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Abstract

Secondary metabolites released into the environment by plants species can mediate interplant interactions, either
positively or negatively affecting the growth and development of neighboring plants. The present work aims to
evaluate the potential of aqueous extracts obtained from vegetative organs of saplings of six native tree species
(Anadenanthera colubrina, Dalbergia nigra, Mimosa bimucronata, Piptadenia gonoacantha, Guarea guidonia and
Mogquiniastrum polymorphum), commonly used in the restoration of Atlantic Forest ecosystems, in controlling the
growth of target plants. Seeds of the target species (Sesamum indicum) were distributed in Petri dishes containing
the extracts. After seven days, the target seedlings were frozen and photographed for later measurements of their
roots and shoots. The results showed a concentration-dependent relationship. Moreover, each donor species caused
different responses in terms of phytotoxicity. The extracts that caused the greatest inhibition to the growth of the
target species were obtained from G. guidonia roots and A. colubrina leaves, suggesting the occurrence of important
inhibitory compounds regarding plant-growth control. Extracts from other species were found to stimulate shoot
growth. Our findings indicate that plants may release allelochemicals since early stages of growth, suggesting
that chemical traits in saplings planted for ecosystem restoration may affect the desired community assembly.
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Resumo

Metabélitos secundérios liberados no ambiente por espécies vegetais podem mediar interagdes entre plantas, afetando
positiva ou negativamente o crescimento e desenvolvimento de plantas vizinhas. O presente trabalho tem como
objetivo avaliar o potencial de extratos aquosos obtidos de 6rgdos vegetativos de mudas de seis espécies arbéreas
nativas (Anadenanthera colubrina, Dalbergia nigra, Mimosa bimucronata, Piptadenia gonoacantha, Guarea guidonia
and Mogquiniastrum polymorphum), comumente utilizadas na restauracdo de ecossistemas da Mata Atlantica, em
controlar o crescimento de plantas-alvo. Sementes da espécie-alvo (Sesamum indicum) foram dispostas em placas
de Petri contendo os extratos. Apds sete dias, as plantulas-alvo foram congeladas e fotografadas para medicdes
posteriores das raizes e do hipocétilo. Os resultados mostraram uma relacdo concentragao-dependente. Além disso,
cada espécie doadora promoveu respostas distintas em termos de fitotoxidez. Os extratos que causaram maior inibigdo
do crescimento das plantas-alvo foram obtidos das raizes de G. guidonia e das folhas de A. colubrina, sugerindo a
ocorréncia de importantes substancias inibidoras no que diz respeito ao controle do crescimento das plantas. Extratos
de outras espécies estimularam o crescimento do hipocétilo. Nossos resultados indicam que plantas podem liberar
aleloquimicos desde os estagios iniciais de crescimento, sugerindo que atributos quimicos em mudas plantadas para
arestauragao de ecossistemas podem interferir na formagdo da comunidade desejada.

Palavras-chave: atributos quimicos, mudas, fitotoxidez, intera¢des planta-planta, restauracdo de ecossistemas.

1. Introduction

The planting of tree species may be recognized as the  natural communities. In accordance with the assembly rules
most consolidated technique for addressing the restoration ~ governing the formation of communities, attention should
of Atlantic Forest ecosystems (Rodrigues et al.,2009)based  be paid to the restrictions imposed by the interactions
on the understanding of the dynamics of the formation of =~ between species and their effects on the structure and
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function of plant communities (Temperton and Hobbs,
2004). The selection of the species to be planted assumes
greatimportance for a restoration’s success (Meli et al,, 2014).

Studies have already suggested that the selection of
models and plant species for restoration should consider
the functional traits of these species (Laughlin, 2014;
Giannini et al., 2017; Lohbeck et al., 2018). These traits
are divided into response traits, which contribute to the
adaptation of planted species to environmental constraints,
and effect traits, as they can conversely affect environmental
conditions (Laughlin, 2014).

The relationships between the species’ functional
traits and the environmental characteristics (filters) cover
a wide range of possibilities between facilitation and
competition (Kunstler et al., 2016). Some traits may even
favor the establishment and development of populations of
undesirable species (Abella and Chiquoine, 2019). Chemical
compounds produced and released by plants can mediate
interspecific interaction and interfere in the community
assembly in restoration sites, e.g. by generating a dominance
condition among some species and subsequently impairing
the restoration of biodiversity and ecosystem functions
(Wardle et al., 1998; Blanco, 2007; Peguero et al., 2012;
Lopes et al., 2018; Alvim et al., 2023).

This mediation of plant-plant interaction through the
release of chemical compounds is known as allelopathy,
a process considered an ecologically functional trait
(Suding et al., 2008). The secondary metabolites, so-called
allelochemicals, are produced and released by specialized
tissues in different plant organs, such as leaves, stem, and
roots, and have stimulatory and/or inhibitory effects on the
growth of target plants (Latif et al., 2017). Allelochemicals
may be released and affect target (receiver) plants in
different ways, depending on they are synthesized and
accumulated, such as leaching from plant leaves and
stem, exudation from the roots, and, in forest ecosystems,
decomposition of plant material in litter (Kobayashi,
2004). The allelopathic potential has been seen as a
sustainable tool to weeds control (Ain et al., 2023) but also
raises concerns on the selection of species for ecosystem
restoration (Lima et al., 2018; Lopes et al., 2018).

The chance to test the activity of compounds obtained
from different parts of plants allows expanding the
knowledge on the production dynamics of different chemical
classes affecting plant-plant interactions. Endogenous or
environmental signals may activate enzymatic systems
responsible for the synthesis of secondary metabolites. In
this context, plants growing in restoration sites may face
stressful conditions related to environmental restrictions
due to some extension of degradation still present at the
beginning of the restoration process (Blanco, 2007).

The decision-making process of selecting species
to be planted in the restoration of forest ecosystems
is recommended to include those processes involving
chemical traits, as allelopathy (Pilatti et al., 2019;
Mahé et al., 2022). This study aimed to investigate the
potential to mediate plant-plant interactions of six native
tree species frequently used for the restoration of the
Brazilian Atlantic Forest, using saplings.

The species selected for this investigation were:
Anadenanthera colubrina (Vell.) Brenan (Ac) (Fabaceae),
Dalbergia nigra (Vell.) Benth. (Dn) (Fabaceae), Mimosa
bimucronata (Vell.) Brenan (Mb) (Fabaceae), Piptadenia
gonoacantha (Mart.) J.F. Macbr (Pg) (Fabaceae), Guarea
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guidonia (L.) Sleumer (Gg) (Meliaceae), and Moquiniastrum
polymorphum (Vell.) Brenan (Mp) (Asteraceae).

Fabaceae are among the most used species in forest-
restoration projects in the Atlantic Forest, as their N,-fixing
ability may foster a rapid establishment of the planted saplings
(Souchie et al., 2005; Soares et al., 2012). All four Fabaceae
species used in our study are considered N,-fixing species.
Anadenanthera colubrina is widely distributed in Brazilian
forests (Souchie et al., 2005; Medeiros et al., 2016; Freire et al.,
2024), and its seeds show high germination rates, and both its
bark and its leaves are sources of phenolic compounds with
antioxidant, anti-inflammatory, and antimicrobial activities
(Paes et al.,, 2010; Albuquerque et al., 2011; Ji et al., 2019).
Dalbergia nigra is widely distributed across the Brazilian
Atlantic forests, either as seasonal or evergreen species
(Souza et al., 2021). Mimosa bimucronata and Piptadenia
gonoacantha are early successional species widely distributed
in several forest types and considered key species for the
successfull regeneration of the Atlantic Forest (Brandes et al.,
2016; Silva et al., 2011). Guarea guidonia is a fruit-bearing tree
that attracts birds and mammals and is classified either as
alate secondary or an early secondary species (Vallilo et al.,
2002; Silvaetal., 2019; Carvalho et al., 2021). By growing fast
in full sun conditions and living long, G. guidonia is known
as a long-lived pioneer species (Oliveira et al., 2013). Lastly,
Mogquiniastrum polymorphum is mostly found in disturbed
areas of the Brazilian Atlantic Forest and the Cerrado, and
its seeds also have high germination rates (Ribeiro and Kolb,
2016; Brandes et al., 2019).

Assuming the hypothesis that young plant individuals
can produce and release secondary metabolites, this
study assessed the inhibitory or stimulatory (allelopathic)
potential of six native tree species used in the restoration
of the Brazilian Atlantic Forest, evaluating the activity of
aqueous extracts obtained from roots, stems, and leaves
of saplings, and their effect on the initial growth of the
target species (Sesamum indicum L.).

2. Material and Methods

2.1. Extraction procedures

Saplings of the six tree species (Anadenanthera colubrina,
Dalbergia nigra, Mimosa bimucronata, Piptadenia gonoacantha,
Guarea guidonia and Moquiniastrum polymorphum) comprised
the donor plants of the active compounds (aqueous extracts)
in this study. The saplings were acquired producers and were
grown in nursery conditions from autochthonous seeds,
collected in forest remnants at coordinates -22.502431°
and -42.319133¢, with an elevation ca. 140 m.

Roots, stems, and leaves from fifteen six-month-old
saplings of each species were sampled, dried using a forced-
air oven (40 °C, 24 h), and grounded with a cyclone-type
mill (TECNAL TE-625). The powder was extracted with
distilled water (1:10 m/v) in an ultrasonic bath over a
25-min duration (Wang et al., 2011). This extraction was
repeated three times. The extracts were filtered, frozen,
and lyophilized before the bioassays.

2.2. Bioassays

The lyophilized material was resuspended in 2.0, 1.0,
0.5, 0.25 and 0.125 mg.mL" of Milli-Q® water, creating
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a concentration-response experiment to measure the
effects of plant extracts on the target plant species,
sesame (Sesamum indicum L.). Measures obtained by
a vapor pressure osmometer (Wescor Vapro 5520°)
confirmed that the osmotic pressure of all extracts tested
were between 0 MPa and the minimum reference value
(-0.2 MPa), excluding the possibility of an inhibitory
effect on seed germination due to the osmotic potential
(Grisi et al., 2012).

Sesame has been widely used in laboratory bioassays
for presenting rapid and uniform germination and for
presenting sensitivity to phytotoxic compounds (Oliveira
and Campos, 2006; Pina et al., 2009). Ten seeds of S. indicum
were placed in Petri dishes (60 mm diameter) on a moist
filter paper. Then, 1 mL of the extract to be tested was
added, and four replicates per extract were performed.
The Petri dishes were sealed using Parafilm®. MiliQ water
was used as the control (blank) and Glyphosate® as the
positive in the same concentrations of the plant extracts
tested. The plates were keptin a BOD (Biochemical Oxygen
Demand) Germination Chamber at 25°C for a photoperiod
of 12 hours for seven days. Subsequently, the seedlings
were frozen, and the length of the root and shoot scan
were measured using the software Image]®. Values were
used to calculate the percentage inhibition for the blank
control MilliQ water for each extract.

2.3. Statistical analysis

The root and shoot measurements were statistically
analyzed with a Welch'’s test, using 0.01 and 0.05 as
significance levels (Macias et al., 2000). To compare the
activities of the extracts, IC,, values (the concentration
of the extracts where the inhibition effect was reduced
by half) were calculated by constructing a sigmoidal
concentration-response model, using the software GraphPad
Prism, version 5.0. These results are presented here in bar
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charts as percentage differences from the control. Such data
was later submitted to a cluster analysis using a Euclidean
distance coefficient, and a dendrogram was built through the
UPGMA (unweighted pair group method using arithmetic
averages) method. The cluster analysis was performed in
R 4.3.1 software (R Core Team, 2023).

3. Results

3.1. Root extracts

The growth percentage (shoot and root) of sesame
submitted to different root extracts of the donor plants
canbe seenin Figure 1. The root extracts of Dalbergia nigra
(Dn), at all concentrations, and Piptadenia gonoacantha
(Pg), at 1.0 and 2.0 mg.mL", stimulated shoot growth.

On the other hand, root extracts of Guarea guidonia (Gg)
equal to or higher than 0.25 mg.mL" caused significant
inhibition mL in the root and shoot growth of the sesame.
This inhibition showed a concentration-dependent
and significant relationship in relation to the control, a
glyphosate-like behavior.

3.2. Stem extracts

The stem extracts of the donor plants showed
distinct effects on sesame growth (Figure 2). The donor
species Gg, Pg, and Anadenanthera colubrina (Ac) caused
significant inhibition in the growth of the sesame roots at
concentrations of 2.0 (G. guidonia and P. gonoacantha) and
1.0(Gg, Pg, and Ac) mg.mL". Shoot growth was stimulated
by Pg and Ac extracts at the concentration of 0.25 mg.mL",
and by the Moquiniastrum polymorphum (Mp) extract at the
concentration of 2.0 mg.mL'. The other donor species did
not cause significant changes in sesame’s growth pattern.
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Figure 1. Effect of aqueous root extracts of native plant species from the Atlantic Forest on the growth of Sesamum indicum. Glyphosate
herbicide was used as the positive control. Values are expressed as the percentage difference from the control. Significance levels
indicated by p <0.01 (a) or 0.01 < p < 0.05 (b). Positive values indicate stimulation of growth vs the control, and negative values indicate
inhibition. Legend: Gg (Guarea guidonia); Pg (Piptadenia gonoacantha); Ac (Anadenanthera colubrina); Dn (Dalbergia nigra); Mb (Mimosa

bimucronata); Mp (Moquiniastrum polymorphum).
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3.3. Leaf extracts 1.0 mg.mL"' concentrations; leaf extracts of M. bimucronata

Leaf extracts from all the donor plants investigated  inhibited root growth only at 2.0 mg.mL"'; and extracts of
showed either inhibiting or stimulating activity (Figure 3).  A.colubrina inhibited sesame root growth at 2.0, 1.0, 0.5 and
The leaf extracts of G. guidonia, P. gonoacantha and D. nigra  0.25 mg.mL" concentrations. On the other hand, the leaf
significantly inhibited sesame root growth, at 2.0 and  extracts of Pg and Dn (at both 0.25 and 0.125 mg.mL™")
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Figure 2. Effect of aqueous stem extracts of native plant species from the Atlantic Forest on the growth of Sesamum indicum. Glyphosate
herbicide was used as the positive control. Values are expressed as the percentage difference from the control. Significance levels
indicated by p <0.01 (a) or 0.01 < p < 0.05 (b). Positive values indicate stimulation of growth vs the control, and negative values indicate
inhibition. Legend: Gg (Guarea guidonia); Pg (Piptadenia gonoacantha); Ac (Anadenanthera colubrina); Dn (Dalbergia nigra); Mb (Mimosa
bimucronata); Mp (Moquiniastrum polymorphum).
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Figure 3. Effect of aqueous leaf extracts of native plant species from the Atlantic Forest on the growth of Sesamum indicum. Glyphosate
herbicide was used as the positive control. Values are expressed as the percentage difference from the control. Significance levels
indicated by p < 0.01 (a) or 0.01 < p < 0.05 (b). Positive values indicate stimulation of growth vs. the control, and negative values
indicate inhibition. Legend: Dn (Dalbergia nigra); Mb (Mimosa bimucronata; Mp (Moquiniastrum polymorphum); Gg (Guarea uidonia);
Pg (Piptadenia gonoacantha); Ac (Anadenanthera colubrina).
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and Mimosa bimucronata (Mb) (at 1.0 and 0.125 mg.mL")
stimulated sesame shoot elongation.

Table 1 shows the half maximal inhibitory concentration
(IC,, - in this study representing the concentration of the
extracts needed to inhibit either root or shot growth by
50%) of the different extracts analyzed. The most relevant
IC,, values are those obtained from the root extracts of Gg
and from the leaf extracts of Ac, both of which exhibited
inhibition values quite like the commercial herbicide.

The hierarchical cluster analysis compared the
similarities among all extracts based on their effects on the
initial development of sesame at the distinct concentrations
of the extracts tested (Figure 4). This cluster was divided
into three distinct groups. In the first group, extracts from
G. guidonia roots (GgR) and stems (GgS), and from M.
polymorphum (MpL) and A. colubrina leaves (AcL) showed
more relevant phytotoxic effects than the other extracts.
The GgS, GgR, and AcL extracts caused marked inhibition
of both sesame root and shoot elongation at the highest
concentrations, 1.0 and 2.0 mg.mL (inhibition >50%), and
the MpL extract inhibited root and shoot elongation at all
concentrations tested, but more moderately.

The second group (Figure 4) was characterized by
a general trend of mild stimulation of shoot growth
mostly observed at 0.125 mg.mL" (ranging from 1.99 to
35.09.95%) and 0.25 mg.mL" (19.13-41.39%), contrasting
with the extracts that formed the first group. This group
was further subdivided into two subgroups. In the first
subgroup, extracts from the roots of P. gonoacantha roots
(PgR) and D. nigra (DnR), from the stem of D. nigra (DnS)

Allelopathic potential of Brazilian native trees

and the leaves of M. bimucronata (MbL) were clustered
together due to shoot-growth stimulation of Sesamum
indicum also at the highest concentrations tested
(2.0 mg.mL" and 1.0 mg.mL). The second subgroup was
formed by six extracts (MpR, AcS, PgS, DnL, GgL, and PgL)
due to causing moderate to high root-growth inhibition
at 1.0 and 2.0 mg.mL'. From this second subgroup we can
highlight some extracts: the effects of the MpR extract are
restricted to the stimulation of the shoot elongation of the
target species at the 0.25 mg.mL'; on the other side, the
leaf extracts of G. guidonia and P. gonoacantha showed
relevant phytotoxicity on the root growth of Sesamum
indicum at the 2.0 mg.mL" and 1.0 mg.mL"' concentrations.

The third group clustered four extracts (MbR and
Mbs, AcR and MpS) with no relevant effects, for the five
concentrations tested.

4. Discussion

The aqueous extracts from young individuals
(saplings) of the six donor tree species analyzed showed
concentration-dependent effects on the recipient species
and were found to either inhibit or stimulate the growth of
the target species. For most of doses, both shoot and roots
of the target species were similarly inhibited, but only the
growth of the roots were significantly inhibited by extracts
found in the intermediate group, at the highest doses (See
cluster analysis at Figure 4), suggesting that roots are more
sensitive. Those effects are due to metabolites present in
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Figure 4. Hierarchical cluster analysis of Sesamum indicum root and shoot growth after treatment with root (R), stem (S), and leaf (L)
extracts from Anadenanthera colubrina (Ac), Dalbergia nigra (Dn), Guarea guidonia (Gg), Mimosa bimucronata (Mb), Moquiniastrum
polymorphum (Mp), and Piptadenia gonoacantha (Pg). The dendrogram was built using a Euclidean distance coefficient and the UPGMA
(unweighted pair group method using arithmetic averages) method. Values used were percentage differences from the control and are
displayed as a heatmap varying from 100% inhibition (-100, red) to 100% stimulation (100, blue).
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those plants that could be released into the environment
by leaching and/or volatilization from the aboveground
biomass, by root exudation, or by the decaying of plant
residues (Ferreira and Aquila, 2000; Reigosa et al., 2013).

The identification of chemical classes to which
allelochemicals belong may elucidate their effects on target
species. Sesquiterpenes can inhibit the mitochondrial
transport chain and affect the integrity of biological
membranes via oxidative stress (Santiago et al., 2017;
Araniti etal., 2018). Sesquiterpene lactone and diterpenes
are well-known allelochemicals that may affect seed
germination and the initial growth of target plants
(Rialetal.,2016; Zhao et al., 2018). Triterpenoids, including
saponins, can be released via exudation or decomposition of
their parts and accumulate in the soil due to high molecular
weight (Xu et al., 2004; Thakur et al., 2011), affecting
radicle elongation and the functioning of photosystem II
(PSII) (Wang et al., 2014, Feitoza et al., 2020).

The root extract of G. guidonia and the leaf extract of A.
colubrina stood out for their high inhibition of the target
species’ root growth. In fact, the extracts obtained from
the roots of G. guidonia inhibited the development of both
the root and the shoot of Sesamum indicum. On the other
hand, the stem extract of G. guidonia was also found to
inhibit the root growth and shoot elongation of the target
species but only moderately when compared to the effects
caused by the root extract of the same donor plant.

Despite phytochemical studies with roots of G. guidonia
(Meliaceae) having been scarce, terpenoids are likely to
be the major compounds in the root extracts obtained
from G. guidonia, thus causing an inhibiting effect in the
target species. Allelochemicals produced in the roots
can be rapidly released into the soil environment in
large quantities (Weston et al., 2012). Highly oxygenated
triterpenoids are commonly found in Meliaceae species
(Lins et al., 1992). In other phytochemical studies carried
out with G. guidonia, limonoids have been found in the
root bark (Lukacova et al., 1982); triterpenoids were found
in its seeds (Lins et al., 1992); limonoids (mombasol), a
coumarin (scopoletin), and sesquiterpenes were isolated
from its wood bark (Garcez et al., 1998; Garcez et al., 2008;
Bellone et al., 2021); volatile oil was extracted from its
leaves (Brochini et al., 2009); and seven known terpenes
were isolated and characterized from its aerial organs
(Hernandez et al., 2018).

Leaf extracts from A. colubrina significantly inhibited
sesame-root elongation in all concentrations but
0.125 mg.mL; root extracts stimulated both root growth
and shot elongation of Sesame at 0.250 mg.mL". The high
antioxidant potential of the ethanolic leaf extract from
A. colubrina in in vitro and in vivo assays was likely due to
the high content of phenolic compounds in that extract
(Cardoso Junior et al., 2020). Moreover, triterpenoids,
sterols, and flavonoids from A. colubrina aerial parts,
including anadanthoflavone, presented lipoxygenase
inhibition (Gutierrez-Lugo et al., 2004). The occurrence
of flavonoids, tannins, and other phenolic compounds has
been confirmed in other studies (Monteiro et al., 2006;
Paes et al., 2010; Pedone-Bonfim et al., 2013; Costa et al.,
2020; Cardoso Junior et al., 2020).
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Phenolic compounds, such as phenolic and hydroxycinamic
acids, and flavonoids are well-known antioxidant agents.
They are also considered to be potent allelochemicals that
may affect seeds’ germination by regulating their a-amylase
enzime (Sunmonu and Van Staden, 2014). Such chemical
classes affect the production and contents of phytohormones,
such as auxins, cytokinins, and gibberellins (Mathesius, 2001;
Cheynier et al., 2013), causing the inhibition of cell division
and stretching, resulting in shorter, thicker roots with necrosis
at their ends (Ribeiro et al., 2015; Feitoza et al., 2018, 2020).

In the cluster analysis performed, a subgroup formed
by leaf extracts of G. guidonia, P. gonoacantha, as well as
D. nigra and stem extracts of A. colubrina and P. gonoacantha
inhibited the root growth in the target species at the
concentrations of 1.0 and 2.0 mg.mL-". The effects caused
by the stem extracts suggest the presence of inhibitory
compounds in two species (P. gonoacantha and A. colubrina)
other than G. guidonia. Those effects were found to be
restricted to the growth of the sesame root. Moreover, the
effect of the stem extract from G. guidonia was less intense
than that caused by its root extract. These results suggest
a phytotoxic effect of the extracts from the aerial parts of
those species, although only under high concentrations.

Fabaceae species stand out for their production of
phenolic and hydroxycinamic acids, flavonoids (especially
isoflavonoids), triterpene and steroidal saponins, and
nitrogen compounds (Wink, 2003; Wink and Mohamed,
2003; Weston and Mathesius, 2013; Feitoza and Lima,
2021). This chemical composition may be responsible for
inhibitory effect caused by the leaf extracts of the Fabaceae
species in this study.

The phytochemical screening of distinct parts of
P. gonocantha revealed the presence of steroidal compounds,
flavonoids, esters, and terpenes (Catunda Junior et al., 2016;
Carvalhoetal.,2010). This species is rich in important special
metabolites that are known to have a phytotoxic effect.

Leaf extracts of D. nigra caused inhibition of sesame-
root elongation at the highest concentrations (1.0 and
2.0 mg.mL"). The results obtained in prior studies with
species of the same tribe (Dalbergiae) suggest a high
phytotoxic potential of its leaf extracts (Bento et al.,
2018) and essential oils (El Ayeb-Zakhama et al., 2016). In
Machaerium eriocarpum, flavones were isolated from the
polar extracts of their leaves. Both the flavone-rich leaf
extracts and flavone isovitexin inhibited root growth at
low concentrations (Bento et al., 2018).

Inhibition was not the only effect caused by plant
extracts in the assays carried out in the present study.
The leaf extracts from G. guidonia, P. gonoacantha, and
A. colubrina inhibited only the development of the roots of
the target plant, whereas the leaf extracts of P. gonoacantha,
M. bimucronata, and D. nigra stimulated shoot elongation in
the target plant. These results reflect the fact that the release
pattern of allelochemicals varies from species to species.

The cluster analyses pinpointed a group of extracts that
stimulated shoot elongation in the target species, mainly
at concentrations of 0.125 and 0.250 mg.mL'. Contrary to
the leaf extracts of A. colubrina and D. nigra, the leaf extract
of M. bimucronata stimulated sesame-shoot elongation.
Aqueous leaf extracts of adult plants of M. bimucronata,
containing a high concentration of tannins, were formerly
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found to inhibit the seed germination and initial growth of
lettuce, rice, carrots, chicories, and tomatoes (Pilatti et al.,
2019, Jacobi and Ferreira 1991). Since the aqueous extracts
used in our study were obtained from young leaves of
saplings of M. bimucronata, lower concentrations of
tannins were expected.

Another relevant finding is about the extension of
the phytotoxic effect (and the allelopathic potential) of
some of the extracts evaluated. The water extract from
obtained from the roots of G. guidonia and from the
leaves of A. colubrina showed a half maximal inhibitory
concentration (IC,)) similar to that calculated by the
glyphosate, the chemical compound widely used in weed
management due to its broad spectrum effectiveness
(Koning et al., 2019), and adopted as the positive control
for the bioassays in this study.

5. Conclusions

The results obtained in our bioassays confirm the
hypothesis that young plants can produce phytotoxic
secondary metabolites that might be released into the
environment and affect the mechanisms driving the
assembly of natural plant communities, by mediating
plant-plant interactions.

Specifically, the root and leaf extracts of G. guidonia
showed the most inhibitory effects among the extracts
tested. Conversely, the allelopathic potential of A. colubrina
extracts is likely mostly due to compounds produced in
its leaves. Both species warrant special concern when
planted in forest-restoration projects.

Our results also suggest that no negative effects
associated with phytotoxic activity are expected if M.
bimucronata and M. polymorphum are planted during
forest restoration. Some extracts from P. gonoacantha
and M. bimucronata even stimulated the shoot growth of
the target species. Leaf extracts from P. gonoacantha and
D. nigra showed significant inhibitory effects only at the
highest doses, so they should only cause problems in the
restoring community assembly if planted at high densities.

A conclusion to be highlighted is the fact that plants
produce associated compounds even early in their
development, as the experiments carried out in the present
study used saplings of native tree species to obtain the
aqueous extracts to be tested. This finding represents a
key piece of information to be considered in the selection
of species to be planted in forest restoration projects.
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