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Abstract

Whitefly (Bemisia tabaci) is a major pest on tomato plants. Whiteflies not only attack plants directly
but also serve as vectors for viruses that spread diseases such as geminiviruses, causing plants to
turn yellow. One alternative for controlling this pest is to use entomopathogenic fungi, such as
Beauveria bassiana. This study aimed to isolate a B. bassiana strain that enhances tomato plant
resistance to B. tabaci. The experiment was arranged in a Completely Randomized Design (CRD)
with six treatments and five replications. The treatments included five isolates of B. bassiana,
namely BbWs, TD312, PA221, PD114, and PB21 plus a control. The B. bassiana concentration used
was 108 conidia/mL. The fungus was applied by soaking tomato seed lots. Results showed that seed
soaking with B. bassiana significantly reduced egg, nymph, and adult populations across all isolates
compared to the control. Notably, PA221 and TD312 isolates showed significant nymph suppression.
Five weeks after planting, the TD312 isolate resulted in the lowest populations: 20.40 eggs per
plant, 7.25 nymphs per plant, and 2.30 adults per plant. Additionally, B. bassiana application
affected plant morphology by increasing trichome density; plants treated with TD312 had a
trichome density of 616.73 trichomes/cm? higher than the control (295.73 trichomes/cm?).
Although statistically comparable to several other isolates on some parameters, TD312 consistently
exhibited the lowest pest counts and the highest trichome density, indicating its potential to
enhance tomato resistance to B. tabaci by suppressing pest populations and reinforcing trichome
density.

Received: 22 July 2025; Revised: 19 September 2025; Accepted: 9 April 2026

INTRODUCTION

The whitefly (Bemisia tabaci Gennadius, 1889 is a significant pest of tomato plants. B. tabaci
damages plants by piercing tissue and sucking phloem fluid from tomato leaves, causing abnormal plant
growth, wilting, and decreased productivity (Agastya et al., 2020). Whiteflies not only attack plants directly
but also act as vectors for viruses that transmit diseases such as Geminivirus, which causes yellowing
(Soumia et al., 2021). Their role as pests and disease vectors in plants can cause significant yield losses,
reaching 90-100% (Hidayat et al., 2020).

Standard methods of controlling whitefly pests used by farmers include adjusting planting times,
planting resistant varieties, using barrier plants, crop rotation, and applying synthetic insecticides (Inayati
and Marwoto, 2015). The most common method of controlling whiteflies is using insecticides. However,
these insecticides are considered ineffective because the insect's body is coated with wax, making it
difficult for the active ingredient to penetrate. Whiteflies typically live under the surface of leaves, and
their adults fly, making it difficult for insecticide sprays to reach their target. Furthermore, the pest is

suspected to belong to a lineage resistant to many insecticides (Sugiyama, 2005; Mota-Sanchez and
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Wise, 2019; Horowitz et al., 2020). Besides that, the intensive use of synthetic insecticides can lead to
resistance, pest resurgence, the elimination of natural enemies, the accumulation of harmful residues on
agricultural products, environmental pollution, and a risk to human health. One of the more
environmentally friendly pest control efforts that also suppresses the development of pest resistance or
resurgence is the use of biological agents such as the fungus Beauveria bassiana (Erdiansyah et al., 2023;
Hendra et al., 2026).

B. bassiana is an entomopathogenic fungus widely used as an effective biological control agent
against various insect pest species, including the cabbage pest Crocidolomia pavonana (Trizelia and
Nurdin, 2010), Spodoptera exigua (Razak et al., 2016), S. litura (Trizelia et al., 2016), Nezara viridula
(Siahaan et al., 2021), Bemisia tabaci (Flawerina, 2021), Eurydema pulchrum (Trizelia et al., 2019),
Nilaparvata lugens (Hendra et al., 2022), and Thrips sp. on chili plants (Sofwah and Prastowo, 2023)

As knowledge advances, B. bassiana is not only an entomopathogen capable of directly infecting
and killing insects. Still, it is also reported to live as an endophyte in various plant species and to colonize
plant tissues. The colonization of endophytic fungi in plant hosts can negatively affect insects, especially
those that feed on the host and become pests, thereby enhancing plant resistance to pest attacks. The
plant's ability to inhibit pest development is a complex process regulated by various compounds, including
salicylic acid, jasmonic acid, and ethylene (Kessler & Baldwin, 2002). The presence of B. bassiana in plant
tissues can occur naturally (as a natural endophyte) or be artificially introduced through seed inoculation,
foliar application, seedling and vegetative propagation material soaking, soil drenching, and injection
(Vega, 2018; Bamisile et al., 2018; Saragih, 2019).

The ability of B. bassiana to live endophytically in plants and enhance plant resistance to pest
attacks has been reported by several researchers. Gautam et al. (2016) found that B. bassiana can live
endophytically in cauliflower plants, reducing the number of Plutella xylostella eggs and causing up to
100% larval mortality. This mortality results from B. bassiana's ability to reside in plant tissues and produce
secondary metabolites toxic to larvae. Batool et al. (2020) reported that B. bassiana can live endophytically
in corn plants. Its presence reduces Ostrinia furnacalis (Guenee) larvae by up to 85%, decreasing the
number and length of larval tunnels. Larval mortality is attributed to secondary metabolites such as proline
and polyphenol oxidase found in corn plants, which are toxic to larvae. Trizelia et al. (2020) reported that
chili plants inoculated with B. bassiana can suppress the development of Myzus persicae populations.
Hendra et al. (2023) found that applying B. bassiana to rice plants through seed soaking affects the
oviposition preferences of adult brown planthoppers (Nilaparvata lugens). The number of eggs laid by
adult planthoppers was lower in B. bassiana-treated rice plants. The presence of B. bassiana in rice tissues
reduces the percentage of planthopper eggs that hatch by 62.8% and increases nymph mortality by 46%.
It also affects adult planthopper mortality. The presence of B. bassiana in rice stems can increase
secondary metabolite levels, such as salicylic acid and oxalic acid, and decrease primary metabolite levels,
such as sucrose (Hendra, 2022).

The ability of B. bassiana to colonize plant tissues is affected by application methods, plant age
(Posada and Vega, 2005), and the specific fungal strain used (Zhang, 2014). The presence of endophytic
fungi within plant tissues can promote the production of various toxic or antifeedant compounds (Gao et
al., 2010; McCormick et al., 2016). The relationship between applying B. bassiana to tomato plants and
the development of aphid populations warrants further study. This research aims to isolate a B. bassiana
strain that effectively reduces B. tabaci populations.

MATERIALS AND METHODS

Place and Time

This study was conducted at the Biological Control Laboratory, Department of Plant Protection,
Faculty of Agriculture, Universitas Andalas, and at the Experimental Farm of Universitas Andalas in Padang
from July to October 2024.

Materials and Tools

The materials used in this research were an isolate of the fungus Beauveria bassiana, whiteflies,
Sabouraud Dextrose Agar supplemented with Yeast Extract (SDAY), tomato seeds of the Selena variety,
soil, 5-kg polybags, heat-resistant plastic, 70% alcohol, distilled water, Tween 80, tissue paper, plastic wrap,
millimeter paper, labels, and stationery.
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The tools used in this study included Petri dishes (9 cm in diameter), test tubes, a test tube rack,
Schott bottles, a Bunsen burner, an autoclave, a laminar air flow cabinet, an oven, an analytical balance,
drop pipettes, a micropipette and tips, a haemocytometer, a spatula, object glasses, cover glasses, a vortex
mixer, a cork borer, pot trays, scissors, a fine brush, tweezers, an Olympus CX23 microscope, and a
smartphone camera.

Method
This study employed an experimental method using a Completely Randomized Design (CRD) with
six treatments and five replications. The treatments comprised five isolates of Beauveria bassiana and a
control treatment. The treatments were as follows:
A = Control (immersion using sterile distilled water)
B = Isolate PA221 (chili root endophyte, Parabek, Agam)
C = Isolate BbWs (Leptocorisa oratorius, Duku, Padang Pariaman)
D = Isolate PB211 (chili stem endophyte, Parabek, Agam)
E = Isolate PD114 (chili leaf endophyte, Parabek, Agam)
F = Isolate TD312 (wheat stem endophyte, Koto Laweh, Tanah Datar)

Propagation of Beauveria bassiana

The B. bassiana fungal isolate used was obtained from the Biological Control Laboratory at the
Faculty of Agriculture, Andalas University. B. bassiana fungi were propagated using Sabouraud Dextrose
Agar Yeast (SDAY) media. B. bassiana fungal propagation was carried out by transferring pure fungal
cultures with a 0.7 cm diameter cork borer to a petri dish containing SDAY media and incubated at 28 °C
for 21 days until fungal conidia were formed and ready for use.

Preparation of Beauveria bassiana Suspension

Conidia of a 21-day-old B. bassiana fungal isolate were collected by adding 10 ml of sterile distilled
water and three drops of Tween 80 solution as a leveling agent to a petri dish. All ingredients were mixed
using a soft brush to loosen the conidia, then transferred to a test tube and homogenized using a vortex.
Next, serial dilutions were performed up to 3 times, and the final conidial concentration was 10%
conidia/mL. The density of fungal conidials was calculated using a hemocytometer (Impoved Neubeur)
(Gonzalez-Guzman et al., 2021; Ibrahima et al., 2022).

Preparation of Planting Media

The planting medium consisted of a 2:1 (v/v) mixture of sterile soil and manure. The soil and
manure mixture was sterilized using the Tyndallization method, which involves heating the mixture to
100°C for 1 hour in a steamer, followed by a 24-hour incubation, then reheating the mixture three times
at 100°C. The sterilized soil was placed in 5 kg polybags and was ready for use as a planting medium
(Gullino et al., 2022)

Treatment of Tomato Seeds with B. bassiana Fungus

The tomato seeds used in this experiment were of the Selena variety. Before treatment, the seeds
were surface-sterilized by sequential soaking: first in sterile distilled water for 1 minute, then in 70%
ethanol for 1 minute, and finally rinsed again in sterile distilled water for 1 minute. After sterilization, the
seeds were air-dried for 10 minutes inside a Laminar Air Flow Cabinet. Once dry, the seeds were immersed
in a 10 mL suspension of B. bassiana at 102 conidia/mL for 6 hours, as described by Trizelia (2020). After
soaking, the seeds were placed in petri dishes lined with sterile filter paper and allowed to dry for one
hour. The fully dried seeds were then sown into the prepared planting medium.

Seed Sowing and Seedling Planting

Tomato seeds soaked in a suspension of the fungus B. bassiana are planted in plastic seed trays
filled with a 2:1 soil and manure mixture, which has been kept moist. The planting medium is gently
hollowed out with small pieces of wood, 0.5-1 cm deep, and two tomato seeds are placed in each hole.
Then, the medium is evenly covered again. Watering is performed daily under moist soil conditions
(Pandey et al., 2023).

The 21-day-old tomato seedlings were transferred into polybags filled with a mixture of manure
and sterilized soil. One tomato seedling was planted in each polybag. The polybags were then arranged
according to the tomato planting distance, 40 cm x 60 cm (Singh & Shrama, 2022; Melo et al., 2024).
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Tomato Plant Maintenance

Tomato plants are watered once a day, either in the morning or the evening. They are staked at 3
months of age. The stakes are made from 1-meter-long bamboo strips placed vertically beside the tomato
plants. Fertilization is done by applying NPK fertilizer around the plants at a distance of 10 cm and a depth
of 5 cm. This fertilization is performed twice: once a week after planting and again four weeks later. Weeds
are removed manually every two weeks.

Observation of the B. tabaci Population in Tomato Plants

Observations of the B. tabaci population were made by counting adults, nymphs, and eggs in each
treatment. Pest population data were collected every 7 days, during morning hours. Observations started
when plants were 2 weeks old and continued until 5 weeks after planting. Adults were counted directly on
the plants. Nymph and egg populations were estimated by sampling three leaves from the top, middle,
and bottom of each plant. The numbers of nymphs and eggs were then counted in the laboratory using a
microscope (Kumar et al., 2023; Smith et al., 2024).

Counting the Number of Trichomes on Leaves

Trichome counts were performed by collecting three leaves (top, middle, and bottom) from each
plant for each treatment. The leaves were cut into 1 cm? pieces, and trichomes were counted under a
microscope (Xu et al., 2023; Earsakul et al, 2025).

Data Analysis

The data obtained were presented in tables, and the standard error (SE) was calculated. The data
were analyzed using analysis of variance (ANOVA) in Statistix 8, and when significant differences were
detected, a post hoc test was performed at the 5% significance level.

RESULTS AND DISCUSSION

Population of B. tabaci egg

Applying B. bassiana to tomato plants through seed soaking significantly reduced the number of B.
tabaci eggs across all tested fungal isolates. Analysis of variance showed a notable difference between
treatments with B. bassiana isolates and the control group. The average number of B. tabaci eggs per plant
at five weeks after planting is detailed in Table 1.

Table 1. Average Number of Bemisia Tabaci Eggs on Tomato Plants Treated with Beauveria Bassiana
Fungus at 5 Weeks After Planting

Treatment Egg number/plant + SE
Control 81.10+3.32a
PA221 37.40+10.69b
PB211 35.20+4.23 bc
PD114 33.65+3.38 bc
BBWs 25.70 £4.30 bc
TD312 20.40+4.84c

Note: Means within the same column followed by the same lowercase letter are not significantly different according
to LSD at the 5% level.

As shown in Table 1, all treatments with B. bassiana isolates significantly reduced the number of
eggs laid by B. tabaci compared to the control. The PA221 isolate had the highest average number of eggs
(37.40 per plant). All B. bassiana treatments significantly lowered B. tabaci egg populations compared to
the control (Table 1). Although TD312 had the lowest egg count (20.40 per plant), it was not statistically
different from BBWSs (25.70), PD114 (33.65), or PB211 (35.20). Only PA221 (37.40) had a significantly
higher egg count than TD312. These results show that most isolates, especially TD312, BBWs, PD114, and
PB211, are similarly effective in reducing oviposition.

Kogan and Ortman (1978) noted that resistant plants can produce allelochemicals with
repellent properties
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- et al. (2023) also reported that B. bassiana applied to rice seeds decreased

the number of eggs laid by brown planthopper females. Furthermore, Prayogo et al. (2023)
observed that colonization of B. bassiana in shallot tissues influenced oviposition preference in
S. exigua, resulting in fewer eggs laid and lower hatch rates compared to the control (Figure 1).

Figure 1. Bemisia tabaci eggs on tomato plant leaves

B. tabaci Nymph Population

The seed-soaking application of B. bassiana to tomato plants significantly affected the number of
B. tabaci nymphs. Analysis of variance confirmed that treatments with B. bassiana isolates resulted in a
statistically significant decrease in nymph counts compared to the control. The mean number of B. tabaci
nymphs per plant at five weeks after planting is shown in Table 2.

Table 2. Average Number Of Bemisia Tabaci Nymphs On Tomato Plants Treated With Beauveria Bassiana
Isolates At 5 Weeks After Planting

Treatment Nymph/plant) £ SE
Control 22.15+7.69a
PD114 14.65 £ 4.50 ab
BBWs 12.50+2.19ab
PB211 12.25 +3.00 ab
PA221 9.10+2.74 b
TD312 7.25+1.31b

Note: Means within the same column followed by the same lowercase letter are not significantly
different according to LSD at the 5% level.

All B. bassiana treatments reduced nymph populations compared to the control, though not all
reductions were statistically significant (Table 2). PD114 had the highest nymph count among treated
plants (14.65 per plant), while TD312 had the lowest (7.25 per plant).

Statistical analysis showed that PD114, BBWSs (12.50), and PB211 (12.25) were not significantly
different from the control. In contrast, PA221 (9.10) and TD312 (7.25) were significantly lower than the
control. However, PA221 and TD312 were statistically similar to PD114, BBWs, and PB211.

These findings indicate that while all isolates suppressed nymph populations to some extent, only
PA221 and TD312 demonstrated significant suppression compared to the control, with TD312 showing the
numerically lowest nymph count.

Figure 2. Bemisia nymph on a tomato plant leaf
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The lower population of B. tabaci nymphs on B. bassiana-treated tomato plants can be attributed
to a reduction in egg laying by adult females, as well as a decreased egg hatching rate. The application of
B. bassiana likely contributes to both factors by producing repellent compounds within colonized plant
tissues, which deter oviposition and interfere with embryonic development. According to Flawerina
(2021), B. bassiana can establish endophytic colonization in tomato plants, inhabiting roots, stems, and
leaves, with the highest colonization observed in leaf tissues. This internal presence of B. bassiana has
been shown to reduce pest populations and enhance plant resistance to insect pests under field conditions
(Saragih et al., 2018). In support of this, Abdullah et al. (2020) reported that rice plants treated with B.
bassiana via seed soaking experienced mortality of Nephotettix virescens, further demonstrating the
fungus's potential to suppress pest populations through endophytic activity.

Population of B. tabaci adult

The application of the fungus B. bassiana reduced the number of B. tabaci adults on tomato plants
compared to control plants. Analysis of variance results showed that all tested isolates were significantly
different from the control. The population of B. tabaci adults on tomato plants, aged 5 weeks after planting
(WAP), is shown in Table 3.

Table 3. Average number of Bemisia tabaci adults on tomato plants to which the application of
Beauveria bassiana fungus at the age of 5 WAP

Treatment Adult/plant) + SE
Control 10.00+1.90a
PA221 5.35+1.96b
BBWs 3.75+0.53b
PB211 3.70+0.50b
PD114 3.45+0.76 b
TD312 2.30+0.37b

Note: Numbers followed by the same lowercase letter in the same column are not significantly different according to
LSD at the 5% level.

All B. bassiana treatments significantly reduced B. tabaci adult populations compared to the control
(Table 3). Although TD312 showed the numerically lowest adult count (2.30 per plant), it was statistically
similar to PA221 (5.35), BBWs (3.75), PB211 (3.70), and PD114 (3.45). These results indicate that all isolates
are equally effective at suppressing adult B. tabaci populations. The morphology of B. tabaci adults is
shown in Figure 3.

Figure 3. Adults of Bemisia tabaci on tomato leaves
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The study results indicate that treating tomato seeds with B. bassiana enhanced plant resistance
against B. tabaci. This was demonstrated by lower nymph and adult populations observed across the four
B. bassiana isolate treatments compared to the control. The reduced nymph population is attributed to
decreased egg deposition, while the adult population was also suppressed in B. bassiana-treated plants.
Seed treatment with B. bassiana enhanced tomato resistance against B. tabaci. All isolates significantly
reduced egg and adult populations, while only PA221 and TD312 significantly suppressed nymphs. TD312
consistently showed the lowest numerical pest counts across all stages, though statistically similar to
several other isolates. These findings support previous studies (Trizelia et al., 2020) on the effectiveness
of B. bassiana, particularly isolate TD312, in suppressing pest populations through endophytic colonization
and induced resistance. Hendra et al. (2023) observed that B. bassiana application to rice seeds reduced
the percentage of brown planthopper adults. Additional studies support these results: Akello et al. (2008)
found that soaking banana roots in B. bassiana reduced Cosmopolites sordidus populations by up to 88.9%
and plant damage by 86.7%, and Saragih (2024) reported that B. bassiana applications suppressed the
population growth and attack intensity of B. tabaci, M. persicae, and Aphis gossypii on chili plants. Overall,
B. bassiana colonizing plant tissues can indirectly induce resistance to insect pests.

The protective mechanism of endophytic fungi against pests may involve qualitative and
quantitative changes in plant nutrition—such as alterations in carbohydrate, nitrogen, and phytosterol
content (Grabka et al., 2022)—as well as morphological and physiological modifications in the plant (Gao
et al., 2010). Inoculation with B. bassiana can elevate the levels of various defense-related compounds,
including ethylene, chitinase, phytoalexins, alkaloids, jasmonic acid, and salicylic acid, which are critical in
pest development (Vlot et al., 2009). For instance, Hendra (2022) reported that B. bassiana treatment in
rice increased salicylic acid and oxalic acid content while reducing sucrose levels in stems. Salicylic acid is
essential for plant defense against pests (Moran & Thompson, 2001), and oxalic acid inhibits phloem
feeding by planthoppers and is toxic to insects at high concentrations (Korth et al., 2006). According to
Yoshihara et al. (1980), oxalic acid is a key factor in rice resistance to planthoppers. Endophytic B. bassiana
can also be directly toxic to insects by producing feeding deterrents or antibiotics (Bing and Lewis, 1992;
Vega et al., 2008).

Antibiosis is one mode of action in which ingested plant tissues or fluids adversely affect insects,
leading to mortality, growth reduction, developmental failure, or behavioral abnormalities (Fatahuddin et
al., 2003). B. bassiana exhibits antibiosis by producing compounds that inhibit pest growth and
development, often through the induction of plant secondary metabolites such as alkaloids, flavonoids,
terpenoids, phenolics, and toxins (Schulz et al., 1999). Its secondary metabolites can act as bioinsecticides,
disrupting insect metabolism and immune responses (Avila-Herndndez et al., 2020). Azevedo et al. (2000)
linked pest control effects to the toxin-producing capacity of endophytes, and Calhoun et al. (1992)
demonstrated that endophytic fungi synthesize toxins that inhibit Choristoneura fumifera growth.
Additionally, endophytes can indirectly enhance resistance by stimulating the production of defense-
signaling compounds, such as salicylic acid, jasmonic acid, and ethylene (Gao et al., 2010).

Trichome Density in Tomato Plants

Application of B. bassiana through seed soaking significantly influenced trichome density on
tomato leaves (Table 4). TD312 showed the numerically highest trichome density (616.73 per cm?),
followed by PA221 (597.66), BbWs (507.13), PD114 (439.26), and PB211 (392.40), while the control had
the lowest density (295.73).

Table 4. Number of trichomes on tomato plant leaves

Treatment Trichome Density (cm?) + SE
TD312 616.73+81.71a
PA221 597.66 + 60.63 a
BbWs 507.13 +82.58 ab
PD114 439.26 + 56.26 abc
PB211 392.40+28.43 bc

Control 295.73+ 33.79 ¢

Note: Means within the same column followed by the same lowercase letter are not significantly different according
to LSD at the 5% level.
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B. bassiana application significantly affected trichome density on tomato leaves (Table 4). TD312,
PA221, BbWs, and PD114 showed significantly higher trichome density than the control, with TD312 and
PA221 having the highest numerical values. These four isolates were statistically similar to each other.
PB211 had moderate trichome density, statistically similar to both PD114 and the control. Enhanced
trichome density, particularly in TD312, PA221, BbWs, and PD114, may strengthen plant physical barriers
against B. tabaci

The influence of B. bassiana on plant morphology, including increased trichome density, is likely
due to its endophytic colonization, which may stimulate the production of plant growth regulators such as
auxin, cytokinin, and gibberellin. According to Halo et al. (2023), endophytic fungi can increase trichome
density on tomato leaves by secreting gibberellins, thereby enhancing drought resistance. Similarly, Qin et
al. (2021) reported that B. bassiana colonization in tobacco plants promotes growth by enhancing
photosynthetic rate, chlorophyll content, and trichome and stomatal density. High trichome density is a
key physical trait associated with pest resistance, as dense trichomes can impede B. tabaci females from
penetrating the leaf epidermis and inserting their stylets to feed. Consequently, leaves with dense
trichomes are less preferred for oviposition and feeding. In this study, tomato plants treated with B.
bassiana isolates showed higher trichome density and lower adult B. tabaci populations compared to the
control. This aligns with findings by Flawerina (2021), who reported that increased trichome density in
tomato plants enhances resistance to B. tabaci infestations.

CONCLUSION

Seed treatment of tomato plants with Beauveria bassiana effectively suppressed Bemisia
tabaci populations. Isolate TD312 resulted in the lowest populations of eggs (20.40 per plant),
nymphs (7.25 per plant), and
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