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Abstract

Recently, ornamental plants in urban and unmanaged landscapes were found to be infected
with several plant viruses transmitted by Brevipalpus mites. The main purpose of this re-
search was to identify suitable tools for managing Brevipalpus yothersi in these environments
by evaluating the efficacy, persistence, and rainfastness of selected biorational pesticides,
as well as their compatibility with the predatory mite Amblyseius largoensis. We found that
horticultural oils (i.e., petroleum distillates with varying levels of refinement, marketed as
mineral or paraffinic oils) and Beauveria bassiana (Strain GHA) suppressed all developmen-
tal stages of B. yothersi at levels comparable to spirodiclofen, a commonly used acaricide
for controlling B. yothersi. The paraffinic oil provided the best overall performance across
the rainfastness, residuality, and greenhouse evaluations. This food-grade horticultural oil
is exempt from residue tolerances and could be readily adopted for B. yothersi control in
urban landscapes. Paraffinic oil had adverse effects on predatory mites. However, predator
populations recovered after paraffinic oil application, and the combined treatment of paraf-
finic oil + A. largoensis ultimately provided better control than either the predators or the oil
alone. When properly applied, horticultural oils provide a practical option for controlling
populations of viruliferous Brevipalpus mites in urban and unmanaged landscapes.
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1. Introduction

Flat mites in the genus Brevipalpus (Acari: Tenuipalpidae) are notorious for their
association with viruses belonging to the families Kitaviridae and Rhabdoviridae, which are
designated as Brevipalpus-transmitted viruses (BTVs) [1,2]. Recently, two of the three
main BTVs known to cause citrus leprosis (CiL), one of the most damaging diseases of
citrus, were found infecting multiple ornamental plants in Florida and California, and
ornamentals and citrus in Hawaii [3-6]. A hibiscus strain of Citrus leprosis C2 (CiLV-C2H)
was found in Hawaii and Florida, also infecting passion fruit in Hawaii [4,6]. Likewise,
strains of Orchid fleck virus were found infecting rough lemon and mandarin orange in
Hawaii, orchids in California, and Liriope spp., Smilax auriculata, Aspidistra elatior, and
Pandanus amaryllifolius in Florida [3-5,7].

Brevipalpus yothersi (Baker) is the primary vector of the cileviruses responsible for
citrus leprosis outbreaks in South and Central America [8,9], and is also the confirmed
vector of passionfruit green spot disease [9,10]. This mite is present in Florida, where it was
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found to be associated with CiLV-C2H [4]. Concerns about potential outbreaks of existing
viruses and the risk of spillover infection from ornamentals to citrus, as recently observed in
South Africa [11], have prompted research into developing management strategies against
this mite.

Unlike most plant viruses, many BTVs cannot systemically infect plants [12]. Therefore,
if the vector is effectively controlled, the disease can be effectively managed. The traditional
management of B. yothersi in citrus relies on conventional acaricides within an integrated
pest management framework [13]. However, the BTVs recently detected in Florida have
been found in urban landscapes without established integrated pest management programs
and with restrictions on the use of conventional chemical control tools.

Earlier studies demonstrated that the native predator Amblyseius largoensis (Muma)
(Acari: Phytoseiidae) is the primary predator associated with B. yothersi in dooryard
citrus and hibiscus plants in the Florida urban landscape [14,15]. Later, Argolo et al. [16]
demonstrated that A. largoensis can effectively suppress B. yothersi numbers on citrus plants
under greenhouse conditions. In addition, studies by Della Vechia et al. [17] showed the
potential compatibility of this predator with several conventional acaricides used against
B. yothersi in citrus commercial production. However, conventional acaricides cannot be
easily applied to dooryard citrus and ornamental plants such as Viburnum odoratissimum
Ker Gawl. (Adoxaceae) and Hibiscus spp. (Malvaceae), where B. yothersi is commonly
found. As a result, viruliferous mite populations remain unchecked and can potentially
spread from urban to agricultural areas.

Biorational pesticides with reduced risks to humans and the environment could be
an option for controlling B. yothersi populations in dooryard citrus and landscape settings.
Biopesticides derived from natural sources (microbes, plants, minerals) are generally con-
sidered safer than conventional chemical pesticides [18]. They tend to degrade rapidly
in the environment, resulting in reduced persistence of residues, and are increasingly
available to homeowners, providing an accessible option for managing B. yothersi. Notable
examples of biopesticides used in pest mite control include microbial pesticides based on
entomo-acaropathogenic fungi that infect and kill mites (i.e., Beauveria bassiana, Cordyceps
fumosorosea, Metarhizium anisopliae and Hirsutella thompsoni), and horticultural oils that
physically coat and suffocate mites [19-21]. Although considered a safer alternative, biopes-
ticides can harm beneficial arthropods depending on the concentration, application timing
and method, and contact route [17,22-24]. Since A. largoensis has been identified as the
main predator associated with B. yothersi [14,15] in the Florida landscape, understanding
how biorational pesticides affect this key natural enemy is essential for maintaining the
services it provides.

The efficacy and persistence of biorational pesticides in tropical and subtropical areas
where B. yothersi is present can be strongly influenced by environmental conditions such as
precipitation, temperature, humidity, and UV radiation [25]. These and other environmental
factors can accelerate degradation, reduce efficacy, or alter how biopesticides interact with
pests and non-target organisms throughout time. Many areas where B. yothersi is established
experience periods of heavy precipitation; therefore, the ability of a biopesticide to remain
effective after rainfall (i.e., rainfastness) is an important consideration in its management.
While horticultural oils and microbial biopesticides are available for the control of B. yothersi,
no studies have evaluated their rainfastness in urban microclimates or their impacts on A.
largoensis. The main purpose of this research was to identify suitable tools for managing B.
yothersi in the Florida landscape by evaluating the efficacy, persistence, and rainfastness of
selected biorational pesticides, as well as their compatibility with A. largoensis.
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2. Materials and Methods
2.1. Brevipalpus yothersi Colony

Brevipalpus yothersi females were collected from viburnum hedges (Viburnum odoratis-
simum) and Persian lime trees (Citrus latifolia Tan.) at the University of Florida—Tropical
Research and Education Center (UF-TREC) in Homestead, FL, USA. The mites were reared
on lemon (C. limon L.) fruit and lemon seedlings in climate chambers (Panasonic MLR-352H-
PA, PHC Corporation of North America, Wood Dale, IL, USA) maintained at 27 1 °C,
70 £ 5% RH and 12:12 h (L:D) at the Tropical Fruit Entomology laboratory as described by
Revynthi et al. [26].

2.2. Amblyseius largoensis Colony

Standard methods for rearing phytoseiid mites [27] were used to rear A. largoensis,
7collected initially from coconut (Cocos nucifera L.) fronds at UF-TREC. Typha spp. pollen
(Nutrimite™, Biobest, Westerlo, Belgium), Tetranychus urticae Koch (Acari: Tetranychidae),
and B. yothersi mites from colonies maintained at UF-TREC were provided thrice weekly as
food for the predatory mites [27]. The colony was kept in an environmental chamber under
controlled conditions of 25 + 1 °C, 80 & 5% RH, and a 12:12 h (L:D) photoperiod.

2.3. Biorational Treatments

Three biopesticides and one conventional acaricide were evaluated, including: (1) Beau-
veria bassiana Strain GHA (BotaniGard ES® 2 x 10713 spores L1 BioWorks, Victor, N,
USA,; dose tested, 0.5 L ha~!), a microbial pesticide; (2) paraffinic oil (Organic JMS Stylet
0il® 97.1%, JMS Flower Farms, Inc. Vero Beach, FL, USA; dose tested, 2 L ha~!); (3) mineral
oil (Sunspray Ultrafine® 98.8%, HollyFrontier, S.A. Dallas, TX, USA; dose tested, 1.4 L ha_l) ;
and (4) the conventional pesticide spirodiclofen (Envidor® 2 SC, Bayer CropScience AG,
Whippany, NJ, USA; dose tested, 1.5 mL hl~!), which was used as a positive control.
The doses used were based on the maximum label rate recommended for controlling
mite species.

2.4. Plant Material for Rainfastness and Residual Evaluations

Seventy-five unsprayed 1-year-old lemon plants (Citrus limon) grown from seeds
(about 30 cm tall, in 1.9 L pots) were used in this experiment. Pesticides were applied
until runoff using a pressurized sprayer at 150 psi equipped with a fluid jar and a spray
gun (Central Pneumatic®, Los Angeles, CA, USA; model 93506). Groups of fifteen plants
were sprayed separately with one of the four acaricides described above, and one group
was sprayed with water and used as a control. Treated plants were kept in a glasshouse
with controlled temperature and relative humidity (25 + 4 °C and 75 £ 15% RH). The
same plants were used to evaluate the rainfastness and residual efficacy of the acaricides
described above.

2.5. Rainfastness of Biorational Acaricides

To evaluate rainfastness, individual mature leaves were detached from the treated
plants one day after the treatment application and immersed in a container containing tap
water (1 L) for 0, 1, 2, 3, or 4 sequential dips. Leaves dipped more than once were allowed
to air-dry between dips, and the water was replaced after each dip. This procedure was
replicated eight times (replicates) with different leaves collected randomly from each group
of treated plants. Once the dips were completed, experimental arenas were constructed by
placing the leaves upside down on a Petri dish lined with a water-saturated sponge and
cotton. Strips of wet cotton were placed along the edges of the leaves to ensure a constant
water supply and prevent mites from escaping. Then, 10 adult B. yothersi females from the
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colony were transferred to each leaf using a single-hair brush under a stereomicroscope.
The arenas were kept in a climate-controlled room at 25 & 2 °C and 50-55% relative
humidity, with a 12:12 h (L:D) photoperiod for 24 h. At the end of this period, the leaves
were inspected under a stereomicroscope to record the number of dead or alive mites. Mites
were considered dead if they did not move in response to a physical stimulus by gently
poking with a fine brush.

2.6. Aged Residues of Biorational Acaricides

To evaluate the residuality of the different pesticide treatments, eight randomly se-
lected mature leaves were detached from each group of treated plants 1, 7, 14 and 21 days
after treatment and used to form experimental arenas as described above. Then, 10 B.
yothersi adult females were transferred to each arena from the stock colonies and the num-
ber of dead or alive mites on each leaf was evaluated 24 h later under a stereomicroscope
as described above.

2.7. Greenhouse Evaluations of Biorational Acaricides

The experiment was conducted in a greenhouse with controlled temperature and
relative humidity (25 £ 4 °C and 75 + 15% RH). Fifty unsprayed lemon plants (1-year-old
potted, about 30 cm tall) were used in this experiment. Each plant was artificially infested
with one lemon leaf from the stock colony containing 40 adults of B. yothersi. Infested
leaves were attached to the abaxial surface of an experimental plant leaf using a paper
clip and left undisturbed for 42 days. Each plant was enclosed in a fine-mesh screen cage
(24.5 x 24.5 x 63.0 cm, 170 um mesh aperture, BugDorm-4E2260 Insect Rearing Cage) to
prevent mite movement among plants. A saucer filled with water was placed underneath
each plant to exclude any crawling arthropods. After this period, the four acaricides
described above, at the same doses, were applied to the plants to runoff using a pressurized
(50 psi) backpack sprayer. Ten plants (replicates) were sprayed with each pesticide, and
an additional 10 plants were sprayed with water (control). On days 7, 13, 29, and 44
after treatment, three mature leaves were removed from each plant and inspected under a
stereomicroscope in the laboratory to record the number of B. yothersi eggs, nymphs and
adults alive. The experiment ended 44 days after treatment application.

2.8. Compatibility of Paraffinic Oil and Predatory Mites

The experiment was conducted in a different greenhouse with similar controlled
temperature and relative humidity. Thirty-six 1-year-old lemon plants (approx. 30 cm tall,
unsprayed and pest-free) were used (9 per treatment). Each plant was artificially infested
with 30 B. yothersi adults on a lemon leaf from the stock colony, which was attached to
the abaxial surface of mature experimental plants using a paper clip. Plants were placed
individually in fine-mesh screen cages as described above.

Infested plants were held for 52 days and then assigned to one of the following
treatments: (1) B. yothersi alone (control), (2) B. yothersi + A. largoensis, (3) B. yothersi +
paraffinic oil, and (4) B. yothersi + A. largoensis + paraffinic oil. Amblyseius largoensis females
were released three times at one-week intervals. Each release consisted of transferring
10 gravid females from the laboratory colony to the corresponding experimental plant
using a fine brush. The paraffinic oil was applied one day after the last release. Each
plant was sprayed evenly with 15 mL of the solution using a pressurized sprayer (150 PSI).
Brevipalpus yothersi counts began 2 weeks before releasing the predators and continued
weekly thereafter, by detaching 2 leaves per plant and recording the numbers of B. yothersi
adults, immatures, and eggs. Observed predators were also recorded.

https:/ /doi.org/10.3390/agronomy16030291


https://doi.org/10.3390/agronomy16030291

Agronomy 2026, 16, 291

50f13

2.9. Data Analysis

Data from the rainfastness experiments were subjected to a generalized linear model
(GLM) with a quasi-Poisson error distribution for the effects of the number of dips, treat-
ment, and their interaction on B. yothersi adult mortality. For the aged-residue assays, a
GLM with a negative binomial error distribution was used to test the effects of residue age,
treatment, and their interaction on the number of dead B. yothersi after treatment.

Greenhouse assays: Data on the number of eggs, nymphs and adults of B. yothersi per
plant were analyzed separately using a generalized linear mixed-effects model (GLMM)
with a negative binomial error distribution, using the glmmTMB package [28]. Treatment,
evaluation date, and their interaction were fixed factors, while plant was a random factor
to account for repeated measures.

For the compatibility experiments, the number of B. yothersi eggs, nymphs, and
adults, and the number of predators were analyzed using a GLMM as described above.
For all models, post hoc tests were performed using estimated marginal means with a
Tukey adjustment for the probabilities from the emmeans package [29]. All analyses were
performed using R version 4.2.2 [30].

3. Results
3.1. Rainfastness of Biorational Acaricides

Brevipalpus yothersi mortality was significantly affected by the interaction between
treatment and number of dips in water (GLM: deviance = 84.64, df = 16, p < 0.001). When
leaves were not dipped in water, all treatments resulted in significantly higher mortality
than the control, ranging from 98.8 to 62.5% (p < 0.0001). When leaves were dipped once,
paraffinic oil caused the highest B. yothersi mortality, followed by intermediate mortality
levels caused by B. bassiana. Among the treatments, mineral oil (p = 0.005) and spirodiclofen
(p = 0.001) caused significantly less mortality than the paraffinic oil. Spirodiclofen showed
mortality rates similar to those of the control (p = 0.55). When leaves were dipped twice,
all treatments had similar mortality rates, and the mortality observed in the paraffinic
oil treatment was similar to that in the control (p = 0.19). After the third dip, both oils,
paraffinic and mineral, caused the highest mortality, followed by intermediate levels caused
by B. bassiana (p = 0.15) and spirodiclofen (p = 0.23). However, the latter two were not
statistically different from the control. After the fourth dip, only the paraffinic oil treatment
caused significantly higher mortality rates than the control (p = 0.001) (Figure 1).

3.2. Aged Residues of Biorational Acaricides

Brevipalpus yothersi adult mortality was significantly affected by the interaction be-
tween treatment and pesticide residue age (GLM: deviance = 26.42, df = 12, p = 0.01).
Exposure of B. yothersi adult females to one- and seven-day-old acaricide residues caused
significantly higher mortality rates in all treatments compared with the untreated control,
and there were no significant differences among treatments (p < 0.0001). When B. yothersi
adults were exposed to 14-day-old acaricide residues, only paraffinic oil induced mortalities
greater than those in the water control (p = 0.02), even though no significant differences
among acaricide treatments were observed (p > 0.05). No significant mortality of B. yothersi
was observed when adults were exposed to 21-day-old residues of any of the biopesticides
or spirodiclofen (Figure 2).
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Figure 1. Brevipalpus yothersi adult mortality after exposure to citrus leaves treated with three biopesti-
cides (Beauveria bassiana, paraffinic oil, and mineral oil), one commercial acaricide (spirodiclofen), and
subject to sequential dips in water. Within the different number of dips, bars with different lower-case
letters indicate statistically significant differences (Tukey, N = 8, p < 0.05).
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Figure 2. Mortality of Brevipalpus yothersi adults after exposure to aged residues of three biopesticides
(Beauveria bassiana, paraffinic oil, and mineral oil), one commercial acaricide (spirodiclofen). Within
different residue ages, bars with different lower-case letters indicate statistically significant differences
(Tukey, N =10, p < 0.05) (Tukey, N = 8, p < 0.05).

3.3. Greenhouse Evaluations of Biorational Acaricides

The number of B. yothersi eggs (GLMM: x? = 85.03, df = 12, p < 0.001), nymphs (GLMM:
x? = 71.31, df = 12, p < 0.001) and adults (GLMM: x? = 73.43, df = 12, p < 0.001) was
significantly affected by the interaction of treatment and evaluation day (Table 1). Three
days after application, only the plants treated with spirodiclofen (p = 0.048) and paraffinic
oil (p = 0.01) showed significantly fewer B. yothersi eggs than the untreated control. At
day 13, significantly more B. yothersi eggs were found on the control plants than in any of
the treated plants, with no significant differences among treatments (p > 0.05). At days 29
and 44 after application, the number of B. yothersi eggs recorded in the control remained
significantly higher relative to any of the treatments (p < 0.001). However, at day 44, plants
treated with mineral oil had significantly more eggs than those treated with paraffinic oil,
spirodiclofen, and B. bassiana (p < 0.0001) (Table 1).
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Table 1. Estimated marginal mean number (+SE) of Brevipalpus yothersi eggs, nymphs and adults 3,
13, 29 and 24 days post treatment application. Within each column and B. yothersi stage, different

lower-case letters indicate statistically significant differences (Tukey, N = 10, p < 0.05).

Evaluation Day

B. yothersi Stage Treatment 3 13 29 m
Control 105.52 4+ 30.5b 41217 +£92.7b 579.05 +£ 124 b 432.30 +£95.7 ¢
B. bassiana 45.64 + 15.7 ab 324 +241a 559 £ 3.46a 1.69+173a
eggs Spirodiclofen 37.00 £ 139a 0.00£0.0* 0.00£0.0* 0.00£0.0*
Paraffinic oil 26.62 +10.5a 0.00 +0.0* 0.00£0.0* 0.00£0.0*
Mineral oil 73.88 £+ 23.2 ab 10.30 £5.16 a 27.64 +10.4 a 69.10 =22.3b
Control 200.7 4+ 78.62 ¢ 303.7 +118.7b  1013.71 +=394.06 ¢  418.56 + 162.96 b
B. bassiana 17.24 £ 6.92 ab 057 +£031a 1.82 +0.86a 030+02a
nymphs Spirodiclofen 62.65 + 1.76 bc 0.00£0.0* 0.00£0.0* 0.00£0.0*
Paraffinic oil 73+301a 0.00 +0.0* 0.00£0.0* 0.00£0.0*
Mineral oil 32.1 +12.68 ab 2.7+ 1.226a 26.86 £ 109b 110.41 +43.95b
Control 69.50 = 23.9 ¢ 22496 +76.6b 848.86 + 288 ¢ 408.08 £ 139 ¢
B. bassiana 237 £095b 0.30+0.19a 040+0.23a 0.39+024a
adults Spirodiclofen 471 +176Db 0.00£0.0* 0.00£0.0* 0.00£0.0*
Paraffinic oil 0.19+0.15a 0.00 +0.0* 0.00£0.0* 0.00£0.0*
Mineral oil 352+1.37b 0.79 +0.386 a 799 +£295b 63.59 £22.1b

* There was no variability in this treatment-day combination; therefore, statistical comparisons with the other
treatments cannot be made.

The number of B. yothersi nymphs 3 days after application was significantly lower
in all treatments compared to the control (p < 0.001). Populations of nymphs continued
decreasing in all acaricide treatments except the mineral oil treatment, which had signif-
icantly higher populations than the other acaricides by day 29 (p = 0.001). By day 44,
the control and mineral oil treatments showed the highest number of alive nymphs of B.
yothersi compared to other acaricides (p < 0.001) (Table 1).

The number of B. yothersi adults per plant decreased significantly three days after
application with any of the treatments compared to the untreated control (p < 0.001). From
day 13 to day 44, there were no adult mites on the plants treated with spirodiclofen and
paraffinic oil, while plants treated with B. bassiana and mineral oil had significantly fewer
adult mites than the control (p < 0.001) (Table 1).

3.4. Compatibility of Paraffinic Oil and Predatory Mites

The number B. yothersi eggs (GLMM: x? = 345.26, df = 21, p < 0.001), nymphs (GLMM:
x? = 301.1, df = 21, p < 0.001) and adults (GLMM: x? = 287.54, df = 21, p < 0.001) was
significantly affected by the interaction of treatment and evaluation day (Table 2). During
the first three weeks of the experiment, B. yothersi mean infestation levels were similar on
all the experimental plants. After the predators were released and paraffinic oil applied,
B. yothersi populations declined significantly from week 4 onward in all treated plants
compared with the untreated control. Egg numbers per plant were lowest on plants
receiving the combined treatment of oil and predators, compared to plants receiving
either treatment alone. When the paraffinic oil was applied alone, B. yothersi egg numbers
increased significantly during the final two weeks of the experiment. A similar trend was
observed for B. yothersi nymph and adult numbers, when paraffinic oil or A. largoensis was
applied alone, suppression of B. yothersi was temporary, and populations increased again
a few weeks after treatment. Overall, plants receiving a combination of A. largoensis and
paraffinic oil had long-lasting suppression B. yothersi eggs, nymphs and adults (Table 2).
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Table 2. Estimated marginal mean number (+SE) of Brevipalpus yothersi eggs, nymphs and adults 1-8 weeks post treatment application. Within each column and B.

yothersi stage, different lower-case letters indicate statistically significant differences (Tukey, N = 10, p < 0.05).

B. yothersi Stage

Weeks After Treatment Application

Treatment 1 2 3 4 5 6 7 8
Control 43+20a 3549 £1139a 8323 £2319a 1897 +482.8 ¢ 3076.5 + 738.6 b 3018.5 +724.2b 2311.0 = 568.6 ¢ 1026.9 £287.4 ¢
eggs Paraffinic oil 912+ 374a 4465+ 1451a 1779.6 = 464.5a 133.3 +54.3b 1241 £51.2a 1612 £ 64.1a 158.7 = 63.3 b 236.5 £ 86.6b
A. largoensis 139.7 £53.8 a 518.4 +160.9 a 871.3 +246.6 a 137.1+£52.1b 105.6 =41.2a 109.2 £438a 63.4 £27.6 ab 728 £ 314 ab
A. largoensis + Paraffinic oil 65.6 +£30.2a 601.5+184.6 a 1127.8 = 308.6 a 139+ 104 a 470+£235a 623 +272a 276+£152a 36.8 £ 185a
Control 417+£193 a 201.1+70a 1016.6 £ 265.1 a 1874.5 +458.4 b 24873 £584b 32345+ 738.1b 2665.9 + 618.6 ¢ 1115.1 £3025¢
avmphs Paraffinic oil 724 £298a 310.7 £ 104.5a 1598 £+ 406.3 a 1122 +£458a 1235 £50a 160.3 £ 62.7 a 1978 £75.1b 2238 £81.1b
ymp A. largoensis 892+ 36.1a 3358+ 110.1a 935.6 £253.2 a 143.8 £53.5a 749 +319a 161.1 £59.2 a 93.9 £ 36.4 ab 96.8 £ 38.6 ab
A. largoensis + Paraffinic oil 343 +187a 349.1 £1158a 1059.3 £283 a 29.1+159a 56.3 +235a 523 +24a 299 £163a 43+213a
Control 248 £1091a 1139 £ 3848 a 363.72 +100.97 a 783.1+£199.22 ¢ 1646.5 £ 382.46 ¢ 1957.8 £ 449.87 ¢ 998.9 £ 244.98 c 901.1 £ 223.09 ¢
dul Paraffinic oil 23.8 £10.96 a 149.4 £ 49.38 a 729.6 £186.49 a 47 £193a 753 £29.07 a 80.5 + 30.65 ab 113.8 £39.71b 1442 +49.7b
adults A. largoensis 37.6 £ 1548 a 181.8 £ 56.76 a 4925+ 129.52 a 2272 £67.98b 265.6 £77.81b 251.5+73.7b 1219 +42.85b 134.6 +44.28 b
A. largoensis + Paraffinic oil 121+742a 1643 +534a 543.5 + 143.38 a 16.7 £9.01 a 408 +1735a 50.6 £+ 20.03 a 26 £11.88a 29.8 +£13.48a

https://doi.org/10.3390/agronomy16030291


https://doi.org/10.3390/agronomy16030291

Agronomy 2026, 16, 291

90f13

There was a significant reduction in A. largoensis numbers on plants treated with paraf-
finic oil compared with plants where the predator was released alone (GLMM: x? = 7.67,
df = 1, p = 0.006). Evaluation day (GLMM: x? = 9.34, df = 4, p = 0.05) and its interac-
tion with treatment application (GLMM: x2 = 6.62, df = 4, p = 0.16) did not affect the
predator population.

Predator mortality and a reduction in predator numbers were observed immediately
after paraffinic oil application and persisted for approximately four weeks. At this period,
A. largoensis populations recovered, reaching levels similar to those in untreated plants

(Figure 3).
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Figure 3. Average number (£SE) of alive (a) and dead (b) Amblyseius largoensis on citrus plants. Red
arrows indicate pesticide application.

4. Discussion

Brevipalpus-transmitted viruses have recently been detected in Florida’s urban land-
scapes, including residential and unmanaged areas. These environments can serve as
reservoirs for unmanaged viruliferous mite populations that may expand and spread into
agricultural areas [31,32]. We found that some bio-pesticides (mineral oil, paraffinic oil,
and Beauveria bassiana Strain GHA) suppressed all developmental stages of B. yothersi at
similar levels to spirodiclofen, a commonly used acaricide for controlling B. yothersi in
citrus orchards in Brazil [33]. These biopesticides represent an easily adoptable alternative
to conventional acaricides for use in residential and urban landscapes, with reduced risk
of human and pet exposure and contamination [34]. However, both biopesticides and
conventional pesticides break down in the environment and lose efficacy after application
through photodegradation, volatilization, and microbial or chemical breakdown [35]. In
our study, the residual effects of the bio-pesticides and the commercial pesticide began
to decline seven days after application. Only the paraffinic oil showed higher adult mite
mortality than the control 14 days after application. Moreover, water exposure reduced
the efficacy of the bio-pesticides and spirodiclofen in controlling B. yothersi, resulting
in inconsistent control. These results were consistent with previous studies by Decaro
et al. [36], which showed that artificial rain applied 1 h after application washed off 50%
of the spirodiclofen deposited on citrus leaves, even with the addition of an adjuvant.
Similarly, Sanches et al. [37] reported that simulated rainfall reduced the efficacy of the
acaricide propargite in controlling B. yothersi. Inglis et al. [38,39] further demonstrated that
rainfall intensity reduced the amount of fungal inoculum, thereby reducing the efficacy of
entomopathogenic fungi in pest control. However, among the biopesticides tested in our
study, the oil treatments were more tolerant of water wash-off. Mineral oil withstood up to
three water dips before losing its ability to induce adult mortality, while paraffinic oil was
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the most resistant to water exposure among the treatments. This bio-pesticide caused more
than 50% mortality in B. yothersi even after four water dips.

In the first greenhouse evaluation, B. bassiana and paraffinic oil achieved levels of B.
yothersi suppression comparable to spirodiclofen, demonstrating that these biopesticides
can deliver effective and sustained pest control. Microbial biopesticides based on B. bassina
or other entomopathogenic fungi control mites by penetrating the host integument using a
combination of mechanical force and cuticle-degrading hydrolytic enzymes. Once inside,
the fungi colonize the host and produce toxic metabolites, leading to mycosis and death [18].
Vasquez-Benito et al. [40] had already reported the efficacy of B. bassiana strains against
B. yothersi in the laboratory. Moreover, Cavalcanti et al. [41] reported 100% mortality of
B. phoenicis adults caused B. bassiana (UFLA 70) in laboratory studies. This study is the
first to report the efficacy of B. bassiana and paraffinic oil under greenhouse conditions.
The effectiveness of paraffinic oil has been observed in controlling other phytophagous
mites, including Aceria litchii [42], Tetranychus urticae [43] and Panonychus ulmi [44]. Mineral
oil has also shown promising results against phytophagous mites in citrus, including B.
phoenicis [45].

Paraffinic oil provided the best overall performance across the rainfastness, residuality,
and greenhouse evaluations. This highly refined, food-grade mineral oil is exempt from
residue tolerances and could be readily adopted for B. yothersi control in urban landscapes.
Paraffinic oil was selected for compatibility testing with A. largoensis because it has no
use restrictions on dooryard and landscape plants, where both B. yothersi and A. largoensis
are abundant. The combination of paraffinic oil and A. largoensis provided long-lasting
suppression of all stages of B. yothersi. By contrast, when paraffinic oil or A. largoensis
was applied alone, suppression of B. yothersi was temporary and populations increased
again a few weeks after application. Although paraffinic oil adversely affected A. largoensis,
predator populations recovered, and the combined treatment ultimately provided better
control than either predators or oil alone. Our results suggest that paraffinic oil can have
adverse effects on predatory mites; however, with proper use, effective mite control can
still be achieved despite this trade-off. Another option that should be further explored is
the use of B. bassiana, which provided satisfactory control of B. yothersi in our experiments.
This biopesticide, and possibly other microbial biopesticides, can also be combined with
predatory mites to enhance control of B. yothersi [40].

5. Conclusions

The novelty of this study lies in evaluating biopesticides in urban ornamental plant
systems, with emphasis on preserving the biological control services provided by naturally
occurring predators while effectively targeting pest mites. Horticultural oils—specifically,
a paraffinic oil—provided the most satisfactory control of B. yothersi. These oils act by
suffocating mites, blocking their respiratory openings, and causing their death. These
biopesticides have low persistence, minimal non-target toxicity, and reduced bioaccumu-
lation, making them especially suitable for IPM programs in environmentally sensitive
settings [21]. They do not induce resistance in mites, even after long-term use [21]. This
is particularly desirable because a major challenge in managing B. yothersi is its ability to
develop resistance to several pesticides [33,46,47]. However, because they act solely by
contact, thorough application is key to their effectiveness. It is worth noting that the use of
horticultural oils can sometimes be limited due to potential phytotoxic effects and incom-
patibility with other pesticides. Phytotoxic effects include scorching, browning, reduced
flowering, reduced growth and defoliation. This is concerning in ornamental plant systems
where aesthetic quality is a priority. However, these issues can be minimized if a highly
refined oil—such as the paraffinic oil used in this study—is properly applied according to
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recommended dosages and timing. For example, horticultural oils should not be applied to
stressed plants or young foliage, at doses above label recommendations, in combination
with sulfur-based products, or under extreme temperatures (above 37.8 °C or below 4.4 °C)
and low humidity (<50%) [48]. Another area of concern that requires further research is
the observed mortality of A. largoensis, a key natural enemy of B. yothersi. Even though the
predators recovered from the adverse effects of paraffinic oil, further fine-tuning is needed
to minimize its impact on natural enemies. This study shows that, when properly applied,
horticultural oils provide a practical option for controlling populations of viruliferous
Brevipalpus mites in urban and unmanaged landscapes.
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