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Abstract

The increased demand for food promotes greater use of agricultural inputs and pesticides used in pest control.
Many of these products have negative environmental and public health impacts. Thus, there is a need for
alternative products, with allelopathic capacity that reduce such impacts. The objective of this work was to
verify the allelopathic potential of Piper nigrum L. extracts on the germination and initial growth of Panicum
maximum Jacq. and Lacfuca safiva seeds and seedlings. The experimental design used was completely
randomized, using two plant organs (leaf and seed), three extractors (hexane, ethyl acetate and methanol)
and five concenftrations (0 mg/L, 200 mg/L, 400 mg/L, 600 mg/L and 800 mg/L). It was verified the influence
of these extracts on germination speed index (IVG), germination percentage (G), mean germination time
(TMG), allelopathy index (lA), shoot growth (CPA) and in the root growth (CR). The leaf and seed extracts,
at all concentrations and extractors tested, did not show phytotoxicity on germination and initial growth of
Lactuca sativa. For Panicum maximum, ethyl aceftate and especially methanol seed extracts, at the highest
concentrations tested, had the most significant negative effects on the weed, controlling seed germination
and inhibiting the initial growth of seedlings of this species. Thus, it was possible to infer those extracts from Piper

nigrum seeds have potential use in the control of the weed Panicum maximum.
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Introduction

One of the main limitations to the increase of
agricultural productivity is related to pest and disease
control (Silva et al., 2017). The increased demand for
food and technological advances popularized the use
of pesticides and herbicides in agriculture. Hereupon,
the Brazilian pesticide market has increased by 190% in
the last decade at a growth rate greater than double
that presented by the world market (Rigotto et al., 2014).
Bessa et al. (2010) highlights the negatfive impacts of
pesticides used in conventional agriculture, awakening
stfudies that demonstrate the bioaccumulative damage
in the environment, with monitoring studies, evaluation
of the persistence of these products and the use in the
environment. In Brazil, herbicides account for 45% of totall
pesticide consumption, which stands out the importance
of this class of agricultural insums in our reality (Rigotto et
al., 2014).

Thus, the knowledge of the harmful effects of the
use of chemical pesticides, associated with consumers'
concern about food quality, has encouraged studies
on new techniques for control and management of
agricultural pests, including the use of natural products,
which are less aggressive to the environment (Tavares
et al., 2009). In this context, studies on allelopathy are
very relevant because they allow the discovery and
identification of new substances with potential use in the
control of weed plant species and consequent reduction
in the use of conventional herbicides (Mignoni et al.,
2018). Allelopathy is described as any direct or indirect,
harmful or beneficial effect that one plant exerts on
another, by the production of chemical compounds,
or allelochemicals, released into the environment (Rice,
1992). Allelochemicals come from secondary metabolism,
have a defense function, and show the ability to interfere
with the conservation, growth of seedlings and vegetative
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vigor of adult plants. These compounds have aroused
deep interest in the possibility of being used as a natural
method of effective biological control and preservation of
the environment and food from chemical contamination,
becoming an appropriate practice for sustainable
agriculture (Souza Filho, 2006). Several authors have
evidenced the allelopathic potential of several species
of the genus Piper on insects and fungi (Almeida et al.,
2012; Borella et al., 2012; Pinheiro et al., 2016) and also
on weeds (Lustosa et al., 2007). Research has revealed
that some species of this genus, such as black pepper
(Piper nigrum L.), contain phytotoxic compounds that
are released into the environment through different parts
of the plant (Cardoso et al., 2005). The objective of this
work was to verify the allelopathic potential of leaf and
seed exiracts of P. nigrum L. on the germination and initial
growth of coloniao grass (Panicum maximum Jacq.)
and lettuce (Lactuca sativa L.). The hypothesis is that
the application of P. nigrum exiract has an allelopathic
effect on the tested plants, affecting their development.

Materials and Methods
Experimental design

The work was carried out at the Laboratory of
Seeds and Forest Ecophysiology of the Federal University
of Espirito Santo, Brazil. Lettuce seeds (L. sativa), variety
lisa and coloniao grass (P. maximum) variety mombasa
were used as test species. The experimental design used
was completely randomized for both species, with two
plant organs (leaf and seed), three exiractors (hexane,
ethyl acetate and methanol) and five concentrations (0O
mg/L, 200 mg/L, 400 mg/L, 600 mg/L and 800 mg/L), in an
aftempt to contemplate all the allelopathic potential of
the plant.

Germination and initial growth bioassays of P. maximum
and L. safiva submitted to leaf and seed exfracts of P.
nigrum.

Leaves and seeds of black pepper were collected
from a commercial crop located in the municipality of
Sdo Mateus, northern Espirito Santo. After collection, the
material was packed in paper bags and deposited in a
greenhouse with forced ventfilation, kept at a constant
temperature of 40°C for 3 days. For the preparation of
the exiracts, after dehydration, the seeds and leaves
were crushed separately in a blender for 20 minutes. The
material obtained was submerged in different solvents with
increasing polarity (hexane, ethyl acetate and methanol)
and remained macerated for 7 days. After this period, the
macerated was filtered on filter paper and the extracts
obtained were placed to dry in a chapel with forced air

flow. After drying the solvents, the dry material obtained
was diluted in distlled water to obtain the following
concentrations: 200 mg/L, 400 mg/L, 600 mg/L and 800
mg/L for each of the three extractors and for the two plant
organs. In order to verify the action of the extracts on seed
germination and the inifial growth of leftuce and coloniao
grass seedlings, distilled water was used as control (0 mg/L).

For the germination test, five replicates of 20 seeds
for each species were sown in Petri dishes containing two
sheets of sterilized germitest paper, moistened with 3 mL
of extracts at concentrations of 0 mg/L, 200 mg/L, 400
mg/L, 600 mg/L and 800 mg/L. The plates were kept in a
germination chamber B.O.D. under constant illumination
at 20°C for leftuce and 25°C for coloniao grass (Tomaz
et al., 2010) for seven days. The germination percentage
(G) indicated by the number of germinated seeds, i.e.,
those with radicle profrusion greater than 2 mm (Brazil,
2009), germination speed index (IVG) (Maguire, 1962),
mean germination time (TMG) (Lopes & Franke, 2011) and
allelopathy index (IA) (Wiliamson & Richardson, 1988).

After seven days, the lengths of the radicle and
shoot of the seedlings were measured and the average
results expressed in centimeters.

Determination of the water potential of the extracts

The water potential of extracts may have an
inhibiting effect on germination and seedling development
and therefore may be confused with the allelopathic effect
of extracts. To exclude the effect of the water potential
on the germination and initial growth of the species, this
parameter was evaluated by using a WP4 potentiometer
and the results presented in Megapascal (MPa) (Delgado
& Barbedo, 2012).

Statistical analysis

The means were submitted, using the ASSISTAT
software version 7.7, fo ANOVA and were compared by
the Tukey test at the level of 5% significance.

Results and Discussion
Water potential of leaf and seed extracts of P. nigrum L.

The exiracts used were evaluated for water
potential (Table 1). It is known that water potentials above
-0.4 Mpa and -0.8 Mpa, respectively, do not affect the
germination of seeds of L. sativa (Bertagnolli et al., 2003)
and P. maximum (Belido et al., 2016). The maximum value
obtained was -0.31 Mpa (Table 1). Therefore, all the water
potential of the extracts were outside the range of possible
osmotic stress for the leffuce seeds and coloniao grass, so
it is possible to infer that such parameter had no influence
on germination and development of seedlings.
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Table 1. Water potential of extracts of Piper nigrum leaves and seeds. (EEF: ethyl acetate leaf extract; EHF: hexane leaf
extract; EMF: methanol leaf extract; EES: ethyl acetate seed extract; EHS: hexane seed exiract; EMS: Methanol seed

extract).
Water potential Water potential
Extract T°C Extract T°C
(MPa) (MPa)

EEF 200mg/L -0.09 29.2 EMS 200mg/L -0.11 29.7
EEF 400mg/L -0.19 29.1 EMS 400mg/L -0.18 29.6
EEF 600mg/L -0.19 29 EMS 600mg/L -0.18 29.7
EEF 800mg/L -0.21 29.1 EMS 800mg/L -0.20 26.9
EES 200mg/L -0.19 29.8 EHF 200mg/L -0.16 29.1
EES 400mg/L -0.20 29.7 EHF 400mg/L -0.24 29.3
EES 600mg/L -0.20 29.7 EHF 600mg/L -0.24 29.2
EES 800mg/L -0.20 29.7 EHF 800mg/L -0.31 29.6
EMF 200mg/L -0.21 29.6 EHS 200mg/L -0.24 29.7
EMF 400mg/L -0.23 29.6 EHS 400mg/L -0.26 29.8
EMF 600mg/L -0.23 29.6 EHS 600mg/L -0.26 29.8
EMF 800mg/L -0.24 29.7 EHS 800mg/L -0.26 29.8

Influence of P. nigrum exfracts on the germination and
initial growth of L. safiva

Essentially, only the more concentrated leaf and
seeds extracts of P. nigrum caused a reduction in the
germination percentage (G) of lettuce seeds, promoting,
at most, reductions close to 10% in this variable (Table 2).
However, this lowering can't be considered a phytotoxic
event as the G in all freatments still reached at least 80%
(Stanisavljevic et al., 2011). Plant extracts may or may not
compromise germination and initial growth depending
on the target species and concenfration used.

Qin et al. (2018) idea by
investigating the allelopathic effect of aqueous extracts
of Eucalyptus urophylla leaves on several natfive free

reinforced this

species, observing stimulatory, inhibitatory and neutral
effects. Pinheiro et al. (2016), when working with different
species of the genus Piper, verified a significant inhibitory
effect of Piper aduncum and Piper collosum on lettuce
seed germination but did not verify, as observed in this
study, a phytotoxic effect from Piper medium on these
seeds, even at the highest concentrations used (70%).
In addition, working with P. nigrum extracts of different
polarities on the germination and growth of several
cultivated plants, Yan et al. (2006) perceived a wide range
of stimulation, inhibition and nonfoxic results, which can
indicate that different species of the genus Piper may
not have phytotoxic effect on the germination of lettuce
seeds, a fact observed in this study.

VG, only
concenfrated methanol extracts, from both the leaf
and seed, promoted a reduction in this parameter, but
without this being reflected in the G of this species. The
other extracts did not present significant effect on the
IVG of the seeds or promoted their increase, favoring the

When analyzing the the most

species. In this respect, it is worth noting the beneficial
effect of the hexane exiracts that promoted a significant

increase in the IVG of the seeds. Also, only the most
concentrated foliar and seed methanol extracts and
seed ethyl acetate negatively affected the TMG of
lettuce seeds. This impairment in IVG and TMG was
probably due to the greater presence of piperine and
other piperamides in these extracts owing to their higher
polarity and, consequently, greater extraction capacity
of these secondary metabolites when compared to the
hexane extract (Tiwari et al., 2020). Piperine is an amyctic
alkaloid, abundant in black pepper, and has been
described as capable of influencing plant development
mainly during germination, having allelopathic effects
(Pereira et al., 2016; Tiwari et al., 2020). It is noteworthy
that the hexane exiracts promoted a leaning to reduce
the TMG, indicating a positive effect on the species.
This was probably due to the low exiraction capacity of
alkaloids such as piperine and great potential of flavonoid
extraction by this extractor, with known antioxidant
potential, a fact also verified in other studies (Franca,
2015; Lucena et al., 2017).

The effect on IA also occurred with significant
differences in relafion fo control. IA greater than 50%
indicate significant allelopathic effect (Wiliamson &
Richardson, 1988) however, this fact was not observed
in this study, despite the difference when comparing
to control. Furthermore, this isolated parameter may
not faithfully reflect the observed situation, since it only
demonstrates the degree of allelopathy exercised by the
tested substance and should be observed in conjunction
with other parameters (Costalonga & Batitucci, 2020).
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Table 2. G (germination percentage), IA (Allelopathy Index), IVG (Germination Speed Index), TMG (Average germination
fime), CPA (Shoot growth) and CR (Radicle Growth) of letftuce seeds submitted to leaf extracts and seeds of Piper nigrum L.
Means followed by the same capital letter on the line and small letter on the column do not show differences at the level of
5% by the Tukey test. EMF (methanol leaf extract), EHF (hexanic leaf extract), EEF (ethyl acetate leaf extract), EMS (methanol
seed extract), EHS (hexanic seed extract), EES (ethyl acetate seed exiract).

(G) 0mg/L 200 mg/L 400 mg/L 600 mg/L 800 mg/L  (IA) 0mg/L 200 mg/L 400 mg/L 600 mg/L 800 mg/L

EMF 0.97£0.02 0.92+0.00 0.92+0.00  0.92+0.02  0.95+0.02 EMF -4.30+0.00 1.08+0.00 1.08£0.00  5.38+0.70  5.38%0.66
aA bA bA bA aA aA aB aB aC aC

EHF  0.97£0.02 0.96£0.00 0.96+0.00  0.95+0.02  0.96+0.00 EHF -4.30£0.00 -3.23£0.00 -3.23£0.00 -2.15£0.02 -3.23+0.00
aA aA aA aA aA aA bB bB bB bB

EEF 0.97£0.02  0.96£0.01 0.96£0.01 0.9240.01 0.92£0.01 EEF  -4.30+0.00 -3.23+0.00 -3.23+0.01 1.08+£0.03 1.08+£0.02
aA aA aA bB bB aA bB bB bC cC

EMS 0.97£0.02 0.92+0.00 0.91£0.02 0.83£0.02 0.95£0.02 EMS -4.30£0.00 1.08£0.00  2.15+£0.50 1.75£0.70  2.15+£0.00
aA bB bB cC bA aA aB aB bB cB

EHS 0.97£0.02 0.92£0.00 0.89£0.02 0.95£0.02 0.87£0.02 EHS -4.30£0.00 1.08£0.00  4.30£0.80 1.35£0.80  6.45+£0.80
aA bB bC aA cC aA aB cC bB aC

EES 0.97£0.02 0.85£0.02 0.81£0.02 0.85£0.02 0.88£0.00 EES -4.30£0.00  8.60+0.80 12.9£0.80  8.60+0.80  5.38%0.20
aA cC cD cC cB aA cC dC aC aB

(IVG) 0 mg/L 200 mg/L 400 mg/L 600 mg/L 800 mg/L (TMG) 0 mg/L 200 mg/L 400 mg/L 600 mg/L 800 mg/L

EMF  0.60£0.02  0.55+0.02  0.50+£0.02  0.48£0.01 0.43+0.01  EMF 1.69£0.13 1.660.15 1.82+0.13 1.99£0.10  2.09£0.20
aA bAB CcAB bB cB aC aBC aB aAB aA

EHF  0.60£0.02  0.65+0.01 0.66£0.02  0.68£0.03  0.65£0.03 EHF 1.69£0.13 1.43+0.22 1.53+0.13 1.37£0.28 1.56+0.25
aC aAB aAB aA bB aA bA bA bA CcA

EEF 0.60£0.02  0.66+0.02  0.67£0.03  0.76+0.03  0.79+0.04  EEF 1.69£0.13 1.53+0.20 1.54+0.22 1.24+0.21 1.28+0.23
aC aBC aBC aA aA aA abABC bAB bC cC

EMS 0.60£0.02 0.57£0.03  0.52+0.03  0.47£0.02  0.47£0.01 EMS  1.69+0.13 1.76+0.08 1.94+0.10  2.13+0.07  2.13%£0.07
aA bAB bcAB bB cB aB aB aAB aA aA

EHS 0.60£0.02 0.69£0.04 0.73£0.05 0.70£0.05 0.68£0.05 EHS 1.69+0.13 1.45£0.09 1.38+0.14 1.44+0.14 1.48+0.15
aB aAB aA aAB abAB aA bA bA bA CcA

EES 0.60£0.02  0.64+0.04  0.64+0.05 0.74£0.03  0.50+0.04 EES 1.69£0.13 1.56+0.10 1.57£0.13 1.35£0.06 1.99£0.15
aBC aAB abAB aA cC aB abBC bBC bC bA

(CPA) 0mg/L 200 mg/L 400 mg/L 600 mg/L 800 mg/L  (CR) 0mg/L 200 mg/L 400 mg/L 600 mg/L 800 mg/L

EMF  0.59+0.05 0.58+0.03  0.58+0.03  0.57£0.02  0.57£0.02 EMF  3.05%0.11 2.93£0.03  2.93£0.07 2.90£0.07  2.88+0.09
aA aA aA aA aA aA aA aA aA aA

EHF  0.59£0.05 0.58+0.03  0.59£0.02  0.58+0.02  0.59+0.03 EHF  3.05+0.11 2.96+0.06 2.98£0.07 2.98£0.10  2.94+0.09
aA aA aA aA aA aA aA aA aA aA

EEF 0.59£0.05  0.58+0.03  0.59+0.03  0.59£0.02  0.58+0.02 EEF 3.05£0.11 2.91£0.03 2.92+0.07 2.87£0.08 2.84%0.11
aA aA aA aA aA aA aA aA aA aA

EMS 0.59+0.05 0.58£0.04 0.58£0.04 0.57£0.04 0.57£0.02 EMS  3.05+0.11 2.93£0.08  2.86+£0.08  2.80+£0.12  2.77+0.07
aA aA aA aA aA aA aA aA aA aA

EHS 0.59£0.05 0.57£0.04 0.57£0.05 0.43£0.02  0.42+0.03 EHS  3.05%0.11 2.91£0.07  3.04£0.02  2.96+£0.09  2.99+0.06
aA aA aA bB bB aA aA aA aA aA

EES 0.59£0.05 0.57£0.05 0.57£0.04  0.47£0.01 0.43£0.02 EES 3.05£0.11 2.91£0.07  2.93£0.08  2.92+0.06 2.80£0.12
aA aA aA bB bB aA aA aA aA aA

When analyzing the initial growth of lettuce
seedlings, only the most concentrated EHS and EES extracts
(600 and 800 mg/L) promoted a reduction, around 27%,
in the CPA of lettuce seedlings when compared to the
conftrol (Table 2). There was no significant difference in CR

in any of the extracts tested. This result on CR is interesting
because the radicle tends to be the place where most of
the components of these exiracts are concentrated due
to greater contact with it, thus being the most affected
variable (Periofto et al., 2004).
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However, in this study, no differences in roots
were found. Similar results were found by Terco & Leone
(2017), when working with Piper aduncum extract also
on the CPA and CR of L. sativa, not observing major
changes. This result reinforces the thesis that P. nigrum
extracts do not present significant inhibitive effect on L.
sativa seeds and seedlings. Thus, when considering the
variables tested in Table 2, it is possible to infer that the
leaf and seed extracts of P. nigrum did not compromise
the germination of the seeds and the initial growth of the
seedlings of this species. Therefore, these extracts present
potential use in weed control due to the fact that it does
not effectively affect the germination and initial growth
of seeds and seedlings of L. sativa L.

Influence of P. nigrum exfracts on germination and initial
growth of P. maximum

Only the extracts EES 800 and EEF 800 reduced the
IVG of grass seeds while leaf hexane extracts promoted
an increase in this parameter (Table 3). Ethyl acetate
and methanol are very efficient in extracting piperines
from macerated material, unlike hexane that exiracts,
mainly, nonpolar compounds. This higher concentration
of alkaloids caused by the affinity for ethyl acetate
extraction may explain the reduction observed in IVG.
The possible higher extraction of flavonoids by hexane
may also indicate an explanation for the positive effect of
these extracts on the germination speed of P. maximum
seeds (Franca, 2015). Practically all extracts showed an
inhibitory effect on the germination percentage (G) of
grass seeds.

Again, the EES and EMS extracts, in their highest
concenfrations, inhibited the grass seeds with greater
intensity reducing the G around 50%. The exiracts EEF,
EMS and EES, in their highest concentrations (600 and 800
mg/L). increased the TMG of the seeds while the hexane
extracts promoted the reduction of this parameter
favoring the germination of coloniao grass seedlings.
This was probably due to the greater presence of the
bioactive alkaloids such as piperine and other polar
compounds in methanolic and ethyl acetate extracts
when compared to the hexane exiracts, evidencing
this negative oscillation in G, IVG and TMG by these
treatments. These results are in accordance with those of
the literature where several studies have demonstrated
an association between polar Piper extracts and negative
effects on germination of various wild species and weeds
(Herro & Callaway, 2003; Siddiqui, 2007; Pereira et al.,
2016).

All - extracts

promoted the increase in IA,

especially the most concentrated ones. The greatfest

negative effect, with levels higher than 50%, on IA was
also in extracts EMS 600 and 800 and EES800, indicating
that seed exfracts, at the highest concentrations used,
were more effective in inhibiting the germination of P.
maximum seeds. All extracts negatively affected the
CPA of grass seedlings, except for leaf hexane extracts
that promoted an increase in the length of the aerial
part. In this variable, once more, the extracts EMS800
and EMS600 were highlighted, which caused the most
marked reduction in this parameter (89%) and seem to be
in conformity with the effects of the chemical constitution
of the secondary metabolites found in this plant (Pereira
et al., 2016). As for CR, all extracts contributed negatively
fo seedling development. Again, the most concenfrated
seed methanol extract (EMS800)
significant reduction in radicle length, decreasing its size
by approximately 21% when compared to the confrol,
results similar to those obtained by Siddiqui (2007)
when exposing plants of the genus Vigna to extracts
of P. nigrum. Thus, it is possible to infer that the more

showed the most

concentrated methanolic seed extracts compromise, in
a very effective way, the initial growth of coloniao grass
seedlings and have great potential for use in biological
control of weeds, due to their allelopathic capability.

Comunicata Scientiae, v.14: e3878, 2023



Rodrigues Filho et al. (2023)

Piper nigrum allelopathy on the germination...

Table 3. G (germination percentage), IA (Allelopathy Index), IVG (Germination Speed Index), TMG (Average germination
fime), CPA (Shoot Growth) and CR (Radicle Growth) of coloniao grass seeds submitted to leaf and seed extracts of Piper nigrum
L. Means followed by the same capital letter on the line and small letter on the column do not show differences at the level of
5% by the Tukey test. EMF (methanol leaf extract), EHF (hexanic leaf extract), EEF (ethyl acetate leaf extract), EMS (methanol
seed extract), EHS (hexanic seed extract), EES (ethyl acetate seed exiract).

0 200 400 600 800 0 200 400 600 800
(C) (1A)
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
EMF 0.77+0.02 0.68+0.03  0.81+0.02 0.69+0.0 0.65+0.04 EMF 17.21£1.90 26.88+3.51 12.91+2.15 35.48+0.0 30.11%4.12
aA bB aA bcB aB aC bB dc cA CAB
EHF  0.77+0.02  0.66+0.05 0.57+0.0 0.64+0.04  0.54+0.02 EHF  17.21£1.90 24.73+5.55 22.58+3.51 21.35+0.0 32.26%+4.12
aA bB cC cB bC aC bB cBC dBC cA
EEF 0.77+0.02  0.66+0.02 0.57+0.0 0.64+0.02  0.54+0.03 EEF 17.21£1.90 29.03+2.48 38.71+2.15 37.18+0.0 41.94+2.48
aA bB cC cB bC aC bB bA CcA bA
EMS 0.77+0.02 0.76x0.02 0.55+0.03 0.36x0.02  0.39+0.02 EMS 17.21£1.90 18.28+£3.51 40.86+2.15 61.29£3.51 58.07£2.15
aA aA cdB eC cC aC cC abB aA aA
EHS 0.77+0.02 0.69+0.02 0.67+0.02 0.71+0.02  0.49+0.03 EHS 17.21£1.90 25.81+£2.15 27.96+2.15 23.66+2.15 47.36%+2.15
aA bB bB abB bC aC bB cB dB bA
EES 0.77+0.02  0.60+0.04  0.51+0.02  0.46+0.02  0.38+0.02 EES 17.21£1.90 35.48+3.51 45.16%+4.12 50.54+2.48 59.14+2.48
aA CcA dcC dcC cD aD aD aB bB aA
0 200 400 600 800 0 200 400 600 800
(IVG) (TMG)
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
EMF 0.25+0.02  0.25%0.01 0.26+0.02 0.27+0.0 0.25+0.02 EMF 4.07+£0.3 3.99+0.2 3.99+0.3 3.82+0.0 4.10+£0.3
aA bcA bA cA bA aA bA bA bA bA
EHF  0.25+0.02 0.31+0.04  0.31+0.02 0.32+0.8 0.36+0.0 EHF 4.07+0.3 4.07+0.4 3.30+0.2 2.94+0.0 2.78+0.1
aA aB aB abB aC aA abA cB cB cB
EEF 0.25+0.02  0.24+0.01 0.22+0.02  0.22+0.02 0.20+0.0 EEF 4.07+0.3 4.22+0.3 4.55+0.4 3.78+0.0 4.90+0.2
aA bcAB bcAB dAB cB aBC abBC aAB bC aA
EMS  0.25+0.02  0.26+0.01 0.26+0.01 0.21+0.03  0.23+0.01 EMS 4.07 £0.3 3.82+0.2 3.85+0.4 4.74+0.3 4.44+0.3
aAB bA bA dB bcAB aBC bcC bC aA abAB
EHS 0.25#0.02 0.28+0.02 0.26+0.03 0.28+0.03  0.26%+0.02 EHS 4.07+0.3 3.64+0.4 3.92+0.5 3.53+0.2 3.94+0.2
aA aA bA bcA bA aA bcA bA bcA bA
EES 0.25+0.02  0.22+0.01 0.21+0.01 0.33+0.01 0.20+0.02 EES 4.07+0.3 4.59+0.1 4.78+0.2 3.02+0.1 5.02+0.3
aB cBC cC aA cC aBC aAB aA cC aA
0 200 400 600 800 0 200 400 600 800
(CPA) (CR)
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
EMF  2.40£0.11 0.74+0.04  0.63+0.05 0.57+0.06  0.50+0.04 EMF 3.31+0.1 1.63%0.1 1.42+0.1 1.40£0.1 1.38£0.1
aA cdB cBC bcC cC aA cdB cC cC cC
EHF  2.40+0.11 2.90+0.13  2.85+#0.15  2.79+0.09  2.99+0.08  EHF 3.31+0.1 2.66%0.1 2.960.1 1.91+0.1 3.06%0.1
aC aAB aAB aB aA aA bC aBC bC aB
EEF 2.40%0.11 1.02+0.09  0.62+0.08  0.72+0.06  0.69+0.07 EEF 3.31£0.1 3.06+0.1 2.16+0.1 2.07+0.1 2.03+0.1
aA bB cC bC bC aA aB bC aC bC
EMS  2.40%0.11 0.60+0.04  0.51¥0.02  0.26+0.01 0.26+0.04 EMS 3.31+0.1 1.06+0.0 0.74+0.0 0.50+0.1 0.31+0.0
aA dB cB dC dC aA eB fC eD ek
EHS  2.40+0.11 0.82+0.01 0.48+0.04  0.47+#0.04 0.37£0.06  EHS 3.31+0.1 1.72+0.0 0.97+0.1 0.83+0.0 0.59+0.0
aA cB cC cC cdC aA cB eC dC db
EES 2.40+0.11 1.1520.03  0.81+0.03  0.49+0.02  0.35+0.08 EES 3.31+0.1 1.50+0.0 1.19+0.1 0.97+0.0 0.55+0.0
aA bB bC cD cdD aA dB dD dbD dE
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Conclusions

The exiracts tested showed no or litfle negative
influence on germination and initial growth of L. safiva
which indicate non-phytotoxic effect on this cultivated
species. The hexane extracts, in general, did not alter or
promote a positive effect on the variables tested in both
species. The seed exiracts, at the highest concentrations
tested, showed the highest efficiency in the control of
the species P. maximum. Among the exiractors tested,
methanol proved to be more efficient in confrolling
seed germination and inhibiting the initial growth of this
species. Thus, methanolic extracts of P. nigrum seeds
have potential for use in the control of weed species such
as P. maximum.

Acknowledgements
The authors are grateful to Federal Institute of
Espirito Santo (IFES) for the financial support.

References

Almeida, F.D.A.C., Silva Junior, P.J., Silva, J.F., Lino, T.F.L.,
Silva, R.G. 2012. Infestacdo e germinacdo em sementes
de milho tfratadas com extratos de Piper nigrum e Annona
squamosa. Revista Brasileira de Produtos Agroindustriais
14: 457-471.

Belido, ILA., Yamashita, O.M., Ferreira, A.C.T., Felito, R.A.,
Rocha, A.M., Carvalho, M.A.C. 2016. Estresse hidrico na
germinacdo de sementes e desenvolvimento inicial de
plantulas de Panicum maximum cv. Mombaca. Revista
de Ciéncias Agroambientais 14: 38-46.

Bertagnolli, C.M., Menezes, N.L., Storck, L., Santos, O.S.,
Pasqualli, L.L. 2003. Desempenho de sementes nuas e
peletizadas de alface (Lactuca sativa L.) submetidas a
estresses hidrico e térmico. Revista Brasileira de Sementes
25:7-13.

Bessa, T., Terrones, M.G.H., Santos, D.Q. 2010. Avaliacdo
fitotéxica e identificacdo de metabdlitos secunddrios da
raiz de Cenchrus echinatus. Floresta e ambiente 17: 52-
55.

Borella, J., Martinazzo, E.G., Aumonde, T.Z., Amarante,
L.D., Moraes, D.M.D., Villela, F.A. 2012. Respostas na
germinacdo e no crescimento inicial de rabanete sob
acdo de extrato aquoso de Piper mikanianum (Kunth)
Steudel. Acta Botanica Brasilica 26: 415-420.

Brasil. Ministério da Agricultura, Pecudria e Abastecimento.
2009. Regras para andlise de sementes. MAPA/ACS,
Brasilia, BR. 399p.

Cardoso, J.F.R., Wardini, A.B., Evangelista, D.W., Viana,
E.B. 2005. Avaliacdo do efeito tdxico da piperina isolada
da pimenta do reino (Piper nigrum L) em camundongos.
Revista Universidade Rural. Série Ciéncias da Vida 25: 85-
91.

Costalonga, S.A., Batitucci, M.D.C.P. 2020. Avaliacdo
alelopdtica e fitoquimica de Artocarpus heterophyllus

Lam e Eriobotrya japonica (Thunb.) Lindl., duas espécies
invasoras presentes em unidades de conservacdo do
Espirito Santo, Brasil. Brazilian Journal of Development 6:
56486-56505.

Delgado, L.F., Barbedo, C.J. 2012. Water potential and
viability of seeds of Eugenia (Myrtaceae), a tropical free
species, based upon different levels of drying. Brazilian
Archives of Biology and Technology 55: 583-5%0.

Franca, L.P. 2015. Estudo quimico e bioldégico de Piper
capitarianum (Piperaceae) para o confrole de Aedes
aegypti e Aedes albopictus (Culicidae). 143f. (Tese
de Doutorado) - Universidade Federal do Amazonas,
Manaus, Brasil.

Herro, J.L., Callaway R.M. 2003. Allelopathy and exotic
plant invasion. Plant Soil 256: 29-39.

Lopes, R.R., Franke, L.B. 2011. Aspectos térmico-bioldgicos
da germinacdo de sementes de cornichdo anual sob
diferentes temperaturas. Revista Brasileira de Zootecnia
40: 2091-2096.

Lucena, D.C., Bertholdo-Vargas, L.R., Silva, W.C,
Machado, A.F., Lopes, T.S., Moura, S., Barros, N.M.
2017. Biological activity of Piper aduncum exiracts on
Anticarsia gemmatalis (HUbner)(Lepidoptera: Erebidae)
and Spodoptera frugiperda (JE Smith)(Lepidoptera:
Noctuidae). Anais da Academia Brasileira de Ciéncias
89: 1869-1879.

Lustosa, F.L.F., Oliveira, S.C.C., Romeiro, L.A. 2007. Efeito
alelopdtico de extrato aquoso de Piper aduncum L. e
Piper tectoniifolium Kunth na germinacdo e crescimento
de Lactuca sativa L. Revista Brasileira de Biociéncias 5:
849-851.

Maguire, J.D. 1962. Speed of germination-aid in and
evaluation for seedling emergence and vigor. Crop
science 2: 176-177.

Mignoni, D.S.B., Kelly Simoes, K., Braga, M.R. 2018. Potential
dllelopathic effects of the tropical legume Sesbania
virgata on the alien Leucaena leucocephala related
fo seed carbohydrate metabolism. Biological Invasions
20:165-180.

Pereira, S.G., Soares, A.D.S., Guilhon, G.M.S.P., Santos,
L.S., Pacheco, L.C., Souza Filho, A.D.S. 2016. Phytotoxic
potential of piperine and extracts from fruits of Piper
fuberculatum Jag. on Senna obtusifolic and Mimosa
pudica plants. Allelopathy Journal 38: 91-102.

Periotto, F., Perez, S., Lima, M.LS. 2004. Monoterpeno
quiral limoneno o principal componente do dleo voldtil
de H. bonariensis. Acta Botanica Brasilica 18: 45-56.

Pinheiro, P.R., Severiano, R.L., Abrdo, C.F., Pereira, M.D.
2016. Germinagdo e desenvolvimento inicial de plantulas
de alface submetidas a exiratos de pimentas. Revista
Agrarian 9: 143-148.

Qin, F., Liu, S., Yu, S. 2018. Effects of allelopathy and
competition for water and nufrients on survival and
growth of free species in Eucalyptus urophylla plantations.
Forest Ecology and Management 424: 387-395.

Comunicata Scientiae, v.14: e3878, 2023



Rodrigues Filho et al. (2023)

Piper nigrum allelopathy on the germination...

Rice, E.L. 1984. Allelopathy. Academic Press, New York,
USA. 422p.

Rigofto, R.M., Vasconcelos, D.P., Rocha, M.M. 2014.
Uso de agrotdxicos no Brasil e problemas para a salude
pUblica. Caderno de Saude Publica 30: 1-3.

Siddiqui, Z.S. 2007. Allelopathic effects of black pepper
leachings on Vigna mungo (L.) Hepper. Acta Physiologiae
Plantarum 29: 303-308.

Silva, B.P., Nepomuceno, M.P., Varela, R.M., Torres,
A., Moalinillo, J.M.G., Alves, P.L.C.A., Macias, F.A. 2017.
Phytotoxicity Study on Bidens sulphurea Sch. Bip. as
a Preliminary Approach for Weed Control. Journal of
Agricultural and Food Chemistry 65: 5161-5172.

Souza Filho, A.P.S. 2006. Alelopatia e as plantas. Embrapa,
Belém, Brasil. 159p.

Stanisavljevic, R., Djokic, D., Milenkovic, J., Bukanovic, L.,
Stevovic, V., Simic, A., Dodig, D. 2011. Seed germination
and seedling vigour of lItalian ryegrass, cocksfoot
and timothy following harvest and storage. Ciencia e
agrotecnologia 35: 1141-1148.

Tavares, W.S., Cruz, |., Petacci, F., Assis Junior, S.L.,
Sousa Freitas, S., Zanuncio, J. C., Serrdo, J.E. 2009.
Potential use of Asteraceae exfracts to control
Spodoptera frugiperda (Lepidoptera: Noctuidae) and
selectivity to their parasitoids Trichogramma pretiosum
(Hymenoptera: Trichogrammatidae) and Telenomus
remus (Hymenoptera: Scelionidae). Industrial Crops and
Products 31: 384-388.

Terco, J.D.S., Leone, F.R. 2017. Efeito alelopdtico de
extrato aquoso de Piper cf. aduncum L. (PIPERACEAE)
na germinacdo e crescimento de Lactuca sativa
L.(ASTERACEAE). 11f. (Monografia de graduagdo) -
Universidade Estadual do Amazonas, Boca do Acre,
Brasil.

Tiwari, A., Mahadik, K.R., Gabhe, S.Y. 2020. Piperine:
A comprehensive review of methods of isolation,
purification, and biological properties. Medicine in Drug
Discovery 7: 100027.

Tomaz, C.A., Martins, C.C., Carvalho, L.R., Nakagawa,
J. 2010. Duracdo do teste de germinacdo do capim-
tanzdnia. Revista Brasileira de Sementes 32: 080 - 087.

Yan, G., Zhu, C., Luo, Y., Yang, Y., Wei, J. 2006. Potential
allelopathic effects of Piper nigrum, Mangifera indica
and Clausena lansium. The Journal of Applied Ecology
17:1633-1636.

Williamson, G.B., Richardson, D. 1988. Bioassays for
allelopathy: measuring treatment responses  with
independent confrols. Journal of chemical ecology
14:181-187.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

All the contents of this journal, except where otherwise noted, is licensed
under a Creative Commons Attribution License attribuition-type BY.

Comunicata Scientiae, v.14: e3878, 2023





