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ABSTRACT

The use of plant extracts can be an alternative to reduce the use
of pesticides, to control diseases and pests that affect agricultural
production. The aim of this study was the chemical characterization of
the extract and fractions of Pouteria ramifiora leaves and to determine
its fungistatic potential on Lasiodiplodia theobromae. The ethanolic
extract of dried and crushed leaves was obtained by maceration.
Part of this extract was sequentially partitioned and the following
fractions were obtained: hexane, dichloromethane, chloroform, ethyl
acetate, n-butyl, and hydromethanol for subsequent bioassay, and
qualitative and quantitative phytochemical analysis. Experimental
development comprises of adding a L. theobromae mycelial disk (5
mm), obtained from pure colonies, in the middle of Petri dishes with
PDA culture growth (potato-dextrose-agar) plus the aforementioned
substances in different concentrations (800; 1,200; 1,600; 2,000,
and 2,400 pg/mL), and a control treatment (PDA). The plates were
incubated in B.O.D. (25£2°C), and the assessment was performed
by measuring the diameter of the colonies until it reaches the edge of
the board. The experimental design was completely randomized with
five replications, and the treatments were constituted of a factorial
of seven extracts/fractions and six concentrations. For the Mycelial
Growth Rate Index (MGRI) obtained, the analysis of variance
was performed, and when significant, the regression analysis was
performed. All extract/fractions decreased MGRI of L. theobromae, as
the concentrations were increased. The best MGRI reduction occurred
in n-butanolic fraction, and the efficiency of this fraction may be
related to the presence of flavonoids and anthraquinones. The extract
and fractions of P. ramiflora, a tree from the Cerrado biome in Mato
Grosso do Sul, was effective in the control of L. theobromae, which
can be used as a control option in organic farming or in integrated
management systems.
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RESUMO

Fitoquimica e potencial fungistatico de extratos e fracdes de
Pouteria ramiflora contra Lasiodiplodia theobromae

O uso de extratos vegetais pode ser uma das alternativas para
reduzir o uso de agrotoxicos e controlar doengas e pragas que afetam
aproducdo agricola. O objetivo deste trabalho foi realizar a caracteri-
zagao quimica do extrato e fragdes das folhas de Pouteria ramiflora e
determinar o potencial fungistatico sobre Lasiodiplodia theobromae.
O extrato etandlico, das folhas secas e trituradas, foi obtido por ma-
ceracdo. Parte desse extrato foi sequencialmente particionado e dele
obtidas as fra¢des: hexano, diclorometano, cloroféormio, acetato de
etila, n-butanol e hidrometanoélica, submetidos a analise fitoquimica e
utilizados nos bioensaios. O desenvolvimento experimental consistiu
em adicionar um disco (5 mm) de micélio de L. theobromae, obtido
a partir de coldnia pura, no centro de placas de Petri, com meio de
cultura BDA (batata-dextrose-agar) acrescido do extrato e das fragdes
em diferentes concentragdes (800, 1.200, 1.600, 2.000 e 2.400 pg/
mL). As placas foram incubadas em B.O.D. (25+£2°C) ¢ as avalia¢des
realizadas por meio da medi¢ao do diametro das colOnias até atingir
a borda da placa. O delineamento experimental foi inteiramente ca-
sualizado, com cinco repeti¢des, sendo os tratamentos constituidos
do fatorial de sete extratos/fragdes e seis concentragdes, além de um
controle (BDA). Os dados do Indice de Velocidade de Crescimento
Micelial (IVCM) foram submetidos a analise de variancia e quando
os resultados foram significativos, foi realizada a analise de regressao.
Todos os extrato/fra¢cdes diminuiram o IVCM de L. theobromae, a
medida que se aumentavam as concentragdes. A redugdo mais sig-
nificativa ocorreu na fragdo n-butandlica; sua eficiéncia pode estar
relacionada com a presenga dos flavonoides e antraquinonas. O
extrato e fragdes de P. ramiflora, uma arborea do Cerrado Sul-Mato-
-Grossense, foi eficiente no controle de L. theobromae, apresentando
potencial para seu controle em cultivos organicos ou em sistemas de
manejo integrado.

Palavras-chave: Fitopatogeno, produtos naturais, cultivos organicos,
flavonoides.
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he consumer food market is
increasingly demanding as to the
quality of products and the certainty of
the absence of pesticide residues. This
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is leading growers, horticulturists, and
rural extension agencies to apply for
registration of plant-derived chemicals
by the Ministry of Agriculture, Livestock

and Supply (MAPA), for application on
small-scale agricultural crops. This is
because under Brazilian law there is an
insufficient number of registered natural
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ingredients that can cover all crops,
which can lead family farmers to the
misuse of pesticides (Moreira, 2013).

The use of agrochemicals is related
to the different diseases that occur
in crops, which reduce the shelf life
of fruits and vegetables. In this way,
farmers need agricultural pesticides
to combat phytopathogens that cause
losses during and after production,
compromising the quality of these
products (Tavares, 2004).

Among the various diseases, fungal
diseases are one of the main problems
faced. Studies have shown that certain
fungi, such as Lasiodiplodia theobromae,
an opportunistic or secondary pathogen,
have been a problem for production in
tropical regions. This pathogen, when
it gets inside the tissues of the plant,
causes the death of the individual or fall
of flowers and fruits of diverse species
of economic interest (Junqueira &
Junqueira, 2014).

Among the crops harmed by L.
theobromae there are some types of
vegetables, such as the vinegar Hibiscus
sabdariffa (Silva et al., 2014), which
leads to losses in production. Lins ef al.
(2013) report that this fungus is harmful
to several fruit crops, such as mango,
where it forms dark lesions at the base,
with damaged tissues being able to
crack, and exposing fruit pulp.

The use of synthetic fungicides is
the first option for Brazilian farmers,
due to the easiness and predictability of
the management employed. However,
this practice has promoted several
environmental problems and the
imbalance of the biological system, in
addition to the reduction of biodiversity
(Silva et al., 2005).

Given this scenario, the search for
alternative substances in the control
of pathogens that affect diverse
cultures, which are effective, and low
in environmental and financial costs
is justified. Among these products
there are plant extracts, balsams, and
oils for controlling the population of
fungi and other microorganisms that
cause damage to health and agriculture
(David et al., 2006). These compounds
possess important phytochemicals for
the discovery of new substances that

are more effective to control species that
threaten the production of certain crops.

Among the species that present
bioactivity there are the tree species
Pouteria ramiflora, found in areas of
the Brazilian Cerrado and known as
curriola, live-in, or deer-fruit, used in
folk medicine for its anti-inflammatory
and vermifuge properties (Condessa,
2013), besides having allelopathic
action (Oliveira ef al., 2014).

Taking into account its potential,
this research’s objective was to perform
the chemical characterization of the
extract and fractions of the leaves of
Pouteria ramiflora, and to determine its
fungistatic potential on Lasiodiplodia
theobromae in different concentrations.

MATERIAL AND METHODS

Vegetable material

Leaves of Pouteria ramiflora were
obtained from 13 matrices in Cerrado
areas, Taboco region (20°29°54.47"'S,
55°48°48.49°70; 19°26°7.60°'S,
55°00°2.78°°0), in Corguinho
Municipality, Mato Grosso do Sul.
They were collected manually using
pruning shears and high pruning shears
on 05/26/2013, packed in polyethylene
bags, and transported in the form of
a humid chamber, with specimens
herborized, and sent to the herbarium
of Laboratory of Plant Morphology, at
the Universidade Anhanguera-Uniderp,
where after identification, an exemplary
has been cataloged, and incorporated to
the collection (ID. 7829).

After the exclusion of old and/
or damaged leaves, the collected
material was dried at room temperature
(2742°C), fragmented with the help of
pruning shears, crushed in an electric
mill (MARCONI, MA048), and stored
in amber glass vial sealed, labeled
and stored in a refrigerator, until the
preparation of the extracts.

Vegetable extract and partition

To obtain the crude ethanolic extract
(Ext,,), leaf powder (800 g) was
extracted with ethanol in an ultrasound
device (UNIDQUE, 1450) for 60
minutes, followed by 24 hours of static
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maceration extraction. This procedure
was carried out at ambient temperature
until exhaustion (30 days). After
filtration, the resulting solutions were
concentrated, yielding the crude extract
in ethanol from the leaves (Ext, ).

Part of the Ext,  was dissolved in
ethanol/water (80:20), and successively
partitioned with organic solvents of
increasing polarity: hexane (hexane
fraction = F, ); dichloromethane
(dichloromethane fraction = F_,.);
chloroform (chloroform fraction =
Fye)s ethyl acetate (ethyl acetate
fraction = F, ), n-butanol (butanolic
fraction = F, ), and the residue of
the partition, hydroethanolic fraction
(Fmo/MeOH)'

The partition was employed aiming
a semi-purification of the substances
through their polarities (Cechinel Filho

& Yunes, 2001).

After removal of the solvents, both
Ext_,, and the fractions were used for
the tests with the fungus L. theobromae,
and submitted to wet phytochemical
analysis, through a series of reactions.

The procedures were: phenolic
compounds (precipitation reactions:
ferric chloride, lead acetate and
copper acetate), tannins (precipitation
reactions: iron salts and precipitation
of proteins), flavonoids (color change
reactions: Shinoda reaction (Mg/
HCI) and Taubock), anthocyanins,
anthocyanidins and flavonoids (presence
of coloration at pH 2-3, 7, 8-9 and
11), flavones, flavonoids, flavonoids
and xanthones (pH 11), chalcones and
aurones (pH 2-3 and 11), coumarins
(observation under ultraviolet light),
anthraquinones (Borntrager reaction),
triterpenes and steroids (Liebermann-
Burchard reaction), cardiotonic
heterosides (Keller-Killiani, Pesez,
Baljet and Kedde test), cyanogenic
glycosides (reaction of sulfuric acid
and picrosodium paper), saponins
(presence of foam and Liebermann-
Burchard reaction), and reducing sugars
(Benedict’s reaction). The exception to
these procedures was the foam index,
using 1 g of the dry extract, to estimate
the saponin index (afrosimetric index)
(Matos, 2009).

The analyzes were performed in
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triplicate and the results were compared
and contrasted, observing the color
change and/or precipitation against the
control (extract only).

The intensity of the color and/or
precipitation is indicative of the high
concentration of one of the classes
of secondary metabolites present in
botanical species. As standards, for
samples with intense color and/or
precipitation, it was denominated
strongly positive (+++), followed by
moderately positive (++), weakly (+),
partially positive (== with only turbidity
and/or partial alteration of color), and
the absence of color and/or precipitation
as negative (-) (Fontouraet al., 2015).

In vitro biological assay

The fungus (L. theobromae) used
in the in vitro tests was isolated from
mango fruits (Mangifera indica), and
identified by the colony morphology
in the Laboratory of Phytopathology,
at the Universidade Anhanguera-
Uniderp. It belongs to the collection of
phytopathogenic microorganisms, and
was preserved in tubes containing PDA
(Potato-dextrose-agar) culture medium
in a refrigerator. Seven days before
use, it was replicated to Petri dishes
containing the PDA medium and placed
in B.0.D., at £25°C.

For the bioassays, a stock solution
of the crude ethanolic extract (Ext
and each of the fractions (F,,_; F..,cs
FCHC13; FAcoet; FBuOH c FHZO/MeOH) was
prepared using 0.2 g of the samples,
and the volume was completed with the
respective solvents up to the volume of

100 mL, in volumetric flask.

ETOH)’

From the stock solutions of Ext_, .,
and the fractions, a new dilution was
made to obtain a concentration of 500
pg/mL, using a 20% hydroethanolic
solution as solvent, with 5 pL of
dimethylsulfoxide, which had no toxic
effect on mycelial growth of the fungus
tested, a result confirmed in the previous
test.

These solutions (500 pg/mL) were
used in the bioassays, and an aliquot
was incorporated into the PDA (+45
°C), previously autoclaved (120°C and
1 atm for 15 minutes) medium to obtain
the concentrations of 800; 1,200; 1,600;
2,000, and 2,400 pg/mL, in addition
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to the pure PDA medium as a control.
Subsequently, 10 mL of the medium
with the different concentrations were
individually poured into sterile Petri
dishes (87 mm), and then deposited a 0.5
cm diameter mycelium disc separately
from L. theobromae, in the center of
each plate.

After PVC film sealing, the plates
were randomly distributed and remained
incubated in B.O.D. at 25+£2°C; with
the aid of a digital caliper, the mycelial
growth was evaluated daily by measuring
the diameter of the colonies (average
of two perpendicular measurements)
until reaching the border of the plaque
(approximately three days). From the
mycelial growth data, the Mycelial
Growth Rate Index was calculated:

(MGRI - 252

being the MGRI= mycelial growth
rate index, d= current average diameter
of the colony; da = average diameter of
the colony from the previous day and,
n = number of days after inoculation.

The experimental design was
completely randomized, with 5 replicates
in the factorial of seven extracts/
fractions, and six concentrations,
besides the PDA control. Through the
data of the Mycelial Growth Rate Index
was performed the analysis of variance
(ANOVA), and when the results were
significant, applied to the regression

Table 1. Phytochemical analyzes of crude ethanolic extract (Ext

=F,,; Dichloromethane = F
F_ .; Hydromethanol =F

BuOH”

Uniderp, 2015.

CH2C12?

H20/MeOH

Chloroform = F___.; Ethyl acetate = F

analysis through the SAS program
(SAS, 2001).

RESULTS AND DISCUSSION

Phytochemical analysis

Analysis of the ethanolic extract
and the fractions showed that the
semipurification with solvents of
different polarity had the capacity to
separate the components present in the
leaves of P. ramiflora (Table 1).

Ext, ,, presented the highest
diversity of secondary metabolites in
relation to fractions, as well as higher
phenolic compounds, flavonoids and
anthraquinones, except for coumarins,
which were predominant in the fraction
F ;3 and saponins, not detected in this
extract (Table 1).

The fraction that stands out in
relation to the number of classes is
hydrometanolic, with six compounds
(phenolic compounds, tannins,
flavonoids, coumarins, saponins, and
reducing sugars). The others presented
a number of classes varying between
3 and 4.

The negative results for certain
constituents obtained for the fractions
do not necessarily imply the absence of
the phyto-constituents. When at a scale

) and fractions (Hexane
; Butanolic =

Acoet”

EtOH

CHCI3?

) of Pouteria ramiflora leaves. Campo Grande, Anhanguera-

Classes of secondary

Extracts and fractions

metabolites EXtEtOH F Hex F CH2CI2 F CHCI3 F Acoet F BuOH F H20/MeOH
Phenolic compounds ~ +++  + + ++ ++ - +
Tannins ++ - - - - - ++
Flavonoids +H+ - - ++ T+ +
Coumarins + - + A+t - - +
Anthraquinones +++ - - - - +++ -
Triterpenes 4 + ++ ++ - .
Steroids +++ A+ ++ + ++ - -
Saponins - - - - - R +
Reducing sugars -+ - - - - T o+

(+) lower intensity, (++) average intensity, (+++) greater intensity, (+) partial (-) negative

result.
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lower than the semimicro, these are not
often detected in the qualitative analysis.

According to Zuanazzi & Montanha
(2003), extraction with solvents of
different polarities such as hexane
has the capacity to remove substances
with less polarity (oils, hydrocarbons,
furanocoumarines, fats, sterols,
and pigments), facilitating the later
withdrawal of the other constituents,
such as flavonoids, organic halides
(dichloromethane followed by
chloroform) extract alkaloids, free
anthraquinones, cardiotonic heterosides,
essential oils, and waxes. In sequence,
with higher polarity, ethyl acetate is
used, a solvent that removes coumarins,
sapogenins, flavonoids, and derivatives
of high degree of methylation. The
n-butanol extracts the polyhydroxylated
aglycones, flavones, and flavonols more
polar, aurones, and chalcones. In the
aqueous or hydrometanic fraction we
managed to find the components with
the highest polarity, with heterosides
(polyglycosides), mucilages, gum, and
pectin, salts of alkaloids, flavanodiols,
catechins, procyanidins, and sugars.
Based on this information, we observed
that the solvents used in the partition
were effective in separating the chemical
constituents from the Ext, . extract
(Table 1).

The main constituents cited for
species of the genus are triterpenes
(single and long chain, or acetate
esters), and flavonoids. Long chain
hydrocarbons, alcohols, acids, and esters
have also been cited mainly in species
that occur in dry regions, such as in
savanna areas in Brazil (Lopez, 2005).

The anthraquinones were not
recorded for other species of the
genus and only recently for the P.
ramiflora bark, also collected in the
Cerrado region of Mato Grosso do
Sul (Oliveira et al., 2014). The same
authors showed in the extracts analyzed
the presence of phenolic compounds,
tannins, coumarins, reducing sugars, and
saponins besides the free antraquinones,
in the inner and outer shells of the
aqueous and ethanolic extract, as well
as steroids and triterpenes only in the
ethanolic extract.

The phenolic compounds were
also described for Pouteria caimito,

P. gardneriana, and P. campechiana
(Canuto et al.,2010; Rocha et al.,2011),
and the presence of tannins in the fruits
of P. gardneriana (Rocha et al., 2011).

In a recent work, Carrigo et al.
(2014), investigating the aqueous extract

of the leaves of Pouteria sapota found
flavonoids, coumarins, cyanogenic
glycosides, and reducing sugars as the
most abundant classes of secondary
metabolites. This information shows
the diversity of substances present in
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Figure 1. Mycelial Growth Rate Index (MGRI), over 3 days, of Lasiodiplodia theobromae

inrelation to F ., (A), F,  (B)and F

H20/MeOH

(C) at different concentrations, for leaves of

Pouteria ramiflora; *Significant at 5%, ** at 1% probability. Campo Grande, Anhanguera-

Uniderp, 2015.
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Figure 2. Mycelial Growth Rate Index (MGRI), over 3 days, of Lasiodiplodia theobromae in relation to extract F, . (A), F,_(B), Ext, .

(C)and F

CH2C12

species of the genus Pouteria, found in
P. ramiflora leaves.

Antifungal activity of ethanolic
extract and fractions

According to regression analysis
daj[a, fractions F ., (Figure ?A), Fiout
(Figure 1B), and F ..o (Figure 1C)
produced a decrease in MGRI from the
concentration of 800 ug/mL (F, and

Acoet

Fl-.[2O/MeOH)’ and 1,200 pg/mL (F,,,),
with values of F ., = 23.95 mm/day,
F, .. = 20.17 mm/day, and FHZO/MSOH =
31.95 mm/day, and controls presenting
average values of 30, 28.7 and 42.6 mm/
day, respectively, a reduction between
20.2% (F yp) and 33.3% (F .\ o) in
MGRI. For the higher concentrations, a

stabilization trend occurs.

The similarity evidenced in the
fungistatic action for fractions with
intermediate polarity (fractions F .,
and F, ), despite the variability
observed in the chemical analysis of
these fractions, is directly related to the
antagonism of the chemical composition

568

(Table 1).

The use of plant extracts and oils
with an antagonistic action, and that
has the capacity to inhibit the growth
of phytopathogens in vitro and in vivo
is described by several researchers,
such as studies with the extract and
essential oil of Piper aduncum, which
presented antagonistic activity over the
development of Ralstonia solanacearum
(Véras & Yuyama, 2001).

Thus, Silva et al. (2007) used the
chloroform and ethyl acetate fractions
of Cissus verticillata (Vitaceae) on
Cladosporium sphaerospermum, and
found that these fractions showed some
activity. The major constituent found
in the chloroform fraction were the
terpenoids, and the active compound of
the ethyl acetate fraction, the phenolic
compounds.

Unlike the F ., (Figure 1A) and
F,... (Figure 1B) fractions, a more
polar fraction F, .~ (Figure 1C) has
greater diversity of phytochemicals, but
less strong, except for reducing sugars

for Pouteria ramiflora leaves; **Significant at 1% probability. Campo Grande, Anhanguera-Uniderp, 2015.

(higher intensity = +++) and tannins
(++), in addition to the presence of
saponins.

The decrease in the mycelial growth
rate of L. theobromae can also be
observed with aqueous extract of
the fresh leaves of five plant species
(Gliricidia sepium, Tectona grandis,
Ocimum gratissimum, Anacardium
occidentale, and Carica papaya) at
concentrations of 2.5, 5, 7.5 and 10%
(v/v), and at the times of 3, 5 and 7
days. All extracts inhibited mycelial
growth of the fungus even at the lowest
concentration, 2.5%, with the time of
exposure influencing growth inhibition.
The extracts of O. gratissimum and
A. occidentale were more effective in
relation to the other extracts (Agbeniyi
& Ayodele, 2013).

For the F, .. (Figure 2A), F,
(Figure 2B), Ext,,, (Figure 2C), and
F i (Figure 2D) fractions, a similar
pattern also occurred, with MGRI
dropping from the concentration of 800

pg/mL. Afterwards, a gradual decrease
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with a lower MGRI concentration of
2,400 pg/mL, with values of 15.65 mm/
day (Ext,,), 10.15 mm/day (F
13.98 mm/day (F,.,), and 1.67mm/
day (F, ), and controls, 38.7; 27.7;
29.7, and 28.9 mm/day, respectively,
with reduction between 49.5% (F,, ) and
94.2% (F, ), results higher than those
obtained for the fractions F
and FHZO/MeOH’

the MGRI.

The fraction F,  and Ext__  have
K K uOH K .EtOH K

anthraquinones in a higher intensity,
which differ from the other solutions.
This fraction also showed flavonoids,
as Well as the FI—[ex, FAcoeI and FHZO/MeOH
fractions. Taking into account that F, .
reduced the mycelial growth rate of L.
theobromae more intensely, in relation to
the other treatments, this may be related
to flavonoids and anthraquinones.
The same was not observed for the
Ext, ., extract, probably due to the
diversity of constituents present and
their interactions, since except for the
saponins, the chemical analysis of
Ext,,, indicated greater diversity and
intensity of constituents.

Hex)’

K .CHCB’ FAcoet
less effective in reducing

Anthraquinones obtained from
natural sources are known to have
antibacterial and antifungal activity;
specifically to the quinones (reina,
aloe-emodina, fisciona, and crisofanol)
(Agarwal et al., 2000). This fact is
justified by the reason that they have
condensed aromatic groups (lipophilic
groups), and carboxyl and carboxylic
groups, which can also act on membrane
rupture and metabolic inhibition.
Anthraquinones of natural origin are
attributed innumerable activities, with
emphasis on the oxidative potential
that favors the triggering of cellular
apoptosis (cellular suicide); this effect
occurs by intercalation between vicinal
nucleotides of the DNA strand, via
ionic and van der Waals interactions
with the anthraquinones, blocking the
polymerases and interfering with protein
synthesis (Silva et al., 2003; Jampilek,
2015).

Assis (2013), working with ethanolic
extracts of P. ramiflora (stem and root
peels), showed fungitoxic activity on
Candida parapsilosis, with values of
minimum inhibitory concentration lower
than 3.9 pg/mL. On the other hand, the

dichloromethane extract of the leaves
of Echinodorus macrophyllus showed
activity on Candida parapsilosis.

Similar results were found in this
study with P. ramiflora, where in the
F ypep and F . fractions, the same
phyto-constituents occurred, differing
only in intensity, especially the terpenes
in the F ., fraction. The antifungal
activity of this fraction is associated
with terpenes although its mechanism
of action is not well known. To this
secondary metabolite class various
biological activities in response to
physical, chemical or biological stresses
are attributed that may inhibit the
activity of pathogens (Stangarlin et al.,
1999).

By working with hexanic and
ethanolic extracts of Pouteria torta,
Lépez (2005), reported microbial
activity against S. aureus, a result
similar to those found by this work.

In a study with the hexane and
n-butanolic fractions of Cissus
verticillata, Silva et al. (2007) showed no
antifungal activity against Cladosporium
sphaerospermum, different from that
found in this study where the same
hexanic and n-butanolic fractions of
P. ramiflora showed fungitoxic action
on L. theobrome, decreasing its MGRI.

The difference in the spectrum of
fungistatic activity of the ethanolic
extract and fractions, and their greater
or lesser activity, may be due to three
reasons: firstly, the polarity of the
ethanolic extract and fractions that
select phytochemicals with different
affinities in the receptors of the fungus
L. theobromae; secondly, the active
compound may be present in an
insufficient amount in the fractions that
had the MGRI lower than the Ext_
extract, and the F, , F,., and F
fractions; therefore, the dose level used
is insufficient; and third, if the active
principle is present in the Ext, . extract
and the fractions; but other constituents
are exerting antagonistic effects of the
bioactive.

The results obtained indicated that
the extracts and fractions of the leaves
of P. ramiflora were appropriate in
controlling the fungus L. theobromae,
with the lowest rate of mycelial growth
observed in the concentration of 2,400
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pg/mL. The butanolic fraction was
the most efficient and this activity
can be related to the flavonoids and
anthraquinones present in this fraction,
and their interactions.

These results indicate that the use of
extracts of P. ramiflora present potential
for pathogen control in organic crops
or in integrated management systems,
due to their chemical constituents and
generated interactions. In this way, it
can reduce fungal infection in different
crops, such as the production of fruits,
vegetables, ornamental and condiment
plants, generating lower losses for the
producers, and reducing the risks of food
contamination due to a more restricted
use of certain chemical products.

However, tests with the application
of these extracts and fractions, in the
greenhouse, and later in the field are
necessary to evaluate this potential in
vivo, in addition to seeking a more in-
depth analysis of the butanolic fraction,
and its mode of action, allowing the
understanding of its effective action in
controlling the pathogen tested.
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