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ABSTRACT
Endophytic fungi are promising biocontrol agents because they colonise healthy plant tissues asymptomatically while induc-
ing systemic resistance that negatively affects herbivorous insects. We investigated whether treatments with the endophytes 
Trichoderma harzianum and Beauveria bassiana in two onion cultivars (Allium cepa L.; Sturon and Red Baron) induce plant 
responses that alter Thrips tabaci behaviour and population development. Under controlled conditions, seeds were treated with 
conidial suspensions and plants subsequently received foliar applications; plants were then exposed to T. tabaci for 72 h, 4 weeks, 
or 8 weeks in no-choice assays. Both endophytes reduced thrips host-plant preference: at 72 h post-exposure, inoculated plants 
had 2.01–2.89-fold fewer feeding punctures and 2.78–3.93-fold fewer eggs than controls. Over longer durations, endophyte treat-
ments also suppressed thrips population growth: after 4 and 8 weeks, significantly more thrips were collected from control plants 
than from endophyte-colonised plants. Thrips populations did not differ between the two onion cultivars across treatments and 
time points. We discuss targeted inoculation of onions with specific endophytic fungal strains as a strategy for sustainable thrips 
management and its prospects for field implementation.

1   |   Introduction

Onion thrips, Thrips tabaci Lindeman (Thysanoptera: 
Thripidae), is regarded as the most serious pest of onion (Allium 
cepa L.) and is responsible for economic losses in onion pro-
duction worldwide (Diaz-Montano et al. 2011; Gill et al. 2015). 
The damage from T. tabaci arises from both the adults and 
larvae by feeding on the epidermal cells of the plants, result-
ing in necrotic leaf patches that impair photosynthesis, hinder 
plant growth, lead to nutrient loss and bulb size reduction, ul-
timately diminishing onion yield (Diaz-Montano et  al.  2010; 
Fournier et  al.  1995). In addition to the direct invasion of the 
onion plants, T. tabaci also inflicts indirect damage by acting 
as a vector for the transmission of plant pathogens, namely, 
the Iris yellow spot virus (IYSV) (Gent et al. 2006; Srinivasan 
et  al.  2012; Boateng et  al.  2014), Tomato spotted wilt virus 

(TSWV) (Jacobson et al. 2013) as well as Alternaria porri Ellis 
(McKenzie et al. 1993), which has the potential to devastate an 
entire onion crop (Gent et al. 2004; Pozzer et al. 1999; Birithia 
et al. 2021; Chatzivassiliou 2008; Saini et al. 2024). Controlling 
this key pest insect in onion cultivation poses a significant 
challenge for several reasons. Onion thrips is characterised by 
small body size and cryptic lifestyle (Morse and Hoddle 2006), 
making detection and monitoring difficult, especially at the 
early stage of infestation. Moreover, due to their adaptability 
and extensive host range, they can reproduce in spring on many 
plant species such as cabbage, wheat, oat, barley, lettuce, dan-
delion, weed vegetation, after overwintering in the residue of 
onions and other crops before recolonization in the following 
onion season (North and Shelton 1986; Larentzaki et al. 2007; 
Szostek and Schwartz 2015). In commercial onion production, 
conventional pest management strategies for T. tabaci have 
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depended on multiple applications of synthetic insecticides, 
which are commonly utilised to control established thrips in-
festations, even at low population densities. Nonetheless, factors 
such as oviposition within leaf tissues, larvae being concealed 
in the narrow crevices of onion leaves, pupae hidden in the 
soil, and the waxy cuticular surface of onion leaves have led to 
the low success of the foliar insecticide spray (Salas 1994; Gill 
et  al.  2015). Furthermore, due to their high reproductive rate 
and multiple overlapping generations (Morse and Hoddle 2006; 
Nault and Shelton  2010), coupled with prolonged exposure to 
pesticides, onion thrips have developed insecticide resistance, 
as evidenced in various countries, including the United States 
(Shelton et al. 2006; Adesanya et al. 2020), Canada (MacIntyre 
Allen et al. 2005), and Australia (Herron et al. 2008). Integrated 
pest management (IPM) practices for controlling thrips on on-
ions have not been very effective due to the lack of active com-
ponents that successfully diminish T. tabaci populations. Apart 
from the above considerations, apprehensions regarding the 
impact of using insecticides on the environment, biodiversity, 
and human health have prompted the search for alternative pest 
management strategies.

Microbial agents are often utilised as substitutions for chemical 
pesticides, with entomopathogenic fungi being advocated as a 
sustainable and environmentally friendly alternative. Regrettably, 
their practical application as contact biopesticides is limited since 
the fungus conidia are not only damaged and inactivated by ultra-
violet (UV) radiation but also susceptible to low moisture and other 
environmental factors (Braga et al.  2001; Fernandes et al.  2007, 
2015; Jaronski 2010). These issues have led to a growing interest in 
employing fungal entomopathogens as fungal endophytes, which 
not only exist naturally but also can be artificially introduced into 
plants to assess their effects on insect pests and plant pathogens. 
Fungal endophytes are defined as fungi that at a certain stage 
in their life cycle live symbiotically within plant tissues without 
causing adverse effects on the performance of the colonised host 
plant (Carroll  1988; Wilson  1995; Schulz and Boyle  2006). As 
demonstrated in previous studies, the interaction between insect 
herbivores and their host plants can be modulated by microbial 
associations with the host plants (Shikano et al. 2017; Grunseich 
et al. 2019). These associations have been shown to confer a range 
of fitness benefits and ecological adaptations to the colonised plant 
(Rodriguez et al. 2009). In addition to promotion of plant growth 
(Mayerhofer et al. 2013), endophytes can also help the host plants 
in terms of resistance to plant diseases (Bamisile et al. 2018; Muvea 
et al. 2018; Russo et al. 2018; Kiarie et al. 2020) and insect herbi-
vores (Barelli et al. 2016; Jaber and Ownley 2017).

In recent years, there has been a significant focus on clarify-
ing the role of endophytic fungi in enhancing plant resistance 
to insect pests, aiming to develop them into bio-insecticides. 
Numerous studies have demonstrated that endophytes have the 
capacity to synthesis bioactive ingredients that negatively affect 
herbivorous insects. However, most of the investigations were 
short-term studies, which frequently concentrate on immedi-
ate pest-feeding behaviour, reproduction and mortality (Akello 
et al. 2008; Powell et al. 2009; Gurulingappa et al. 2010; Vidal 
and Jaber  2015; Coppola, Cascone, et  al.  2019). Research on 
the effect of endophytic fungi against sucking insect pests indi-
cates that foliar inoculation of melon plants with strains of the 
endophytes Beauveria bassiana (Bals.) Vuill. and Metarhizium 

brunneum Petch dramatically increased nymph mortality of 
sweet potato whitefly Bemisia tabaci Gennadius (Garrido-
Jurado et al. 2017). Rasool et al. (2021) revealed that wheat and 
bean seed treatment with Metarhizium robertsii and Beauveria 
bassiana reduced the population growth of Rhopalosiphum 
padi L and Aphis fabae Scopoli after 10 days of infestation. In 
the context of managing T. tabaci on onion, Muvea et al. (2014) 
showed that several endophytic fungal strains markedly re-
duce thrips feeding, oviposition, and survival. Building on this 
work, the present study evaluates the effects and persistence of 
two endophytic fungi across onion cultivars on T. tabaci pop-
ulation dynamics. Using controlled non-choice bioassays, we 
assessed (i) feeding damage and reproductive output and (ii) 
population development on two onion cultivars following com-
bined seed and foliar inoculation with two specific endophytes, 
that is, Trichoderma harzianum and Beauveria bassiana. Both 
fungi are known to endophytically colonise diverse plants 
and to exert detrimental effects on insects (Coppola, Diretto, 
et al. 2019; Alınç et al. 2022; Zhang et al. 2019; Garrido-Jurado 
et al. 2017). Additionally, T. harzianum has been shown to alter 
onion thrips behaviour (Muvea et al. 2014, 2015), although its 
long-term population-level impacts remain unclear, and while 
B. bassiana is a well-established entomopathogen against thrips 
(Gouli et al. 2009; Ain et al. 2021), its efficacy as an endophyte 
in onion has been little studied. Our hypothesis is twofold: first, 
that endophytic colonisation by T. harzianum and B. bassiana 
confers a longer-lasting suppressive effect on thrips—persisting 
from initial exposure through several weeks—manifested as re-
duced feeding, oviposition, and population growth; and second, 
that these endophyte-mediated effects are largely independent 
of onion cultivar. Demonstrating durable, cultivar-independent 
protection would support sustainable, broadly applicable thrips 
management in onion production.

2   |   Materials and Methods

2.1   |   Rearing of Insects

Chives (Allium schoenoprasum L. cultivar Grande) were used 
for stock and synchronised rearings. Plants were grown from 
seeds (HILD samen GmbH, Marbach, Germany) in 12 cm di-
ameter pots filled with Fruhstorfer soil type P (Hawita Group, 
Vechta, Germany) and cultivated in the greenhouse nursery at 
the Section of Phytomedicine (IPP), Institute of Horticultural 
Production System, Leibniz University Hannover, Germany. 
T. tabaci of the stock rearing were cultivated on 8–10 weeks 
old chives plants in gauze cages placed in a climate chamber 
(25°C ± 1°C, relative humidity of 60% ± 5%, photoperiod of 12 h L: 
12 h D). To obtain synchronised thrips for the experiments, syn-
chronised rearing was organised in a climate chamber at the 
same conditions. 25–30 adult thrips were released in a glass jar 
with chives leaves cutting from 8 to 10 weeks old chives plants 
inside. Every jar had a hole cut into the lid which was covered 
with thrips-proof gaze to allow ventilation. After 2 days, adults 
were removed and egg-infested chives leaves were collected 
and transferred to new ventilated jars. Fresh chives leaves were 
added 3 times per weeks to continuously nourish high quality 
food sources for larval and adult thrips. The synchronised rear-
ing was implemented continuously for timely provision of thrips 
for the experiments.
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2.2   |   Source of Fungal Endophytes

Two endophytic fungi were compared in the study, Trichoderma 
harzianum ICIPE 709 provided by International Centre of Insect 
Physiology and Ecology (ICIPE)—Kenya and Beauveria bassiana 
strain ATTC 74040, that is, the commercial product Naturalis 
supplied by CBC (Europe) S.r.l—BIOGARD Division. The iso-
lates were grown on potato dextrose agar (PDA) (Merck KGaA, 
Darmstadt, Germany) media at 25°C in complete darkness. Under 
laminar flow hood, growing conidia of the isolates were collected 
from 2 weeks-old cultures by flooding the plates with 10 mL of 
sterile distilled water containing 0.05% Tween 20 and scratching 
the surface of the culture with a sterile cotton bud, and suspending 
them in an Erlenmeyer flask containing 20 mL of sterile distilled 
water containing 0.05% Tween 20. Vortexing for 10 min created a 
homogeneous conidial suspensions, which was filtered through a 
sterile cheesecloth to remove hyphae and to obtain the stock sus-
pension. The conidia were quantified using a Thoma haemocy-
tometer (Assistent, Glaswarenfabrik Karl Hecht GmbH & Co KG, 
Germany) and the suspension was adjusted to a final concentra-
tion about 1 × 108 conidia/ml for inoculation steps. To verify the 
reliability of the experimental process, conidial germination rates 
were confirmed to be at least 90% in each experiment by count-
ing viable spores under a stereo microscope (Leica DM750, Leica 
Microsystems) at 400× magnification (Oliveira et al. 2015).

2.3   |   Endophytic Establishment in Onion Plants 
and Growth Conditions

Allium cepa L. seeds (HILD samen GmbH, Marbach, Germany) 
with two cultivars Sturon, that is, a yellow onion and Red Baron, 
that is, a red onion, were used for the experiment. In the ventila-
tion flow hood, onion seeds were surface-sterilised by immers-
ing in ethanol 70% for 2 min, followed by 3 min dipping in 2% 
sodium hypochlorite added 0.05% Tween 20, then rinsed thrice 
in autoclaved distilled water. The seeds were dried on a sterile 
paper for about 20 min. To evaluate the successful sterilisation, 
100 μL of the last wash water was plated on PDA media, and 
incubated in the dark for 10 days at 25°C. The absence of fungal 
growth at the end of the incubation period was an indication of 
the efficacy of the sterilisation process.

After drying, the seeds were soaked into the selected fungal 
endophytes suspension as treatments and into the conidia-free 
solution of 0.05% Tween 20 as control for 8 h before transfer 
to cultivation pots containing Fruhstorfer soil type P (Hawita 
Group, Vechta, Germany). The plants were maintained in a cli-
mate chamber (25°C ± 1°C, relative humidity of 60% ± 5%, pho-
toperiod of 12 h L: 12 h D) and irrigated regularly. Three weeks 
after germination, the plants were transplanted to single plants 
per pot (12 cm diameter size) or three plants per pot (14 cm diam-
eter size) for different purposes of later experiments. All plants 
were fertilised once a week with 0.2% Wuxal Top N (Aglukon 
Spezialdünger, Düsseldorf, Germany).

Three weeks after transplanting to new pots, the onion plants were 
at the stage of having 2–3 fully grown true leaves; the foliar inocu-
lation method was applied. This supplementary inoculation aims 
to guarantee fungal infection on all treated plants and to promote 
homogeneous fungal growth of the two fungi on both the onion 

roots and leaves. It must be ensured that all onion leaves are dry 
before inoculation. During inoculation, the top of the pots was 
covered with aluminium foil to avoid conidial runoff to the soil. 
For the treatments, each onion plant was inoculated by spraying 
all leaves with 10 mL of conidial suspension using a 50 mL hand 
pressure sprayer. The control plants were sprayed with 10 mL of 
0.05% Tween 20. Following the application of the spray, the plants 
were enveloped with plastic bags for a duration of 24 h in order 
to sustain optimal humidity levels, thereby promoting the endo-
phytic colonisation of plant tissues. The plants were kept in the 
climate chamber until the experiment started (25°C ± 1°C, relative 
humidity of 60% ± 5%, photoperiod of 12 h L: 12 h D).

2.4   |   Confirmation of Endophytically Colonisation

Re-isolation was conducted to ensure that all experimental 
onion plants were successfully inoculated with the endophytic 
fungi (modified from Powell et al. 2009). Evaluation time varied 
for each experiment. Onion plants were uprooted carefully, and 
soil was removed by gently washing with running tap water. For 
each plant, two leaves and two root strands were collected. Two 
parts of each leaf (6 cm length each part) and two parts of each 
root (6 cm length each part) were collected. Under a laminar flow 
hood, the plant fragments were surface sterilised by immersing 
them in 70% ethanol for 30 s, followed by 2% sodium hypochlo-
rite amended with Tween 20 for 3 min and subsequently rinsed 
three times with sterile distilled water. The surface-sterilised plant 
parts were dried under the laminar flow hood, then each sample 
was cut into 1 cm long parts. Five pieces from the identical plant 
fragment were uniformly distributed on PDA plates supplemented 
with antibiotics (0.1 g Penicillin + 0.01 g Chlortetracyline + 0.05 g 
Steptomycinsulfat). In order to evaluate the efficacy of the surface 
sterilisation procedure, 100 μL of the last rinse water was plated 
on PDA media. Additionally, randomised extra samples were 
imprinted into PDA to verify the complete removal of epiphytic 
microorganisms. All the Petri dishes were incubated in the dark 
at 25°C and fungal growth was observed during the subsequent 
14 days. Only if no fungus had grown in the control Petri dishes 
which contained last rinse water of tested samples, could the re-
sults be used for later analysis. Successful colonisation of sampled 
plant parts was visually examined after incubation for 3–14 days. 
Whenever a fungus grew from the leaf discs, a square piece was 
cut out of the medium overgrown with fungus and placed on a 
new PDA medium without antibiotics. The newly prepared plate 
was placed in the incubator until the conidia developed, by which 
the fungus could be identified by visual morphological compari-
son with a mother plate.

2.5   |   Thrips Feeding and Egg Laying Behaviour 
Bioassay

The control and fungal inoculated onion plants were culti-
vated for 8–9 weeks old (3 weeks post leaf inoculation) in the 
climate chamber before experimental use. One onion plant was 
placed inside a thrips-proof gauze cage with the size of 45 cm 
H × 30 cm W × 30 cm L. Female adult thrips were carefully col-
lected with a fine brush from synchronised cultures into 15 in-
dividuals per Eppendorf tube containing a wet cotton piece and 
starved for 22–24 h. Each Eppendorf tube containing starved 
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thrips with the lid opened was placed at the base of the plant. 
All the closed cages were kept at 25°C ± 1°C, relative humidity 
of 60% ± 5%, photoperiod of 12 h L: 12 h D. After 72 h, all alive 
thrips observed on the plants were recaptured and counted ini-
tially (Muvea et  al.  2014). The second and fourth true leaves 
from each plant were collected and cut into four sections of 
4 cm. Under a stereo microscope (Leica MZ6), the number of 
small feeding spots in those sections of leaves was counted and 
recorded to quantify feeding damage before eggs counting step. 
Those leaf sections were then stained with the solution of 1 g 
fuchsin acid per 1 L of Lactoglycerol (85% lactic acid + glycerol 
+ distilled water with the ratio of 1:2:2) at 80°C–85°C for 5 min 
(modified from Rozenberg et al. 2015). The sections were later 
gently washed by dipping in warm distilled water 3 times before 
placing in 90 mm Petri dishes and ready for eggs counting under 
a stereo microscope (Leica DM750-Leica Microsystems).

The experiment comprised of three treatments (two fungal en-
dophytes and a control) for each onion cultivar were arranged in 
a completely randomised block design with five cages assigned 
to each treatment. The experiment was repeated four times, 
that is, with a total of 20 replicates. The colonisation of onion 
by the endophytes was confirmed in the remaining plants after 
the experiment finished. Only endophyte-colonised onion plant 
recordings were used for statistical analyses.

2.6   |   Effect of Endophytically Colonised Onion 
Plants on Thrips Populations Dynamics

With the aim of investigating how thrips populations develop 
under the influence of endophytically colonised onion plants, 
the other bioassays were designed similarly to the one above 
but with two different durations of 4 and 8 weeks. All the 
onion plants for both control and inoculated plants were about 
11–12 weeks old. Three onion plants treated in the same treat-
ment in one pot were placed in a gauze cage to serve as the food 
supply for the thrips. 15 female onion thrips that were starved 
for 24 h were released into the cage. The number of alive thrips 
for both nymph and adult stages on each pot was assessed after 
4 and 8 weeks. At the assessment time, each plant was gently 
covered by a labelled polythene paper bag, cut at the base of the 
plant and closed the bag, stored at −4°C for 4–5 h in order to 
immobilise the thrips for later quantification. The experiment 
was repeated four times each with five cages, that is, in total 
20 replicates every treatment. The colonisation of onion by the 
endophytes among plants used for the bioassay was confirmed 
before the experiment started. Only endophyte-colonised onion 
plant recordings were used for the experiment.

2.7   |   Statistical Analysis

In order to evaluate the influence of treatments or onion culti-
vars (fungal endophytically treated plants and control) on thrips 
behaviour and population, various parameters were examined, 
including the count of recaptured alive thrips, feeding punc-
tures, eggs laid in the initial experiment and the number of thrips 
(both adult and emerged larvae) in the subsequent experiment. 
The parametric one-way ANOVA test was applied when the 
data exhibited normal distribution, while the non-parametric 

Kruskal-Wallis test was utilised for non-normally distributed 
data (Fox and Weisberg  2023). The post hoc Tukey HSD and 
Dunn's tests were used to identify the statistically significant 
differences, with a significance level of 5% (p-value < 0.05). The 
number of thrips for different treatments, experimental duration 
(4 weeks and 8 weeks) and onion cultivars were analysed using 
the generalised linear model (GLM), assuming a negative bino-
mial distribution (count data with overdispersion). The signifi-
cantly different means were identified by post hoc Tukey HSD, 
considering a significance level of 5%. All experiments were 
performed using a completely randomised design, and all data 
sets were previously checked for normality and homogeneity of 
variance across the treatments using Shapiro–Wilk and Levene 
tests. All the analyses were performed using the R statistical 
software, version 4.2.3 (R Core Team 2023).

3   |   Results

3.1   |   Thrips Feeding and Egg Laying Behaviour 
Bioassay

The success test for endophytic colonisation conducted at the 
end of the experiment revealed that both fungal endophytes had 
colonised 100% of the experimental plants; hence, all 20 repli-
cates were included in the data analysis. In general, after an ex-
perimental period of 72 h, both endophytes T. harzianum and B. 
bassiana had negative effects on thrips feeding and egg-laying 
behaviour. Additionally, there was no variability between the 
two onion cultivars, yellow onion cultivar Sturon and red onion 
cultivar Red Baron, with regard to thrips behaviour, even on the 
control plants.

The results of the experiment indicated that the two endophyte 
treatments had a significant reduction effect on the number of 
alive thrips collected on the onion plants in both onion cultivars 
(Sturon F = 33.89, p < 0.001; Red Baron χ2 = 33.35, p < 0.001). 
Meanwhile, no difference between the two fungal treatments 
was noted (Sturon p = 0.88; Red Baron p = 1). Compared to the 
control on Sturon cultivar, the survival of onion thrips was re-
duced by 40.65% and 43.5% on plants inoculated with T. harzia-
num and B. bassiana, respectively. A similar trend was observed 
on the cultivar Red Baron, where the reduction in survival rates 
of onion thrips was 44.26% on T. harzianum treated plants and 
45.96% on B. bassiana treated plants (Figure 1).

The feeding damage caused by onion thrips was significantly 
reduced in both endophyte-inoculated plants when compared 
to the control (Sturon F = 116.7, p < 0.001; Red Baron F = 75.97, 
p < 0.001). In the trial using the cultivar Sturon, onion plants 
treated with T. harzianum and B. bassiana showed fewer feed-
ing punctures caused by T. tabaci, averaging 22.85 and 16.85 
feeding punctures, respectively. These values were 2.1 and 2.9 
times lower than those on the control plants. The difference in 
feeding activity between the two endophyte-treated groups was 
also statistically significant (p = 0.02). Similarly, the number 
of feeding punctures on control plants was twice as high as on 
endophyte-treated plants for the cultivar Red Baron (Figure 2).

At 72 h post-exposure, oviposition of onion thrips was adversely 
affected by endophyte treatments (Sturon χ2 = 39.77, p < 0.001; 
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Red Baron χ2 = 42.88, p < 0.001). The number of eggs laid on 
Sturon onion plants across two fungal T. harzianum and B. bas-
siana treatments (with means values of 7.7 and 7.3 eggs, respec-
tively) was significantly lower than that on the control plants 
(mean of 21.35 eggs). In addition, the number of eggs laid on 
Red Baron control plants was 2.8 and 3.9 times higher than on 
T. harzianum and B. bassiana treated plants, despite the absence 
of statistical significance between these last two treatments 
(Figure 3).

3.2   |   Effect of Endophytically Colonised Onion 
Plants on Thrips Populations Dynamics

Overall, thrips population development was significantly re-
duced on endophyte colonised onion plants for both cultivars. 
The effect of endophytes on thrips population density was still 
prevalent after 8 weeks. However, only small differences in 
population development were detected when comparing treat-
ments with the two fungal endophytes T. harzianum and B. 
bassiana.

In the trials using the onion cultivar Sturon, both endophytic 
fungi caused a significant reduction in total number of thrips 
compared to the control, irrespective of the evaluation time 
points after 4 and 8 weeks (F = 79.66, p < 0.001 and F = 19.51, 
p < 0.001, respectively). Four weeks after the release of thrips into 
the experimental cages, the reduction in total thrips numbers on 
plants inoculated with T. harzianum and B. bassiana was 56.8% 
and 39.9%, respectively, compared to the control. While after 
8 weeks of experiment, these rates were lower, ranging between 
22.69% and 22.43%, respectively (Figure  4A,D). When adults 
and larvae were assessed independently within the same endo-
phyte treatment, there was also a significant treatment effect on 
the number of adult thrips (after 4 weeks χ2 = 39.75, p < 0.001; 
after 8 weeks F = 7.32, p = 0.0015; Figure 4B,E), and larvae (after 
4 weeks F = 49.57, p < 0.001; after 8 weeks F = 22.06, p < 0.001; 
Figure 4C,F) and the population density decreased after 4 weeks 
for adult up to 64% (B. bassiana) and for thrips larvae by 69% 
(T. harzianum). Additionally, there was a notable difference be-
tween the effects of the two fungal species. At 4 weeks duration 
experiment, the total number of onion thrips on plants treated 
with B. bassiana (with means of 45.7 thrips) was significantly 

FIGURE 1    |    Number of recaptured alive thrips on onion plant from different treatments 72 h after release of 15 female Thrips tabaci per cage. The 
mean values are denoted by red dots accompanied by a numerical value. Different letters show significant differences between the effect of the treat-
ments (ANOVA followed by Tukey's HSD test, p < 0.05 for Sturon cultivar, Kruskal–Wallis followed by Dunn's post hoc test for Red Baron cultivar, 
p < 0.05). n = 20. [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 2    |    Number of feeding punctured on 2 leaves per onion plant from different treatments 72 h after release of 15 female Thrips tabaci per 
cage. The mean values are denoted by red dots accompanied by a numerical value. Different letters show significant differences between the effect of 
the treatments (ANOVA followed by Tukey's HSD test, p < 0.05). n = 20. [Colour figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/
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higher (p = 0.0016) compared to T. harzianum treated plants 
(with means of 32.85 thrips; Figure  4A), which corresponded 
to a comparable disparity in the number of larvae (Figure 4C). 
Nevertheless, after the 8-week experiment, the difference disap-
peared (p = 0.99).

When using Red Baron onion cultivar, the influence of fungal 
endophytes was also recorded by the remarkably lower total 
number of thrips on endophyte inoculated onion plants com-
pared to the control (after 4 weeks χ2 = 39.45, p < 0.001; after 
8 weeks F = 31.66, p < 0.001; Figure  5A,D). Regarding the ef-
fect of the two endophytes, at 4 weeks post-exposure, both en-
dophyte treatments resulted in a comparable total number of 
thrips. Meanwhile, the number of thrips on plants treated with 
B. bassiana was slightly lower compared to plants treated with 
T. harzianum, but this difference was not significant (p = 0.069) 
after the 8 weeks experiment. Similarly, the effect of the endo-
phytic fungi was again evident in the various stages of thrips 
after both experimental periods. The endophyte treatments 
significantly affected the populations of adult (after 4 weeks χ2 
= 43.32, p < 0.001; after 8 weeks F = 14.4, p < 0.001; Figure 5B,E) 
and larval thrips (after 4 weeks χ2 = 41.88, p < 0.001; after 
8 weeks F = 31.86, p < 0.001; Figure 5C,F).

Overall, thrips population densities were similar on the two 
different onion cultivars for both treatments and the control 
for both periods. Only in the treatment with B. bassiana, the 
onion cultivar Red Baron showed an increased thrips resistance 
compared to the cultivar Sturon (4-week experiment p < 0.001, 
8-week experiment p = 0.045). Population increase over the first 
4 weeks differed markedly between the control and the two fun-
gal treatments (Sturon: χ2 = 15.6, p < 0.001; Red Baron: χ2 = 15.4, 
p < 0.001). From Weeks 4 to 8, total thrips numbers rose further 
within each treatment. For Sturon (χ2 = 52.0, p < 0.001), densi-
ties increased by 28.1% (p < 0.001) in the control, compared with 
129.2% (p < 0.001) and 65.3% (p < 0.001) under T. harzianum 
and B. bassiana, respectively. For Red Baron, the effect of ex-
perimental period was also significant (χ2 = 52.3, p < 0.001): con-
trol populations grew by 26.4% (p < 0.001), whereas increases of 
127.4% (p < 0.001) and 108.7% (p < 0.001) were observed under 
T. harzianum and B. bassiana, respectively. Although relative 
growth between Weeks 4 and 8 was greater under T. harzianum 

than under B. bassiana, thrips densities on endophyte-colonised 
plants remained below control levels at Week 8, indicating a 
more persistent, longer-lasting suppressive effect—particularly 
for B. bassiana.

4   |   Discussion

The systemic impact of endophytic fungi on T. tabaci was in-
vestigated in terms of oviposition activity, feeding damage and 
population dynamics. The results of this study indicate that the 
behaviour and population development of the onion thrips were 
significantly negatively affected by artificial inoculation of onion 
plants with T. harzianum as well as B. bassiana, irrespective of 
the onion cultivar. This remains valid for the hypothesis we 
proposed, despite the different mode of action of the two fungi. 
Indeed, Trichoderma is well-known acting as endophyte in the 
rhizosphere. However, several studies have demonstrated that 
many Trichoderma species have the capacity to colonise diverse 
aboveground plant components (Bailey et  al.  2009; Bandeira 
et al. 2023; Natsiopoulos et al. 2024). When colonising and estab-
lishing in the host plant as an endophytic fungus, Trichoderma 
strains were reported to enhance indirect plant defence barri-
ers against insects (Macías-Rodríguez et al. 2020; Natsiopoulos 
et  al.  2024; Coppola, Diretto, et  al.  2019). Meanwhile, the en-
tomopathogenic fungus B. bassiana is a broad-spectrum bio-
control agent effective against numerous herbivore species and 
plant pathogens (Blond et al. 2018; Mascarin and Jaronski 2016). 
Recent research has evidenced the efficiency of B. bassiana col-
onisation in enhancing host plant defences against pest attack 
(Castillo-Lopez et  al.  2014; Gurulingappa et  al.  2010; Powell 
et  al.  2009), including Frankliniella occidentalis Pergande 
(Mantzoukas et al. 2022; Zhou et al. 2025). Herein, our finding 
provides evidence that B. bassiana also induced negative effects 
on onion thrips behavioural performance which were compara-
ble to those of T. harzianum.

Endophytic fungi protect plants from herbivorous insects 
through multiple mechanisms, including antixenosis, which 
refers to the plant trait that deter herbivores from feeding 
(Vega 2018), oviposition (Lopez and Sword 2015) or remain-
ing on the host plant (Akello and Sikora 2012). In the initial 

FIGURE 3    |    Number of eggs laid on 2 leaves per onion plant from different treatments 72 h after release of 15 female Thrips tabaci per cage. The 
mean values are denoted by red dots accompanied by a numerical value. Different letters show significant differences between the effect of the treat-
ments (Kruskal–Wallis followed by Dunn's post hoc test, p < 0.05). n = 20. [Colour figure can be viewed at wileyonlinelibrary.com]
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bioassay, the number of recaptured alive thrips on endophyte-
treated plants 72 h after infestation was already significantly 
lower compared to those on control plants on both onion cul-
tivars. This result is consistent with the previous findings of 
Muvea et  al.  (2014), who reported that onion thrips propor-
tion was negatively impacted by several strains of endophytic 
fungi, including T. harzianum. The reason for the behavioural 
avoidance of thrips from fungal-inoculated plants might pos-
sibly be the result of the endophyte-mediated impact through 
olfactory cues (Jallow et al. 2008; Ludwaba et al. 2024). Recent 
studies indicated that endophytic fungi can modulate import-
ant phytohormones such as jasmonic acid (JA) and salicylic 
acid (SA) (Martínez-Medina et  al.  2017; Zhang et  al.  2025), 
which are signalling pathways in host plants, thereby trig-
gering the induced systemic resistance (ISR) via enhancing 

the production of defensive metabolites and volatile com-
pounds (Jallow et al. 2008; Agbessenou et al. 2022; Saikkonen 
et al. 2013). Therefore, endophytic fungi play a crucial role in 
host plant selection (George et al. 2024). Before colonising a 
plant, adult thrips have to determine a potential suitable host 
plant, which includes pre-landing and post-landing activi-
ties. The approach and subsequent landing of the thrips on 
the potential host are influenced by several factors, such as 
the olfactory (Koschier et al. 2007) and/or visual cues (Lopez-
Reyes et al. 2022). In choice situations, before landing, Muvea 
et al. (2015) revealed the involvement of volatile emissions in 
the context of host plant selection by onion thrips in Y-tube 
olfactometer trials, demonstrating a repellent effect of plants 
colonised by the endophyte Hypocrea lixii. Similarly, the col-
onisation of kidney bean plants by Lecanicillium attenuatum 

FIGURE 4    |    Number of total thrips, adults and hatched larvae on onion plants Sturon cultivar under 2 different treatments 4 weeks and 8 weeks 
post-exposure to 15 released female Thrips tabaci. The mean values are denoted by red dots accompanied by a numerical value. Different letters 
show significant differences between the effect of the treatments (ANOVA followed by Tukey's HSD test, p < 0.05; boxplot tables with red asterisks 
indicate data analysed by Kruskal–Wallis followed by Dunn's post hoc test, p < 0.05). n = 20. [Colour figure can be viewed at wileyonlinelibrary.com]
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and L. cauligalbarum was found to repel F. occidentalis (Zhou 
et  al.  2025). In contrast, our current experiments were con-
ducted under a no-choice scenario, which excludes dispersal to 
alternative resources. Nevertheless, thrips seem to avoid col-
onisation of endophyte inoculated onion plants underlining a 
strong repellent effect by volatiles (Vu and Meyhöfer in prep.). 
The number of thrips remaining on the fungal-inoculated 
plants was significantly lower than on the control plants. 
In cages containing endophyte treated plants, in addition to 
the alive thrips recorded on the plants, many thrips were ob-
served crawling on the mesh at the top of the cage, indicating 
a strong deterrent impact of the endophytes. The effects were 
further emphasised by a decrease in feeding and oviposition 

activity. Activities that occur after landing on a potential host 
plant, in contrast to the habitat finding step, require thrips 
to be directly exposed to the secondary metabolites to assess 
plants' suitability for feeding and/or oviposition, with nutri-
tional contents and defences of the plant playing a crucial role 
in their host acceptance (Brown et  al.  2002; Pobożniak and 
Koschier 2013). Our findings are in line with those reported in 
the study of Zhou et al. (2025), who demonstrated that the ap-
plication of L. attenuatum and L. cauligabarum led to a reduc-
tion in feeding behaviour and oviposition capacity of western 
flower thrips. Moreover, similar studies have also reported the 
negative systemic impact of endophytic fungi on the behaviour 
of different pest insects. B. bassiana induced a reduction in 

FIGURE 5    |    Number of total thrips, adults and hatched larvae on onion plants Red Baron cultivar under 2 different treatments 4 weeks and 
8 weeks post-exposure to 15 released female Thrips tabaci. The mean values are denoted by red dots accompanied by a numerical value. Different 
letters show significant differences between the effect of the treatments (ANOVA followed by Tukey's HSD test, p < 0.05; boxplot tables with red 
asterisks indicate data analysed by Kruskal–Wallis followed by Dunn's post hoc test, p < 0.05). n = 20. [Colour figure can be viewed at wileyonlineli-
brary.com]
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damage caused by the aphid Aphis gossypii Glover on cotton 
plant (Gurulingappa et al. 2010), a reduction in the number of 
eggs and nymphs of greenhouse whiteflies Trialeurodes vapo-
rariorum Westwood (Barra-Bucarei et al. 2020); Vicia faba L. 
seeds treated with B. bassiana and Trichoderma asperellum 
M2RT4 were found to limit the offspring development and re-
productive fitness of aphids Acyrthosiphon pisum Harris and 
Aphis fabae Scopoli (Akello and Sikora  2012). Our research 
revealed that fungi-inoculated plants still served as oviposi-
tion substrate, implying that at least some females, if not all, 
considered inoculated plants appropriate for reproduction. It 
is unclear whether only single or multiple individuals fed and/
or laid eggs on the fungi-inoculated plants, behavioural track-
ing of individuals would be necessary to unravel the potential 
relevance of close-range and gustatory cues.

Extending the study duration enabled a more comprehensive 
assessment of the long-term impact of fungal endophytes on 
thrips population development and to get initial insights about 
their biocontrol potential on the field. Despite our inability 
to record the mortality of thrips due to the small size of both 
adults and larvae as well as their possibility of being buried 
in the soil, the significantly lower number of thrips collected 
from fungal treated plants compared to the control at the two 
time points of the experiments still clearly demonstrates the 
effectiveness of studied endophytic fungi on the population 
dynamics of T. tabaci. Endophytic fungi protect plants against 
herbivorous insects through antibiosis, a mechanism involv-
ing toxic secondary metabolite compounds, affecting insect 
survival, growth and reproduction (Vega et  al.  2008, 2009). 
Recent studies indicate that T. harzianum and B. bassiana 
boost plant growth while enhancing mainly ethylene, SA- and 
JA-dependent defences, thereby reducing herbivore damage 
(Van Hee et al. 2023; Yousef-yousef et al. 2024) as well as their 
population density (Marassatto et al. 2025). In our experiments, 
with an extended experimental period we expected an increase 
in the effect of endophytic fungi on the thrips population. 
However, it is evident that the number of thrips, including both 
adults and larvae, developing on fungal inoculated plants was 
significantly lower than that on control plants after the differ-
ent treatment periods. But with continued exposure, the detri-
mental effect of endophytic fungi seemed to be less pronounced 
while thrips population density started to increase. This was 
observed similarly with both endophytic treatments and on 
both onion cultivars. Thus, the effect of the endophytes on 
herbivores seems to diminish over time. Although the under-
lying reason remains unclear, it is possible that reduced endo-
phyte impact over time as well as adaptation by thrips (Zhang 
et al. 2019) may contribute to the observed effects. According to 
the initial experiment, small numbers of thrips eggs were still 
found on inoculated plants after the first 72 h. In the later test, 
thrips populations doubled or tripled from the initial 15 individ-
uals after 4 weeks, depending on the treatment and onion cul-
tivar. Plant quality can influence insect reproduction and their 
adaptability to the host plants. Once insects find a suitable site 
to feed and survive, they will continue to lay eggs and maximise 
their offspring (Brown et al. 2002; Fu et al. 2019). Furthermore, 
the mutualistic association between endophytic fungi and their 
host plants may be transient, as not all fungi have the ability 
for prolonged colonisation, especially if they cannot adapt to 
the plant physiology (Mercado-Blanco and Lugtenberg  2014). 

Moreover, under detrimental environmental conditions or host 
stress, certain endophytes may even switch from mutualistic to 
parasitic behaviour (Sieber and Grünig 2006; Galindo-Solís and 
Fernández 2022). Nevertheless, Mantzoukas et al.  (2022) also 
demonstrated that strawberry plants (Fragaria sp.) inoculated 
two times with B. bassiana effectively reduced F. occidentalis 
populations for a period of up to 4 months under field condi-
tions. Our experiments were conducted at constant environ-
mental conditions in a climate chamber, excluding the impact 
of natural fluctuations on the interaction between endophytic 
fungi, onion plants and thrips. Therefore, validation of the long-
term effects of endophytic fungi on herbivorous insects under 
variable environmental conditions should be the next step to 
achieve an accurate assessment of their efficacy in praxis.

Finally, several studies have revealed the presence of fungal 
spores/hyphae in insects exposed to fungal-infected plants, 
particularly those treated with B. bassiana (Akello et al. 2009; 
Garrido-Jurado et al. 2017). Therefore, although the number of 
dead thrips could not be quantified, several thrips carcasses, 
along with several surviving individuals, were randomly col-
lected after the 4-week and 8-week periods to assess the poten-
tial infection with fungal spores. But unfortunately, no mycelial 
growth was detected in the examined dead thrips. This indicates 
that thrips are most likely influenced by endophyte-triggered 
plant defence mechanism, involving alterations in bioactive sec-
ondary metabolites, rather than direct effects of entomopatho-
genic fungi.

Currently, no onion cultivar with a high resistance to T. tabaci 
has been identified so far (Gill et al. 2015), but several cultivars 
show moderate resistance or may withstand certain damage 
inflicted by thrips, primarily due to morphology, physical and 
chemical attributes of the host plants (Diaz-Montano et al. 2010; 
Silva et  al.  2015; Pobożniak et  al.  2021). Nevertheless, onions 
are a rich source of antioxidants, with red onions contain-
ing higher levels of flavonoids in comparison to yellow onions 
(Cheng et  al.  2013; Chernukha et  al.  2022). Silva et  al.  (2015) 
revealed that there was a negative correlation between the phe-
nolic concentration in a red onion cultivar and the level of thrips 
damage. Therefore, red onion was expected to show higher re-
sistance to T. tabaci even when inoculated with the endophytic 
fungi. However, between the yellow onion cultivar Sturon and 
the red onion cultivar Red Baron, there was no immediate dif-
ference in thrips feeding and oviposition behaviour within the 
same endophyte treatments, including the two controls. A trait 
of onion cultivars, known as antixenosis, involving plant mor-
phological features, for example, leaf colour, leaf angle, and a 
waxy outer layer, that disrupt insect behaviour and contribute 
to resistance against T. tabaci (Diaz-Montano et al. 2010, 2012; 
Birithia et al. 2014). For example, Birithia et al. (2014) showed 
that more thrips were observed on blue–green non-glossy onion 
leaves, while fewer thrips were found on light green glossy 
leaves. In our study, under controlled experimental conditions 
of the climate chamber, no obvious difference in morphological 
characteristics and plant growth between the two onion culti-
vars, including fungal inoculated and control plants, were ob-
served. Nevertheless two onion cultivars were evaluated, and 
the results of this study also provide positive signals about the 
ability of endophytic fungi to colonise multiple onion cultivars 
while enhancing host plant resistance to thrips damage.
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In conclusion, T. harzianum and B. bassiana treated onion plants 
exert a negative impact not only on pest survival, feeding be-
haviour and fecundity rates but also on the population dynamics 
of onion thrips, subsequently showing the potential endophytic 
fungi as promising biocontrol agents for the management of T. 
tabaci on onion crops. Notably, the combination of seed and foliar 
inoculation has shown high reliability in enhancing these effects, 
further supporting its practical application in pest management. 
Nonetheless, because fungal conidia are highly sensitive to direct 
sunlight, further research is required to develop methods that 
enhance conidia and hyphae persistence, thereby ensuring the 
efficacy of foliar inoculation process. Testing fungal spore sus-
pension formulations containing natural UV-protective additives 
to evaluate the colonisation and establishment ability of fungi 
in plant tissue under practical conditions should be prioritised. 
Moreover, it is essential to note that the interaction between the 
host plant, the endophytic fungi and the insect pest can be influ-
enced by climate factors, soil conditions and plant stress levels. 
Understanding these endophytic fungi's physiological and eco-
logical mechanisms in different host plants and environmental 
conditions can ensure their consistent performance under prac-
tical cultivation conditions. Consequently, the successful com-
mercialization of endophytic fungi-based biopesticides has to be 
investigated and validated under real agricultural conditions.
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