important differences in their speed of 
action. These differences may be due to genetic differences, 
the isolate virulence, the ability of spores to adhere to insect 
cuticles, or interactions with environmental factors such as 
humidity and temperature (Slowik et al. 2024; Oberti et al. 
2025). These findings highlight the importance of selecting 
appropriate fungal strains to maximize efficacy.

Furthermore, the LT50 values observed with KA14 and 
GHA following exposure to treated leaves at both 7 DAI 
and 14 DAI support their efficacy against target pests over 
time. This finding suggests that B. bassiana remains effec-
tive after plant application, making it a viable biocontrol 
tool (Francis et al. 2022). In addition, these results indicate 
sustained fungal activity and potential compatibility with 

cabbage as a host plant for endophytic colonization. In a 
related study, Qayyum et al. (2015) evaluated the patho-
genicity of three B. bassiana strains against the tomato 
fruit worm (H. armigera) using inoculated tomato leaves. 
They found that B. bassiana WG-40 was the most effective 
strain, with leaf feeding resulting in the highest mortality 1 
week after inoculation. However, this effect decreased sig-
nificantly at 3 and 5 weeks after inoculation. Their findings 
suggest that the pathogenicity of B. bassiana is strongly 
influenced by the time elapsed since application. Further 
research is warranted to explore the mechanisms under-
lying isolate performance, particularly in plant-mediated 
applications, and to assess their long-term impact on pest 
populations and crop health.

Fig. 5   Effects of Beauveria bassiana GHA (green line), Cyperscope 
5EC (blue line), and Control (orange line) on the population of Brevi-
coryne brassicae. A Aphid infestation rate per plot during the long 
rainy season (LRS) experiment. B Aphid infestation rate per plot 
during the short rainy season (SRS) experiment. C Mean number 

of  Brevicoryne  brassicae per plant during the LRS experiment. D 
Mean number of Brevicoryne brassicae during the SRS experiment. 
Error bars are standard errors (SE). Treatments followed by the same 
letter do not differ statistically at 5% significance according to the 
Tukey post hoc test
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Endophytic potential of Beauveria bassiana

Our results suggest that B. bassiana could affect plant 
height, with differences observed at 14 DAI but not at 7 
DAI. The lack of a significant effect at 7 DAI may be due 
to an insufficient incubation period for the endophyte to 
stimulate plant growth (Wang et al. 2024). Fungi require 
time to colonize plant tissues and modulate physiological 
processes such as nutrient uptake and phytohormone syn-
thesis (Grabka et al. 2022). At 14 DAI, inoculated plants 
exhibited significantly higher normalized height increase 
values, likely due to improved colonization and increased 
metabolic activity of the fungal isolates. Endophytic EPF, 
including B. bassiana, are known to produce phytohor-
mones such as indole-3-acetic acid (IAA), enhance nutri-
ent uptake, and induce stress tolerance (Ownley et  al. 
2010; Dara et al. 2017; Ahsan et al. 2024). These findings 
highlight the importance of time as a critical factor in plant 
studies and emphasize the need for long-term monitoring 
to accurately evaluate the impact of these treatments on 
plant developmental trends. This is in accordance with 
Barra-Bucarei et al. (2020), who evaluated the effects of 
five B. bassiana strains on tomato growth parameters, 
including plant height, at 30 DAI. In their study, all 
strains resulted in numerically higher plant height than 
the Control, with the two best-performing strains, RGM-
557 and RGM-731, achieving increases of 21% and 18%, 
respectively.

Our study highlights the performance of the endemic B. 
bassiana KA14, showing the highest and most consistent 
endophytism rates, particularly at 14 DAI, in comparison to 
the commercial strain GHA. A temporal decrease in coloni-
zation rates was observed for both treatments, which might 
be explained by the dynamic interactions between the endo-
phytes and the host plant over time (de Carvalho et al. 2021). 
Notably, colonization was specific to tissues, with leaf and 
stem segments consistently showing higher endophytism 
rates than roots, irrespective of the treatment. These find-
ings are consistent with those of Yogananda et al. (2023), 
who evaluated the colonization of cabbage tissues using 
different methods of inoculation (seed treatment, seedling 
root dip, soil drenching, and foliar spray). They reported that 
fungal colonization was higher in the inoculated cabbage 
tissues with limited movement to other plant tissues. In our 
study, foliar application may explain the higher emergence 
of the fungus in leaf tissues. These results suggest that tis-
sue-specific factors and time-dependent dynamics are criti-
cal in shaping microbial colonization patterns (Yogananda 
et al. 2023). The observed colonization rates of B. bassiana 
strains in plant tissues indicate the compatibility of the fun-
gus, particularly the indigenous isolate KA14, with cabbage 
plants, which holds promise for pest management. Further 
research is needed to elucidate the mechanisms driving these 

colonization patterns and to optimize the use of high-per-
forming strains in agricultural applications.

Aphid preference tests revealed a clear preference for B. 
bassiana–colonized leaves harvested at 7 DAI compared 
to non-fungal-treated leaves. However, no preference was 
observed at 14 DAI, suggesting a temporal change in the 
characteristics of the inoculated plants. The increased attrac-
tiveness of treated leaves at 7 DAI may be related to physi-
ological or biochemical changes following fungal treatment, 
such as the production of volatile compounds induced by 
fungal infection. While these volatile compounds could 
play a role, this study did not measure them, and their role 
remains a putative perspective. Previous studies have dem-
onstrated that plant- and fungus-derived volatile compounds, 
including aldehydes, terpenes, and other small molecules, 
can mediate insect behavior (González-Mas et al. 2019; 
Fingu-Mabola et al. 2020; Geedi et al. 2023). For exam-
ple, Fingu-Mabola et al. (2020) reported that tobacco plants 
treated with B. bassiana were more attractive to M. persicae 
than uninoculated plants, possibly due to the high aldehyde 
production by fungus-inoculated plants. A study by Geedi 
et al. (2023) found that M. persicae was attracted to volatile 
compounds emitted by B. bassiana GHA, and this attrac-
tion was observed in both Petri dish and Y-tube olfactom-
eter bioassays, indicating a significant behavioral response 
to fungal emissions. These results highlight the role of tem-
poral dynamics in plant-insect-fungus interactions. In con-
trast, other studies have shown that fungus-inoculated plants 
deter phytophagous insects. For example, Dessauvages et al. 
(2024) found that sugar beet plants inoculated with B. bassi-
ana GxABT-1 and GHA were less attractive to M. persicae 
than control plants. Future research should aim to investigate 
whether these preferences change under different environ-
mental conditions or across different insect or host species, 
and to quantify the plant- and fungus-derived volatile cues 
underlying these interactions.

In field experiments using Beauveria bassiana GHA

Both B. bassiana GHA and the chemical insecticide Cyper-
scope 5EC significantly reduced B. brassicae infestation 
compared to the control plots. The observed effectiveness 
of B. bassiana is consistent with previous studies demon-
strating the efficacy of this EPF in controlling a wide range 
of pest populations under field conditions, including B. rufi-
manus (Lugendo et al. 2025), fall armyworm Spodoptera 
frugiperda (J.E. Smith, 1797) (Kuzhuppillymyal-Prabha-
karankutty et al. 2021), cotton aphid Aphis gossypii (Glover, 
1877), strawberry aphid Chaetosiphon fragaefolii (Cocker-
ell, 1901), and western flower thrip Frankliniella occiden-
talis (Pergande, 1895) (Mantzoukas et al. 2022). In another 
cabbage field experiment, Nouh et al. (2022) compared the 
efficacy of a commercial B. bassiana formulation with an 
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insecticide treatment. After weekly monitoring until harvest, 
they reported low B. brassicae infestations with aphids in 
the B. bassiana–treated plots, followed by chemically treated 
plots, while the highest infestations were observed in the 
control plots. The high-altitude region of Kivu where we 
carried out the experiments is known for its mild and cool 
climate, which may be favorable for fungal activity. The 
comparable efficacy of the fungal and chemical treatments 
suggests that B. bassiana could serve as a viable alternative 
or complement to chemical insecticides in IPM programs.

In terms of aphid number dynamics, the stability of B. 
brassicae infestations in treated plots suggests that both B. 
bassiana and Cyperscope 5EC were effective in suppress-
ing early aphids’ establishment. While Cyperscope 5EC, a 
synthetic pyrethroid, provides an immediate knockdown 
effect by inducing nerve paralysis in insect pests (Singh et al. 
2022), B. bassiana acts more gradually by infecting and 
propagating within aphid populations, potentially reducing 
the risk of insect pest resurgence (Baverstock et al. 2010). In 
contrast, the rapid increase in aphid populations in control 
plots highlights the high reproductive potential of the pest 
and emphasizes the need for timely intervention (Munthali 
and Tshegofatso 2014). In this study, the greater efficacy 
of B. bassiana in the “LRS” experiment, conducted during 
the long rainy season, compared to the “SRS” experiment, 
conducted during the short rainy season, may be due to pre-
vailing environmental conditions. Overall, the field efficacy 
of EPF, such as B. bassiana, is strongly influenced by abiotic 
factors such as rainfall, temperature, humidity, and expo-
sure to sunlight (Jaronski 2010; Mweke et al. 2018). Overall, 
these findings support the great potential of B. bassiana as 
a biological control agent in different agroecosystems and 
under different environmental conditions, providing a sus-
tainable alternative with a lower environmental impact than 
chemical insecticides.

Conclusion

Exploring the potential of introduced or native insect path-
ogenic fungi in different agricultural and environmental 
contexts is of utmost interest to select novel and more eco-
friendly biocontrol agents that can support modern agri-
culture. Laboratory results showed that the endemic strain 
B. bassiana KA14 has promising entomopathogenic and 
endophytic potential compared to the commercial strain B. 
bassiana GHA. These results support the integration of B. 
bassiana into sustainable pest management strategies that 
reduce reliance on chemical insecticides. However, more 
in-depth investigation should be conducted to explore the 
long-term sustainability of B. bassiana applications and its 
potential synergistic effects when combined with other IPM 
strategies.
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