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Abstract. The essential oil from leaves of Eremanthus erythropappus (DC.) MacLeish (Asteraceae) collected in
South-eastern Brazil was extracted using a combination of water and steam distillation and investigated by
chromatography/mass spectrometry (GC-MS). The sesquiterpene hydrocarbons were predominant (46.6%), followed
by oxygenated sesquiterpenes (29.3%) and monoterpene hydrocarbons (18.8%). The major compounds were
(B)-caryophyllene (29.3%), caryophyllene oxide (22.1%) and B-pinene (12.8%). The allelopathic activity of
E. erythropappus essential oil on the seed germination and radicle length of seedlings was evaluated in lettuce
(Lactuca sativa L.), tomato (Lycopersicum esculentum Mill.) and in two field weeds (field mustard — Brassica rapa
L. and hairy beggarticks — Bidens pilosa L.). Among the weed species tested, the most significant inhibition of
seed germination was observed in field mustard, as measured by the half~minimal inhibitory concentration, ICsq
(ICso=26.5uL mL"), and the most significant inhibitory effect on radicle length of seedlings was observed in
seedlings of hairy beggarticks (ICso=16.3 uL mL™"). In contrast, the lowest allelopathic effects of E. erythropappus
essential oil on seed germination and radicle length of seedlings were observed in tomato (ICso=>200puL mL™" and
130.1 uL mL " respectively) and lettuce (ICso=97.1 uL mL ' and 35.1 uL mL ' respectively). These results revealed
significant allelopathic potential of E. erythropappus essential oil against weeds, but minimal effect on lettuce and
tomato germination, and thus suggests it is feasible to use E. erythropappus sustainability as an eco-friendly bioherbicide
in cropping settings.
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Introduction interference prompted the idea of exploiting this phenomenon

Plant performance is determined by several interacting factors
such as plant genotype and environmental challenges, including
general biotic and abiotic stress, herbivory and competition
(Cahill and Lamb 2007). Plants compete for light, water and
nutrients, revealing a continuous competition between the
species living in a community; such competitive ability
contributes to their survival in the ecosystem (Marco et al.
2012). Some plants develop defence mechanisms, producing
specific secondary metabolites that, when released into the
environment, interfere negatively on some stage(s) of the
lifecycle of other plant species, such as seed germination and
seedling growth (Alves e al. 2004). Allelopathy is the term
used to designate the process in which plants suppress
neighbours by exuding phytotoxins into their proximate
environment (Worthington and Reberg-Horton 2013). The
discovery of allelopathy as a viable component of crop—weed
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to control weeds (Belz 2007). Substances belonging to different
categories of secondary metabolites, also known as natural
products, mediate allelopathic effects (Alves et al. 2002).
Natural products released from plants may help by reducing
the use of synthetic herbicides in weed control, causing less
pollution and yielding safer agricultural products, as well as
decreasing human health concerns (Khan et al. 2008).
Essential oils are complex mixtures of volatile secondary
metabolites that may contain over 300 compounds and can be
isolated from different parts of plants (Vagionas et al. 2007; Dhifi
et al.2016). Essential oils have numerous therapeutic properties
and many of them are used in perfumery, as well as flavourings in
the food and beverage industry (Vagionas etal.2007). According
to some authors, there are almost 3000 plants with potential to
produce essential oils, 300 of which are commercially exploited
(Lima et al. 2013). The main constituents of essential oils are
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terpenoids and phenylpropanoids (Astani et al. 2010). Terpenoids
are distinguished by having biological activities, such as
allelopathy, that are crucial for the survival and adaptation of
a plant to the environment (Silva et al. 2009).

Asteraceae is the largest angiosperm family, with ~24000
species distributed among 1600 to 1700 genera (Funk et al.
2009). Eremanthus erythropappus (DC.) MacLeish, a tree
native to Brazil popularly known as Candeia, is one of the
plants belonging to this family and is used as fence posts due
to its natural high durability (Scolforo ef al. 2016). This tree has
drawn the attention of the essential oil industry because
its stem produces essential oil rich in o-bisabolol (>50%), a
nontoxic sesquiterpene alcohol that exhibits anti-inflammatory
properties used in cosmetic and pharmaceutical products
(Lima et al. 2013; Silvério et al. 2013). According to Sousa
et al. (2008), the main compounds found in the essential oil from
leaves of E. erythropappus were B-caryophyllene, B-pinene,
B-myrcene and germacrene-D, but no o-bisabolol, the major
constituent in the stem. Another study on chemical composition
of essential oil from leaves of E. erythropappus found
-caryophyllene, germacrene D, o-copaene, [B-pinene and
d-cadinene as major compounds; however, this essential oil
also contained o-bisabolol 2.1% (Silvério et al. 2013).
E. erythropappus has been used in folk medicine as an anti-
inflammatory and antimicrobial agent (Souza et al. 2003).

Studies have documented the allelopathic effect of essential
oils from several medicinal plants on seed germination and
seedling growth in weed species, as demonstrated in
Rosmarinus officinalis L. (rosemary), Cuminum cyminum
L. (cumin) and Eucalyptus globulus Labill. (eucalyptus); and
the inhibitory effect on seed germination and root growth of
seedlings in the weed species Silybum marianum (L.) Gaertn.
(milk thistle), Cynodon dactylon L. (Bermuda grass) and
Amaranthus blitoides S. Watson (mat amaranth) (Saharkhiz
et al. 2009; Rassaeifar ef al. 2013; Saad and Abdelgaleil 2014).

Bidens pilosa L., is a weed species commonly distributed
throughout the world, whose control is difficult because it
presents a short annual cycle and many generations during
the year (Vidal and Merotto 2001). Resistance to herbicides
has become an important issue in crop production worldwide
over the last two decades. In Brazil, only 36 specific cases have
been reported so far in weed species, displaying resistance to
at least one herbicide’s mechanism of action, with B. pilosa
being the most widespread among them (Takano et al. 2016).
Also, the Brassica genus has approximately one hundred
species, many of which are important weeds in many growing
regions (Kahrizi 2014). Wild populations of Brassica rapa
L. generated concern mainly in agricultural fields because
their combined relative abundance has increased over the past
few decades (Gulden et al. 2008). B. rapa has been reported as
a serious weed capable of causing large reductions in yields
in the rapeseed culture due to competition for light, nutrients
and water, and also regarded as a major problem in other
cereals and vegetables (Kahrizi 2014). Therefore, allelopathy
represents an alternative tool that can be used to assist in the
conventional methods for the control of B. pilosa and B. rapa.

Thus, in this study we aimed to analyse the chemical
composition of E. erythropappus essential oil and to
investigate its allelopathic activity on seed germination and
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radicle length of seedlings in lettuce (Lactuca sativa), tomato
(Lycopersicum esculentum), field mustard weed (Brassica rapa)
and hairy beggarticks (Bidens pilosa).

Materials and methods
Plant material and essential oil extraction

Fresh Eremanthus erythropappus leaves were collected in
the municipality of Ouro Preto, State of Minas Gerais (March
2016). A voucher specimen was deposited in the Herbarium
José Badini, Federal University of Ouro Preto-UFOP, under
voucher OUPR 28379.

The E. erythropappus essential oil was extracted from
fresh leaves (1.31kg) by a combination of water and steam
distillation using a pilot distiller (Linax, model D2, SP,
Votuporanga, Brazil) for 4 h. The extracted essential oil was
separated from the hydrolyte by liquid-liquid partitioning,
transferred to amber glass vials using a Pasteur pipette, and
stored at 4°C. Oil yield was calculated (w/w) on the basis of the
total amount of fresh plant material. The extracted essential oil
was used in the analysis of its composition by chromatography
and in the investigation of its allelopathic activity.

Essential oils analysis

Analysis was carried out on a Shimadzu model QP-2010 gas
chromatograph coupled to a mass spectrometer (GC-MS). The
following conditions were used: ZB-5MS column Phenomenex
Zebron (30 m x 0.25 mm x 0.25 um); helium (99.9%) as carrier
gas at a constant flow (1.1 mL min'); 1uL injection volume;
split mode ratio of 1:40; injector temperature 240°C; electron
ionisation mode at 70eV; ion-source temperature 280°C. The
oven temperature was set from 100°C (isothermal for 5min)
with an increase of 10°C min ™' to 250°C (isothermal for 5 min),
and 10°C min~' to 280°C (isothermal for 15 min).

Individual identification of the constituents was accomplished
by comparison between their GC retention index, determined
with ahomologous series of normal Co—C,5 alkanes as reference;
and by comparison of the fragmentation patterns obtained in
the mass spectra with those from the software database (Wiley
7 1ib and Nist 08 lib). The linear retention index (LRI) was
calculated for each constituent, according to the following
equation LRI=100n+ 100 X (¢, — t,,))/(t,+1 — tn); Where £, is the
retention time of the constituent x; #, is the retention time of
the mn-alkane ecluate before of the constituent x; #,.; is the
retention time of the n-alkane eluded after of the constituent
x and n is the number of carbon atoms in the n-alkane eluate
before of the constituent X, previously described (van Den Dool
and Kratz 1963; Viegas and Bassoli 2007), and the data were
compared with those from pertinent literature (Adams 2009).

Allelopathic activity

Allelopathy tests were conducted at the Laboratory of
Pharmacognosy, School of Pharmacy, Federal University of
Ouro Preto, Ouro Preto-MG, using seeds of lettuce (L. sativa)
and tomato (L. esculentum), both acquired in a local market
(both seeds under the brand ISLA Sementes, 99.7% purity). In
addition, seeds of the following weeds were used: field mustard
(B. rapa), collected in the botanical garden ‘Jorge Luiz da Silva’,
UFOP, voucher OUPR 29075, and hairy beggarticks (B. pilosa),
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collected at the campus of UFOP, voucher OUPR 29076. All
seeds were exposed to E. erythropappus essential oil.

The essential oil was dissolved in diethyl ether, in 1:2 (v/v)
ratio, to make a concentrated stock solution (200 uL mL™).
Solutions with lower concentrations (100—-1.56 uL mL™") were
prepared by diluting a more concentrated solution in diethyl
ether. Three replicates of each concentration were prepared.
Subsequently, these samples (1 mL) were placed into 6.0 cm
sterile plastic Petri dishes and lined with filter paper. After
solvent evaporation, the final volume was replaced by distilled
water. The pure solvent used in the dilutions was also tested.
The testing solutions were added only in the beginning of the
bioassays, after which only distilled water was added when
necessary. The positive control was an aqueous solution of
ZnCl, 5% (used to inhibit seed germination and radicle length
of seedlings) and the negative control was distilled water.

Seeds were sterilised with sodium hypochlorite (20% v/v)
for 10min, dried and placed into Petri dishes. Seeds were
selected based on their integrity and the damaged ones were
discarded. Twenty seeds of lettuce and 10 seeds of tomato, field
mustard and hairy beggarticks were placed on filter paper into
Petri dishes. The quantity of seeds added in Petri dishes was
determined in accordance to their size. The seed germination
trials were maintained at room temperature (20—25°C) during
a period according to the germination time of each species:
5 days for lettuce (Seibert 2015), 7 days for field mustard
(Angeletti and Fonseca 1989), 8 days for hairy beggarticks
(Adegas et al. 2003) and 9 days for tomato (Seibert 2015).
After this period, the average number of germinated seeds
and their radicle length were evaluated. The percentage of
variation in germination (VG) was calculated using the
following equation: VG=((NS — NC)/NC) x100; where NS
is the number of seeds germinated in each sample and NC is
the number of seeds germinated in the negative control, with
distilled water only. The percentage of variation of radicle
length of seedlings (VRL) was calculated using the following
equation: VRL =((LRS — LRC)/LRC) x100; where LRS is the
average length of the radicle (cm) in each sample and LRC is
the average length of the radicle (cm) in the negative control.
No germination occurred in the positive control.

The results were plotted in graphs with the values of the
variables + s.d., using the GraphPad Prism software, ver. 5.0.
The half-minimal inhibitory concentration (ICs) in inhibiting
seed germination and radicle length of seedlings in each
species was determined according to Dutka (1989), Greene
et al. (1988) and Wang (1987).

Results
Chemical composition of the essential oil

The yield of the essential oil extracted from leaves of
E. erythropappus was 0.12% (w/w). Forty-seven compounds
were identified in the essential oil, representing 96.0% of its
chemical composition (Table 1). This oil was characterised
by a high amount of sesquiterpene hydrocarbons (46.6%),
followed by oxygenated sesquiterpenes (29.3%), monoterpene
hydrocarbons (18.8%), oxygenated monoterpenes (1.0%)
and other compounds (0.3%). The major components were
B-caryophyllene, caryophyllene oxide, and B-pinene, which

Table 1.
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Chemical composition of the essential oil from fresh leaves
of Eremanthus erythropappus

Bold text indicates the most representative components (>5%)

LRI® LRI (lit)? Compound Yield %

926 930 o-Thujene 0.02
934 939 o-Pinene 2.16
974 975 Sabinene 0.58
978 979 B-Pinene 12.83
990 990 Myrcene 2.82
1006 1005 3Z-Hexenyl acetate 0.10
1023 1024 p-Cymene 0.15
1027 1029 Limonene 0.38
1096 1096 Linalool 0.07
1099 1100 n-Nonanal 0.03
1139 1139 trans-Pinocarveol 0.24
1164 1164 Pinocarvone 0.19
1176 1177 Terpinen-4-ol 0.09
1194 1195 Myrtenal 0.29
1325 1327 p-Mentha-1,4-dien-7-ol 0.07
1351 1351 a-Cubebene 0.10
1376 1376 oa-Copaene 3.69
1386 1388 -Bourbonene 0.56
1390 1390 B-Elemene 1.97
1408 1409 o-Gurjunene 0.19
1420 1419 B-Caryophyllene 29.30
1431 1432 B-Copaene 0.28
1437 1434 o-trans-Bergamotene 0.11
1441 1439 o-Guaiene 0.06
1454 1454 o-Humulene 2.62
1466 1466 cis-Muurola-4(14),5-diene 0.10
1479 1479 Y-Muurolene 0.60
1480 1481 Germacrene D 1.65
1488 1489 cis-Eudesma-6,11-diene 0.76
1497 1496 Valencene 0.47
1499 1500 Bicyclogermacrene 0.24
1499 1500 a-Muurolene 0.52
1508 1509 o-Bulnesene 0.39
1512 1513 v-Cadinene 1.69
1526 1523 §-Cadinene 1.13
1540 1538 a-Cadinene 0.18
1576 1578 Spathulenol 2.94
1581 1583 Caryophyllene oxide 22.13
1595 1592 Viridiflorol 0.47
1603 1602 Ledol 0.47
1606 1608 Humulene epoxide 11 091
1632 1628 1-epi-Cubenol 0.19
1640 1640 Caryophylla-4(12),8(13)-dien-50.-o0l 0.18
1644 1646 a-Muurolol 1.28
1654 1648 Agarospirol 0.19
1658 1654 o-Cadinol 0.52
2499 2500 n-Pentacosane 0.06

Monoterpenes
Hydrocarbons 18.79
Oxygenated 0.95
Monoterpenes total 19.74

Sesquiterpenes
Hydrocarbons 46.61
Oxygenated 29.28
Sesquiterpenes total 75.89
Others 0.34
Total identified 95.97

ALinear retention indices on ZB-5MS column (relative to n-alkanes).
BLinear retention indices. See Adams (2009).
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represented 29.3, 22.1 and 12.8% of the essential oil
composition respectively.

Allelopathic activity

The allelopathic activity of E. erythropappus essential oil on
seeds development in lettuce, tomato, field mustard and hairy
beggarticks is shown in Figs 1-4 and Table 2.
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The obtained results of E. erythropappus’ essential oil
effect on the germination and seedling establishment of
lettuce, tomato and two weeds (field mustard, B. rapa and
hairy beggarticks, B. pilosa) indicated that the germination
and growth of these four plants decreased significantly under
the effect of essential oil.

The essential oil ICs values that inhibited seed germination
in lettuce, tomato, field mustard and hairy beggarticks
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Table 2. Effect of Eremanthus erythropappus essential oil on seed

germination and radicle length of seedlings in lettuce, tomato, filed

mustard and hairy beggarticks, as measured by the half-minimal
inhibitory concentration (ICsg)

Seeds ICso (UL mL )"
Seed Radicle length
germination of seedlings
Lettuce-Lactuca sativa 97.1 35.1
Tomato-Lycopersicum esculentum >200 130.1
Field mustard-Brassica rapa 26.5 24.5
Hairy beggarticks-Bidens pilosa 54.9 16.3

AICs, values were obtained from Figs 1-4.

(Figs la, 4a) were 97.1, >200, 26.5 and 54.9uL mL ',
respectively (Table 2). The ICsy values for inhibition of
radicle length of seedlings of lettuce, tomato, field mustard
and hairy beggarticks (Figs 15, 4b) were 35.1, 130.1, 24.5 and
16.3 uL mL ™" respectively (Table 2).

Discussion

The amount of essential oil obtained was smaller than that
described in the literature for the same plant species, from
fresh leaves and using a Clevenger apparatus for 2h, i.e.
0.25% (Sousa et al. 2008) and 0.20% (Silvério et al. 2013).
In the present study was used a pilot distiller for 4 h.

Essential oil was practically constituted by sesquiterpenes
(75.9%), and among these, P-caryophyllene was the major
compound. Silvério et al. (2013) conducted studies on the
characterisation of the essential oil from fresh leaves of
E. erythropappus and reported 25 components, 68% of which
were equivalent to those described in the present study.
Sesquiterpene hydrocarbons and oxygenated sesquiterpenes
were also abundant components of the E. erythropappus
essential oil. Sousa et al. (2008) identified 30 compounds for
the essential oil extracted from mature leaves of E. erythropappus,
whose main components were B-caryophyllene, [-pinene,
B-myrcene and germacrene D, showing 70% similarity with the
chemical composition of the essential oil analysed in this study.

The difference found in the composition of these essential
oils has probably occurred as a result of several factors, such as

genetic factors, growing location, regional climate and time
of day at which the plant material was collected (Burt 2004).
In general, increasing the essential oil concentration
significantly increased the percentage inhibition of seed
germination in all species (Figs la, 4a). However, the
percentage inhibition of seed germination was lower in lettuce
and tomato when compared with field mustard and hairy
beggarticks (Table 2), indicating that lettuce and tomato were
less sensitive to the effects of E. erythropappus essential oil.
As weeds were more sensitive to it, its allelopathic effects can
be extremely beneficial for economic reasons, since they
can ensure a longer-term survival of plants of agricultural
interest against weedy plants. The variation in the germination
behaviour is probably related to the physiological processes of
the target species, which respond differently to allelochemicals
(Rizzi et al. 2016). In the seed germination trials, the lettuce
seeds were more affected by the phytotoxic action of this
essential oil than tomato seeds. It was not possible to
determine the exact ICso value for tomato seed germination
through the data from the Table 2 and Fig. 2a, because this
value exceeded the highest concentration tested (200 uL mL ™).
As regards the weeds tested in this study, field mustard showed
the lowest ICs, value for seed germination (26.5uL mL™").
Hillen et al. (2012) reported that E. erythropappus essential
oil also caused inhibition of seed germination in maize,
soybean and bean; however, unlike the present study, the
essential oil was extracted from stem and not from the leaves.
Increasing the essential oil concentration also increased the
inhibitory effect on radicle growth, except in field mustard,
which exhibited stimulatory effects at low concentrations, i.e.
concentrations below 25uL mL™' (Fig. 3b). Bioassays for
allelopathic activity often show increased radicle elongation
in newly germinated seeds when allelochemicals are present
at low concentrations (Gliessman 2014). Inhibition of radicle
growth was lower in lettuce and tomato than in the two weeds
tested. Accordingly, the highest inhibition of radicle growth
was observed in seedlings of the weed hairy beggarticks, with
ICso value equal to 16.3uL mL™" (Table 2). In general, the
inhibitory effect of E. erythropappus essential oil was stronger
on radicle growth than on seed germination. Root necrosis is
a common effect associated with allelopathy (Carvalho et al.
2015). In an ecological context, the inhibition of seedling
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growth is a more efficient mechanism than the prevention of
seed germination (Jacobi and Ferreira 1991).

The results of several studies have shown a correlation
between the chemical composition of essential oils and their
effects on seed germination and seedling growth. In general,
a potent phytotoxic was associated with a higher amount of
oxygenated monoterpenes (Dhifi e al. 2016). The properties of
monoterpenes in affecting germination and growth of plants
can be explained by the ability of these compounds to cause
morphological and physiological changes, such as inhibition
of the respiratory chain in isolated mitochondria and mitosis,
alteration of integrity of cell membrane, deterioration of
cuticular waxes, increased perspiration, and lipid peroxidative
damage to microtubes (Yoshimura et al. 2011). Batish et al.
(2004) mentioned that the decrease in respiratory activities
caused by monoterpenes reduces photosynthesis, disturbing
both growth and germination.

In the present study E. erythropappus essential oil did not
present a high percentage of oxygenated monoterpenes (1.0%)
and the allelopathic activity of this essential oil on seed
germination and seedling growth could not be assigned only
to this class of compounds, as described in the literature
(Vokou et al. 2003; De Almeida et al. 2010; Dhifi et al. 2016).

In contrast, the results on the inhibition of seed germination
have been assigned to several monoterpenes, oxygenated
and hydrocarbons (e.g. linalool, camphor, pinenes, cineoles,
carvacrol and thymol) in their pure forms or mixtures
(Saharkhiz et al. 2009). The essential oil extracted and analysed
in this work had a high percentage of pinene (o-pinene 2.2%
and [B-pinene 12.8%). El Ayeb-Zakhama et al. (2016)
demonstrated, in turn, that the oil extracted from the root of
Tipuana tipu, rich in sesquiterpene hydrocarbons, mainly
represented by [-caryophyllene (24.1%), germacrene D
(20.0%) and o-humulene (9.1%), showed a very potent
inhibitory effect on the germination of lettuce seeds at a dose
of 1 mgmL™', compared with the oil extracted from other parts
of this plant. Furthermore, B-caryophyllene has been reported
to inhibit the development of seedlings in various plant
species. This is consistent with the findings of the present
study, since B-caryophyllene was the major constituent (29.3%)
among the chemical compounds found here. Mabrouk et al.
(2013) reported that the essential oil isolated from aerial parts of
Conyza sumatrensis significantly delayed seed germination and
seedlings growth in radish, with these effects being attributed to
the main compounds caryophyllene oxide, spathulenol and
limonene. Here, a significant amount of caryophyllene oxide
(22.1%) was detected in the E. erythropappus essential oil. Thus,
pinenes, B-caryophyllene and caryophyllene oxide are likely
responsible for at least a considerable part of E. erythropappus
oil phytotoxicity. Furthermore, allelopathic inhibition typically
results from the joint action of a group of allelochemicals, and
the toxicity effects may be enhanced due to a synergistic
interaction, rather than being caused by a particular compound
(Saharkhiz et al. 2010).

Conclusions

In total, 47 compounds were identified in the essential oil
extracted from leaves of E. erythropappus, with sesquiterpenoids
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as main constituents (75.9%). This essential oil showed
allelopathic inhibitory potential on seed germination and
radicle length of seedlings in two weed species, field mustard
and hairy beggarticks, without considerably affecting lettuce
and tomato. The most marked effect on inhibition of seed
germination was observed in field mustard, with an ICs, value
equal to 26.5uL mL™', whereas the most marked effect on
inhibition of radicle length of seedlings was observed in hairy
beggarticks, with an ICsy value equal to 16.3. Comparing
tomato and lettuce, tomato was the less affected by effect of
the essential oil on seed germination and radicle length of
seedlings. Hence, the essential oil extracted from leaves
of E. erythropappus may represent a good biodegradable and
a green herbicide alternative, although this hypothesis needs
further studies.
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