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ABSTRACT

The aim of the present study was to assess the potential of natural compounds for the control of
Varroa destructor in colonies of Apis mellifera, the antimite potential of the hydrolate and ethanolic
extract (Leatricina®) of creosote bush (Larrea tridentata) was evaluated at a concentration 50%;
contrasting them with the synthetic chemical amitraz and control under in vitro conditions (48 h) and
in the hive (52 days). There were differences (p<0.05) in In vitro Varroa mortality with amitraz with
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higher values (97.9%) compared with hydrolate (53.1%) and Leatricina® (51.5%); Creosote bush
extracts were similar (p> 0.05). In the field experiment, the reduction in the percentage of varroa
infestation in adult bees was higher 84.9 % (p<0.05) for amitraz, while the hydrolate and
Leatricina® showed differences (p<0.05) 49.5 and 72% respectively, the control group showed the
lowest values. Even when the effectiveness of synthetic chemicals presents an evident superiority,
the average efficacy and other benefits of natural compounds such as creosote bush extracts
represent a viable and safe alternative for the control of V. destructor.

Keywords: Varroa destructor; Larrea tridentata; natural compounds; acaricidal potential.

1. INTRODUCTION

The ectoparasite V. destructor has represented
one of the main pathological threats to the
population of A. mellifera in the world [1] since its
appearance and spread between 1950 and 1990
[2]. The process of coevolution between varroa
and its original host, Apis cerana, allowed for a
stable relationship to be generated, thanks to the
development of different mechanisms of
resistance and tolerance by the Asian honey bee
[3], even though A. mellifera shares some of
these defense mechanisms, they are less
accentuated [4], so the story told between the
European honey bee and the varroa parasite has
been different. The presence of varroa
represents an important stress factor for the
colony since it feeds mainly on the adipose
tissue of the bee, as recently demonstrated [5],
and reproducing inside the cells of bee brood it
significantly compromises their health. De Jong
et al. [6] observed a decrease of 25% in the
weight of parasitized bees at the time of
emergence, in addition to negative effects on the
longevity of adult bees, reducing their life
expectancy by up to 50% [7]. The mite is
associated with different viruses that can be
lethal to honey bees, being the Deformed Wings
Virus the most prevalent around the world due to
its transmission and replication by varroa [8]; In
addition, varroa has been identified as a relevant
risk factor within the colony collapse disorder
around the world [9]. There are some honey
bees populations that survive to varroa [10], with
the ability to maintain the mite population below
permissible levels. It has been considered that
some of the most important traits associated with
this phenomenon are grooming and hygienic
behavior sensitive to varroa [11], highlighting the
importance of defense traits in the immunity of
social bees [12].

The use of synthetic chemicals has been the
method commonly used to control the varroa
parasite. There are four active ingredients mainly
used for this purpose, formamidine amitraz; the

pyrethroids flumethrin and tau-fluavlinate; and
the organophosphate coumaphos [13]. In
Mexico, the continuous use of these products
has produced populations of resistant mites.
Rodriguez-Dehaibes et al. [14] estimated the
increase of the LDso of different acaricides over a
period of 9 years and determined that in the case
of amitraz, this was 2.3 times higher, while for
flumethrin, the dose increased 327 times. Some
years later, Rodriguez-Dehaibes et al. [15] again
analyzed the level of varroa resistance against
different acaricides in three beekeeping regions
of Mexico, finding alarming results, especially in
the region of Yucatan with a resistance index of
4057.32 for flumethrin, 199.57. for tau-fluvalinate,
26.55 for amitraz and 3.93 for coumaphos. The
high resistance, mainly to the compounds of the
pyrethroid group (flumethrin and tau-fluvalinate),
possibly because both active ingredients were
among the first chemical products available in
the country for the control of varroa; gradually,
they lost popularity among beekeepers and were
replaced by amitraz, due to its greater
effectiveness. On the other hand, the risk of
residuality of this type of compound in beehive
products is something that must be considered
since it represents a potential risk both for the
bee colony and for human health. Orantes-
Bermejo et al. [16] detected the presence of
acaricides and pesticides in 100% of the wax and
pollen samples analyzed, which presented
contamination by 1 to 5 compounds, including
the acaricide tau-fluvalinate. Similarly, Chauzat
and Faucon [17] revealed the presence of tau-
fluvalinate and coumaphos in 61.9 and 52.2 % of
the wax samples analyzed as well as Mullin et al.
[18] showed contamination of 98% of their wax
samples with tau-fluvalinate and coumaphos, as
well as small amounts of amitraz.

Amitraz is a compound derived from
formamidines that acts as an antagonist of
octopamine receptors, which is a
neurotransmitter or neuromodulator homologous
to the noradrenergic system of vertebrates [19];
the effects of this acaricide are the
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hyperexcitability, paralysis and finally the death
of the mite [20]. Amitraz is high effectiveness
compared to other synthetic and organic
acaricides [21, 22, 23]; however, the cost of
products with this active ingredient specially
formulated for its application in the hive
(Apivar®) is high, so a big amount of beekeepers
can’t afford it, and in many occasions they use
products with the same active ingredient but that
have been formulated for other domestic species
and contain a higher concentration like Taktic®
in the United States [24] or Bovitraz® in Mexico.
Being an octopaminergic agonist in arthropods,
there is a possibility that it also influences
behavior, learning and formation of honey bees,
also affecting some physiological processes
related to various tissues and sensory organs
[25].

Exposure to high doses of amitraz during the
larval stage can lead to negative effects on their
survival, decreased weight at the time of
emergence, malformations in the antennae and
hypopharyngeal glands, alteration in the gene
expression of detoxification enzymes [26],
decrease in the reproductive quality of drones by
reducing their sperm viability [27], lower
tolerance to viral diseases as well as alteration in
their cardiac functions [28], alterations in the
distribution of tasks inside the hive [29] as well as
in the behavior during the foraging [30]; similarly,
higher mortality of adult bees has been observed
in the week after the application of amitraz in the
hive [31]. For all mentioned, many beekeepers
oppose the application of synthetic chemicals,
considering them harmful and unsafe for the
hive; in response, different organic acids derived
from active plant components have emerged, as
well as essential oils that have shown to be
effective for the control of varroa and present a
low risk of accumulation or residuality in the
products of the hive, in addition, not leading to
the generation of resistance by the mite [32].
Among them, organic acids such as formic and
oxalic acids stand out, as well as essential oils
with thymol [13].

The creosote bush (L. tridentata) is a perennial
shrub belonging to the Zygophyllacea family; it is
widely distributed in Mexico, around of 25% of
the desert areas in the states of Baja California
North and South, San Luis Potosi, Coahuila,
Durango, Zacatecas, and Nuevo Le6n are
covered with this shrub [33]. The creosote bush
has been used for many years by tribes in North
and South America for the treatment of multiple
diseases due to its bactericidal, virucidal, and

fungicidal properties and against internal and
external parasites. Its use has been commonly
given by means of aqueous and ethanolic
extracts [34]. This species is a valuable source of
secondary  metabolites, considering  that
approximately 50% of the dry weight of the
leaves is extractable material [35], where the
resin is the main reservoir of compounds such as
saponins, flavonoids, amino acids, minerals and
mainly lignans. Phenolics is the most prominent
group of metabolites in relation to dry weight [36].
Nordihydroguayaretic acid (NDGA) is the best
known and characterized lignan of this species,
mainly for its antioxidant properties [35,37]. The
physiological function of lignans is linked to
defense activities against fungal and bacterial
pests and diseases, as well as antioxidant and
enzyme inhibitor [38]. The potential use of some
lignans as insecticides has been recently
documented by obtaining results compared with
the activity of synthetic pyrethroids [39];
Therefore, it is probable that the high content of
phenolic lignans in creosote bush can provide
important acaricidal properties to be used in the
treatment of varroa. In addition to NDGA, the
presence of other metabolites must also be
considered, like more than 20 methyl aglycone
flavonoids with numerous and varied effects. The
combined activity of these constituents generates
a synergism that amplifies the effect of the
primary active compound (NDGA), suggesting
the advantage of using an extract of the entire
leaf/steam structure compared to using a purified
or synthesized NDGA preparation [36]. Some
extracts of L. tridentata, like Leatricina®, have
been developed in our laboratory, and
gquantitative analysis of individual bioactive
components is described in Lopez-Aguirre et al.
[40].

To satisfy the need to generate viable organic
alternatives for the control of varroa, of high
availability and accessibility for the beekeeper,
with low or null risk of toxicity for the hive and
that don’t promote the generation of resistance
by the mite; the aim of this study is to evaluate
the efficacy of L. tridentata extract to control V.
destructor in A. mellifera colonies.

2. MATERIALS AND METHODS

The present study was developed in two stages;
the first, which we will call the in vitro phase, was
carried out at the Instituto de Investigacion de
Zonas Desérticas, UASLP; the second stage or
field experiment was carried out in the
experimental apiary located in the town of San
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Elias, Armadillo de los Infantes, S.L.P., Mexico;
at the coordinates 22°18'49.50''N and
100°47'16.92"'W.

2.1 Extracts

Two types of extracts were used, the first was
the commercial product Leatricina®, (Nutricion y
Genética Saludable S.A.de C.V. Le6n, Gto.
Mexico) ok, which is an ethanolic extract based
on L. tridentata. The second was a hydrolate
from L. tridentata obtained by steam stripping
technique. The collection of the plant was carried
out in April and May 2022, in the days after the
first spring rains and in the early hours of the
morning. Samples of stems with leaves, flowers
and fruits were collected, these were transported
in black polyethylene bags to the phytochemistry
laboratory of the Instituto de Investigacion de
Zonas Desérticas, UASLP. From the collected
samples, mainly leaves, flowers and fruits were
selected until completing 900g, these were
placed in a round-bottomed boiling flask with a
capacity of 1000 ml and 200 ml of water were
added; Subsequently, the flask with plant
material was mounted in a rustic model of simple
distillation that consists of the application of
steam directly to the plant material, to obtain a
mixture of steam with essential oil, which will be
dragged to a refrigerant system to achieve its
condensation and obtain hydrolate. The
distillation process lasted four hours at a
temperature of 92°C. Both extracts were diluted
with distilled water to reach the concentration for
each treatment.

2.2 In vitro Test

Previously, with the purpose of evaluating the
toxicity of creosote bush extracts on bees,
treatments of 125, 25, 50 and 100%
concentration of each one of the extracts were
applied to groups of 10 bees in experimental
cages, each cage was considered a replicate
and four replicates per dose or treatment were
performed. The cages were placed in an
incubator for 48 h at a temperature of 34 °C and
a relative humidity of 65 % to simulate the
environmental conditions inside the hive, the
bees were fed honey ad libitum, and water was
supplied three times a day. No bee mortality was
recorded in any of the treatments during the 48 h
of observation, so a possible toxic effect on adult
bees was discarded.

To evaluate the acaricidal potential of creosote
bush extracts, samples of approximately 200

10

parasitized adult bees were collected, these were
taken directly from the frames of the brood. The
hives has Italian queens and were in the
experimental apiary and presented a high
percentage of varroa infestation. The sample of
bees was placed in small plastic cages (20 x 20 x
10 cm) with holes at the top to allow oxygen to
enter and fitted with a plastic mesh (3.5 mm) at
the bottom to facilitate the passage of the mites,
but not the bees. Additionally, a removable
bottom was placed at the bottom of the cages
with a depth of 1.5 cm covered with Vaseline so
that the mites that fell to the bottom were stuck
and couldn’t escape. Each group of bees was
sprayed with approximately 1.5 ml of the
corresponding extract, and in the case of
treatment with amitraz, a 2.5 g strip fragment of
Apivar® was placed inside the cage.
Subsequently, they were placed in an incubator
at 34°C and a RH of 65%. Observations were
made at 1, 2, 4, 8, 12, 24 and 48 h, checking the
removable bottom of the cages to count the dead
mites and verifying with a magnifying glass the
lack of response and mobility by the mite to an
external stimulus. At the end of the observation
period, all the bees were sacrificed using the
method described by De Jong et al. [6], which
allowed counting the mites that were still
attached to the body of the bees and determining
the initial level of infestation of the sample using
the following equation:

Infestation percentage =
Amount of mites in the sample x 100

Amount of bees in the sample
2.3 Field Experiment

For the evaluation of the efficacy extracts of L.
tridentata in the hive, four treatments were
established: Leatricina® 50%, hydrolate 50%,
amitraz and control with four replicates for each
one, each hive being considered as a replicate.
The concentration percentage of the extracts
was selected based on the results of the in vitro
test. Jumbo hives of 9 to 10 frames (2 with food
reserve and 7-8 of brood) with commercial Italian
queens were used, all the test hives were
statistically similar in the percentage of varroa
infestation. The nutritional requirements of the
hives were covered by the natural flowering
present in the site, which did not present a
sufficient nectar flow to obtain a harvest.

The field experiment lasted 52 days, starting on
August 23, 2022; during the first 16 days, the
natural mortality of varroa was monitored (Fig. 1).
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The applications of the L. tridentata extracts were
made every eight days. For the application, an
atomizer was used to spray the product finely
and uniformly directly on the frames covered with
bees, using an approximate quantity of 50
ml/hive in each application. For the treatment
with amitraz, two Apivar® strips were placed
between the third and fourth frame and between
the seventh and eighth frame. These were
removed on 49 days. Finally, to evaluate the
efficiency of each treatment and quantify the
remaining varroa population in each colony, a
standard treatment of Apistan® (tau-fluvalinate)
was applied to all test hives by placing two strips
of the product in each box on 49 days.

The percentage of varroa infestation was
determined using the method described by De
Jong et al. [6]. Three samplings were carried out
using this methodology before starting the
treatment, at the end of the application of the
treatment, and after the application of the
standard Apistan® treatment. Varroa mortality
was estimated by placing 52 x 35 x 1.5 cm
wooden trays at the bottom of the hive, covered
by a plastic mesh that allowed the passage of the
mites that fell to the bottom but prevented the
passage of the workers. A sheet of aluminum foil
covered with vegetable oil was placed on each
tray so that the mites would remain stuck once
they fell. The tray was removed every four days
to remove the sample and replace the aluminum
foil with a new one. The aluminum foil was
placed in a plastic bag to later count the dead
mites in the laboratory. The mite population
during the first 16 days of monitoring the natural
mortality of the mite was estimated with the help
of the equation proposed by Jack et al. [41],
where y corresponds to the total number of mites
present in the sample, then x is divided by the
number of days that the sample remained in the
hive, as shown below:

0 4 8 12 16 20 24 28

IR TR D

& e Control (natural mortality)

E e Amitraz
B2 - Hydrolate 50%

Leatricina 50%

Final application of
Apistan

32 36 40

_ 376-y
T —o0.01°

2.4 Experimental Design and Statistical
Analysis

During the in vitro test, 11 treatments were
distributed as follows: concentration levels of 25,
50, 75 and 100 % for the hydrolate (H25, H50,
H75 and H100) and Leatricina® (L25, L50, L75
and L100) were established; a treatment with the
synthetic chemical acaricide amitraz (AM), a
group with 96% ethanol to discarded possible
effects as part of the ethanolic extract (ET) and a
control group (CO). Four replicates per treatment
were carried out, collecting information of the
number of dead mites in each sequenced
observation at 0, 1, 2, 4, 8, 12, 24 and 48 h,
which were analyzed by means of an orthogonal
polynomial test and an analysis of covariance for
the variable "decrease in the percentage of
varroa infestation", which was transformed into
arcsine to achieve the assumption of normality.
The “initial infestation percentage” in each
replicate (plastic cage) was used as a covariate.
In addition, an analysis of variance with repeated
measures was carried out for the variable
"percentage of live mites", which was also
transformed into arcsine.

In the field experiment, four treatments were
established: Leatricina® 50% (L50), hydrolate
50% (H50), amitraz (AM), and control (CO), each
treatment had four replicates. The variable
"percentage of infestation in adult bees" was
transformed into arcsine for analysis of variance
with repeated measures. The variable "mortality
of V. destructor® was transformed using the
Johnson transformation tool in Minitab software,
the function generated for the best data fit was:

1.37593 + 0.603408 x Ln ((X + 3.10188) /
(987.292 — X)),

44 48 49 50 51 52
Apistan
Apistan
Apistan

Apistan

Fig. 1. Schedule of treatments application in the hive
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Subsequently, an analysis of variance with
repeated measures was applied to the
transformed data. Finally, an analysis of variance
with a 2x4 factorial arrangement was applied to
the "relative efficacy”, data expressed as a
percentage. For data analysis, the SAS
OnDemand for Academics: Studio software was
used.

3. RESULTS

3.1 In vitro Test

The nature of the response of Leatricina® to
different concentrations showed a quadratic
effect (Fig. 2), increasing progressively until
reaching the best result at a concentration of
75%, and subsequently, its effect decreases at
higher concentrations. On the other hand, the
effect of the L. tridentata hydrolate evolves

favorably as its concentration increases until
reaching 50%, subsequently, the effect seems to
decrease even despite the increase in the
concentration of the product until 75%, at higher
concentrations, we can observe a favorable
response, presenting a behavior of the cubic

type.

The effect of the extracts of L. tridentata at
different concentrations and the synthetic
chemical amitraz on the reduction of the
percentage of infestation of varroa at the in vitro
level in shown in Fig. 3. Amitraz was the best
product for varroa control (p<0.05), while the
treatments with hydrolate and Leatricina® at
concentrations of 50, 75 and 100% showed
similar behavior. The treatment with hydrolate
and Leatricina® 25% presented the least
effectiveness in vitro and a similar response to
ET and CO.

Leatricina essss» L. tridentata hydrolate

14

()

&

b 12
[

=

3] 10
o

%A
2T 8
i
n U
L5 6
5=
T 4
3

-

2 2
(&)

50

Cubic effect

Quadratic effect

75 100

Product Concentration (%)

Fig. 2. The behavior of the decrease in the percentage of infestation of V. destructor when
applying Leatricina® and L. tridentata hydrolate in different concentrations

- Leatricina 50% S S D -
- G
= r——

S - Hydrolate 25% (H25) O -

N}

2 4

6 8 10 12

Decreased percentage of varroa infestation (arcsine)

Fig. 3. Decrease in the percentage of infestation in vitro of V. destructor by applying extracts
of L. tridentata at different concentrations and the synthetic chemical amitraz. #°¢ means with
different letter in a column are different (p<0.05)
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Evaluating the survival of V. destructor mites in a
48-h period applying only the treatments
proposed to be taken to the field experiment,
statistical differences were observed after the
second hour (Fig. 4). The AM treatment
presented lower survival (p<0.05), eliminating
97.9% of the mites present in the sample. The
L50 treatment presents the second-best
response, which is not comparable to the AM
synthetic chemical, but is statistically superior to
CO and ET after two hours, when the effect of
the extract seems to end, during the following
hours, mite mortality doesn’t increase
significantly and practically remains the same,
finally eliminating 51.6% of the mites present.
H50 shows a longer effect than L50,
possibly because Leatricina® is an
ethanolic extract, and its evaporation is
faster. Hydrolate 50% shows a similar
effectiveness to CO and ET during the first 4
hours, from this moment on, a higher
effectiveness than the control treatment is
observed, eliminating 53.1% of the mites
present. Regarding the control treatment, like ET,

120

100

it maintains a 100% survival of the mites during
the first 8 hours. The natural mortality of the
mites occurs after 12 h, with a final survival of
81.6% in CO and 82.6% in ET.

3.2 Field Experiment

Prior to the application of the treatments (day
16), the percentage of infestation in the hives of
all the treatments was homogeneous and didn’t
present statistical differences, showing values of
6.9% for CO, 8.8% for AM, 6.4% for H50 and
10.1% for L50 (Fig. 5). At the end of the period of
application of the treatments, AM presented the
best performance  (p<0.05), significantly
decreasing the percentage of varroa infestation
until 3.2%. On the other hand, the percentage of
post-treatment varroa infestation in the hives
treated with L50 decreased to 7.6%; however,
this result wasn't like that obtained by AM.
Contrary to the rest of the treatments, CO and
H50 presented an increase in the percentage of
infestation, with values of 11.9% and 9.1%,
respectively.

H———iH

80

60

40

(arcsine)

20

0

Percentage of live V. destructor mites

-20

@ Conirol (CO) @ Ethanol (ET) @D Amitraz (AM) @D Hydrolate 50%(H50)

bt
e
]

24 48

Hour

Leatricina 50%(L50)

Fig. 4. Behavior of mortality in vitro of V. destructor mites during a period of 48 h with the
application of L. tridentata extracts and the synthetic chemical amitraz

(arcsine)

Pre-treatment

Percentage of infestation inadult bees

Post-treatment

Post-Apistan

Sampling time

@ Control (CO) -Amimu (AM)

@ Hydrolate 50%(H50)

Leatricina 50%(L50)

Fig. 5. Behavior of the infestation levels of V. destructor in adult bees with the application of
different extracts of L. tridentata and the synthetic chemical amitraz at different times of the
experiment
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The natural mortality of varroa during the first 16
days of monitoring was statistically similar among
all the hives in the experiment, with an average
mortality of 38.7 mites/day, which, according to
the formula proposed by Jack et al. [41] is
equivalent to an approximate population of 3,494
mites. The control treatment behavior was
statistically similar during the 48 days of
sampling except for day 24, where there was an
increase in mite mortality (Fig. 6). In addition, CO
did not present statistical differences with the
records of natural mortality (0-16 days) of the
rest of the treatments. For AM, the highest
mortality was recorded on 20 days, immediately
after placing the amitraz strips inside the hive,
being statistically higher (p<0.05) than the rest of
the treatments. The mortality in AM treatment
decreased significantly at 28 days, even below
natural mortality, due to the drastic reduction of
the mite population in the hives treated with this
synthetic chemical. The behavior of varroa
mortality in hives treated with L50 remained
constant until 36 days, from which time it
decreased significantly to values like those

presented by AM. Finally, the mortality in the H50
treatment didn’t present changes in mortality
during all the sampling periods, and statistically,
it was the treatment that was more like the
control.

Amitraz presented the highest values (p<0.05) of
efficacy, with 97.9% in vitro conditions to 84.9%
in the field experiment (Table 1). The relative
efficacy of the extracts of creosote bush were
statistically similar, except for H50 in the field
experiment. The hydrolate 50% varied from
53.1% (in vitro) to 49.5% in the field, while the
Leatricina® 50% seems to be favored by field
conditions (72%) with respect to the in vitro test
(51.6%). The efficacy of the extracts of L.
tridentata (hydrolate 50% and Leatricina® 50%),
is good since the L. tridentata extracts are
natural compounds and don’t present negative
effects as synthetic chemicals. Finally, the
control shows that the natural mortality of V.
destructor mites varies from 18.3% under in vitro
conditions to 47.4% in the field, presenting an
important difference.

Control (CO)

Amitraz (AM)

Mortality of V. destructor
(Johnson function)

4 8 12 16 20 24 28 32

Day

36 40 44 48

32 36 40 44 48

Hydrolate 50% (H50)

(Johnson function)

Mortality of V. destructor

Natural mortality

Moments of application of the
(‘()T]‘l!,‘ipﬂ“di ng Pr( ,du('t

Fig. 6.

Behavior of mortality of V. destructor in the hive during a period of 48 days applying

extracts of L. tridentata and the synthetic chemical amitraz
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Table 1. Relative efficacy in vitro and in field experiment of extracts of L. tridentata and the
synthetic chemical amitraz

Treatment Relative efficacy (%)

In vitro Field experiment
Control 18.3 c 47.4 c
Amitraz 97.9 a 84.9 a
Hydrolate 50% 53.1 b 49.5 c
Leatricina® 50% 51.6 b 72.0 b

abc means with different letter in a column are different (p<0.05)

4. DISCUSSION

The effectiveness of the chemical amitraz in the
present study was superior in all cases, proving
to be effective in reducing the level of varroa
infestation and presenting high percentages in
mite mortality; this is similar to what was
observed by Gregorc et al. [21] who registered a
mortality of 98.2% of mites during the first 6 h in
vitro and 82% mortality of varroa in the field
experiment, compared with the natural
compound thymol (78 to 85%). In the same
sense, Al Naggar et al. [22] obtained an efficacy
of 76.5% when using amitraz for the treatment of
varroa-infested hives in Canada compared with
thymol (26.7%); similarly, they observed a higher
percentage of winter survival in the colonies
treated with amitraz (93%) than with thymol
(67%).

Although the synthetic chemical amitraz is an
effective treatment for the control of varroa, the
use of Larrea tridentata extracts is a good
alternative, as shown in the present study,
particularly L50 when is applied in the hive,
showing an efficacy close to that of amitraz. It is
necessary to consider that the efficacy of natural
and synthetic acaricidal compounds is highly
variable, and their response is influenced by the
environmental conditions of the scenarios in
which they are applied. Gregorc et al. [21]
observed that when they used in the field two
natural acaricides and two synthetic chemicals
(amitraz and HopGuard®; thymol and tau-
fluvalinate), they didn’t find statistical differences
in their efficacy. On the other hand, Gracia et al.
[42] didn't observe a difference in the field
efficacy of the synthetic chemical amitraz and the
natural products Api Life Var® (thymol,
eucalyptus, menthol, and camphor), thymol
dissolved in oil and thymol dissolved in alcohol
(home preparations). They consider that even
when the formulation of the products seems to
be one of the most relevant factors regarding
their effectiveness, the variation in the results
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depended on the conditions of the apiary in
which they are applied. Carmona et al. [43]
mention that even when the application of
treatments for varroa control is recommended
during spring and autumn, applications at the
end of autumn or close to winter are ineffective
since parasitism is higher in the brood than in
adult bees and may cause a decrease in the
effectiveness of acaricides; this is because the
dynamics of the varroa population is influenced
by the dynamics of the A. mellifera colony,
especially by the availability of brood. Maya-
Martinez et al. [44] demonstrated that during the
periods close to the hibernation season of the
colony, the amount of bee brood is gradually
reduced; therefore, the reproduction
opportunities for varroa mites also decrease,
generating a higher concentration of mites inside
the cells fulfilling their reproductive functions and
reducing the percentage of mites parasitizing
adult bees. Thus, the efficiency of the treatments
for the control of varroa is greater when applied
during seasons of high amount of brood of A.
mellifera compared to winter, since the effect of
the compounds occurs mainly on the mites that
parasite adult bees and not on those found in the
brood.

The in vitro and field efficacy of creosote bush
extracts from this study for the control of varroa
show encouraging results on the acaricidal
potential of this plant species since its effect is
like to that observed with the use of some
organic options available in the market. For
example, Gregorc et al. [21] obtained similar
results in the mortality of varroa mites when
using the organic product thymol under in
vitro conditions, observing a mortality of 33 to
34% with a 24-h action time. Cameron and Ellis
[13], when carrying out an exhaustive review of
the natural chemical compounds commonly
reported in the literature for varroa control,
classify thymol and hop beta acids as
moderately effective products with 25 to 75%
efficacy, and the results of mortality with the use
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of formic acid varies from 35 to 75%. Qadir et al.
[45] reported an efficacy of 54.13% using 65%
formic acid to reduce the varroa mite population.
Ardeshir et al. [46] obtained 43 to 58% mortality
of varroa mites when spraying solutions with 2%
essence of thyme, mint, and dill on parasitized
bees. So, the effectiveness of the extracts of
creosote bush is within the ranges of efficacy
considered for this type of product of natural
origin.

Saldivar [47] reveals that when using extracts of
L. tridentata at an in vitro condition, they can
inhibit the proliferation of some insects. Mainly
due to its high lignan content, especially
nordihydroguayaretic acid, which is associated
with plant resistance against pests and diseases
[38]. On the contrary side, Viglianco et al. [48]
consider that the potential of creosote bush it’s in
the repellent and anti-food effect. They observed
that the ethanolic extract of Larrea divaricata
leaves has a degree of repellency of 40 to 60%
when used against Sitophilus oryzae. As
observed in the present study with the
application of the L50 ethanolic extract in the
field and the significant reduction in varroa
mortality from day 36, indicating a significant
decrease in the mite population without a
previous massive event of mite mortality, being
able to attribute this phenomenon to a repellent
effect that displaced a significant percentage of
the mite population out of the hive. Marin-
Dominguez et al. [49] observed a certain degree
of repellency (35 to 40%) when using creosote
bush aqueous and methanolic extracts on
Melanocallis caryaefoliae. Maldonado-Siman et
al. [50] observed a reduction of up to 68% in the
count of horn flies (Haematobia irritans) perched
on cows sprayed with aqueous extract of L.
tridentata. Although these percentages may
seem low and insufficient when compared to
synthetic chemicals such as amitraz. Malik et al.
[51] proposes that the viability of using any
natural compound as a pesticide should be
considered if its efficacy is between 30 to 85%,
considering that the availability of plant material
is high and that this type of compound is
environmentally friendly. In addition, it should be
taken into account that, just as it is common to
find a wide variation in the results of the
application of synthetic chemicals because they
are applied to the colonies in a different way from
each other due to their varied nature and
formulations, as well as the restrictions of use
indicated in the labeling, the variation that we can
observe when using natural compounds is even
greater [13].
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5. CONCLUSIONS

Despite the undeniable superiority of synthetic
chemicals such as amitraz in the control of V.
destructor, the results of the present study show
the great potential of L. tridentata extracts, which,
in addition to their moderate efficacy in the
control of varroa, do not represent a risk of
toxicity for adult bees or human health so that it
could be used as a prophylactic treatment at any
time of the year; its elaboration is low cost and
easily reproduced by the producer, in addition to
the high availability of plant material for its
elaboration. It's recommended to continue with
the investigation of the effects of other types of
creosote bush extracts, application methods, as
well as their assessment under different
environmental conditions, and the effect of this
type of products on the larval stage of the bees;
all the above with the objective of consistently
defining the benefits and limitations of the use of
L. tridentata in the control of V. destructor as part
of a sustainable production strategy.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Dietemann V, Pflugfelder J, Anderson D,
Charriére JD, Chejanovsky N, Dainat B, de
Miranda J, Delaplane K, Dillier F, Fuch S,
Gallmann P, Gauthier L, Imdorf A,
Koeniger N, Kralj J, Meikle W, Pettis J,
Rosenkranz P, Sammataro D, Neumann P.
Varroa destructor: Research avenues to-
wards sustainable control. J Apic Res.
2012;51(1):125-132.
Available:https://doi.org/10.3896/IBRA.1.51
1.15

Le Conte Y, Ellis M, Ritter W. Varroa mites
and honey bee health: Can varroa explain
part of the colony losses?. Apidologie.
2010;41: 353-363.
Available:https://doi.org/https://doi.org/10.1
051/apido/2010017

Oldroyd BP. Coevolution while you wait:
Varroa jacobsoni, a new parasite of
western honeybees. Trends Ecol Evol.
1999;14(8): 312-315.
Available:https://doi.org/10.1016/S0169-
5347(99)01613-4

Fries |, Huazhen W, Wei S, Jin CS.
Grooming behavior and damaged mites


https://doi.org/10.3896/IBRA.1.51.1.15
https://doi.org/10.3896/IBRA.1.51.1.15
https://doi.org/https:/doi.org/10.1051/apido/2010017
https://doi.org/https:/doi.org/10.1051/apido/2010017
https://doi.org/10.1016/S0169-5347(99)01613-4
https://doi.org/10.1016/S0169-5347(99)01613-4

10.

11.

Garcia-Lopez et al.; J. Appl. Life Sci. Int., vol. 27, no. 3, pp. 7-20, 2024; Article no.JALSI.115171

(Varroa jacobsoni) in Apis cerana cerana
and Apis mellifera ligustica. Apidologie.
1996;27(1):3-11.
Available:https://doi.org/10.1051/apido:199
60101

Ramsey SD, Ochoa R, Bauchan G,
Gulbronson C, Mowery JD, Cohen A, Lim
D, Joklik J, Cicero JM, Ellis JD, Hawthorne
D, vanEngelsdorp D. Varroa destructor
feeds primarily on honey bee fat body
tissue and not hemolymph. Proc Natl Acad
Sci USA. 2019;116(5):1792-1801.
Available:https://doi.org/10.1073/pnas.181
8371116

De Jong D, De Jong PH, Goncalvez LS.
Weight loss and other damage to
developing worker hon-eybees from
infestation with Varroa jacobsoni. J Apic
Res. 1982;21(3):165.
Available:https://doi.org/10.1080/00218839
.1982.11100535

De Jong D, De Jong PH. Longevity of
africanized honey bees (Hymenoptera:
Apidae) infested by Varroa jacobsoni
(Parasitiformes:  Varroidae). J Eco
Entomol. 1983;76(4):766-768.
Available:https://doi.org/10.1093/jee/76.4.7
66

De Miranda JR, Genersch E. Deformed
wing virus. J Invertebr Pathol. 2010;103:
S48-S61.
Available:https://doi.org/10.1016/}.jip.2009.
06.012

Broadschneider R, Brus J, Danihlik J.
Comparison of apiculture and winter
mortality of honey bee colonies (Apis
mellifera) in Austria and Czechia. Agric
Ecosyst Environ. 2019;274:24-32.
Available:https://doi.org/10.1016/j.agee.20
19.01.002

Masaquiza-Moposita DA, Curbelo LM,
Diaz-Monroy BL. Varroasis y mecanismos
de defensa de la abeja melifera (Apis
mellifera). Rev Prod Anim. 2017;31(3).
Available:https://orcid.org/0000-0001-
5176-8261

Mondet F, Beaurepaire A, McAfee A,
Locke B, Alaux C, Blanchard S, Danka B,
Le Conte Y. Honey bee survival
mechanisms against the parasite Varroa
destructor: A systematic review of pheno-
typic and genomic research efforts. Int J
Parasitol. 2020;50(2020):433-447.
Available:https://doi.org/https://doi.org/10.1
016/j.ijpara.2020.03.005

17

12.

13.

14.

15.

16.

17.

18.

19.

Cremer S, Armitage SA, Schmid HP.
Social immunity. Curr Biol. 2007;17(16):
693-702.
Available:https://doi.org/https://doi.org/10.1
016/j.cub.2007.06.008

Cameron JJ, Ellis JD. Integrated pest
management control of Varroa destructor
(Acari: Varroidae), the most damaging pest
of (Apis mellifera L. (Hymenoptera:
Apidae)) colonies. J Insect Sci. 2021;21(5):
1-32.
Avalilable:https://doi.org/10.1093/jisesaliea
b058

Rodriguez-Dehaibes SR, Otero-Colina G,
Pardio-Sedas V, Villanueva-Jiménez JA.
Resistance to amitraz and flumethrin in
Varroa  destructor  populations  from
Veracruz, México. J Apic Res. 2005;44(3):
124-125.
Available:https://doi.org/10.1080/00218839
.2005.11101162

Rodriguez-Dehaibes SR, Otero-Colina G,
Villanueva-Jiménez JA, Corcuera P.
Susceptibility of  Varroa  destructor
(Gamasida: Varroidae) to four pesticides
used in three Mexican apicultural regions
under two different management systems.
Int J Acarol. 2011;37(5):441-447.
Available:http://dx.doi.org/10.1080/016479
54.2010.525523

Orantes-Bermejo FJ, Gomez PA, Megias
MM, Torres FPC. Residuos de pesticidas
en cera de abejas y polen ensilado en
colmenares (Apis mellifera L.) de Espafia.
Posibles implicaciones sobre el
despoblamiento de las colmenas. J Apic
Res. 2010;49(3):243-250.
Available:https://doi.org/10.3896/IBRA.1.49
.3.03

Chauzat MP, Faucon JP. Pesticide
residues in beewax samples collected from
honey bee colonies (Apis mellifera L.) in
France. Pest Manag Sci. 2007;63(11):
1100-1106.

Available: https://doi.org/10.1002/ps.1451
Mullin CA, Frazier M, Frazier JL, Ashcraft
S, Simonds R, vanEngelsdorp D, Pettis JS.
High levels of miticides and agrochemicals
in North American apiaries: Implications for
honey bee health. PLoS ONE. 2010;5(3):
e9754.
Available:https://doi.org/10.1371/journal.po
ne.0009754

Roeder T. Octopamine in invertebrates.
Prog Neurobiol. 1999;59(5):533-561.


https://doi.org/10.1051/apido:19960101
https://doi.org/10.1051/apido:19960101
https://doi.org/10.1073/pnas.1818371116
https://doi.org/10.1073/pnas.1818371116
https://doi.org/10.1080/00218839.1982.11100535
https://doi.org/10.1080/00218839.1982.11100535
https://doi.org/10.1093/jee/76.4.766
https://doi.org/10.1093/jee/76.4.766
https://doi.org/10.1016/j.jip.2009.06.012
https://doi.org/10.1016/j.jip.2009.06.012
https://doi.org/10.1016/j.agee.2019.01.002
https://doi.org/10.1016/j.agee.2019.01.002
https://orcid.org/0000-0001-5176-8261
https://orcid.org/0000-0001-5176-8261
https://doi.org/https:/doi.org/10.1016/j.ijpara.2020.03.005
https://doi.org/https:/doi.org/10.1016/j.ijpara.2020.03.005
https://doi.org/https:/doi.org/10.1016/j.cub.2007.06.008
https://doi.org/https:/doi.org/10.1016/j.cub.2007.06.008
https://doi.org/10.1093/jisesa/ieab058
https://doi.org/10.1093/jisesa/ieab058
https://doi.org/10.1080/00218839.2005.11101162
https://doi.org/10.1080/00218839.2005.11101162
http://dx.doi.org/10.1080/01647954.2010.525523
http://dx.doi.org/10.1080/01647954.2010.525523
https://doi.org/10.3896/IBRA.1.49.3.03
https://doi.org/10.3896/IBRA.1.49.3.03
https://doi.org/10.1002/ps.1451
https://doi.org/10.1371/journal.pone.0009754
https://doi.org/10.1371/journal.pone.0009754

20.

21.

22.

23.

24,

25.

26.

27.

Garcia-Lopez et al.; J. Appl. Life Sci. Int., vol. 27, no. 3, pp. 7-20, 2024; Article no.JALSI.115171

Available:https://doi.org/10.1016/S0301-
0082(99)00016-7

Casida JE, Durkin KA. Neuroactive
insecticides: Targets, selectivity,
resistance, and secondary ef-fects. Annu
Rev Entomol. 2013;58:99-117.

Available: https://doi.org/10.1146/annurev-
ento-120811-153645

Gregorc A, Alburaki M, Sampson B, Knight
PR, Adamczyk J. Toxicity of selected
acaricides to honey bees (Apis mellifera)
and varroa (Varroa destructor Anderson
and Trueman) and their use in controlling
varroa within honey bee colonies. Insects.
2018;9(2):55.
Available:https://doi.org/10.3390/insects90
20055

Al Naggar Y, Tan Y, Rutherford C, Connor
W, Griebel P, Giesy P, Robertson AJ.
Effects of treatments with Apivar® and
Thymovar® on V. destructor populations,
virus infections and indoor winter survival
of Canadian honey bee (Apis mellifera
L.) colonies. J Apic Res. 2015;54: 548-
554.
Available:https://doi.org/10.1080/00218839
.2016.1186917

Vandervalk LP, Nasr ME, Dosdall LM. New
miticides for integrated pest management
of Varroa destructor (Acari: Varroidae) in
honey bee colonies on the Canadian
prairies. J Eco Entomol. 2014;107(6):
2030-2036.

Available: https://doi.org/10.1603/ec14048
Oliver R. Amitraz: Red flags or red
herrings?. Am Bee J. 2014;154:1119-1112.
Available:https://scientificbeekeeping.com/
amitraz-red-flags-or-red-herrings/

Access on July 2022.

Roeder T. Tyramine and octopamine:
Ruling behavior and metabolism. Ann Rev
Entomol. 2005;50: 447-477.
Available:https://doi.org/10.1146/annurev.e
nto.50.071803.130404

Tomé HVV, Schmehl DR, Wedde AE,
Godoy RSM, Ravaiano SV, Guedes RNC,
Martins GF, Ellis JD. Frequently
encountered pesticides can cause multiple
disorders in developing worker honey
bees. Environ Pollut. 2020;256:113420.
Available:https://doi.org/10.1016/j.envpol.2
019.113420

Fisher A 1, Rangel J. Exposure to
pesticides during development negatively
affects honey bee (Apis mellifera) drone

18

28.

29.

30.

31.

32.

33.

34.

35.

sperm viability. PLoS One. 2018;13(12):
€0208630.
Available:https://doi.org/10.1371/journal.po
ne.0208630

O’Neal ST, Brewster CC, Bloomquist JR,
Anderson TD. Amitraz and its metabolite
modulate honey bee cardiac function and
tolerance to viral infection. J Invertebr
Pathol. 2017;149(1):119-126.
Available:https://doi.org/10.1016/}.jip.2017.
08.005

Schulz DJ, Robinson GE. Octopamine
influences division of labor in honey bee
colonies. J Comp Physiol A. 2001;187:53-
61.
Available:https://doi.org/10.1007/s0035900
00177

Barron AB, Maleszka R, Vander MRK,
Robinson GE. Octopamine modulates
honey bee dance behavior. Proc Natl Acad
Sci. 2007;149:119-126.
Available:https://doi.org/10.1016/}.jip.2017.
08.005

Floris |, Satta A, Garau VL, Melis M,
Cabras P, Aloul N. Effectiveness,
persistence and residue of amitraz plastic
strips in the apiary control of Varroa
destructor. Apidologie. 2001;32:577-585.
Available:https://doi.org/10.1051/apido:200
1145

Rosenkranz P, Aumeier P, Ziegelmann B.
Biology and control of Varroa destructor. J
Invert Pathol. 2010;103: 96-119.
Available:https://doi.org/10.1016/].jip.2009.
07.016

Belmares H, Barrera A, Ramos V, Castillo
E, Motomochi V. Research and
development of L. tri-dentata as a source
of raw materials. In: LARREA Serie El
Desierto. Campos E, Mabry T, Fernandez
T. Eds. Saltillo, Coahuila, Meéxico.
1979;411.
Available:http://bibliotecasibe.ecosur.mx/si
be/book/000003587

Access on September 2022.

Smith AY, Feddersen RM, Gardner KDJ,
Davis CJJ. Cystic renal cell carcinoma and
aequired renal cystic disease associated
with consumption of chaparral tea: A case
report. J Urol. 1994; 152: 2089-2091.
Available:https://doi.org/10.1016/s0022-
5347(17)32317-0

Konno C, Lu ZzZ, Xue HZ, Erdelmeier
CA, Meksuriyen D, Che CT, Cordell
GA, Soejarto DD, Waller DP, Fong


https://doi.org/10.1016/S0301-0082(99)00016-7
https://doi.org/10.1016/S0301-0082(99)00016-7
https://doi.org/10.1146/annurev-ento-120811-153645
https://doi.org/10.1146/annurev-ento-120811-153645
https://doi.org/10.3390/insects9020055
https://doi.org/10.3390/insects9020055
https://doi.org/10.1080/00218839.2016.1186917
https://doi.org/10.1080/00218839.2016.1186917
https://doi.org/10.1603/ec14048
https://scientificbeekeeping.com/amitraz-red-flags-or-red-herrings/
https://scientificbeekeeping.com/amitraz-red-flags-or-red-herrings/
https://doi.org/10.1146/annurev.ento.50.071803.130404
https://doi.org/10.1146/annurev.ento.50.071803.130404
https://doi.org/10.1016/j.envpol.2019.113420
https://doi.org/10.1016/j.envpol.2019.113420
https://doi.org/10.1371/journal.pone.0208630
https://doi.org/10.1371/journal.pone.0208630
https://doi.org/10.1016/j.jip.2017.08.005
https://doi.org/10.1016/j.jip.2017.08.005
https://doi.org/10.1007/s003590000177
https://doi.org/10.1007/s003590000177
https://doi.org/10.1016/j.jip.2017.08.005
https://doi.org/10.1016/j.jip.2017.08.005
https://doi.org/10.1051/apido:2001145
https://doi.org/10.1051/apido:2001145
https://doi.org/10.1016/j.jip.2009.07.016
https://doi.org/10.1016/j.jip.2009.07.016
http://bibliotecasibe.ecosur.mx/sibe/book/000003587
http://bibliotecasibe.ecosur.mx/sibe/book/000003587
https://doi.org/10.1016/s0022-5347(17)32317-0
https://doi.org/10.1016/s0022-5347(17)32317-0

36.

37.

38.

39.

40.

41.

42.

43.

Garcia-Lopez et al.; J. Appl. Life Sci. Int., vol. 27, no. 3, pp. 7-20, 2024; Article no.JALSI.115171

HH. Furanoid lignans from Larrea
tridentata. J Nat Prod. 1990;53(2):396-
406.
Available:https://doi.org/10.1021/np50068a
019

Lira SRH. Estado actual del conocimiento
sobre las propiedades biocidas de la
Gobernadora [ Larrea tridentata (D.C.)
Coville]. Rev Mex Fitopatol. 2003;21(2):
214-22.
Available:http://www.redalyc.org/articulo.oa
?id=61221217

Access on January 2022.

Seigler D, Jakupcak J, Mabry T. Wax
esters from Larrea divaricata. Phyto-
chemistry. 1974;13: 983-6.
Available:https://doi.org/10.1016/s0031-
9422(00)91434-1

Boluda CJ, Duque B, Aragén Z. Lignanos
(2): Estructura y funciones en las plantas.
Rev Fitoter. 2005;5(1):55-68.
Available:https://riull.ull.es/xmlui/bitstream/
handle/915/9555

Access on January 2022.

Taniguchi E, Imamura K, Ishibashi F,
Matsui T, Nishio A. Synthesis and
insecticidal activity of lignan analogs (1).
Agric  Biol  Chem. 1989;53(3):631-
43.
Available:https://doi.org/10.1271/bbb1961.
53.631

Lépez-Aguirre S, Garcia-Lopez JC, Pinos-
Rodriguez JM, Yé&fiez-Estrada L, Lopez-
Hernandez Y. Chemical characterization
and oral toxicity of an aqueous extract of
Larrea tridentata. J Nat Prod Resour.
2016;2(2):79-82.
Available:https://www.jacsdirectory.com/jo
urnal-of-natural-products-and-
resources/articleview.php?id=22

Access on April 2023.

Jack CJ, Sperry N, Mortensen A, Ellis JD.
How to quantify Varroa destructor in honey
bee (Apis mellifera L.) colonies. University
of Florida IFAS Extension, ENY173,
Gainesville, Florida; 2019.

Gracia MJ, Moreno C, Ferrer M,
Sanz A, Peribafiez MA, Estrada R. Field
efficacy of acaricides against Varroa
destructor. Plos  One. 2017;12(2):
e0171633.
Available:https://doi.org/10.1371/journal.po
ne.0171633

Carmona M, Valero A, Zalacain |, Zalacain
A, Salinas MR. Influence of thymol on

19

44.

45.

46.

47.

48.

49.

50.

honey bee brood laying. Beekeeping Life.
2002;113: 35-43.

Maya-Martinez O, Medina-Flores C,
Aquino-Pérez G, OlIlmos-Oropeza G,
Lépez-Carlos M. Seasonal treatment with
amitraz against Varroa destructor and its
effects on Apis mellifera colonies. Abanico
Vet. 2020;10:1-18.
Available:https://doi.org/10.21929/abavet?2
020.38

Qadir ZA, Idrees A, Mahmood R, Sarwar
G, Bakar MA, Ahmad S, Raza MM, Li J.
Effec-tiveness of different soft acaricides
against honey bee ectoparasitic mite
Varroa destructor (Acari: Var-roidae).
Insects. 2021;12:1032.
Available:https://doi.org/10.3390/insects12
111032

Ardeshir A, Rahim E, Gholamhosein T.
Laboratory evaluation of some plant
essences to control Varroa destructor
(Acari: Varroidae). Exp Appl Acarol.
2002;27:319-327.
Available:https://doi.org/10.1023/A:102334
2118549

Saldivar, R.H.L. Current state of
knowledge on the biocidal properties of
governor [La-rrera tridentata (DC) Coville.
Rev Mex Fitopathol 2003, 21: 214-222.
Available:https://www.redalyc.org/articulo.o
a?id=61221217 (Retrieved: January 2023)
Viglianco Al, Novo RJ, Cragnolini CI,
Nassetta M. Biological activity of crude
extracts of Larrea divaricata Cav. and
Capparis atamisquea Kuntze on Sitophilus
oryzae (L.). Agriscientia. 2006; XXI11(2):83-
89.
Available:http://www.scielo.org.ar/scielo.ph
p?script=sci_arttext&pid=S1668-
298X2006000200005

Access on March 2023.

Marin-Dominguez M, Pérez-Leal R,
Nifez-Barrios A, Basurto-Sotelo M, Soto-
Parra JM. Exposi-tion of Pecan Black
Aphid (Melanocallis caryaefoliae) to
Creosote Bush (Larrea tridentata) extracts.
Agric Sci. 2014'5:1369-1375.
Available:http://dx.doi.org/10.4236/as.2014
514147

Maldonado-Siméan E, Chavarria-Sanchez
MR, Martinez-Hernandez PA, Amendola-
Massiotti RD, Gonzélez-Gardufio R,
Hernandez-Valencia E. Horn Fly
(Haematobia irritans) incidence on cows
sprayed with creosote-bush (Larrea


https://doi.org/10.1021/np50068a019
https://doi.org/10.1021/np50068a019
http://www.redalyc.org/articulo.oa?id=61221217
http://www.redalyc.org/articulo.oa?id=61221217
https://doi.org/10.1016/s0031-9422(00)91434-1
https://doi.org/10.1016/s0031-9422(00)91434-1
https://riull.ull.es/xmlui/bitstream/handle/915/9555
https://riull.ull.es/xmlui/bitstream/handle/915/9555
https://doi.org/10.1271/bbb1961.53.631
https://doi.org/10.1271/bbb1961.53.631
https://www.jacsdirectory.com/journal-of-natural-products-and-resources/articleview.php?id=22
https://www.jacsdirectory.com/journal-of-natural-products-and-resources/articleview.php?id=22
https://www.jacsdirectory.com/journal-of-natural-products-and-resources/articleview.php?id=22
https://doi.org/10.1371/journal.pone.0171633
https://doi.org/10.1371/journal.pone.0171633
https://doi.org/10.21929/abavet2020.38
https://doi.org/10.21929/abavet2020.38
https://doi.org/10.3390/insects12111032
https://doi.org/10.3390/insects12111032
https://doi.org/10.1023/A:1023342118549
https://doi.org/10.1023/A:1023342118549
https://www.redalyc.org/articulo.oa?id=61221217
https://www.redalyc.org/articulo.oa?id=61221217
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1668-298X2006000200005
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1668-298X2006000200005
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S1668-298X2006000200005
http://dx.doi.org/10.4236/as.2014.514147
http://dx.doi.org/10.4236/as.2014.514147

Garcia-Lopez et al.; J. Appl. Life Sci. Int., vol. 27, no. 3, pp. 7-20, 2024; Article no.JALSI.115171

tridentata) (DC.) Coville) leaf extract. 51. Malik A, Singh N, Satya S. House fly

Agroscience. 2018;52(3):323-331. (Musca domestica): A review of control
Available:https://www.scielo.org.mx/scielo. strategies for a chal-lenging pest. J
php?pid=S1405- Environ Sci Health. 2007;42:453-469.
31952018000300323&script=sci_arttext Available:https://doi.org/10.1080/03601230
Access on March 2023. 701316481

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/115171

20


https://www.scielo.org.mx/scielo.php?pid=S1405-31952018000300323&script=sci_arttext
https://www.scielo.org.mx/scielo.php?pid=S1405-31952018000300323&script=sci_arttext
https://www.scielo.org.mx/scielo.php?pid=S1405-31952018000300323&script=sci_arttext
https://doi.org/10.1080/03601230701316481
https://doi.org/10.1080/03601230701316481

