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cultivated under field conditions

Joao Cleme Ananias de Sousa-Junior', Melquisedec de Sousa Oliveira'", Carlos Henrique de Araujo Dias?,
Andréia Amariz' and Maryluce Albuquerque da Silva Campos'”

Abstract

Background Mimosa tenuiflora (Willd.) is an essential leguminous tree used in Brazilian northeastern folk medicine,
and its extracts have been tested against larvae of Aedes aegypti. These tests typically use parts from adult plants
collected in natural environments. However, M. tenuiflora seedlings can be successfully produced using arbuscular
mycorrhizal fungi (AMF) inoculation technology. Previous studies have reported the benefits of inoculation

on M. tenuiflora growth and the accumulation of secondary metabolites, while data on how inoculation affects

the biological activities of extracts remain limited. This work investigated the potential of field inoculation

with arbuscular mycorrhizal fungi to enhance M. tenuiflora production, focusing on increasing total phenolic levels
and improving the larvicidal activity of its extracts against Ae. aegypti.

Results Inoculation with Gigaspora albida resulted in higher levels of total phenolics, death of larvae, and lower
lethal concentration (LC) compared with other treatments. The concentration of phenolics was 249.87 mg.

g™, and the percentage of death after 48 h was 68.33%. At 48 h, the LCy; and LCq, values were 147 ug. mL™

and 1301.83 ug. mL™" for extracts from plants inoculated with G. albida. For the non-inoculated controls, the LCs,

was 800.67 ug. mL™" and LCq, 8194.26 pg. mL~", while the inoculation with Claroideoglomus etunicatum resulted

in LCs, 1179.16 pg. mL~" and LCy, 305032 pg. mL~". No differences were observed in the percentage of larvae
mortality between extracts from plants inoculated with C. etunicatum and non-inoculated controls. The increased
concentration of total phenolics in plants inoculated with G. albida might contribute to the observed potent larvicidal
activity. Under field conditions, inoculation of M. tenuiflora with G. albida increases phenolics and larvicidal activity
against Ae. aegypti L3 larvae, proving more effective than inoculation with C. etunicatum.

Conclusions The results herein corroborate mycorrhizal technology for improving biological plant-derived activities,
indicating G. albida as the best arbuscular mycorrhizal fungus to improve the larvicidal effects of M. tenuiflora extracts.
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1 Background

Caatinga is a semiarid Brazilian biome that harbors
many organisms well adapted to harmful conditions
such as high temperatures, high UV exposure, and water
limitations. Plant species stand out in this biome because
they are used as therapeutic resources in folk medicine
[1, 2]. Among the roughly 3347 plant species in the Caat-
inga, medicinal plants are of significant interest for bio-
prospecting and biotechnological applications [1, 3, 4].

Mimosa tenuiflora (Willd.) is a leguminous tree native
to the Caatinga biome, used as a resource for teas, syr-
ups, and other folk medicines. Ethnopharmacologi-
cal studies report indications of its leaves and bark for
treating diarrhea, wound healing, fever, menstrual col-
ics, bronchitis, and cough [2, 5]. Further investigations
showed the presence of phenolic compounds in M. ten-
uiflora tissues, mainly tannins and flavonoids, and these
class molecules might be correlated with its biological
activities [6—8]. In addition to ethnopharmacology sur-
veys, several authors have reported biological activities
such as antimicrobial [9], termiticide [10], anti-inflam-
matory and antinociceptive [8], and antioxidant [11, 12]
from different types of M. tenuiflora extracts.

Despite numerous laboratory studies on Mimosa tenui-
flora extracts, their larvicidal potential has received lim-
ited attention. Prospecting for new larvicides is essential,
especially in tropical countries, where insects transmit
infectious diseases. In South America, dengue is a pub-
lic health problem affecting millions annually [13]. Den-
gue is a viral disease transmitted by the mosquito Aedes
aegypti (L.), which deposits its eggs in water residues,
especially during summer and rainy seasons [14, 15]. Dif-
ferent manners to control Ae. aegypti might be employed,
like larvicides and adulticides. However, resistance has

been reported in Brazil [16] and other countries [17, 18].
Thus, the prospect of new larvicidal molecules may con-
tribute to controlling mosquitoes and dengue.

Extracts of M. tenuiflora exhibit larvicidal effects; how-
ever, there is limited information on their efficacy against
Ae. aegypti. Aqueous extracts of M. tenuiflora lead to the
death of Ae. aegypti, as reported by Dantas et al. [19]. In
addition, in a recent study, Luyen et al. [20] isolated fla-
vonoids from propolis of M. tenuiflora and tested them
against Ae. aegypti and Aedes albopictus (Skuse). As a
result, larvicidal effects were observed at low concentra-
tions. In contrast, Dos Santos et al. [21] did not find the
larvicidal activity of crude extracts against larvae L4.

M. tenuiflora can be cultivated with bioinoculants like
arbuscular mycorrhizal fungi (AMF) [22], which are
rhizospheric microorganisms that improve plant nutri-
tion and growth [23]. Bonfim [24] inoculated seedlings
of M. tenuiflora with the AMFs Claroideoglomus etuni-
catum (W.N. Becker & Gerd.) C. Walker & Schiifller and
Gigaspora albida (N.C. Schenck & G.S. Sm.), registering
growth improvements. These results were observed both
under greenhouse and field conditions.

In addition, the presence of AMF in the plant root
system alters whole plant physiology in many aspects,
especially defense responses. As a result, plants inocu-
lated with AMF accumulate significantly more secondary
metabolites [25, 26], becoming more resistant to patho-
gens and plagues [27]. Notwithstanding, extracts from
plants inoculated with AMF result in higher activities
than control extracts, as Marcolino et al. [28] observed. In
such a study, extracts from guava leaves, previously culti-
vated with AME, inhibited the growth of resistant Kieb-
siella pneumoniae, effects not observed in the respective
controls. Similarly, increases in antioxidant activity
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depending on the AMF inoculation were observed in
Cynara cardunculus (L.). The authors suggested a cor-
relation with phenolics, a variable also improved by the
inoculation [29]. Additionally, Giovannetti et al. [30]
found that AMF inoculation can increase lycopene levels,
resulting in higher antiestrogenic activity. Such results
highlight AMF inoculation as a biotechnological strategy
for prospecting new molecules and biological activities.

Despite the benefits of AMF on the growth of M. tenui-
flora, improvement in the production of metabolites was
also reported [24]. However, no biological activities with
extracts of M. tenuiflora inoculated with AMF have been
tested. Thus, considering the evidence that AMF technol-
ogy enhances the synthesis of phenolics and its potential
correlation with increased biological activities, this study
aimed to evaluate the larvicidal effects of extracts from
M. tenuiflora inoculated with AMF. Notably, the effects
of AMF inoculation to improve larvicidal activity of plant
extracts are still under explored.

We evaluated the potential of AMF inoculation to
enhance the concentration of phenolic compounds
and larvicidal efficacy in foliar extracts of M. tenuiflora.
Plants were cultivated in a semiarid field environment,
and extracts were assayed for activity against Ae. aegypti
L3 larvae.

2 Methods

2.1 Experimental field of M. tenuiflora cultivation

Bonfim [24] previously cultivated seedlings of M. tenui-
flora under greenhouse conditions in 2018. Seeds of M.
tenuiflora were surface sterilized with sodium hypochlo-
rite (5 mL. L™'—v/v), and the dormancy breaking was
performed by the hot water/cold water method as sug-
gested by Bakke et al. [31]. All seeds were obtained from
the natural Caatinga area.

Afterward, germination was performed in the
sand:vermiculite (1:1) substrate, previously autoclaved
(121° C/ 1 h, two times). Plants with two definitive leaves
were transplanted to bags of 1,5 L of capacity, contain-
ing the substrate composed of sand and vermiculite (1:1)
plus vermicompost (50 mL.L™!). AMF inoculation was
performed at transplantation by adding soil inoculum
(200 glomerospores) of two different fungi: Claroideo-
glomus etunicatum or Gigaspora albida. Control plants
received mock inoculum (soil without AMF propagules).
The AMF was multiplied in a rhizosphere of Sorghum
bicolor L. and Zea mays L., cultivated in the sterile sub-
strate composed of argisol, sand, and vermiculite (1:1:0.5
v/v). Seedlings of M. tenuiflora grew under greenhouse
for 124 days until transplanting to the field.

In December 2016, the field experiment was set up at
the Poco D’dgua farm, localized in the municipality of
Juazeiro, Bahia, Brazil. The area is in the mesoregion of
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the sub medium Sao Francisco River Valley. As a semiarid
region, the predominant climate is Bsh, based on the
Koppen—Geiger classification system (Fig. 1).

Seedlings were transplanted into pits
(30 cmx30 cmXx30 cm) with four meters of space
between plants. For the first three months, the plants
were drip-irrigated for one hour (flow rate 1.6 L) daily,
then rinsed for one hour every other day. After six
months, they were rinsed once a week for 1.5 h. Plants
were continuously cultivated until the collection of the
samples.

2.2 Collection of plant material

Fully developed leaves with no signs of wounds were col-
lected and put in paper bags. Samples of soil and roots
from a 20-cm deep layer depth located at the canopy pro-
jection were also collected to measure AMF colonization
and total spore quantities. The collection of the samples
occurred in April 2019, 852 days after transplanting them
to fields.

2.3 Assessment of colonization and quantitation of AMF
spores

Fine roots were separated from the soil and cleared with
potassium hydroxide (100 g. L ™) solution and hydrogen
peroxide (30%) overnight. Samples were stained with
trypan blue and stored in a lactophenol solution. The
total AMF colonization was determined by intersection
quadrants described by Giovannetti and Mosse [32]. For
total spores quantitation, 50 g of soil samples were sub-
mitted to the wet sieving method [33], and the obtained
spores were quantified in a stereomicroscope.

2.4 Preparation of extracts and quantification of total
phenolics

At 45° C, leaves were oven-dried until constant weight,
and dried samples were pulverized in a grinder. In amber
flasks, plant metabolites were extracted by maceration
with an ethyl alcohol solution (950 mL. L™!). The extrac-
tion solution was replaced four times, in intervals of 72 h
hours. Then, the final solution was filtered in the qualita-
tive paper, and the solvent was volatilized in the rotated
evaporator (low pressure at 50° C). All these procedures
resulted in a crude ethanolic extract (CEE), stored at 4 °C
prior to larvicidal tests and quantitation of phenolics.
Phenolic compounds are the main secondary metabolites
of M. tenuiflora [34], and therefore, changes in the con-
centrations of these molecules may affect the larvicidal
potency. However, there are currently no reports of these
events for M. tenuiflora.

Total phenolics were quantified using the Folin—Cio-
calteu method described by Georgé et al. [35], using dif-
ferent concentrations of tannic acid as standard (400 pg.
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Fig. 1 Localization of the area where the experiment with M. tenuiflora was carried out—09° 36" 30.27"S e 040° 34" 26.70" O

mL~" until 0.75 pg. mL™?). In brief, 500 pL of CEE were
mixed with 2.5 mL of Folin—Ciocalteu reagent (100 mL.
L™! v/v) and 2 mL of sodium carbonate (75 g. L™! m/v).
The resulting mixture was heated to 90 °C for 15 min and
thereafter cooled with cold water. The absorbance was
measured at a wavelength of 760 nM. The total phenolics
were expressed as tannic acid equivalents (TAEs).

2.5 Larvicidal tests against Ae. aegypti larvae

Larvicidal tests were performed using pulps of Ae.
aegypti, strain Rockefeller. Pulps were submitted to dif-
ferent concentrations of crude extracts, as described by
the World Health Organization [36].

After hatching, the larvae were transferred to plas-
tic trays and fed 0.04 g of reptile feed (Alcon®) per day.
When the larvae reached the L3 development stage, they
were transferred to plastic pots (10 per pot) containing
10 mL of a test solution. Concentration of 1500 pg. mL7,
1200 pg. mL™, 800 pg. mL™!, and 500 pg. mL™" 200 pg.
mL™! of CEE was tested per pot. Distilled water with 1%
DMSO was used as a negative control. All larvae were
kept at 25 °C, and survival was observed at 24 and 48 h
after extracts were added and the death count was per-
formed. Larvae that did not respond to mechanical stim-
ulation with a clamp were considered dead.

2.6 Experimental design and statistical analysis

Data from secondary metabolites and mycorrhizal
parameters were analyzed in a completely randomized
design, only testing the effects of the inoculation with

AMEF on the production of total phenolics and larvicidal
properties. For secondary metabolites quantitation, three
treatments were tested: i. Control with no previous AMF
inoculation in the greenhouse and then cultivated in field
conditions; ii. Plants previously inoculated with C. etuni-
catum in the greenhouse and then cultivated in field con-
ditions; iii. Plants previously inoculated with G. albida in
the greenhouse and then cultivated in field conditions in
seven repetitions for each treatment.

The data from larvicidal tests were analyzed in a com-
pletely randomized design, with two factors: AMF
inoculation and concentrations of CEE. The tests were
performed for each AMF inoculation treatment as fol-
lows: i. Negative control; ii. 1500 pg. mL™" of CEE; iii.
1200 pg. mL™! of CEE, iv. 800 pg. mL™" of CEE, v. 500 pg.
mL~! of CEE, and vi. 200 pg. mL™! of CEE, in triplicate.
In summary, all larvicidal tests resulted in 56 experimen-
tal units.

Data were submitted for analysis of variance (ANOVA),
and the means were compared by the Tukey’s test
(p<0.05). Finney’s probit regression analyses were per-
formed using data on larvae death numbers and con-
centrations of CEE from inoculated and non-inoculated
plants. In addition, the Spearman correlation test was
performed to assess whether the production of pheno-
lics was associated with larvicidal activity. All analyses
were performed using the software STATISTICA 10 and
GraphPad Prism 9.
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Table 1 Significance levels for study variables considering
isolated effects of AMF inoculation (AMF) or concentrations of
crude extracts (CEE) or their interactions (AMF x CEE)

Variable AMF CEE AMF x CEE
Root colonization * NS NS
Density of spores * NS NS
Total phenolics * NS NS
9% of larvae death — 24 h * ** NS
% of larvae death — 48 h * ** NS

*Significance by Tukey'’s test: * p < 0.05; ** p <0.01; NS - not significant

Table 2 The density of spores and percentage of mycorrhizal
colonization in M. tenuiflora plants inoculated or not with AMF
and cultivated in field conditions for 852 days

Density of spores Mycorrhizal

(50 g~ " soil) colonization
(%)
Non-inoculated control 40b 16 a
C. etunicatum 87 ab 13a
G. albida 99a 12a

Means followed by the same letter did not differ by the Tukey’s test (p <0.05)

3 Results

In general, inoculation with AMF resulted in high
levels of root colonization and spore density. Similarly,
AMF improved the concentration of total phenolics
and the death rate of larvae; however, responses varied
according to the AMF tested. As expected, increases in
the concentration of CEE led to progressive death rates.

No interaction was observed between tested factors
(Table 1).

3.1 Mycorrhizal colonization and spore density

Previous inoculation of seedlings did not increase the
colonization rate in adult plants. All plants had similar
levels of AMF propagules in the root system, which were
also observed even in non-inoculated controls (Table 2).
On the other hand, treatments previously inoculated
with G. albida had significantly higher spore density than
the non-inoculated control and C. etunicatum, which did
not differ (Table 2).

3.2 Concentration of total phenolics

Only the presence of G. albida increased the foliar
concentration of total phenolics. Inoculation with C.
etunicatum did not increase total phenolics, showing
similar values to non-inoculated controls (Fig. 2). The
concentration of total phenolics per gram of CEE was
249.87 mg. g~ in G. albida treatments, 191.64 mg. g~
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Fig. 2 Foliar concentration of total phenolics (expressed as TAE)

in adult plants of M. tenuiflora, inoculated or not with different AMFs,
and cultivated for 852 days under field conditions expressed in tannic
acid equivalents. Means followed by the same letter did not differ

by the Tukey’s test (p <0.05)

Table 3 The total number of larvae killed per pot by extracts
from M. tenuiflora cultivated or not with AMF, along 852 days
under field conditions, independently of CEE tested

Inoculation treatment

24h 48 h
Non-inoculated control 233b 383b
C. etunicatum 291b 367b
G. albida 466 a 6.83a

Means followed by the same letter did not differ by the Tukey’s test (p <0.05)

in C. etunicatum, and 171.48 mg. g”! in non-inoculated
controls.

3.3 Larvicidal effect against Ae. aegypti

Extracts from plants inoculated with G. albida resulted
in a higher death percentage of larvae, with responses
varying according to time (Table 3, Fig. 3). After 24 h,
extracts from plants inoculated with G. albida killed
significantly more larvae than those inoculated with C.
etunicatum and non-inoculated control. Similar results
were observed after 48 h (Table 3). At 24 h, extracts
from plants inoculated with G. albida killed 46.67% of
the larvae, while extracts from plants inoculated with
C. etunicatum and non-inoculated killed 29.17% and
23.33%, respectively. On the other hand, at 48 h, G.
albida extracts killed 68.33%, C. etunicatum extracts
killed 36.67, and non-inoculated control extracts killed
38.33% (Fig. 3).

As expected, progressive concentrations of CEE led to
higher death percentages. The highest rate was observed
after the addition of 1500 pg. mL~}, both for 24 h and
48 h (Table 4 and Fig. 4). The lowest larvicidal effect was
registered for 200 pg mL™! at 24 h and 48 h. In addition,
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Fig. 3 Percentage of larvae death due to addition of plant

extracts, inoculated or not with different AMFs, and cultivated
under field conditions for 852 days, independently of tested dose.
White bars represent the larvicidal effects 24 h after the addition
extract, while black bars represent the larvicidal effect after 48 h.
Uppercase letters represent comparison among treatments at 24 h,
and lowercase letters at 48 h. Means followed by the same letter did
not differ by the Tukey’s test (p < 0.05)

non-inoculated C. etunicatum

Table 4 The total number of larvae killed per pot by different
CEEs from M. tenuiflora cultivated along 852 days under field
conditions, independently of mycorrhizal inoculation

CEE treatments

24 h 48h

Oe 0c
200 ug. mL™! 1.83d 3b
500 pug. mL™! 3cd 55a
800 pg. mL™ 3.66 bc 5.66 a
1200 ug. mL™! 5ab 7a
1500 pg. mL™ 633a 75a

Means followed by the same letter did not differ by Tukey'’s test (p < 0.05)

all larvae survived in negative control (Fig. 4). Spearman’s
rank correlation analysis revealed a strong positive
correlation between the concentration of phenolic
compounds and the percentage of larvae mortality at

e 24 hOUrS =48 hours

% of Death

0 ~—~ 1833
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both 24- and 48-h post-exposure (Table 5). This indicates
that higher phenolic concentrations were associated with
increased larvicidal activity.

Probit regression analysis revealed significantly lower
lethal concentrations (LCy, and LCy) for extracts from
G. albida-inoculated plants compared to controls,
particularly at 48 h. Specifically, at 24 h, the LC;; and
LCy, were 394.81 and 4643.97, respectively, while at 48 h,
these values decreased to 147 and 1301.83 (Fig. 5).

At 24 h, the LC;, for the non-inoculated control
extracts was 1585.05, while the extracts from C. etunica-
tum-inoculated plants exhibited a lower LCy, of 1170.16.
Similarly, the LCy, at 24 h was 5841.72 for the non-inoc-
ulated control and 7271.93 for the C. etunicatum-inocu-
lated plants. After 48 h, the LCg, for the non-inoculated
control decreased to 800.59, and for the C. etunicatum-
inoculated plants, it increased slightly to 867.69. The
LCy, at 48 h showed a substantial increase to 8194.26 for
the control, whereas it decreased to 3050.32 for the C.
etunicatum-inoculated plants (Fig. 5).

4 Discussion

4.1 Mycorrhizal colonization and spore density

AMF propagules were found in all plants, even
in non-inoculated control, showing the infective
capacity of exotic and autochthone fungi to colonize
M. tenuiflora (Table 2). In natural Caatinga areas,
autochthone AMF are present and infective, as de
Souza et al. [37] reported. The researchers found
mycorrhizal colonization ranging from 6.3% to 36.5%.
The most common AMF species were G. albida,
Gigaspora descipiens, C. etunicatum, and Rhizoglomus
clarum, while Acaulospora denticulata, Acaulospora
tubercutata, and Entrophospora infrequens were found
more rarely. In our results, all plants had colonization
percentages ranging from 12 to 16%, corroborating
previous results [37]. Interestingly, the AMF tested

75

70

0 pg/mL 200 pg/mL 500 pg/mL

800 yg/mL 1200 pg/mL 1500 pg/mL

Concentration of CEE
Fig. 4 Percentage of larvae death after the addition different concentrations of crude extracts from M. tenuiflora cultivated 852 days under field

conditions, independent of inoculation treatments



de Sousa-Junior et al. Beni-Suef Univ J Basic Appl Sci (2025) 14:41

Page 7 of 11

Table 5 Correlation between larvae death and concentration of phenolics present in the crude ethanolic extracts from leaves of M.

tenuiflora

Concentration of phenolics in CEE

% of larvae death at 48 h % of larvae
death at

24h

Concentration of phenolics in CEE —

% of larvae death at 48 h 0.75%** —
% of larvae death at 24 h 0.88*** 0.87*** —
***(p<0.01) — Spearman’s rank correlation coefficient
=3 non-inoculated
1000059 mm C. etunicatum
= G. albida
8194.26
8000 =
7271.93

-

7]

£
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Fig.5 LCs,and LCy, against Ae. aegypti larvae due to the addition of crescent concentrations of extracts from M. tenuiflora, inoculated or not with
different AMF, and cultivated under field conditions for 842 days. LC 50% and LC 90% were determined by probit regression model. The lower values

represent a more potent larvicidal effect

in this study (G. albida and C. etunicatum) are
commonly associated with M. tenuiflora, which may
explain the similar colonization levels observed in all
plants. Bonfim [24] started the field experiment with
M. tenuiflora, used in our survey, and after 90 days
of transplantation, no differences were observed
in mycorrhizal colonization, independent of AMF
inoculation.

On the other hand, the exotic inoculum of G. albida
produced more spores than the autochthone AMEF,
in contrast with data described by Bonfim [24]. It is
noteworthy that plant, edaphic, and fungal factors
determine the outcomes of mycorrhizal inoculation
[38], and that the number of spores may indicate the
fitness of the AMF. Additionally, significant compatibility

between AMF and the host plant is associated with a
high number of spores in native Caatinga plants [39].
Thus, considering that C. etunicatum and G. albida
are common AMFs in M. tenuiflora rhizosphere, major
compatibility probably exists toward G. albida despite
the similar levels of colonization rate. In addition, AMF
spores might be an adequate variable to measure AMF
activity over time in the Caatinga biome [40].

4.2 Concentration of total phenolics

Despite similar colonization levels among treatments, the
inoculation with G. albida increased the concentration
of total phenolics (Fig. 2). The benefits of AMF inocula-
tion in plants from Caatinga are far from only growth
variables, and are also related to the synthesis of diverse
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metabolites [41]. Our results agree with Bonfim [24],
which observed higher concentrations of phenolics in
plants inoculated with G. albida after 90 days of trans-
plantation. In contrast, after 180 days, no significant dif-
ferences were observed. Thus, our results confirm the
long-term effects of G. albida inoculation on total phe-
nolic concentration after 852 days.

A contributing mechanism by which AMF inoculation
enhances secondary metabolite production is through
the improvement of the host plant’s nutritional status.
The higher availability of macronutrients leads to incre-
ments in biomass yields and biomolecule synthesis, an
explanation used by several authors who tested AMF in
Caatinga plants. Inoculation with AMF increased bio-
mass and phenolic content in Myracrodroun urundeuva
[25], Anadenanthera colubrina [42), and Inga vera [43].

On the other hand, the AMF triggers defense responses
in plants, resulting in a major concentration of phenolics
as a defense compound [44], and these outcomes are not
always due to nutritional benefits [45]. The colonization
by AMF alters the gene expression in aerial parts, leading
to changes in defense-related genes, such as phenylala-
nine ammonia-lyase and dihydro flavonol-4-reductase, at
the transcriptional level [44]. Although we did not deter-
mine gene expression, it is possible to speculate that the
influence on defense-related gene expression depends on
AMEF species, as suggested by Feddermann et al. [46], and
may explain significant phenolics concentration due to
inoculation with G. albida and not by inoculation with C.
etunicatum (Fig. 2).

4.3 Larvicidal effect against Ae. aegypti

Due to the biotechnological potential of Caatinga bio-
diversity, many authors have investigated the larvicidal
activity of plant extracts from this Brazilian biome.
Extracts from native species such as Amburana cearen-
sis, M. urundeuva, A. colubrina, Caesalpinia ferrea, and
Dioclea grandiflora exhibit larvicidal activity against Ae.
aegypti. Nevertheless, the plant material from all these
plants originated from a natural Caatinga environment,
without prior inoculation with arbuscular mycorrhizal
fungi [47]. In relation to M. tenuiflora, three publications
exist, and all tested extracts from plants without AMF
inoculation. Thus, our findings show that for the first
time, AMF inoculation increased the potency of extracts
against Ae. aegypti (Fig. 5).

So, due to these important differences among the
source of plant material, comparisons with other studies
might be made with parsimony, and must focus on AMF
outcomes. The available studies on the larvicidal activ-
ity of M. tenuiflora have employed varying methodolo-
gies for extract standardization, including differences in
plant source, concentration, percentage, and molecular
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characterization [19-21]. Dos Santos et al. [21] did not
observe the larvicidal effect of M. tenuiflora ethanolic
extracts, even testing 500 pug.mL™’. In contrast, extracts
from other plant species and tested at 500 pg.mL™! killed
Ae. aegyptilarvae.

Biological activity results depend on the methodol-
ogy employed to produce the extract, and factors such as
plant organs and solvents play crucial roles [48]. While
Dos Santos et al. [21] used a mix of leaves, stem bark, and
roots, we only used leaves. Thus, it is reasonable to infer
qualitative and quantitative differences in the metabolites
obtained between the studies. However, the lack of mini-
mal metabolite characterization by [21] makes compari-
sons with our findings invalid. In another study, twenty
percent of foliar aqueous extract of M. tenuiflora killed
Ae. aegypti larvae, representing LC;, [19], confirming
our larvicidal findings. Unfortunately, the authors did not
measure qualitatively or quantitatively any class of sec-
ondary metabolites.

Despite the well-known effects of AMF inoculation on
biomolecules concentrations [41, 49], information about
the outcomes on biological related activities still scarce.
Indeed, the correlation between the concentration of
molecules from extracts and biological activities is com-
plex. In this context, some inoculated plants show higher
secondary metabolite concentrations without changes in
biological activity, while others exhibit increased biologi-
cal activity despite no change in secondary metabolite
concentrations. For instance, the inoculation of Commi-
phora leptophoelos seedlings with G. albida increased the
concentration of total phenolics and total tannins. How-
ever, no changes were found in antioxidant activity by the
DPPH method [50]. On the contrary, the co-inoculation
of A. longula and the nematode Meloigyne enterolobi
did not alter the foliar concentration or content of total
phenolics, flavonoids and tannins in guava seedlings;
however, it increased antimicrobial activity against a
multirresistant K. pneumoniae [28].

In our findings, the extracts from G. albida-
inoculated plants exhibited higher larvicidal activity
and concentrations of total phenolics (Table 5; Figs. 2
and 5). In absolute values, inoculation with G. albida
resulted in 1.3-fold increases in total phenolic content
compared to non-inoculated control and 1.43-fold than
inoculation with C. etunicatum. Considering the LCs, G.
albida improved 5.44-fold the larvicidal activity relative
to non-inoculated controls (Fig. 5). Despite the findings
on total phenolics, it is possible that G. albida increased
the accumulation of specific potent compounds, and to
validate such hypothesis, it is necessary complementary
experiments. It is interesting to note that AMF
inoculation increases the synthesis of particular
molecules, which are not detected in respective controls,
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as found by [51, 52]. These authors identified specific
flavonoids exclusively due to mycorrhizal inoculation in
the roots of Trifolium repens, and in the roots, and aerial
parts of Lolium multiflorum.

Isolated polyphenolics have a potent larvicidal effect
against Ae. aegypti. Six flavonoids obtained from
green propolis of M. tenuiflora resulted in LCy, rang-
ing between 21.11 ppm to 42.98 ppm, 48 h after adding
extracts [20]. These findings demonstrate that isolated
molecules from M. tenuiflora exhibit greater potency
compared to crude extracts. Moreover, isolated mole-
cules allow the researchers to investigate the mechanism
of larvicidal activity. In the context of larvicidal activity
against Ae. aegypti, docking studies reveal the involve-
ment of phenolics playing a role as glutathione S-trans-
ferase and acetylcholinesterase inhibitors [53, 54] and
hemocyte necrotizing [3, 4]

5 Conclusions
Mycorrhizal inoculation alters the concentration of phe-
nolics in adult plants of M. tenuiflora and larvicidal activ-
ity against Ae. aegypti, with responses varying according
to fungus. The inoculation with G. albida increases the
potency of the larvicidal activity of an extract from M.
tenuiflora. So, we suggest arbuscular mycorrhizal inocu-
lation as an important tool in bioprospecting biological
activities and molecules since these microorganisms led
to outcomes not observed in uninoculated plants.
However, this study represents the initial step in pros-
pecting for new larvicides, and the bioassays were con-
ducted solely under laboratory conditions. Further
studies aimed at better characterizing G. albida plant-
derived extracts using chromatography, mass spec-
troscopy, and magnetic resonance will contribute to
identifying new molecules and elucidating the mecha-
nisms responsible for enhanced larvicidal activity. In
addition, testing these extracts or derived molecules
under field conditions, as World Health Organization
preconizes [36], is necessary.
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