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Abstract

The use of natural products obtained from plants, for example, invasive plants, offers a variety of allelochemicals
with fungicidal potential. With this in perspective, the objective was to evaluate the fungicidal potential of ethanolic
extracts of Cerrado plants on Rhizoctonia solani and Macrophomina phaseolina. The ethanolic hydroalcoholic
extract of the 12 plants identified as invaders in the Brazilian Cerrado was prepared (Anacardium humile Saint Hill;
Baccharis dracunculifolia DC.; Cenchrus echinatus L; Commelina erecta L.; Erigeron bonariensis L.; Digitaria horizontalis
Willd.; Digitaria insularis L.; Porophyllum ruderale Jacq. Cass; Richardia brasiliensis Gomes; Sida rhombifolia L.;
Turnera ulmifolia L.; Smilax fluminensis Steud)) and phytochemical screening and determination of total phenols
and flavonoids were performed. To evaluate the in vitro antifungal activity, the hydroalcoholic solutions at
concentrations of 800, 1200, 1600, 2000, and 2400 pL 100 mL! were separately incorporated into BDA agar and
poured into Petri dishes, followed by the mycelium disk of the fungus. As a control, two solutions were prepared,
one ethanolic solution added to the BDA medium (2400 pg 100 mL") and the other with BDA medium only. They
were poured into Petri dishes, followed by a 0.5 cm diameter disk of mycelium of the fungus, incubated (23+2 °C),
with a 24-hour photoperiod. Among the constituents found in the plants, 75% are phenolic compounds, 58.3% are
cardiotonic heterosides, 50% are steroids, 33.3% are flavonoids, 16.7% are anthraquinones, and 8.3% are alkaloids,
saponins, and reducing sugars. Out of the 12 species, only the extracts of C. erecta and R. brasiliensis were active for
M. phaseolina and R. solani. Thus, it is concluded that the ethanolic extract of C. erecta has the fungicidal potential
to control diseases caused by fungi that are soil inhabitants. Of the other species, A. humille, B. dracuncufolia, D.
insulares, C. erecta, D. insulares, P. ruderale, and R. brasiliensis have natural fungitoxic potential because they stand
out in the content of polyphenols efficient in reducing the mycelial growth of M. phaseolina and R. solani.

Keywords: plant disease control, phytopathogens, fungitoxic action, secondary plants substances, fungicidal plants.

Resumo

0 uso de produtos naturais obtidos de plantas, por exemplo, as plantas invasoras, oferece uma variedade de
aleloquimicos com potencial fungicida. Tendo isso em vista, objetivou-se avaliar o potencial fungicida de extratos
etanélicos de plantas do Cerrado sobre Rhizoctonia solani e Macrophomina phaseolina. Foi preparado o extrato
hidroalcodlicos etanélico das 12 plantas apontadas como invasoras no Cerrado brasileiro (Anacardium humile
Saint Hill; Baccharis dracunculifolia DC.; Cenchrus echinatus L; Commelina erecta L.; Erigeron bonariensis L.; Digitaria
horizontalis Willd.; Digitaria insularis L.; Porophyllum ruderale Jacq. Cass; Richardia brasiliensis Gomes; Sida rhombifolia
L.; Turnera ulmifolia L.; Smilax fluminensis Steud) e foi realizado o screening fitoquimico e a determinacao de fendis
e flavonoides totais. Para avaliar a atividade antiftingica in vitro, as solu¢des hidroalcdolicas nas concentracdes de
800, 1200, 1600, 2000 e 2400 uL 100 mL"' foram incorporadas, separadamente, em dgar BDA, e vertidas em placa
de Petri, seguido do disco de micélio do fungo. Como controle, foram preparadas duas solug¢ées, uma solucao
etanélica adicionada ao meio BDA (2400 pg 100 mL"'), e outra somente com meio BDA, a testemunha. Foram
vertidas em placas de Petri, seguido um disco de 0,5 cm de didmetro de micélio do fungo, incubados (2312 °C),
com fotoperiodo de 24 horas. Dentre os constituintes encontrados nas plantas, 75% estdo os compostos fenélicos,
58,3% estdo os heterosideos cardiotonicos, 50% estdo os esteroides, 33,3% estdo os flavonoides, 16,7% estdo as
antraquinonas e 8,3% estdo os alcaloides, saponinas e agticares redutores. Das 12 espécies, apenas os extratos de
C. erecta e R. brasiliensis foram ativos para M. phaseolina e R. solani. Desse modo, conclui-se que o extrato etanélico
de C. erecta apresenta potencial fungicida para controle de doencas causadas por fungos habitantes do solo. Das
demais espécies, a A. humille, B. dracuncufolia, D. insulares, C. erecta, D. insulares, P. ruderale e R. brasiliensis possuem
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potencial fungit6xicos naturais por destacarem nos teores de polifendis eficientes na reducdo do crescimento

micelial de M. phaseolina e R. solani.

Palavras-chave: controle de doengas de plantas, fitopatdgenos, acdo fungitoxica, substancias secundarias de

plantas, plantas fungicidas.

1. Introduction

In the global scenario, Brazil, besides being one of
the leaders in the production and export of grains in the
world, is at the forefront of soybean (Glycine max, Merrill)
production technology. In tropical regions, as for position,
it is in second place in the world (2017/18 crop), behind
only the United States (Conab, 2018; Embrapa, 2021).

The measures to control pathogens that attack the
soy crop, for example, are an issue that requires efficient
management, including resistant varieties, synthetic
chemical fungicides, and antagonist microorganisms that,
applied separately or together, will make it possible to
minimize the resistance of these pathogens, especially
to agrochemicals that cause impacts to the environment
and man.

Although, due to the increasing awareness of the
risks involved in the constant use of pesticides, such
as the contamination of the environment and food,
researches aiming at the development of alternative
methods in the control of pests are carried out in order to
decrease agricultural and livestock losses and reduce the
dependence on synthetic fungicides (Domene et al., 2016;
Nascimento et al., 2016; Gongalves-Trevisoli et al., 2017).

The active ingredients, found in plants, present an
incomparable diversity of chemical groups. Therefore,
these substances are promising for the search for new
fungicides and the development of innovative products
effective in the control of plant diseases, with less toxicity
and environmental effects (Cushnie and Lamb, 2005;
Alavijeh et al., 2012; Brito and Nascimento, 2015).

In this context, the Brazilian Cerrado is home to diverse
plant species with significant heterogeneity of native and
cosmopolitan plants. Many of them have been indicated as
bioactive substances and are also investigated in the control
of phytopathogens (Ramos et al., 2016). Soybean can be
attacked by: Aspergillus niger Tiegh., 1867, Aspergillus flavus
Link, 1809, Aspergillus ochraceus G. Wilh., 1877, Fusarium
incarnem (Desm.) Sacc., 1886, Cercospora sojina Hara, 1915,
Rhizopus sp., e Penicillium sp. (Bezerra et al., 2013). In corn,
an important phytopathogen is Fusarium graminearum,
capable of producing mycotoxins that contaminate grains
and their derivatives (Oliveira et al., 2015).

In vitro studies on the activities of plant extracts are
fast, safe, and accessible, through which it is possible to
determine their toxic potential, thus being able to relate
the bioactive activities of the plant to the inhibition of
mycelial growth and sporulation of phytopathogenic fungi
(Schwan-Estrada and Stangarlin, 2005; Ramos et al., 2016).

Research on the use of weed extracts has been little
explored. However, for being resistant to different
environmental conditions, this group can be dominant
to the attack of some plant pathogen, soil inhabitant,
for example, and control the development of diseases.
Therefore, this study aimed to evaluate the fungicidal
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potential of 12 weed extracts from the Brazilian Cerrado
in the control of phytopathogenic fungi.

2. Materials and Methods

2.1. Collection and preparation of the extracts

The botanical materials were collected from 20 matrices
growing spontaneously in Cerrado areas at Anhanguera-
Uniderp University (20°26'16.6” S 54°32’14.5 “W), and in
a Cerrado fragment of the University’s Trés Barras School
Farm (520°26'20.64” W54°32'26.78") (see Table 1).

The samples of each specimen were cataloged in the
University Herbarium, and, for collection and research
purposes, authorization to access the genetic heritage was
obtained from the Genetic Heritage Management Council
(CGEN) (see Table 1).

2.2. Preparation of the extracts

The botanical material of each species (see Table 1),
after drying in an aeration greenhouse at 45 + 4 °C
(MARCONI®, MA35) for 48 hours, was grinded in a knives
mill (MARCONI®, MA0438), sieved (25 mesh), and the powder
was stored in a polyethylene bottle. Next, the powder
of each sample (100 g) was exhaustively extracted with
ethanol (99.8%) in an ultrasound bath (UNIQUE?®, 1450) for
60 minutes, followed by 24 hours of static maceration until
the drug’s depletion. Then, the filtrate was concentrated
and evaporated at a rotaevaporator (45 °C). The procedure
was followed for 10 days, and the final drying occurred in
a desiccator under reduced pressure.

2.3. Phytochemical prospection and profiling by UV-visible
spectroscopy

The procedures described by Abreu-Matos (2009) and
Simdes et al. (2017) for the phytochemical prospection were
followed, occurring by humid way, through precipitation
reactions and/or color change. The analyses were
performed in triplicate, and the results were compared and
contrasted with the original extract, with readings based
on Fontoura et al. (2015). The following were considered:
negative reaction (-), discrete (turbidity) (), weakly positive
(+), partially positive (+), positive (++), strongly positive
(++%) and high intensity (+++), with frequency of 0, 5, 15,
25,50, 75 and 100%, respectively.

Confirmations of the major chemical groups of each
extract were obtained by scanning the spectrum in the
UV-visible region (Femto®, 800XI), with the determination
of the wavelength of maximum absorbance in the range
of 200 to 800 nm, using ethanol as blank. The spectra
were compared with ultraviolet spectra from the
literature (Piironen et al., 2000; Jurasekova et al., 2006;
Kasal et al., 2010; Silverstein et al., 2014; Lucas et al., 2015;
Fouillaud et al., 2016; Leyva et al., 2017). All confirmatory

Brazilian Journal of Biology, 2024, vol. 84, 263114



Fungicide and phytochemical potential of Brazilian Cerrado weeds

Table 1. List of collected species, location, time of collection (October 2017 to February 2018), record number and identification, Campo

Grande, MS, 2018.

Species Organs Location Herb. Rec. No CGEN Rec. No
Anacardium humile A. St. Hil. L. Area 1 8542 ACD32C5
Baccharis dracunculifolia DC. L. Area 2 8540
Cenchrus echinatus L L.andS. Area 1 8544
Commelina erecta L.; L. 8541
Erigeron bonariensis L. AP. 8543
Digitaria horizontalis Willd. A.P. 8546
Digitaria insularis L.; L. Area 2 8545
Porophyllum ruderale Jacq. Cass L.and S. Area 1 8538
Richardia brasiliensis Gomes L. 8547
Sida rhombifolia L. L. 8537
Smilax fluminensis Steud. L. Area 2 8539
Turnera ulmifolia L. L. Area 1 8536

Identification: authors. L. = Leaves; L. and S. = Leaves and Stems; A. P. = Aerial Parts (Leaves, Flowers and Stems); Rec. No. = Record Number; Herb.
= Herbarium; CGEN = National System for the Management of Genetic Heritage and Associated Traditional Knowledge (SisGen).

analyses were developed with three repetitions and
compared with literature data.

When necessary, the reactions were monitored
by thin layer chromatography (TLC) using aluminum
chromatoplates covered with Merck silica gel 60G F, .,
The eluent system, band visualization (irradiation with
ultraviolet light: 254 and 365 nm), and developers were
based on Wagner and Bladt (2009).

2.4. Determination of phenolic compounds and flavonoids

To quantify total phenols, the Folin-Ciocalteu method
was applied with gallic acid (Vetec®) (10 to 350 mg mL")
as standard (Y =0.7182 x +0.0927,R?=0.982) (Sousa et al.,
2007). Flavonoids were evaluated by the aluminum chloride
method and quercetin (Sigma®) as standard (Y=0.1114 x -
0.0030), R? = 0.999) (Peixoto-Sobrinho et al., 2008).

Quartz cuvettes were used to read the samples and
standards, and the results of the analyses performed in
triplicates were reported as average and standard deviation.

2.5. Antifungal activity

The isolated R. solani and M. phaseolina fungi belong to
the phytopathogenic fungi collection of the Phytopathology
Laboratory (Anhanguera-Uniderp), located in Campo
Grande, MS (latitude 20°26'16.6” S) (longitude 54°32'14.5”
W).

For the antifungal activity of each plant, a stock solution
of 0.2 g of the ethanolic extract in 100 mL"' of ethanol
(99.8%) was used. From this solution, different aliquots
were used and poured into a melting BDA culture medium
with the volume of 100 mL-' at the concentrations of 800,
1200, 1600, 2000, and 2400 pL 100 mL. For the control,
two solutions were prepared: one containing ethanol
(99.5%) added to the BDA medium (2400 pg 100 mL),
called ethanolic solution, and another with only BDA
medium (without plant extract), called control solution.
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Then, 10 mL"' of culture medium was poured in different
concentrations, and a 0.5 cm diameter mycelium disk of R.
solani was deposited in the center of each plate. The same
procedure was done for M. phaseolina. After sealing, they
were kept in a growth chamber (2342 °C), with a 24-hour
photoperiod.

Evaluations were performed daily from the growth
of the control for three days, measuring the mycelial
growth diameter of two orthogonal axes. Based on the
data obtained, the Growth Inhibition Percentage (GIP)
was calculated for each plant extract. Thus, the GIP was
calculated using the GIP formula = [ (control diameter —
treatment diameter)/control diameter] x 100, for each
extract in relation to the control.

3. Results and Discussion

The 12 plant extracts showed the diversity of secondary
metabolite classes and are demonstrated in Table 2.
From the class of the constituents investigated, phenolic
compounds were the predominant ones in 75% of the
plants under study, followed by steroids and cardiotonic
heterosides (50.0%), flavonoids (33.3%), anthraquinones
(16.7%), alkaloids, reducing sugars, saponins, and triterpenes
(8.3%).

Among the classes with the highest frequency (+++=
100%), with polarity characteristics, are the cardiotonic
heterosides, saponins, and reducing sugars, followed by
phenolic compounds and derivatives (flavonoids and
anthraquinones) with standard polarity characteristics,
and with lower polarity are steroids and triterpenes.

The predominance of the majoritarian constituents
(+++=100%) was confirmed by scanning the absorption
spectrum in the UV-visible region. In the spectra, it
was possible to observe characteristic bands for similar
maximum absorption at 280 nm, corresponding to phenolic
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Table 2. Results of the phytochemical analysis of total contents, flavonoids, mass spectroscopy (VU) and GIP of the ethanolic extract
of the 12 Cerrado weeds, in Campo Grande, MS.

Families and Dosage 5 . Macrophomina
. Produce . Rhizoctonia .
species (popular Phytochemical VU (mm) . phaseolina
name) (g) P.C. Flav. solani (GIP) (GIP)

Anacardeaceae.
Anacardium 411 P.C.; Flav.; 311,77a 112,94c 260 280 5,0%in 1600  10,4% in 1600 pL
humile A. Saint Anthr. (100%). 340480 pL 100 mL! 100 mL!
Hill. (Cajuzinho- Card. Het; 500
do-cerrado) Ster.; R.S.

(50%). Tan.;

Cum; Trit.

(25%).
Asteraceae
Baccharis 16,33 Card. Het; 270,17b 145,09a 280290 13,5% in Inactive
dracunculifolia Ster. (100%). 360 400 2000 pL 100
DC. (Alecrim-do- P.C.; Flav. mL?!
campo) (50%). Tan.;

Cum.; Trit.

(25%).
Erigeron 2,75 P.C.; Trit.; 122,15e 94,91d 280360 Inactive 4,2% in 2400 pL
bonariensis (L.) Ster.; Card. 400 100 mL!
Cronquist. (Buva) Het. (100%).

Flav.; R.S.

(50%). Tan.;

Cum. (25%).
Porophyllum 711 P.C.; Flav. 160,4d 125,33b 260 280 4,2%in 800 Inactive
ruderale (Jacq.) (100%). R.S. 360 pL 100 mL!
(Arnica- (50%). Tan.;
brasileira) Cum.; Ster.

(25%).
Poaceae
Cenchrus 2,11 P.C.; Sap. 57,49f 19,22¢g 280294 Inactive Inactive
echinatus (100%).R.S.; 360
L. (Capim- Flav. (50%).
carrapicho) Tan.; Cum.;

Card. Het;

Trit.; Ster

(25%).
Digitaria 1,05 P.C.; Ster. 152,48d 72,48e 280400 13,85% in Inactive
horizontalis Willd. (100%).R.S.; 1600 pL 100
(Capim-colchdo) Trit.; Flav. mL!

(50%). Tan.;

Cum.; Card.

Het. (25%).
Digitaria insularis 6,78 P.C. (100%). 268,67b 142,34a 280 360 10,4% in Inactive
L. Fedde (Capim- Card. Het.; 2000 pL 100
amargoso) Flav. (50%). mL?!

Tan.; Cum.

(25%).
Commelinaceae
Commelina erecta 5,99 Flav.; Anthr.; 276,20b 129,00b 280339 33,20% in 37,4% in 1200 puL
(L.) (Erva-de- Ster. (100%). 350420 1600 uL 100 100mL!
santa-luzia) Tan.; Trit.; Sap. 439 mL?!

(75%). P.C.;
Cum.; Alk.;
Card. Het.; R.S.
(25%).

VU = Visible Ultraviolet; P.C. = Phenolic Compounds; Tan. = Tannins; Flav. = Flavonoids; Cum. = Cumarins; R.S. = Reducing Sugars; Sap. = Saponins;
Card. Het. = Cardiotonic Heterosides; Anthr. = Anthraquinones; Trit. = Triterpenes; Ster. = Steroids; Alk. = Alkaloids. GIP = Growth Inhibition
Percentage. Averages followed by the same lower case letter in the column do not differ statistically in the Tukey test (p > 0.05). VC = Variation
Coefficient. significant at 5%.
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Table 2. Continued...

Fungicide and phytochemical potential of Brazilian Cerrado weeds

Families and Dosage 5 . Macrophomina
. Produce . Rhizoctonia .
species (popular (@) Phytochemical VU (mm) solani (GIP) phaseolina
name) g P.C. Flav. (GIP)

Malvaceae
Sida rhombifolia L. 3,95 Card. Het.; 52,34f 32,61f 284 400 6,0%in 2400  8,0% in 800 puL
(Guanxuma) Ster. (100%). puL 100 mL™! 100 mL!

P.C.; Trit.; R.S.

(50%). Tan.;

Cum.; Flav.

(25%).
Rubiaceae
Richardia 512 P.C.; Flav. 239,03c 126,66b 280300 25,40% in 28,5% in 800 pL
brasiliensis (100%). Tan. 340 350 800 pL 100 100 mL!
Gomes. (Poaia) (75%). Sap.; mL!

Card. Het;

R.S. (50%).

Flavonas; Alk.;

Cum.; Ster.;

Trit. (25%).
Smilacaceae
Smilax 3,70 P.C.; Card. 158,86d 86,83d 280 360 1,25% in Inactive
fluminensis Steud. Het.; Ster. 400 1600 uL/100
(Salsaparrilha) (100%).R.S.; mL.

Trit. (50%).

Tan.; Cum.;

Flav. (25%).
Turneraceae

P.C.; Flav,; R.S.

1 (100%). Card. 7,50% in .

Turnera ulmifolia N 280290 17,5% in 2400 pL
L. (Chanana) 7,62 Het. (50/?). 116,03e 75,80e 360 560 2090 uL 100 100 mL"

Cum.; Trit.; mL!

Ster. (25%).

VU = Visible Ultraviolet; P.C. = Phenolic Compounds; Tan. = Tannins; Flav. = Flavonoids; Cum. = Cumarins; R.S. = Reducing Sugars; Sap. = Saponins;
Card. Het. = Cardiotonic Heterosides; Anthr. = Anthraquinones; Trit. = Triterpenes; Ster. = Steroids; Alk. = Alkaloids. GIP = Growth Inhibition
Percentage. Averages followed by the same lower case letter in the column do not differ statistically in the Tukey test (p > 0.05). VC = Variation

Coefficient. significant at 5%.

compounds (Li et al., 2008; Zuanazzi et al., 2017), which
were found with a frequency of 100% in nine extracts (75%).

Phenolic compounds are the phytochemical class with
the largest distribution in the plant kingdom, but in a
heterogeneous manner (Lin et al., 2016). In general, they
are related to plant defense responses, such as coloring
agents for camouflage against herbivores and natural
predators. Among the properties attributed to this class
is the antibacterial and antifungal potential (Edreva et al.,
2008).

Regarding the constitution of the flavonoids, depending
on the number of hydroxyl groups present and their
location (Jurasekova et al., 2006), there are two absorption
bands, between 240-285 nm (band II), referring to the
absorption of the ring A (hemiacetal), and a second band
between 300-400 nm (band I) representing the B ring of the
flavonoid. For the extracts investigated, the characteristic
flavonoid bands are between 260-290 nm (band II) and
300-400 nm (band I).

Anthraquinones have an important characteristic in their
electronic absorption spectra. A strong absorption in the

Brazilian Journal of Biology, 2024, vol. 84, 263114

ultraviolet region refers to the presence of chromophore
formed by the system, with a high degree of conjugation
between the condensed aromatic system (C=C conjugates).
These transitions are responsible for the m—m* absorption
with the carboxyl or carboxylic group and have maximum
absorption with a band between 405 and 508 nm.
Benzenoid bands appear regularly within the 240-260 nm
range with intense absorption, with average absorption
at 320-330 nm (Lucas et al., 2015; Fouillaud et al., 2016;
Leyva et al., 2017) and were detected in the extracts of A.
humile and C. erecta as one of the majority constituents.
It is noted that the wavelengths showed the same profile.
However, the absorption bands were at different positions
(see Table 2).

Anthraquinones were also found in A. humile leaves by
Andrade-Filho et al. (2010), who evaluated the insecticidal
potential against Bemisia tuberculata (Bondar, 1923) (Hem.:
Aleyrodidae). On the other hand, in the species C. erecta, no
anthraquinones were registered (Ekeke and Ogazie, 2018),
only for Commelina diffusa (Khan et al., 2011).
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Meanwhile, the steroids detected in the extracts of B.
dracunculifolia, E. bonariensis, D. horizontalis, C. erecta, S.
rhombifolia, and S. fluminensis have a maximum absorption
between 206 nm-220 nm.

Phytosterols are a class of hormones, with a standard
chemical structure called cyclopentane-perhydro-
phenanthrene, with A, B, and C rings attached to a
cyclopentane ring (D ring) (Pérez and Escandar, 2013).
However, depending on the diene conjugation system
(homo or heteroannular), with the presence of the enone
system, there are hexocyclic characters of double bond
and other additional conjugations, among others in
the sterol molecule. Therefore, its spectrum can show a
maximum absorption, for example, between 220-350 nm
(Kasal et al., 2010).

The triterpenes were predominantly found in the
extract of E. bonariensis and present maximum absorption
with band between 200-520 nm. A variety of biological
applications are described for this class, among them
are anti-inflammatory, hepatoprotective, analgesic,
antimicrobial, antimycotic, virostatic, immunomodulatory,
and tonic. As an antimicrobial, a likely mechanism of action
is the incorporation of triterpenes into the lipid bilayer,
promoting the modification of the erythrocyte membrane
(Dzubak et al., 2006; Boulogne et al., 2012).

Among the 12 extracts evaluated, the A. humile showed
significant percentages of total phenols 311.77+2.36 mg of
gallic acid 100g, higher and statistically different from
the other species under study, followed by the species
B. dracuncufolia, D. insulares, and C. erecta with contents
equal and higher than the other plants.

The flavonoids followed a similar profile for B.
dracuncufolia and D. insulares, with equal and higher
contents than the other species, followed by P. ruderale,
C. erecta, and R. brasiliensis (see Table 2). These results are
in agreement with the phytochemical screening.

Among the species with expressive contents of
total phenols and flavonoids, besides the presence of
anthraquinones, steroids, and cardiotonic heterosides, C.
erecta stood out, reducing 33.20% of the mycelial growth of
M. phaseolina at the concentration of 1600 uL 100 mL" and
37.4% at 1200 pL 100 mL" against R. solani (see Table 2).

Based on these results, it is possible to relate the
inhibitory effect of this extract to its majoritarian
constituents, which were higher than those detected in
the ethanolic extract of R. brasiliensis (phenolic compounds
and cardiotonic heterosides), with lower rates of mycelial
growth against C. erecta, with 25.40% (800 pL 100 mL™")
reduction of mycelial growth of M. phaseolina, and for R.
solani the reduction was 28.5% in 800 L 100 mL-'. However,
R. brasiliensis showed a lower percentage of inhibition
compared to the two extracts at a lower concentration.

The fungicidal potential of phenolic compounds and
flavonoids is mainly related to hydroxyl (OH) in their
structures. Their position in methylated quantities
and the number of substitutes in the aromatic ring
formation (their esterified forms) make them more toxic,
interfering in the fungus membrane (Falcdo et al., 2013).
Although information about the mechanism of action
of the flavonoids is not well defined, Cushnie and Lamb
(2005) pointed out that flavonoids have the ability to
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favor metabolic modifications in pathogens, acting in the
inhibition of nucleic acid synthesis, cytoplasmic membrane
function, and energy metabolism.

In this same line of activity are the anthraquinones,
which constitute a large group of quinoid compounds.
Based on a structure composed of three benzene rings,
there are condensed aromatic groups (lipophilic groups)
and carboxyl and carboxylic groups, as well as the presence
of -OH, -CH,, -OCH,, -CH,0H, -CHO, -COOH, or more
complex groups. Anthraquinones are attributed the ability
to act on membrane disruption and metabolic inhibition by
irreversibly complexing with nucleophilic amino acids of
the proteins, thus resulting in protein deactivation and loss
of cellular function (Lucas et al., 2015; Fouillaud et al., 2016;
Leyva et al., 2017). In addition, the oxidative potential of this
class favors the triggering of cell apoptosis, an effect that
occurs by intercalation between vicinal nucleotides of the
DNA strand via ionic and van der Waals interactions with
anthraquinones, blocking the polymerases and interfering
with protein synthesis (Jampilek, 2016).

Another class found in the ethanolic extract of C. erecta
refers to steroids, which have a hormonal function in
plants. Traditionally, they are called phytosteroids and
are related to increased plant resistance to pathogen
infestation. Due to their hydrophobic characteristics, the
probable mechanism of action is associated with their
capacity to interact with the lipidic membrane wall and
the cell membrane of the fungus, thus interfering in its
permeability and causing structural changes. With this,
it can affect both lipid synthesis and fungal cell wall
formation (Tobouti et al., 2017; Diefenbach et al., 2018).

On the other hand, cardiotonic heterosides contain in
their chemical structure a steroidal core and an unsaturated
lactonic pentagonal ring at the C17 position (aglycone or
genin portion), with hydrophobic characteristics. In addition
to one or more sugar units attached to the hydrophilic C3,
they act specifically on sodium and potassium channels
(Simdes et al., 2017).

Similarly, cardiotonic heterosides with hydrophilic
characteristics, by containing one or more sugar units
attached to the C3 of the steroidal core, this one attached to
an unsaturated lactonic pentagonal ring at the C17 position
(aglycone or genin portion), the hydrophobic part, act
particularly on sodium and potassium channels (Rates
and Bridi, 2017).

Furthermore, there are indications of the direct action
of heterosides on the membrane, acting as a detergent,
when the lipophilic portion of the heterosides forms a
complex with cholesterol, the lipophilic portion of the
membrane, and the hydrophilic portion outside the
cell (Holm-Freiesleben and Jdger, 2014). It enables the
formation of ion channels that destroy the osmotic integrity
of the pathogen’s cell membrane, leading to the loss of
intracellular contents, such as intracellular K*, and cell
death (Lewis, 2011).

Therefore, it is possible to infer an antagonistic effect
of constituents in the face of the complexity of a variety
of metabolites with fungicidal potential and also the
possibility of fungistatic activities. It demonstrates a
tendency of competition among the phytoconstituents for
the receptor sites of the target pathogens, thus preventing
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the mycelial growth of the fungi at the five concentrations
evaluated.

It is concluded that, of the investigated plants, the
species A. humille, B. dracuncufolia, C. erecta, D. insularis,
P. ruderale, and R. brasiliensis are potential sources of
fungitoxic substances and, therefore, could be useful in
tests with other phytopathogens.

The ethanolic extracts of C. erecta and R. brasiliensis
are rich in polyphenols, efficient in reducing the mycelial
growth of M. phaseolina and R. solani, and could be an
alternative control agent.
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