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Filtrates from cultures of endophytic fungi isolated from leaves
of Copaifera oblongifolia (Fabaceae) affect germination and
seedling development differently

Fungos endofiticos isolados de folhas de Copaifera oblongifolia (Fabaceae) afetam
diferentemente a germinacao e o desenvolvimento das plantulas
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Abstract

Interactions between endophytic fungi (EFs) and their host plants range from positive to neutral to negative. The
results of such interactions can vary depending on the organ of the infected host plant. EFs isolated from the leaves
of some species of plants have potential for use as agents to inhibit seed germination and control invasive plants.
The objectives of this study were to identify EFs present in the leaves of Copaifera oblongifolia and to evaluate the
role of these fungi in seed germination and seedling development. A total of 11 species of EFs were isolated, which
were identified using the internal transcribed spacers (ITS) sequence of the nuclear ribosomal DNA. The isolated
species of EFs are generalists and probably are transmitted horizontally. Laboratory tests revealed that filtrates of
these fungal isolates differently affect seed germination and seedling development of C. oblongifolia. The species
Curvularia intermedia, Neofusicoccum parvum, Pseudofusicoccum stromaticum and Phomopsis sp. negatively affected
seed germination, with N. parvum standing out for its negative effects, inhibiting seedling germination and survival
in 89 and 222%, respectively. In addition, Cochliobolus intermedius negatively affected seedling development. Thus,
the combined use of N. parvum and C. intermedius, or products from the metabolism of these microorganisms, in
the control of invasive plants deserves attention from future studies.

Keywords: Brazilian Cerrado, diversity of endophytic fungi, germination inhibition, plant-fungi interactions,
species management.

Resumo

As interagdes entre fungos endofiticos (FEs) e suas plantas hospedeiras variam de positivas, neutras a negativas. Os
resultados destas interagdes podem variar dependendo do 6rgdo da planta hospedeira infectada. FEs isolados de
folhas de algumas espécies de plantas tém potencial para serem usados como agentes inibidores da germinagdo de
sementes e no controle de plantas invasoras. Os objetivos deste estudo foram identificar os FEs presentes nas folhas
de Copaifera oblongifolia e avaliar o papel destes fungos na germinagdo das sementes e no desenvolvimento das
plantulas. Um total de 11 espécies de FEs foi isolado das folhas de C. oblongifolia e identificado através da sequéncia
dos espagadores internos transcritos do DNA ribossomal nuclear. As espécies de FEs isoladas sdo generalistas e
provavelmente devem ser transmitidas horizontalmente. Os resultados dos testes de germinacdo mostraram que
filtrados destes isolados fliingicos podem afetar diferentemente a germinacdo das sementes e o desenvolvimento
das plantulas de C. oblongifolia. As espécies Curvularia intermedia, Neofusicoccum parvum, Pseudofusicoccum
stromaticum e Phomopsis sp. afetaram negativamente a germinacdo das sementes de C. oblongifolia. Dentre estas
espécies devemos destacar que N. parvum reduziu a germinagdo e a sobrevivéncia das plantulas em 89 e 222%,
respectivamente. Além disso, Cochiliobolus intermedius afetou negativamente o desenvolvimento das plantulas.
Assim, o uso combinado de N. parvum e C. intermedius, ou de produtos do metabolismo destas espécies de fungos,
tém potencial para serem usados no manejo de plantas invasoras.

Palavras-chave: Cerrado, diversidade de fungos endofiticos, inibicdo da germinagao, interagdes fungo-planta,
manejo de espécies invasoras.
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1. Introduction

Plants interact with a great diversity of microorganisms
that can colonize the external surface or internal
tissues of different organs (Porras-Alfaro and Bayman,
2011; Hardoim et al., 2015). Endophytic fungi (EFs)
normally develop inside plant tissues (Rodriguez et al.,
2009; Hardoim et al., 2015; Ripa et al., 2019) and their
relationship with the host can vary from positive to
neutral to negative (Porras-Alfaro and Bayman, 2011;
Lata et al., 2018). Some species of EFs can increase plant
tolerance to drought (Redman et al., 2011; Ali et al,,
2018; Fa, 2019), inhibit herbivory (Wagner and Lewis,
2000; Lugtenberg et al., 2016), increase seedling vigor
(Raietal., 2014; Lugtenberg et al., 2016) and promote seed
germination (Delgado-Sanchez et al., 2011, 2013). Besides,
at certain life-cycle stages, some EFs can be harmful to plant
development by inhibiting germination (Jiang et al., 2008;
Khiralla et al., 2018), reducing seedling biomass (Tilley
and Walker, 2002) and causing disease or death of the
host (Lombard et al., 2014; Silveira et al., 2018). Therefore,
some species of EFs are considered promising agents for
the biological control of invasive plants (Jiang et al., 2008;
Meepagala et al., 2016).

The transmission of EFs among plants can occur
vertically or horizontally. Vertical transmission occurs
when parental plants transfer EFs to their offspring
through seeds (Lugtenberg et al., 2016; Lata et al., 2018).
Horizontal transmission is characterized by the spread
of propagules of fungi among hosts through wind, rain
or biotic agents such as pollinators and seed dispersers
and predators (Lugtenberg et al., 2016). Horizontal
transmission is more common (Saikkonen et al., 2004) and
occurs mainly among above-ground tissues and organs of
plants (Rodriguez et al., 2009; Lugtenberg et al., 2016).
Fungi that have horizontal transmission have less host
plant specificity (Murali et al., 2006) and represent an
important component of the diversity of microorganisms
associated with tropical angiosperms (Arnold et al.,
2001; Hawksworth, 2004; Arnold, 2007). Despite this
wide diversity, the role of these microorganisms in plant
development is still poorly understood (Murali et al., 2006;
U'ren et al., 2009; Arora et al., 2019).

Seeds are structures that are rich in carbohydrates,
proteins and minerals (Nelson, 2004; Fenner and Thompson,
2005; Bewley et al., 2013), and can be colonized by a
diverse array of microorganisms, including EFs, that
can be pathogenic or beneficial for seeds (Nelson, 2004;
Fernandes et al., 2019). Some EFs are also capable of
producing cellulase that degrades the husks of seeds,
thereby accelerating seed inhibition and embryo
development (Delgado-Sanchez et al., 2011, 2013). Some
species of fungi can inhibit germination by producing
phytotoxins that affect the triggering metabolic processes
(Halloin, 1986; Khiralla et al., 2018), or simply degrade
the seeds causing the embryo to die (Fagundes et al.,
2011). However, seed-EFs relationships are still poorly
understood and may be species-dependent (Qin et al.,
2016; Geisen et al., 2017; Fernandes et al., 2019). In addition,
EFs found in the leaves of some plant species can inhibit
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germination and, thus, serve as biological control agents
for invasive species (Kluger et al., 2008).

Seed germination can also be affected by intrinsic
attributes of the seed itself, such as mass and age. Seed
mass is considered a key factor for germination and
successful seedling recruitment (Fenner and Thompson,
2005; Fagundes et al., 2020). Larger seeds have a greater
amount of nutritional reserves, exhibit higher germination
percentages and produce more vigorous seedlings
(Cordazzo, 2002; He et al., 2007). In contrast, smaller
seeds germinate more quickly and invest proportionately
more resources in root development, and thus are favored
in transient habitats. Therefore, seed germination is a
critical stage in the life cycle of plants, being influenced
by several abiotic factors such as light, temperature and
humidity (Veloso et al., 2017; Fagundes et al., 2020) and
biotic factors such as predators and parasitic or mutualistic
microorganisms (Moles and Westoby, 2006; Farias et al.,
2015; Fernandes et al., 2019).

Studies related to the regulatory mechanisms
of germination are a priority of programs for the
management of invasive species that reproduce through
seeds (Ozaslan et al., 2017; Oliveira et al., 2021). Copaifera
oblongifolia Mart. (Fabaceae) is a tropical shrub that occurs
in anthropized areas of the Brazilian Cerrado (Veloso et al.,
2017). This plant species often invades cultivated
agricultural areas and pastures, causing economic losses
for rural producers (Fagundes et al., 2020). The aims of
this study were (i) identify EFs associated with the leaves
of C. oblongifolia and (ii) evaluate the effects of culture
filtrates of these EFs on seed germination and seedling
development of C. oblongifolia.

2. Materials and Methods

2.1. Obtaining leaves and seeds

The leaves and seeds were collected from adult
individuals of C. oblongifolia located in a Cerrado area
(-17.240, -44.451 UTM), municipality of Jequitai, northern
Minas Gerais state, Brazil. The soil in the study area is
dystrophic (Dystrophic Red-yellow Latosol), with low levels
or organic matter and poor in nutrients (Coutinho et al.,
2019). Geographically, the area is inserted in the region
of transition between the Cerrado and Caatinga domains.
The climate is classified as Tropical Savanna Climate (Aw),
with dry winters and wet summers (Fagundes et al., 2019).
The mean annual temperature is 23 °C, with approximately
1000 mm of rainfall per year that is concentrated between
November and February (Alvares et al., 2014; Kuchenbecker
and Fagundes, 2018).

2.2. Isolation of endophytic fungi

The leaves used to isolate EFs were collected from five
adult plant of C. oblongifolia. Thus, a branch approximately
30 cm long was collected from each plant, stored in sterile
paper envelopes and transported in a Styrofoam box to
Laboratério de Ecologia de Microrganismos e Microbiologia
Ambiental da Unimontes. In the Laboratory conditions,
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three mature leaves were removed from each branch and
washed thoroughly under running water to remove dust
particles from the surface. The leaves were then immersed
in 70% (v/v) ethanol for 1 minute, followed 3% (v/v) sodium
hypochlorite for 2 minutes for elimination/disinfection
of fast-growing epiphytic fungi. Finally, the leaves were
rinsed in distilled water and dried with sterile absorbent
paper. After sterilizing leaf surface, a 100 mm? fragment
was removed from each leaf and inoculated into Petri
dishes containing a medium of potato dextrose agar (PDA)
supplemented with ampicillin (50 pg/mL) to suppress
bacterial growth. The Petri dishes were sealed with PVC
film and incubated at 25 °C for one week. After this period,
the endophytes present in the plates were transferred to
new PDA medium to purify the colonies. After isolation,
the fungi were preserved on silica-gel and stored at 4 °C
for later identification through the internal transcribed
spacers (ITS) sequence of the nuclear ribosomal DNA.

2.3. DNA extraction and molecular identification of
endophytic fungi

For DNA extraction, lyophilized fungi were grown
in duplicate in Erlenmeyer flasks containing 100 mL of
medium liquid Sabouraud (20 g glucose, 10 g peptone
G, 5 g yeast extract, 1 L distilled water) and incubated
at 25 °C under orbital shaking at 150 rpm for 7 days.
After growth, the fungi were vacuum filtered, stored
in aluminum foil and kept in an ultrafreezer at -76 °C
until DNA extraction. DNA of the isolated fungi was
extracted using the Wizard®Genomic DNA Purification Kit
(Promega®), according to the manufacturer’s instructions.
Finally, the extracted DNA was submitted to quantification
and determination of purity using a NanoDrop 2000c
spectrophotometer (Thermo Scientific), according to the
instructions of the user manual.

The extracted fungal DNA was amplified using the
universal primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’)
and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’), according to
White et al. (1990), as modified by Gonzaga et al. (2015).
The reaction of amplification was carried out in a final
volume of 25 pL containing 9.25 pL of sterile ultrapure
water, 5 pL Flex Buffer 5X (Promega®), 2.5 pL of MgCl, at
25 mM (Promega®), 1 uL of 10 mM dNTPs, 1 puL of each
primer at 5 1M, 0.25 pL of GoTaq 5 U/uL DNA polymerase
(Promega®) and 5 pL of DNA. The amplification was
conducted in a thermocycler (Bio-Rad: C1000™), with
the following programming: an initial denaturation stage
at 95 °C/3 minutes, followed by 36 cycles of denaturation
at 95 °C/1 minute, annealing at 51 °C/1 minutes,
extension at 72 °C/1 minute, and a final extension step
of 72 °C/10 minutes.

The amplified ITS fragments were submitted to 1.2%,
agarose gel electrophoresis, stained with ethidium bromide
and visualized under UV light with a photographic
documentation system and L-Pix Chemi Molecular Imaging
software (Loccus Biotecnologia). The PCR products were
subsequently dried at 60 °C in an oven and sent to ACTGene
Analises Moleculares Ltda. (Centro de Biotecnologia, UFRGS,
Porto Alegre, RS, Brazil) for purification and sequencing
using the same primers used for DNA amplification.
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Sequencing was performed with an AB3500 Genetic
Analyzer automatic sequencer equipped with 50 cm
capillaries and POP7 polymer (Applied Biosystems).
After sequencing, the sequences of the two DNA strands
were grouped into contigs and manually corrected with
Sequencher™4.1.4 software (Gene Codes Corporation,
Ann Arbor, Michigan, USA). All nucleotide sequences were
then compared to sequences deposited in GenBank using
NCBIBLAST databases (http://blast.ncbi.nlm.nih.gov/blast/
Blast.cgi). Species identification was based on similarity.
The sequences were deposited in GenBank and assigned
with the accession numbers MT605128.1 to MT605138.1.

2.4. Seed collection and germination experiment

To evaluate the effects of EFs isolated from the leaves
of C. oblongifolia on the germination seeds and the
development of its seedlings, a total of 2000 seeds, in a
visible state of maturity, were collected from 30 individuals
in study area. The 30 plants selected for fruit collection
were about 1.5 m tall and spaced at least 15 m apart. The
seeds underwent a phytosanitary status assessment in the
laboratory, when malformed seeds or seeds with signs
of attacks by predators or pathogens were discarded.
Thus, 1800 healthy seeds were selected, which were
individually weighed using a precision digital analytical
balance (Shimadzu, Model: Ay220) and stored individually
in plastic bags.

The 1800 seeds were equally divided among 12 groups
of 150 seeds each. Each group was infected with filtrates
of one of the fungal isolates (Cochliobolus intermedius,
Curvularia intermedia, Diaporthe columnaris, Diaporthe
helianthi, Diaporthe heveae, Mycosphaerella nawae,
Neofusicoccum parvum, Peyronellaea prosopidis, Phomopsis
sp., Pseudofusicoccum stromaticum and Fungi sp.) found in
the leaves of C. oblongifolia or with sterile distilled water
(control), and thus represented the 12 treatments of the
germination experiment. The filtrate of each EF species was
obtained by culture rotation in solid and liquid medium
to keep the cultures renewed every 10 days. First, silica
fungi were grown in Petri dishes containing solid PDA
medium and incubated at temperature of 25 °Cin an oven
for five days. Next, 10 x 10 mm fragments of mycelium
of each fungus were transferred to 250 mL Erlenmeyer
flasks containing 200 mL liquid potato dextrose medium
(200 g potato, 15 g glucose and 1 L distilled water) and
incubated at 25 °C under orbital shaking at 150 rpm for
10 days in the dark. Finally, the solution of each EFs were
filtered through four layers of gauze (100 - micron mesh),
and the filtered fungal cultures kept in a refrigerator at 4 °C
for 10 days. Every 10 days the filtered fungi cultures were
renewed. Each culture was grown in duplicate.

All 150 seeds of each treatment were then incubated
in sterile glass Petri dishes (90 mm in diameter) for
germination. Ten seeds were incubated in each Petri dish
in a specific position so that the germination of each could
be monitored individually allowing access to possible
effects of seed mass on germination. Before incubation in
Petri dishes, all seeds were disinfected by immersion in
ethanol 70% (v/v) for 1 minute, followed by 2 minutes in
3% (v/v) sodium hypochlorite (NaOCl), followed by washes
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in sterile distilled water before sowing in the Petri dishes
(Fernandes et al., 2015). Sterile vermiculite (2 g per Petri
dish) was used as a substrate for germination.

All Petri dishes with 10 seeds each were incubated in
a germination chamber (B.O.D.) with a 12 hr photoperiod,
constant temperature of 25 °C and luminosity equivalent
of 47.5 nmol m-2s-! of irradiation. The seeds belonging to
the control treatment were irrigated with 1 mL of sterile
distilled water every two days (dosage and number of days
established according to field capacity testing), while the
seeds of the other treatments were irrigated every two
days with 1 mL of culture filtrate of the corresponding EF
species isolated form C. oblongifolia leaves. The seeds were
monitored daily to determine the germination percentage
and the time required for germination. The seeds were
considered germinated when they had primary radicle
emission.

2.5. Seedling establishment experiment

A total of 30 seedlings from each of the germination
bioassay treatments were transferred to 12 different
germination trays. Each tray consisted of 30 individual
cells (2 cm long, 2 cm wide and 3 cm high). The cells in
each tray were properly identified and filled with 3.5 g
of sterile vermiculite. After transplanting the germinated
seeds, the trays were incubated in B.0.D. with a constant
temperature of 25 °C, a photoperiod of 12 hours and
47.5 nmol m-%s-' of irradiation. Each seedling was irrigated
daily with 2.5 mL of sterile water. Seedling development
was monitored until cotyledons fell. Thus, the time between
seed germination and the fall of cotyledons was defined
as the development time. After the cotyledons fell, the
seedlings were removed from the substrate to determine
their biomass. Thus, the root system and the aerial part of
each seedling were separated and weighed individually
with a precision digital analytical balance (Shimadzu,
Model: Ay220).

2.6. Statistical analysis

Two generalized linear models (GLMs) were constructed
to evaluate the effect of treatments and seed biomass
on germination percentage and the time required for
germination. In these models, germination percentage
or time required to seed germination were the response
variable, and treatments, seed biomass and the interactions
between these variables were explanatory variables. The
Binomial (corrected for Quasibinomial) or Gaussian error
distributions were used, respectively, when germination
percentage and time for germination were used as
responses variables. The both models were tested by
analysis of variance (ANOVA).

To test the effects of treatments and seed biomass
on seedling vigor, four GLMs were built and tested by
analysis of variance (ANOVA). In these models, seedling
survival, aerial biomass, root biomass or seedling biomass
were used as the response variable, and treatments, seed
biomass and the interaction between these variables as the
explanatory variables. The Binomial distribution (corrected
for Quasibinomial) was used in the construction of the
model with seedling survival as the response variable,
while the Gaussian distribution was most adequate for
the other models. All of the models were submitted to
Residual Analysis to adjust the model to error distribution
for each response variable (Crawley, 2013). All significant
models with more than two levels were subjected to
contrast analysis to group statistically equal levels and
to separate statistically different levels. All statistical
analyses were performed using R software version 3.6.3
(R Core Team, 2020).

3. Results

Atotal of 11 species of EFs were isolated from the leaves
of Copaifera oblongifolia (Table 1), only one of which was not
identified. All the identified species belong to the phylum

Table 1. Endophytic fungi isolated from leaves of the Copaifera oblongifolia (Fabaceae). The fungi were identified using the internal

transcribed spacers (ITS) sequence of the nuclear ribosomal DNA.

Number

Code Closest match in NCBI ;:‘::;:;:l access.ion Sim(isl:)rity Order Class
deposited
PRJ1 Cochliobolus intermedius HE861854.1 MT605137.1 99% Pleosporales Dothideomycetes
PR]2 Curvularia intermedia KU856622.1 MT605134.1 100% Pleosporales Dothideomycetes
PRJ3 Diaporthe columnaris MNO058043.1 MT605128.1 95% Diaporthales Sordariomycetes
PRJ4 Diaporthe helianthi KR812218.1 MT605135.1 99% Diaporthales Sordariomycetes
PR]5 Diaporthe heveae KR812219.1 MT605131.1 99% Diaporthales Sordariomycetes
PRJ6 Mycosphaerella nawae KX881942.1 MT605138.1 97% Capnodiales Dothideomycetes
PR]7 Neofusicoccum parvum MF449515.1 MT605130.1 99% Botryosphaeriales ~ Dothideomycetes
PR]8 Peyronellaea prosopidis MG323882.1 MT605129.1 99% Pleosporales Dothideomycetes
PRJ9 Phomopsis sp. HE585016.1 MT605132.1 99% Diaporthales Sordariomycetes
PRJ10 Pseudofusicoccum stromaticum  KT728919.1 MT605133.1 100% Botryosphaeriales ~ Dothideomycetes
PRJ11 Fungal sp. GQ996125.1 MT605136.1 85%
4/13 Brazilian Journal of Biology, 2023, vol. 83, e242070
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Ascomycota and represent the classes Dothideomycetes  and P. prosopidis. Seeds irrigated with the filtrate of the
(6 isolates) and Sordariomycetes (4 isolates). These  fungi D. helianthi, D. heveae, Fungi sp., P. stromaticum,
fungi belong to four orders (Botryosphaeriales, = Phomopsis sp.and the control had the shortest germination
Capnodiales, Diaporthales and Pleosporales) and eight  time (Figure 1B).
distinct genera (Cochliobolus, Curvularia, Diaporthe, Seedling survival was also affected by treatment
Mycosphaerella, Neofusicoccum, Peyronellaea, Phomopsis  (irrigation with filtrates of EFs) and the interaction between
and Pseudofusicoccum), with Diaporthe being the most  treatment and seed biomass (Table 3). The results of the
common genus with three species. contrast analyses indicated that seedlings from seeds
The seeds of C. oblongifolia started to germinate on  inoculated with filtrates of N. parvum had lower survival
the 6™ day post-sowing and continued until the 65" day.  than seeds from the other treatments (Figure 2). In
Germination percentage and average time required for  addition, the significant interaction between seed mass and
germination were affected by the EF infection treatments  treatments indicated that the effects of treatments may vary
(Table 2). In addition, the results of the contrast analyses  depending on seed mass. In fact, the survival of seedlings
indicated that the seeds irrigated with filtrate of the fungus ~ from seeds inoculated with filtrate of N. parvum showed a
N. parvum had the lowest germination percentage. The  positive correlation with seed mass, while seedlings from
seeds irrigated with filtrates of the fungi C. intermedius,  seeds of other treatments showed a negative relationship
C. columnaris, D. helianthi, D. heveae, Fungi sp.(MT605136.1),  with seed mass (Figure 2B).
M. nawae, P. prosopidis and control had high germination Aerial biomass, root biomass and total biomass of
percentages, while those of C. intermedia, P. stromaticum  seedlings were similarly affected by irrigation with
and Phomopsis sp. were intermediate (Figure 1A). The  EFs filtrates and seed mass (Table 3). The results of the
contrast analyses also showed that seeds irrigated with the ~ contrast analyses show that seedlings inoculated with the
filtrate of the fungus D. columnaris took the most time to  fungi C. intermedia, D. columnaris, D. helianthi, D. heveae,
germinate, followed by seeds irrigated with the filtratesof ~ Fungi sp., M. nawae, N. parvum, P. prosopidis, P. stromaticum
the fungi C. intermedia, C. intermedius, M. nawae, N. parvum  and Phomopsis sp. had higher aerial biomass (Figure 3A),

Table 2. Analysis of Deviance showing the effects of explanatory variables (treatment, seed biomass and treatment*seed biomass) on
the variables responses (percentage of germination and time of germination) of Copaifera oblongifolia seeds

Response Explanatory Error . .
variable variable distribution Deviance DF Residual F P
Germination Treatment Quasibinomial 173.082 1,788 15.614 <0.001
(%) Seed mass 0.884 1,787 0.878 0.349
Treatment*seed 8.123 1,776 0.733 0.707
mass
Time for seed Treatment Gaussian 16,583.5 1,544 9.174 <0.001
germination Seed mass 1431 1,543 0.871 0351
Treatment*seed 2,7111 1,532 1.499 0.125
mass
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Figure 1. Variations (mean * standard error) of the germination percentage (A) and the time required for germination (B) of Copaifera
oblongifolia seeds as a function of treatments with inoculation of different species of endophytic fungi. Different letters on the bars
indicate statistical variations between treatments (P < 0.05) according contrast analysis.
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Figure 2. Variations (mean + standard error) of seedling survival (A) and its relationship with seed mass (B) of Copaifera oblongifolia
as a function of treatments with inoculation of different species of endophytic fungi. Different letters on the bars indicate statistical
variations between treatments (P < 0.05) according contrast analysis

Table 3. Analysis of Deviance showing the effects of explanatory variables (treatment, seed mass and treatment*seed biomass) on
the variables responses (seedling survival, aerial biomass, root biomass and total seedling biomass) of Copaifera oblongifoliaseedlings.

]::rl::;s: Explanatory variable dis tlli';‘;?:;ion Deviance DF Residual F P
Seedling Treatment Quasibinomial 86.735 348 10.838 <0.001
survival Seed mass 0.597 347 0.821 0.3657

Treatment*seed mass 20.936 336 2.616 0.0033
Aerial mass Treatment Gaussian 0.3237 303 3.782 <0.001
Seed mass 0.6678 302 85.823 <0.001
Treatment*seed mass 0.1215 291 1.419 0.1633
Root mass Treatment Gaussian 0.0675 303 3.007 <0.001
Seed mass 0.1056 302 51.719 <0.001
Treatment*seed mass 0.0237 291 1.059 0.3948
Total Treatment Gaussian 0.5478 303 3.919 <0.001
;f:gs““g Seed mass 13.045 302 102.681 <0.001
Treatment*seed mass 0.2092 291 1.497 0.1315

root biomass (Figure 3B) and total biomass (Figure 3C),
than seedlings inoculated with D. intermedius. In addition,
the aerial biomass (Figure 4A), root biomass (Figure 4B),
and total biomass of seedlings (Figure 4C) have positive
relationship with seed biomass.

4. Discussion

A total of 11 EFs were isolated from leaves of Copaifera
oblongifolia. EFs found in the leaves of tropical pioneer
plants are, in general, generalists and can negatively affect
seed germination and seedling development (Kluger et al.,
2008). Copaifera oblongifolia is a tropical shrub invader
of habitats in the initial stage of succession and does not
have EFs associated with its seeds (Fernandes et al., 2019).
Therefore, the fungi found in the leaves of C. Oblongifolia
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must have been propagated horizontally. Some of the
isolated EF species negatively affected seed germination
(e.g. C. intermedia, N. parvum, P. stromaticum and
Phomopsis sp.) or seedling development (e.g. N. parvum) of
C. oblongifolia. In addition, we observed that none of these
EF species have a positive effect on seed germinability or
seedling development of C. oblongifolia.

All 11 species of EFs isolated from the leaves of
C. oblongifolia belong to the phylum Ascomycota. This group
of fungi represents a significant portion of the total diversity
of fungi (Arnold et al., 2000; Arnold and Lutzoni, 2007) and
is dominant in the leaves of plants in tropical environments
(Lugtenberg et al., 2016). Endophytic ascomycetes are,
in general, generalists (i.e., occur on different plant
species) but have specificity with regard to plant organ.
The majority EFs isolated from C. oblongifolia have been
previously recorded in leaves of other plant species. For
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Figure 3. Variations (mean # standard error) of aerial mass (A), root mass (B) and total seedling mass (C) of Copaifera oblongifolia as
a function of treatments with inoculation of different species of endophytic fungi. Different letters on the bars indicate statistical
variations between treatments (P < 0.05) according contrast analysis
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example, the species D. helianthi, D. heveae, N. parvum,
P. prosopidis and Phomopsis sp. have been isolated form
leaves of Glycine max (Fernandes et al., 2015). Phomopsis
sp. was also found in leaves of Quercus ilex (Fisher et al.,
1994) and Guarea guidonia (Gamboa and Bayman, 2001).
The fungus C. intermedia (C. intermedius) was recorded
in Digitaria sp. (Tilley and Walker, 2002) and Pandanus
amaryllifolius (Meepagala et al., 2016), while C. intermedius
was isolated from leaves of Musa sp. (Zakaria and Aziz,
2018), Oryza australiensis (Pak et al., 2017) and Sapindus
saponaria (Garcia et al., 2012). In addition, P. prosopidis
was found in leaves of Vellozia gigantea (Ferreira et al.,
2017); P. columnaris (D. columnaris) in leaves of Olea
europaea (Martins et al., 2016); M. nawae in Diospyros
kaki (Berbegal et al., 2011; Bassimba et al., 2017) and P.
stromaticum in Syzygium malaccense (Silveira et al., 2018).

The germination bioassay showed that the fungus
species Phomopsis sp., P. stromaticum, C. intermedia and
N. parvum negatively affected the germination percentage
of C. oblongifolia seeds. It should be noted that N. parvum
reduced seed germination by approximately 89% relative
to the control treatment. In addition, six of the EF species
(D. columnaris, C. intermedia, C. intermedius, M. nawae,
N. parvum and P. prosopidis) negatively affected the
germination speed of C. oblongifolia seeds.

Several studies have shown that EFs can inhibit
(Jiang et al., 2008; Meepagala et al., 2016; Mazarotto et al.,
2019), stimulate (Tudzynski and Sharon, 2002; Gallery et al.,
2007; Khan et al., 2017) or not affect (Fernandes et al.,
2019) the seed germination of different plant species.
Germination inhibition can occur through the production of
phytoinhibitors (Meepagala et al., 2016; Khiralla et al., 2018)
or simply through the degradation of seed reserves, causing
starvation and death of the embryo (Dhingra et al., 2002;
Fagundes et al., 2013). For example, species of Cochliobolus
are able to inhibit barley seed germination through the
production of the phytotoxin sorokininin (Khiralla et al.,
2018). The fungus Curvularia eragrostidis is considered a
biological control agent for the weed Digitaria sanguinalis
because it inhibits seed germination through the production
of ap-dehydrocurvularin (Jiang et al., 2008; Zhu and Qiang,
2004). In addition, the toxin af-dehydrocurvularin and
curvularin from C. intermedia culture broth are also capable
of inhibiting the germination of lettuce and grass seeds
(Meepagala et al., 2016).

Although fungi of the genera Diaporthe (Phomopsis),
Curvularia (Cochliobolus), Mycosphaerella and Neofusicoccum
are considered disease-causing pathogens in several host
plants (Lombard et al., 2014; Guarnaccia et al., 2016;
Netto et al., 2017; Zakaria and Aziz, 2018; Hassan et al.,
2020), the results of this study showed that only N. parvum
negatively affected the survival of C. oblongifolia seedlings.
The inoculation of seeds with N. parvum reduced seedling
survival by 222% relative to the control treatment.
Neofusicoccum parvum is a widely distributed species,
occurring in a wide variety of hosts, and has virulent
potential for many species of woody plants (Sakalidis et al.,
2013). This species causes severe lesions on the stem,
branches and shoots, often resulting in the death of the
host (Ismail et al., 2013; Guarnaccia et al., 2016). This fungus
has been considered the main disease-causing pathogen
in orchards of Vitis vinifera (Baskarathevan et al., 2012),
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Mangifera indica (Ismail et al., 2013), Persea americana
(Guarnaccia et al., 2016) and Malus domestica (Rusin et al.,
2019) and Eucalyptus plantations (Pavlic-Zupanc et al.,
2017).

The results of this study also showed that C. intermedius
negatively affected the development of C. oblongifolia
seedlings. Some studies have demonstrated the ability of
species of this genus or its asexual anamorphic C. intermedia,
to affect the development of plants (Walker and Tilley,
1997, 1999; Tilley and Walker, 2002). The damage that
this microorganism causes to the host can vary from a
simple reduction in biomass to the death of the plant.
Although we did not observed symptoms of diseases in
the seedlings of C. oblongifolia, species of the genus of
this fungus usually cause necrosis in the cotyledons that
later irradiates to the leaves and stems of the plants (Tilley
and Walker, 2002). Species of Curvularia belonging to the
Cochliobolus lineage isolated from the grass Digitaria sp.
are capable of inhibiting the development of some invasive
plants of agricultural crops such as Digitaria sp., Setaria
sp., Echinochloa sp. and Sorghum sp. (Walker and Tilley,
1997; 1999). In these studies, the authors treated both
species of fungi as complementary, with C. intermedius
being the perfect stage (teleomorph) of C. intermedia. In the
present study, C. intermedia did not affect the performance
C. oblongifolia seedlings, but C. intermedius negatively
affected the initial development of C. oblongifolia. The
relationship that C. intermedius has with dicotyledonous
plants is still poorly understood (Tilley and Walker, 2002)
and the role of EFs on host plants may vary depending on
the nutritional status of the plant (Arnold et al., 2003; Faeth
and Fagan, 2002; Eaton et al.,, 2011) and environmental
variation (U'Ren et al., 2012; Higgins et al., 2014; Lau et al.,
2013; Martins et al., 2016).

In summary, the results of this study suggest that EFs
isolated from the leaves of C. oblongifolia are generalists.
Among the 11 species isolated from the leaves of
C. oblongifolia, N. parvum stood out for its negative
effects on seed germination and seeding survival, while
C. intermedius negatively affected seedling development.
Therefore, it would be interesting to consider the possibility
of combining these two fungi, or products from the
metabolism of these microorganisms, in possible strategies
for biological control of invasive plant species.
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