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Abstract: Endophytic microorganisms live inside the plant tissues symptomless. These microorgan-
isms may present antagonistic activity against phytopathogens or produce metabolites with antifungal
activity. We aimed to evaluate 7z vifro antagonism and competitive interactions between endophytic
tungi of Dzaporthe species against Sclerotinia sclerotiorum. We also carried out i vitro screening of antifun-
gal activity of metabolic extracts of the two endophytes against the pathogen. The antagonism was
performed by the paired-culture and two promising antagonists strains were selected for metabolic
extraction from the fermented culture. Metabolic extracts were obtainment using two different organ-
ic solvents (Ethyl Acetate and Hexane) and their antifungal activity was carried out using the agar dif-
fusion test. The 7n vitro antagonistic index ranged from 22.1 to 59.5%, with Diaporthe sp. PLO3 (59.1%),
D. schini PLAO (59.5%), D. infecunda P163 (41.8%), D. anacardii P1.64 (56.8%), with inhibition by myce-
lial contact. The endophytes PLO1 (28.6%) and PL43 (28.5%), both D. anacardii, stood out blocking
mycelial growth from a distance. In the antifungal assay, D. anacardii PLO1 (31.7%) and D. schini PL40
(18.2%) acetate metabolite stood out. In summary, our results indicate a few Diaporthe endophytes able
to antagonize a S. sclerotiornm pathogen under 7z vitro conditions.

Key words: Antagonism; Endophytic fungi; Metabolic extraction; Antifungal activity.

Bioprospecgio de espécies de Diaporthe endofiticas associada a Pachystachys lutea
(Acanthaceae) com efeito antagdnico contra Sclerotinia sclerotiorum

Resumo: Microrganismos endofiticos vivem no interior dos tecidos das plantas sem causar prejuizos.
Esses microrganismos podem apresentar atividade antagonica contra fitopatégenos ou produzir meta-
bolitos com atividade antifingica. No6s avaliamos o antagonismo 2z vitro e as interagdes competitivas
entre espécies de fungos endofiticos de espécies do género Diaporthe contra Sclerotinia sclerotiorum. Tam-
bém realizamos a triagem 7z vitro da atividade antifingica de extratos metabdlicos de dois endofitos
contra o patéogeno. O antagonismo foi realizado por meio da cultura pareada e duas linhagens promis-
soras antagonistas foram selecionadas para extragao dos metabdlitos da cultura fermentada. Os extra-
tos metabolicos foram obtidos utilizando dois solventes organicos (acetato de etila e hexano) e sua
atividade antifungica foi avaliada pelo teste de difusio em agar. O indice antagdnico iz vitro variou de
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22,1 a 59,5%, com Diaporthe sp. PLO3 (59,1%), D. schini PLAO (59,5%), D. infecunda PL63 (41,8%), D.
anacardii PL64 (56,8%), com inibicio por contato micelial. Os endofitos PLO1 (28,6%) e PL43
(28,5%), ambos D. anacardiz, se destacaram bloqueando o crescimento micelial a distancia. No ensaio
antifungico, destacaram-se o metabolito acetato de D. anacardii PLO1 (31,7%) e D. schini PLA4O (18,2%).
Em resumo, nossos resultados indicam alguns Diaporthe endofiticos capazes de antagonizar o patoge-
no S. sclerotiorum em condicOes in vitro.

Palavras-chave: Antagonismo; Fungos endofiticos; Extracio metabolica; Atividade antifingica.
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INTRODUCTION (YING, 2018). As an alternative to these ag-

Plants are hosts of populations of non rochemicals, biological control employing mi-
-pathogenic microbial communities, for exam- croorganisms, especially the endophytes, that
ple, endophytic microorganisms that reside are capable of antagonizing or producing anti-
and may grow up within the plant tissues. microbial compounds against these pathogens
Nevertheless, only a small part of these plants are excellent tools to guarantee agricultural
had their endophytic microbiota studied production, mitigating the adverse effects of
(ZHANG et al., 2014). Endophytic microor- pesticides, being considered more sustainable
ganisms are fungi and bacteria that live inside (TERHONEN et al., 2018; TALAAT, 2019).
the plants without causing any damage to Considering that Diaporthe species
their hosts. These endophytes can come into have different biotechnological applications
the plant through natural openings and colo- (GOMES et al., 2013; POLONIO et al., 2015;
nizing the inter- or intracellular spaces MEDEIROS et al., 2018; RIBEIRO et al.,
(BERNARDI-WENZEL et al., 2010; KUSA- 2018; TANAPICHATSAKUL et al, 2018;
RI et al., 2012; KUSARI et al., 2014). WONG et al., 2018), in this work, we aimed

Endophytes could be exploited for to evaluate 7z vitro antagonism and competi-
their ability to antagonize pathogens or pro- tive interactions between endophytes Di-
duce secondary metabolites with antifungal aporthe species and Sclerotinia sclerotiorum. We
activity (PARK et al, 2015). Studies have also carried out 7 vitro screening of antifungal
been evaluated the activity of endophytic fun- activity of metabolic extracts of the two best
gl against phytopathogens (PARK et al., 2015; endophytes against the pathogen.

BONGIORNO et al.,, 2016; PRETO et al,
2017). Ribeiro et al. (2018) isolated several
endophytic foliar fungi from the ornamental MATERIAL AND METHODS
plant Pachystachys lutea (Acanthaceae). Some of

these endophytes were identified as Diaporthe Endophytic fungi and pathogen

species with zz wiftro antagonistic activity Fifteen Diaporthe sp., isolated as endo-
against  Colletotrichum sp. and  Fusarium  ox- phytes from healthy leaves of ornamental
_ysporum pathogens. plant Pachystachys lutea (RIBEIRO et al., 2018)

Sclerotinia  sclerotiornm  fungus  (white was retrieved from the Collection of Endo-
mold disease) is a pathogen of agricultural phytic and Environmental Microorganism
systems and causes a great deal of damage and (CMEA) from the Laboratory of Microbial
economic losses (ABAN et al., 2018). To con- Biotechnology, State University of Maringa —
trol these pathogens in the agricultural system, Parana, Brazil. The pathogen S. sclerotiorum
chemical pesticides are commonly used, how- also belongs to the CMEA and was isolated
ever, the continued use of these substances from soy symptomatic plants in Cambira, Pa-
can cause harmful environmental effects in rand/Brazil. These fungi were cultured on
addition to acting as mutagenic agents PDA (Potato Dextrose Agar; pH 6.6) for 7
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days at 28 °C.

In vitro antagonism and competitive in-
teractions

The dual culture method of Campanile
et al. (2007) modified by Polonio et al. (2015)
was used. The percentage of inhibition rate of
mycelial growth was calculated following Po-
lonio et al. (2015). Competitive interactions
between endophytes and phytopathogen were
determined according to the rating scale pro-
posed by Badalyan et al. (2002), which consid-
ers three main types of interactions (A, B and
C) and their subtypes. A = blocking mycelial
growth with contact, B = blocking distance,
C = endophytic growth on the initial patho-
gen without blocking; CAl1 and CA2=
partial and complete endophyte growth on
the pathogen after initial blocking with my-
celial contact, and CB1 and CB2 = partial
and complete endophyte growth on the path-
ogen after initial distance blocking. Five rep-
licates were made as well the control with a
phytopathogen plug inoculated in only one
point of PDA dishes (Control 1) and a phyto-
pathogen plug against the commercial fungi-
cide (50 mg.ml!) (Control 2).

Metabolic extraction from the fermented
culture

Two endophytic isolates were chosen
based on statistical analysis and their compet-
itive interactions against the pathogen and
tested for their antifungal capacity. The en-
dophyte PLO1 (Diaporthe anacardii) was select-
ed since blocking the phytopathogen by dis-
tance and PL40 (Diaporthe schini) showed in-
hibition by mycelial contact.

Three mycelia plugs (6-mm diameter)
of seven-day-old cultures of each endophyte
were inoculated into 500-ml Erlenmeyer
flasks containing 500 mL of PDB (Potato
Dextrose Broth; pH 6.8) and incubated at 28
°C for 21 days under stationary condition.
The metabolic extraction from the fermented
culture broth, by using ethyl acetate and hex-
ane as solvent, followed the protocol de-
scribed by Polonio et al. (2015).
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In vitro antifungal assay

To evaluate the bioactivity of crude
extracts against S. sclerotiorum, five replicates of
PDA dishes received 5-mm autoclaved filter
paper plugs inoculated with 10 pL. of metabo-
lites (10 mg.ml! in methanol) in an opposite
position of phytopathogen plugs (6-mm di-
ameter), and remained incubated at 28 °C for
seven days. For controls, the paper plugs re-
ceived commercial fungicide (50 mg.ml') (T1)
or methanol (T2); a phytopathogen plug inoc-
ulated in only one point of PDA dishes (T3).
The culture medium extracted with acetate
and hexane also were made as controls. The
percentage inhibition rate of mycelial growth
was calculated according to Polonio et al
(2015).

Statistical analyses

Data from all experiments were com-
pared by the Scott-Knott test (p < 0.05), us-
ing the statistical program SISVAR 5.6
(FERREIRA, 2011).

RESULTS AND DISCUSSION

Paired-culture assay

Table 1 shows the results obtained
from dual culture assay between endophytes
and phytopathogen. According to the Badal-
yan et al. (2002) scale, 86.67% of the interac-
tions occurred by blocking mycelial growth of
the phytopathogen with mycelial contact
(Type A), and 13.33% blocking mycelial
growth from a distance (Type B) (Table 1,
Figure 1).

The percentages of inhibition ranged
from 22.1% to 59.5%. The statistical analysis
of antagonistic activities measured (Scott
Knott with p <0.05) yielded the strains into
four groups, with the best performance ob-
served for endophytes PLO3 (Diaporthe sp.),
PL64 (D. anacardii), and PLAO (D. schini) when
compared statistically with the control
(phytopathogen against the commercial fungi-
cide) and second control (phytopathogen plug
inoculated in only one point of PDA dishes),
showing inhibition rates higher than the fun-
gicide control (50.2%).
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Table 1. Paired-culture assay between 15 endophytic fungi Diaporthe sp. against Sclerotinia sclerotiornm.

Endophytic strain

Antagonism index (%)*

Competitive interaction**

Control 1

Control 2

PLO1 (Diaporthe anacardii)
PLO3 (Diaporthe sp.)
PLO9 (Diaporthe sp.)
PL18 (Diaporthe sp.)
PL39 (Diaporthe infecunda)
PLAO (Diaporthe schini)
PLA3 (Diaporthe anacardii)
PL53 (Diaporthe schinz)
PL61 (Diaporthe sp.)
PL63 (Diaporthe infecunda)
PL64 (Diaporthe anacardii)
PLG66 (Diaporthe infecunda)
PLG67 (Diaporthe sp.)
PL71 (Diaporthe sp.)
PL74 (Diaporthe infecunda)

0.0q

50.2p
28.6.
59.1,
44.4
31.7.
421y
59.5,
28.5¢
49.7,
31.9.
41.8;
56.8.
479y
221,
24.6.

44.6y

S I s - B > = v~

A

*Means of five replicates. Means followed by the same letter in column do not differ by the Scott Knott test (p
< 0.05). **Rating scale based on Badalyan et al. (2002). The absence of competive interaction was indicated by ().

Bongiorno et al. (2016) also carried
out a paired-culture technique to evaluate the
antagonistic activity of endophytic fungi from
an organic coffee tree against S. sclerotiorum.
The authors reported that there were compet-
itive interactions with pathogen-endophytes
predominantly type A, with the inhabitation
rates ranging from zero to 35%. Supporting
our results, other studies have also been de-
scribed the higher incidence of the interaction
type A between endophytic fungi and phyto-
pathogens (CAMPANILE et al., 2007; FEL-
BER et al., 2016; OLIVEIRA et al., 2018).

Diaporthe fungi usually show expres-
sive antagonistic rates. Perhaps it would be
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happening by the competition for space or
nutrients during the paired culture. This com-
petition mechanism might be used as an alter-
native  pathogen  biocontrol  strategy
(GHORBANPOUR et al., 2017). On the oth-
er hand, 7/ vitro antagonistic interactions be-
tween fungal strains may be correlated with
the production of secondary metabolites that
have a toxic action on other microbial strains
(BADALYAN et al.,, 2002; OLIVEIRA et al.,
2018) and are what reinforce the need of sub-
sequent tests with endophytic metabolic ex-
tracts produced by promising antagonists se-
lected in dual culture experiments.
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Figure 1. In vitro dual culture assay endophytes Diaporthe species (right) against Sclerotinia sclerotiornm
(left). A. Control only the phytopathogen S. sclerotiorum. B. Phytopathogen control (left) against com-
mercial fungicide (right). C. D. anacardii PLO1, D. Diaporthe sp. PLO3, E. Diaporthe sp. PLO9, F. Di-
aporthe sp. PL18, G. D. infecunda P1L39, H. D. schini PLAO, 1. D. anacardii PLA3, J. D. schini PL53, L. Di-
aporthe sp. PL61, M. D. infecunda PL63, N. D. anacardii PL64, O. D. infecunda PL6G6, P. Diaporthe sp.
PL67, Q. Diaporthe sp. PL71, R. D. infecunda P174.

In vitro antifungal evaluation

Thorough investigations about biolog-
ical active secondary metabolites produced by
endophytic microorganisms supports the de-
velopment of sustainable agriculture through
of application of these microorganisms as an
alternative method for biological control,
finding out new bioactive compounds with
biotechnological importance
(RATNAWEERA; DILIP, 2017).

Table 2 shows the statistical groups
(Scott Knott with p<0, 05) based on the inhi-
bition rate of crude extracts obtained with
acetate and hexane solvents for each strain
PLO1 (D. anacardii) and PLA0 (D. schini) in agar
diffusion test against S. sclerotiornm. As we can
see, PLO1 (D. anacardii) acetate crude extract
was the most efficient in the control of the
mycelial growth of the pathogen with an inhi-
bition index of 31.7% (Table 2, Figure 2).

Bioactive compounds produced by

17

endophytes have relevant ecological, bio-
chemical, and molecular features, that enable
numerous possibilities for exploring these mi-
croorganisms as sources of an infinity of
known and new biologically active secondary
metabolites (KUSARI et al., 2012). In the ag-
riculture field, the biological control of phyto-
pathogens by these eco-friendly substances
are of extreme value for reducing or eliminat-
ing the adverse effects of chemical pesticides,
with the advantage that pathogenic fungi are
less resistant to them (TERHONEN et al.,
2018; OLIVEIRA et al, 2018; TALAAT,
2019).

Kumar and Kaushik (2013) evaluated
extracts in acetate and hexane against . sc/ero-
tiornm produced by endophytic fungi isolated
from oil-seed crop Jatropha curcas. These au-
thors, as the current work, also described pos-
itive results in the antifungal assay against
the pathogen, especially for acetate extracts.
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They also carried out experiments with hex-
ane extracts, however, it was less effective.
Chowdhary and Kaushik (2015) have de-
scribed the successfully antagonistic action of
secondary metabolites of an endophyte Di-
aporthe against S. sclerotiorum corroborating the
idea that this genus of fungi is promising
source of antifungal secondary metabolites.

In 2007, Gossen and Rimmer (2007)
reported the isolation of strains of S. scleroti-

orup - tesistant to commercial fungicide,
demonstrating the importance of the develop-
ment of studies that aimed at the identifica-
tion and exploration of new compounds,
mainly from natural origin. It is believed that
Diaporthe species, especially the endophytes,
are a promising source of metabolites with
antifungal activity, which could be used eco-

friendly, in the control of diseases and pests
(SINGH et al., 2011; SPECIAN et al., 2012).

Table 2. I vitro antifungal evaluation by agar diffusion test of crude extracts of secondary metabolites
in acetate and hexane produced by Diaporthe anacardii and Diaporthe schini against Sclerotinia sclerotiorum.

Tratments Growth micelial (cm?) Inhibition index (%o)**
Commercial fungicide (T'1) 28.44 50.2,
Methanol control (T2) 58.19 2.04
Only pathogen control (T3) 57.11 0.04
Culture medium control — Acetate* 55.89 2.14
Culture medium control — Hexane* 58.89 0.04
Diaporthe anacardii PLO1- Acetate 38.99 31.7,
Diaporthe anacardii PLO1 — Hexane 55.80 2.34
Diaporthe schini PLAO- Acetate 46.73 18.2¢
Diaporthe schini PL40- Hexane 53.42 6.54

*Extraction carried out only on the culture medium PDj; **Means of five replicates. Means followed by the
same letter in column do not differ by the Scott Knott test (p < 0.05).

Figure 2. In vitro antifungal activity of crude extracts of secondary metabolites of Diaporthe species (right)
against Sclerotinia sclerotiorum (left). A. Control only the phytopathogen S. sclerotiornm. B. Phytopathogen control
(left) against commercial fungicide (right). C. Control of phytopathogen (left) against methanol (right). D. Cul-
ture medium control — Acetate. E. Culture medium control — Hexane. F. Crude extract in acetate D. anacardii
PLO1. G. Crude extract in hexane D. anacardii PLO1. H. Crude extract in acetate D. schini PLA0. I. Crude extract
in hexane D. schini PLAQ.
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CONCLUSIONS

There are previous studies conducted
with endophytic communities to demonstrate
its ability as alternative methods control for
the agriculture field. Our results indicate a few
Diaporthe species endophytic able to antago-
nize a S. sclerotiorum pathogen, especially the
strains PL. 03 (Diaporthe sp.), PLAO (D. schini),
and PL64 (D. anacards). In addition, in agar dif-
fusion test with crude extract of secondary
metabolites, we come across the same interac-
tion between acetate extract PLO1 (D. ana-
cardiz) against the pathogen previously ob-
served in the paired-cultured assay, which was
blocking mycelial growth of the S. sclerotiorum
by distance, thus, a future chemical characteri-
zation of the compounds is necessary. In sum-
mary, we believe that our findings are signifi-
cant because pesticides are damaging, and it is
important to develop alternative control
measures for phytopathogens.
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