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Abstract
The red mite, Tetranychus neocaledonicus (Acari: Tetranychidae) is one of the most important
agricultural pests that cause significant damage to crop productivity from family farmers to large rural
producers, and chemical control, via pesticides, is widely employed. However, their continuous and
exacerbated use presents numerous health and environmental risks. In this context, the secondary
metabolites present in the essential oils of aromatic plant species have been gaining prominence as eco-
efficient alternatives. For example, the terpene profile of the essential oil (EO) of the recently described
species Dizygostemon riparius (Plantaginaceae) has gained attention. Initially, D. riparius was collected
from the banks of the Rio Preto in São Benedito do Rio Preto, Maranhão, Brazil. The EOs were extracted
using the hydrodistillation method and contained terpene classes, which, according to the literature, have
shown significant biological activity. The EOs were then tested against T. neocaledonicus mites (Acari:
Tetranychidae), demonstrating their toxic potential, with lethal concentrations (LC50) of 2.52 µL/mL and
4.17 µL/mL for the white and lilac floral morphotypes, respectively. The white morphotype showed 62%
repellency at the two sublethal concentrations tested, whereas the lilac morphotype showed
percentages of 76% and 66% for the LC20 and LC30, respectively. The present study is the first to report
the acaricidal potential of the EO chemical constituents of the white and lilac morphotypes of D. riparius
against T. neocaledonicus.

1. INTRODUCTION
Currently, insecticides and fungicides with synthetic origins are the most commonly used control
methods for the elimination of insect pests and fungal pathogens, respectively, as they can increase
crop productivity at a reduced cost to satisfy the market (Jepson et al. 2020). However, the continuous
use and inappropriate application of these pesticides can lead to insect pest resistance and adverse
effects on non-target beneficial arthropods, disturbing the ecological balance in addition to the
bioaccumulation of toxic residues and contamination of food products (Lasserre-Zuber et al. 2018;
Sabbahi et al. 2022).

In the context of agricultural pests, mites of the family Tetranychidae are considered among the most
concerning. They are popularly known as spider mites or web mites, as they produce silk lines that cover
their hosts, providing protection against attack by possible predators (Basha et al. 2021; Pavela et al.
2016). Tetranychus neocaledonicus André, known as the red mite due to its reddish color, has been
highlighted for the damage it causes to about 1,200 plant species, which is attributed to its considerable
adaptability to dry and hot environments (Briozo et al., 2023; Nere et al., 2021).

Tetranychus neocaledonicus is considered a pest in several crops, including fruits, vegetables, and
ornamental plants. Particularly, this mite also has potential as an agricultural pest of beans, may cause
significant damage, leading to reduced production, and control measures are needed to minimize these
effects (Gomes Neto et al. 2017, 2019).



Page 3/16

Investigating the availability of active substances present in native plant species with the potential for
inclusion in integrated pest management (IPM) programs in agroecosystems, as well as the
effectiveness of natural products from different botanical species, is necessary for the development of
more ecologically friendly and cheaper products. Ideally, such products should be accessible to
subsistence farmers, as they can be produced on the property (Kumar et al. 2021).

The use of phytosanitary products is an eco-efficient alternative for consideration, because only a small
quantity is required for their application, which leads to less environmental contamination in addition to
having an inhibitory action on the growth of insect pests/pathogens, whether in attractive or repellent
forms (Jamiołkowska 2020). Among the eco-efficient phytosanitary products with a biomolecule-rich
matrix, essential oils (EOs) are responsible for numerous activities, such as bioactivity against mites (Ni
et al. 2021). EOs are rich in bioactive substances that are produced as protective mechanisms against
damage caused by external agents, such as in the management of plant diseases in agriculture (Catani
et al. 2022).

Dizygostemon riparius Scatigna & Colletta (Lamiales: Plantaginaceae) is a recently described Brazilian
plant species, with its first record of occurrence on the banks of Rio Preto, in the municipality of São
Benedito do Rio Preto, eastern Maranhão, Brazil (Scatigna et al. 2019). The taxonomy presents two
morphotypes according to the color of its flowers, lilac or white, which stand out for exhaling a
characteristic aroma in their petals that are characterized by having a glandular ovary of the villi, densely
tomentose stems, and a corolla tube slightly longer than (Scatigna et al. 2019). Dizygostemon currently
contains two species D. floribundum (Benth.) Radlk. also described from northeastern Brazil.

Studies carried out on D. riparius have indicated the presence of active substances with potential
applications in integrated pest management. The first study on the chemical composition of the EO of
the leaves of lilac and white floral morphotypes revealed a matrix rich in terpenes, in addition to larvicidal
potential against Aedes albopictus (Skuse) (Diptera: Culicidae) larvae (Brandão et al. 2020). An
evaluation of the phytochemical and larvicidal profiles of extracts of the lilac morphotype against A.
aegypti (L.) larvae revealed that polymethoxyflavones are one of the main groups of compounds, with
significant activity against these mosquito larvae (Martins et al. 2023).

Thus, the present study investigated the acaricidal and repellent potential of EOs extracted from both
floral morphotypes of D. riparius, which is native to the Cerrado in the state of Maranhão, Brazil, on T.
neocaledonicus mites.

2. MATERIAL AND METHODS
The bioassays were carried out at the Laboratory Interdisciplinary, Department of Education, Research
and Extension, Instituto Federal do Maranhão Campus Codó. The temperature and relative humidity data
were monitored daily with the aid of a thermohygrometer.

2.1. Plant material and essential oil extraction
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Dizygostemon riparius was collected from the banks of the Preto River in São Benedito do Rio Preto-
Maranhão (3°19'27.9''S and 43°31'02.6''W). For EO extraction, the hydrodistillation method was used with
the Clevenger extractor modified using glass (Farmacopeia 2010), coupled to a 2 L flask and a heating
blanket at 100 ºC, connected to an ultra-thermostatic bath (model LS Logen Scientific, Diadema, Brazil)
maintained at a temperature of 10°C.

2.2. Acaricidal activity of essential oils on adult females of
T. neocaledonicus

2.2.1. Tetranychus neocaledonicus rearing
Tetranychus neocaledonicus was reared on jack bean plants (Canavalia ensiformes L.) (Fabales:
Fabaceae) that were not exposed to oils. To maintain rearing conditions, 25-day-old plants were infested
with mite eggs, larvae, nymphs, or adults. Then, experimental arenas were constructed in plastic Petri
dishes (140 x 15 mm) lined with water-saturated foam and covered with filter paper to support the
rearing of the mites in the laboratory. The stock rearing was kept at a temperature of 25 ± 1 ºC, relative
humidity of 70 ± 10%, and a 12-hour photophase (de Santana et al. 2020).

2.2.2. Toxicity
The toxicity of D. riparius EOs on T. neocaledonicus was evaluated using the residual method, which is
recommended as a standard for laboratory tests. The arenas were prepared in plastic Petri dishes (90 x
15 mm) containing foam 10 mm thick that was moistened and covered with filter paper. Then, jack bean
leaf disks (Ø 50 mm) were immersed in EO concentrations (0.40/0.81/1.30/1.62/3.25/6.5 µl/mL) or
distilled water/DMSO (the control) under light agitation for five seconds, and after 30 minutes of drying,
they were infested with five 4–5 day-old adult female T. neocaledonicus. The disks were arranged on the
filter paper inside the plastic Petri dishes and kept in an incubator at a temperature of 25 ± 1 ºC and 70 ± 
10% relative humidity. Mortality was evaluated 48 h after infestation, and the mites that did not move
were considered dead after light contact with a fine hairbrush (de Santana et al. 2020).

2.2.3 Repellent effect of the essential oils
For the repellency tests, the lethal concentrations LC30 and LC20 predetermined in the toxicity tests for

adult females were used. Arenas were made in plastic Petri dishes (90 × 15 mm) containing moistened
foam (10 mm thick) and covered with filter paper. Half of the jack bean leaf disks were treated with
sublethal concentrations, and the other half did not receive treatment. Ten 4–5 day old adult female T.
neocaledonicus were released, and 48 h after infestation, the number of females attracted to each
treatment was evaluated (Breda et al., 2016). The repellency index (RI) was calculated using the formula:
RI = 2G / (G + P), where G = % of mites attracted in the treatment and P = % of mites attracted in the
control. The RI values vary on the scale between zero and two, where RI = 1 indicates similar repellency
between the treatment and the control, RI > 1 indicates less repellence of the treatment compared to the
control and RI < 1 indicates the greater repellency of the treatment compared to the control. the witness.
The security interval used to consider whether or not the treatment is repellent was obtained using the
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average of the RI and the respective standard deviation (SD). Thus, if the average RI is less than 1 - SD,
the oil is repellent; if it is greater than 1 + DP, the oil is attractive and if it is between 1 - DP and 1 + DP, the
oil is considered neutral (Matos et al., 2020). This index is an adaptation of the formula for consumption
index cited by Lin et al. (1990).

2.2.4 Instantaneous rate of population growth
The instantaneous population growth rate (ri) was calculated for the sublethal LC30 and LC20

concentrations determined in the toxicity tests for adult females, following the same methodology. For
this, the equation proposed by Walthall and Stark (1997) was used:

ri = [ln(Nf/N0)]/Δt

Where Nf = final number of mites; N0 = initial number of mites; and Δt = number of days the test was run.
The total evaluation time was 10 days after the initiation of the experiments, and the total number of
mites (eggs, mobile immature forms, and adults) was recorded.

2.2.5 Statistical analysis and experimental design
Toxicity tests for adult females, repellency, and the instantaneous rate of population growth were
conducted in a completely randomized design with five replicates. The lethal (LC50 ) and sub-lethal

concentrations (LC30 and LC20 ) of the essential oils for the toxicity tests were determined using PROC
PROBIT in SAS version 8.02 (SAS Institute 2001). For the instantaneous rate of population growth, the
results were subjected to analysis of variance, and the means were compared by Tukey’s post-hoc test at
a 5% probability using the SAS program (SAS Institute, 2001). For repellency tests, the number of mites
attracted was compared by using the chi-square test with PROC FREQ in SAS (SAS Institute 2001).

3. RESULTS

3.1. Chemical composition of the essential oils
The essential oils of the lilac (EODrl) and white (EODrw) D. riparius morphotypes have chemical profiles
consisting of monoterpenes, oxygenated monoterpenes, sesquiterpenes, and oxygenated
sesquiterpenes (Brandão et al. 2020). Table 1 presents the main constituents of the EOs in the
respective floral morphotypes, with the biomass subjected to natural drying.
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Table 1
Chemical constituents of EODrw and EODrl.
Compounds Morphotypes

EODrw (%) EODrl

(%)

Fenchil acetate 45.8 48.0

Fenchol 35.0 33.5

Caryophyllene 4.2 4.3

Caryophyllene Oxide 2.3 2.6

Source: Brandão et al. (2020).

It is noteworthy that the constituents fenchil acetate, fenchol, caryophyllene, and caryophyllene oxide
were reported in the study as the primary constituents of the analyzed EO matrix, representing more than
80% of the analyzed EO matrix.

3.2 Acaricidal activity of the essential oils on adult females
of T. neocaledonicus
The toxicity of the EOs tested after 48 h of treatment on T. neocaledonicus, in terms of lethal and
sublethal concentrations (Table 2), demonstrated a subtle variation in the concentration-mortality curves,
despite the fact that they were oils from the same plant species, distinguishing only the floral
morphotype. EOs showed no difference in toxicity between floral phenotypes considering LC20, LC30, and
LC50 values due to overlapping confidence intervals. The estimated lethal and sublethal concentrations
were generated from a straight concentration-response line; in this case, mite mortality was the
response. The slopes of the lines were also very similar between the two floral morphotypes, indicating
no difference in toxicity. Higher slope values indicate that small variations in oil concentration promote
large variations in mortality. The Probit model was adequate for analyzing concentration-mortality data,
with low χ 2 values and P values ranging from 0.14 to 0.16.

Table 2. Toxicity of EODrl and EODrw on Tetranychus neocaledonicus.
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N= number of insects used in the test; DF = degrees of freedom; SE = standard error; CI = confidence
interval; TR = toxicity ratio; χ2 = Chi-square; P = probability.

 

3.3. Repellent effect of the essential oils
Dizygostemon riparius EOs also showed promising results in terms of their repellent activity, based on
the repellency index (RI). Both sublethal concentrations of the morphotypes were classified as repellents
(Table 3). In both EOs, the sublethal concentrations of LC20 and LC30 resulted in a significantly lower
number of attracted mites than the control treatment, corroborating the repellency classification results
(Fig. 1).

 
 

Table 3
Repellency classification of EODrw and EODrl on

Tetranychus neocaledonicus.
EOs LC (µL/mL) RI (M ± SD)* Classification

EODrw 0.78 0.48 ± 0.30 Repellent

1.22 0.61 ± 0.16 Repellent

EODrl 1.16 0.76 ± 0.26 Repellent

1.88 0.76 ± 0.17 Repellent

* (Repellence index. M = mean; SD = standard deviation.

 

For EODrw, the two sublethal concentrations tested showed an average of 3.8 attracted mites for both
LC20 and LC30, thus presenting 62% repellency. OEDrl attracted an average of 2.4 and 2.8 mites to LC20
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and LC30, respectively, which represents 76% and 66% repellency for these two sublethal concentrations.

3.4 Instantaneous rate of population growth
The instantaneous rate of population growth, when applied to the LC20 of the EO of D. riparius, showed
no significant difference between the white (0.0819) and lilac (0.0852) floral morphotypes compared
with the control treatment (0.1009). Therefore, this sublethal concentration does not affect population
growth of the mite T. neocaledonicus (Fig. 2A).

When the LC30 of D. riparius EO (Fig. 2B) was applied to the mites, there was a significant difference in
the population growth between the white (0.0547) and lilac (0.0748) floral morphotypes compared to the
control treatment (0.1009). The white floral morphotype resulted in lower population growth than mites
in the control and lilac morphotype treatments. Therefore, the sublethal concentration LC30 of this EO
morphotype significantly affects the population growth of T. neocaledonicus.

4. DISCUSSION
The use of EO-based bioinsecticides against mites of the genus Tetranychus has been studied for a wide
variety of plants, such as cinnamon (Melia azedarach L.), lemongrass (Cymbopogon flexuosus [Nees ex
Steudel] J.F. Watson), and clove (Eugenia caryophyllus [Spreng.] Bullock & S.G. Harrison). In this regard,
EOs that largely contain oxygenated monoterpenes in their composition have shown acute and ovicidal
toxicity in adults of Tetranychus urticae Koch and T. neocaledonicus species. Thus, they have been
selected as active substances for the development of botanical acaricides applied by fumigation (Briozo
et al. 2022; Heidarinejad Tehrani et al. 2022).

The application of D. riparius EOs to mites was carried out using the residual method, and their toxicity
was confirmed based on their 95% confidence limits and low values of LC50. The LC50 of 2.52 µL/mL for
EODrw and 4.17 µL/mL for OEDrl, proved to be very favorable for the control of T. neocaledonicus
females, in addition to showing no difference in toxicity, due to overlapping intervals of confidence
(Table 2). The values found are consistent with the values of the study carried out by Briozo et al. (2022),
in which the LC50 for the EOs of C. flexuosus and E. caryophyllus were equal to 3.24 µL/mL and 2.01
µL/mL, respectively against the mites T. neocaledonicus. In addition to its toxic effect against mites, the
EO of D. riparius also has a similar action on other pests, as reported in the study by Brandão et al.
(2020), where the effective larvicidal activity of the EO was observed against 4 th instar larvae of the
mosquito A. albopictus.

According to Isman (2020), the toxicity of EOs to mites is due to interactions between low molecular
weight terpenoids present in EOs and their nervous system, such as the attack of these terpenoids on
the neuromodulator octopamine, acid-controlled chloride channels, gamma-aminobutyric acid (GABA),
and/or nicotinic acetylcholine receptors, although there is still the possibility of several sites and
mechanisms of action being affected simultaneously when there is a synergism between the
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constituents (Verdeguer et al., 2020). Thus, the toxicity of essential oils in the present study could also
be related to their neurotoxic mechanisms of action.

The profile of the chemical structures of D. riparius EOs is in line with the literature, which relates the
majority of terpene constituents in the EO matrix to their activity against insects (Rocha et al. 2022) and
mites (Araújo et al. 2020). The major constituents of D. riparius EOs, fenchil acetate (45.8 and 48.0%)
and endo-fenchol (35.0 and 33.5%), in the matrix of EODrw and EODrl, respectively (Table 1), are
classified as oxygenated monoterpenes, probably being responsible for a large part of the toxic activity
of these oils, as they have an inhibitory effect on acetylcholinesterase, causing mite mortality. Although it
is a constituent in a lower percentage in the EO matrix under study, caryophyllene oxide (2.3 and 2.6%,
respectively) is known to have several biological properties, including serving as a very efficient acaricide
(Fu et al., 2021). Thus, further studies with these isolated compounds are needed to verify their toxicity
and confirm whether they have an isolated toxic effect or whether this effect is synergistic against T.
neocaledonicus mites.

EOs have a lipophilic nature and high volatilization, making them capable of being inhaled and absorbed
by mite cuticles. Depending on the degree of resistance and the target population, they can inhibit
growth, causing neurotoxic effects, in addition to interfering with breathing and consequently leading to
death (Lucia and Guzmán 2021; Ni et al. 2021). In this context, considering the neurotoxic effect and
cuticular absorption, EODrw and EODrl demonstrate potential for the management of T. neocaledonicus
owing to their high contact toxicity.

Some studies corroborate the results of the present work, highlighting the biological potential of the
species that can be observed in cases that used other EOs similar in composition to the EO of D. riparius,
such as the EO of Tarchonanthus camphoratus L. (Asteraceae), which has a high percentage of
oxygenated monoterpenes, in addition to having biological activities attributed to the major compound
fenchol, including anticancer (Nasr et al. 2020), antimicrobial (Matasyoh et al. 2007), antioxidant, and
cytotoxic properties (Ali et al. 2013).

Yildirim et al. (2013) conducted a study to analyze the toxicity of monoterpene compounds present in the
matrix of most EOs when applied in contact with adults of Sitophilus zeamais Motschulsky (Coleoptera:
Curculionidae) under laborator conditions. They reported that the oxygenated monoterpene fenchol,
classified as one of the major compounds in the present study, is toxic when applied by fumigation. In
addition, analysis of variance showed that the effects of different monoterpenes on the mortality rate of
S. zeamais were highly significant based on the dosage rate and exposure time and are considered
promising alternatives to control insects in stored products.

Repellency is an important sublethal effect that depends on the concentration used and must be
considered when selecting a product for the general management of agricultural pests, as this
characteristic makes it possible to significantly reduce the permanence of pests in the field, reflecting
parameters such as oviposition time and, consequently, productivity loss (Basaid et al. 2021). The
number of adult females attracted was significantly lower (P&lt;0.05) in leaf discs treated with D. riparius
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EOs. When applied to T. neocaledonicus at the two sublethal concentrations tested, EODrw presented a
repellency of 62% for both. EODrl showed 76% and 66% repellency at the two sublethal concentrations,
LC20 and LC30, respectively. Repellency varies according to the method used, which includes the
concentrations of EOs, species of mites used, and plant species used to rear the mites (Briozo et al.
2022). The mode of action of both natural and synthetic repellents is directly related to the formation of
a vapor layer on the skin with an odor that becomes unbearable for insects and mites and consequently
induces them to redirect their path and prevent contact with the host (da Silva; Ricci-Júnior 2020).

Therefore, the EOs tested in the present study showed good repellent potential against T.
neocaledonicus, with a repellency percentage above 50%. These results indicated that the repellent
effect of essential oils could be an interesting alternative for controlling this mite in crops. Other studies
have shown that EOs from plants such as Citrus sinensis Osbeck var. pears, Citrus aurantium L., Salvia
officinalis L., Rosmarinus officinalis L., Hyssopus officinalis L., and Ferula gummosa Boiss. exhibit
repellent activity against tetranychid mites, significantly reducing plant infestation (da Camara et al.
2015; Fatemikia et al. 2017; Salman et al. 2015). Therefore, the repellent effect of EOs is an important
tool for preventing T. neocaledonicus infestations, further reducing the need to apply acaricides, which
can negatively affect the environment and human health. In addition, the use of EOs as repellents could
be a more economical and sustainable control option for farmers. Therefore, the repellent effects of
EODrw and EODrl make them promising alternatives for the control of T. neocaledonicus.

The components of EOs can act in several ways in the pest system, be they insects or mites. In addition
to the deaths, they can cause changes in reproductive parameters, such as oviposition and egg viability,
directly influencing the instantaneous rate of population growth. The use of EOs can significantly reduce
the population growth of mites, in which Artemisia annua L., Rosmarinus officinalis L. Varronia
curassavica Jacq., Cymbopogon flexuosus, Eugenia caryophyllus, and Illicium verum Hook f. stand out,
reducing the population growth of Tetranychus mites, including T. neocaledonicus, resulting in lower
infestations on plants (Andrade et al. 2021; Briozo et al. 2022; Esmaeily et al. 2017). In the present study,
it was found that EODrw resulted in slower population growth than the control treatment. Therefore, the
sublethal LC30 concentration of this EO significantly affected the population growth of T. neocaledonicus
and can prevent the rapid multiplication and dissemination of this pest when applied at this
concentration on plants, thereby preventing severe damage to crops.

In general, this study is the first to report the acaricidal potential of the chemical constituents of the
white and lilac floral morphotype EOs of D. riparius against T. neocaledonicus mites. The D. riparius EOs
were demonstrated to have a toxic effect on T. neocaledonicus mites at low concentrations as well as a
repellent effect. The white floral morphotype, present at the two sublethal concentrations tested, showed
62% repellency, whereas the lilac morphotype showed 76% and 66% repellency at the two sublethal
concentrations tested. The white floral morphotype showed slower population growth than that of the
control treatment, so it can be concluded that the sublethal concentration LC30 of his EO significantly

affected the population growth of T. neocaledonicus. This study expands the investigations on the
bioactivity of EOs from botanical species in Maranhão State, specifically a recently described plant
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species native to Cerrado Maranhense, Brazil, in addition to strengthening the eco-efficient use of these
safe and efficient natural defensives in agricultural cultivars, such as jack beans. Besides, the safety and
efficacy of essential oils need to be established to prevent adverse effects on human health and the
environment. Studying essential oils’ effects can help identify their potential toxicity, allergenicity, and
other harmful effects that may pose a threat to public health and the ecosystem. Furthermore,
understanding their mode of action on non-target organisms can help minimize their impact on
beneficial insects, pollinators, and other non-target species. This knowledge is essential for developing
effective and sustainable ways to harness their benefits while mitigating their negative impacts.
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Figure 1

Repellent effect of EODrl and EODrw on Tetranychus neocaledonicus. *Significant by Chi-square test
(P<0.05).

Figure 2

Instantaneous rate of population growth of Tetranychus neocaledonicus when exposed to EODrl and
OEDrw. A) LC20; B) LC30. *Means followed by the same letter do not differ statistically by Tukey's test
(P<0.05).


