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Abstract

Background: Density in inter and intraspecific plant-plant interactions affects the action modes of allelopathy
(autotoxicity, negative and positive allelopathy). Some seeds exude compounds that inhibit the germination of
others. Ipomoea murucoides and I. pauciflora are sympatric tree species that form patches at the local scale where
one or the other dominates, possibly due to allelopathy in the seeds. The objective of this study was to determine
the possible density-dependence of the allelopathic effect among seeds of these species through the measure of
seed germination and seedling emergence.

Methods: In both species, allelopathy was measured as: a) germination in mixed sowing of both species at
different proportions, b) germination in single-species trials at different densities after adding seed extracts of both
species, and c) seedling emergence in seed mixtures of both species sown at different proportions beneath
canopies of the two Ipomoea species.

Results: Seed germination of I. murucoides was increased by the presence of I. pauciflora and diminished at higher
densities of its own seeds; however, seed germination of I. pauciflora was not affected by the presence of I.
murucoides seeds. The addition of extracts (either from conspecifics or congeneric) diminished the germination of
both species and at higher seed densities the germination was lower. Seedling emergence did not depend on the
species under which the seeds were sown nor on the density of the seeds.

Conclusions: The germination experiments evidenced positive allelopathy and/or autotoxicity, while there was no
evidence of allelopathic effects in seedling emergence. The allelopathic activity is reported in the seeds of these
species for the first time.

Keywords: Autotoxicity, Chemical interference, Facilitation, Replacement series experiment, Resource competition,
Tropical dry forest

Background
Allelopathy has traditionally been considered as a chem-
ical interference, which takes place when one plant
reduces the growth of another through chemical mecha-
nisms [1–4]. However, according to other definitions,
allelopathy includes also beneficial effects on other
plants. Rice [5] defined allelopathy as any direct or

indirect effect, positive or negative, on the development
of an acceptor plant, or microorganisms, as a conse-
quence of the release of secondary metabolites to the
environment by a donor organism. In seeds, it has been
documented that exudates generated during germination
can inhibit the seed germination of other species [6–10].
For example, some seeds possess non-protein amino acids
that function as inhibitors of basic metabolism [11, 12],
interfering with auxin transport, protein synthesis, polypep-
tide elongation [13] and root development [14]. However,
seeds may also exude molecules that act like phyto-
hormones promoting plant growth (e.g. lepidimoide from
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Lepidium sativum) [15, 16]. Lepidimoide has been found to
increase the hypocotyl length of Amaranthus caudatus
[15], the light-induced chlorophyll content in cotyledons of
Helianthus annus [17], and the number of leaves and seed
production of Arabidopsis thaliana [18]. On the other
hand, a negative form of intraspecific allelopathy, also called
autotoxicity or autoallelopathy, occurs when plants exert
harmful effects on the growth of its conspecifics [19]. For
example, it has been found that diterpenes from leaves of
Cistus ladanifer inhibited the seed germination, seedling
size and seedling establishment at intraspecific level [20].
Allelopathic effects could be related to the density of

interacting plants. Especially when allelopathy exerts a
negative effect on acceptor plants [21–24]. It has been
found that at higher seed density of Carduus nutans the
germination rate of Lolium perenne and Trifolium sub-
terraneum diminished [7]. Similar results have been
found in mixture crops when Sesamum indicum dimin-
ished the root length of Gossypium hirsutum [25], or
when increasing plant number of Triticum aestivum
diminished the biomass of Avena fatua [26]. Thus,
different densities of the interacting plants may lead to
different allelochemical concentrations, and therefore
density should be taken into account when allelopathy
experiments are performed [27]. In a scenario in which
two species interact and considering a fixed concentra-
tion of allelochemicals in the environment, a low density
of acceptor plants will be exposed to a greater concen-
tration of allelochemicals per plant and this will affect
more negatively their performance (e.g. growth, seed
germination, seedling emergence). Contrary, at a high
density of acceptors, the concentration of allelopathic
compounds reaching a plant will be lower.
Some Ipomoea (Convolvulaceae) species have been

reported to have allelopathic activity (e. g. Ipomoea tri-
color Cav [28]). Bark extracts from Ipomoea murucoides
Roem. et Schult. and I. pauciflora M. Martens & Galeotti
were found to negatively affect the seed germination of
epiphytic bromeliads [29]. Additionally, it has been doc-
umented that seeds of I. murucoides contain fatty acids
and glycosidic resins [30], both of which have allelo-
pathic properties [28]. Ipomoea pauciflora and I. muru-
coides are sympatric species present at a high density in
the tropical deciduous forest of central Mexico [31]. It is
common to find groups of both species where one of
them dominates. This pattern could result from one spe-
cies exerting a form of allelopathy (negative or positive)
on the seed germination and/or seedling emergence of
the other species. Alternatively, this pattern could reflect
autotoxicity, i.e., germination and emergence are re-
duced by high seed and/or seedling density of conspe-
cifics. In this study, three experiments were conducted
to test if seeds of Ipomoea pauciflora and I. murucoides
affect the germination and emergence of conspecifics

and congenerics through mechanisms of allelopathy.
The first experiment evaluated if variable proportions of
seeds of both species inhibit (autotoxicity, negative allelop-
athy) or promote (positive allelopathy) the seed germin-
ation of the interacting species. The second experiment
assessed the allelopathic activity (positive or negative) of
aqueous seed extracts of each species on conspecifics and
congenerics seed germination at different seed densities.
Finally, an outdoor experiment evaluated the effect of
Ipomoea canopy identity on the seedling emergence of I.
murucoides and I. pauciflora sown at different propor-
tions. It is expected that if the germination and/or seedling
emergence of Ipomoea murucoides and I. pauciflora are
affected by density-dependent negative allelopathy exerted
by seeds of their congenerics, these two processes should
be reduced when seeds of one species are sown with high
densities of the other species; conversely, if both processes
are affected by density-dependent positive allelopathy,
germination and seedling emergence should be promoted
when seeds of one species are exposed to high seed den-
sities of the other species. On the other hand, decreased
germination and/or seedling emergence of I. murucoides
and I. pauciflora at high densities of their conspecifics
should suggest autoxicity, because concentration of toxic
substances increases along with plant density.

Methods
Study site and species
The seed collection and field experiment were con-
ducted on the hill “Cerro de la Cruz”, located in the
municipality of Tepoztlán (18°57′22.2″W, 99°06′50.2″
N, 1495 m a.s.l.), Morelos State, México. Mean summer
(plant growing season) precipitation at this area is 511 ±
21.82 mm and mean summer temperature is 20.65 ±
0.65 °C (https://smn.conagua.gob.mx/es/informacion-
climatologica-por-estado?estado=mor). The hill has c.
13 km2 and forms part of the “Chichinautzin” Bio-
logical Corridor, considered a protected area for the
flora and fauna (http://www.dof.gob.mx/nota_detalle.
php?codigo=4793772&fecha=30/11/1988). The vegeta-
tion type is tropical dry forest, which is characterized
by an open canopy and trees of low stature [32]. The
study area contains at least 42 tree species, six of them with
a relative dominance (RD) higher than 5%: Conzattia multi-
flora (B.L. Rob.) Standl. (Fabaceae, RD = 14.9%), Bursera
fagaroides (Kunth) Engl. and Bursera glabrifolia (Kunth)
Engl. (Burseraceae, both with RD= 14.7%), Sapium macro-
carpum Müll. Arg. (Euphorbiaceae, RD = 12.5%), Ipomoea
murucoides (RD = 5.6%) and I. pauciflora (RD = 7.1%) [31].
Ipomoea murucoides is a tree 3–8m tall, up to 40 cm-

diameter at breast height. Their leaves are oblong-ellip-
tical, the inflorescence has one or two white flowers, and
the fruit is an ovoid capsule with four seeds [33]. Ipo-
moea pauciflora is a tree up to 8 m tall, with ovate leaves
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5–15 cm length, inflorescences with one to five white
flowers, and capsules with often four seeds, rarely five
[33]. These species are native of tropical America, char-
acteristic of both perturbed and pristine tropical dry for-
est. In both species the flowering season occurs from
October to March, fruit set begins in January and fin-
ishes in April [33], seeds are dispersed from March to
April and seed germination occurs during summer
months (June–September).

Seed collection
In March and April 2015, and prior to fruit dehiscence,
approximately 150 capsules per tree were collected from
twelve trees of I. murucoides and ten trees of I. pauci-
flora. These capsules were stored in paper bags until
dehiscence. The seeds were separated from the pericarp
and the dispersion appendices removed in order to pre-
vent moisture retention and proliferation of fungi. Para-
sitized (presence of holes) and/or non-vigorous seeds
were discarded. Seeds were then mixed and stored until
the beginning of the experiments (May–July 2015).
Given that seeds of Ipomoea murucoides present physical

dormancy [34], and seeds of I. pauciflora apparently present
a similar seed coat hardness, prior to each experiment per-
formed in this research, the seeds of both species were
scarified with sandpaper (Fandeli A-99280). Appropriate
scarification was achieved by taking one seed at a time and
scraping it laterally against the sandpaper. Scarification
finished when the seed coat was reduced, and the endo-
sperm was intact but exposed. Once scarified, the seeds
were disinfected with 0.25% sodium hypochlorite for 1min.
and rinsed three times with distilled water.

Effect of different seed proportions of I. murucoides and I.
pauciflora on germination (experiment 1)
A replacement series experiment [35] was conducted to
establish whether seed germination in I. murucoides and
I. pauciflora is inhibited or promoted when seeds of one
species replace gradually seeds of the other species. Six-
teen seeds were randomly chosen and sown, using filter
paper as a substrate, in each of ten Petri dishes (90 mm
diameter × 15 mm height, i.e. the replicates) per treat-
ment. Treatments of the replacement series experiment
consisted of different proportions of I. murucoides and I.
pauciflora seeds: 16:0, 14:2, 12:4, 10:6, 8:8, 6:10, 4:12, 2:
14, 0:16. In each Petri dish, seeds were arranged system-
atically in four lines with four seeds each (4× 4). When
treatments involved seed of both species, these were al-
ternated. The Petri dishes were watered with 10 mL of
distilled water and then were sealed with Parafilm
(Pechiney-Plastic packaging, model PM-996, USA) and
Clingfilm (Kirkland Signature, model 26,761, USA) in
order to avoid moisture loss. The sealed dishes were
then placed in a growth chamber from May 18 to June

7, 2015 (Scorpion Scientific A 50624, Mexico), at a
temperature of 25 °C and a photoperiod of 12 h light and
12 h darkness. To ensure a correct seed identification
when data were recorded, the I. murucoides seeds were
marked with a yellow color drop of textile paint (Confetti,
Mexico; No. 112) while I. pauciflora was similarly marked
with blue color (No. 125). Preliminary germination experi-
ments using the same sowing protocol described above,
showed that the paint had no significant effect neither on
the germination of I. murucoides (x ± SD without and with
paint, respectively: 33.33 ± 30.55% and 33.33 ± 11.54%;
Mann- Whitney test, U = 4.0, P = 0.82) nor on the germin-
ation in I. pauciflora ( x ± SD without and with paint,
respectively: 46.66 ± 11.54% and 46.66 ± 11.54%) (Mann-
Whitney test, U = 4.5; P = 1.00). Seed germination was
recorded daily for 14 days; after this period the experiment
was ended. Germination was considered successful when
the radicle emergence was visible. Germination was com-
puted for each replicate, per species and treatment.

Effect of seed aqueous extracts and seed density on seed
germination of conspecifics and congenerics (experiment 2)
This experiment was conducted to determine the effect
of seed extracts of each species on the seed germination
of their congeneric counterparts and themselves (autoal-
lelopathy). Ipomoea murucoides and I. pauciflora seeds
were sown at different densities (see below) and watered
with seed extracts of the same and the other species.
Liquid extracts of both Ipomoea species were obtained
following Maiti et al. [36]. For this, 300 g of seeds of
each species were dried in a forced fan oven (FD 115-
UL, Binder) for 24 h at 28o C. Due to their physical dor-
mancy [34] and the hard seed coats (which impede the
flux of allelochemicals) [11], the seeds of Ipomoea were
partially crushed in an electrical coffee mill (Krups
model GX410011V). The crushed seeds of both species
were then macerated at ambient temperature in 500 mL
of distilled water. After 24 h, these samples were vacuum
filtered three times with a Buchner funnel. The liquid
seed extracts of both species were then lyophilized
(lyophilization equipment LABCONCO, Frezone 1) and
used in the germination experiments. Seeds of I. muru-
coides and I. pauciflora were scarified, disinfected and
then sown separately at three different densities: 8, 12
and 16 seeds per Petri dish (90 mm diameter × 15mm
height), using filter paper as a substrate. Seeds of both
species of Ipomoea and at each density were watered
with seed extracts of conspecifics and the congeneric.
Five Petri dishes (i.e. the replicates) were used per
species, density, and watering seed extract. One mL of
extract (1 g/mL) per seed was added to each Petri dish,
(e.g. 8 mL for Petri dishes with 8 seeds). In order to
differentiate the effect of the extract with the volume of
solution added to the Petri dishes, controls with five
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replicates each were established for each species and
seed density, in which 8, 12 and 16mL of distilled water
was added. All Petri dishes were randomly placed in a
growth chamber under similar conditions as described
for experiment 1. Seed germination was counted when
the radicle emergence was visible.

Effect of seed proportion and canopy identity on seedling
emergence (experiment 3)
In order to determine if allelopathy and/or autoallelopa-
thy affect seedling emergence under natural conditions,
an in situ outdoor experiment was established in late
May 2015. Three contiguous sites were chosen in the
study area, one visually dominated by I. murucoides (site
1), another dominated by I. pauciflora (site 2), and a
third site (control) where both Ipomoea species and
other tree species were absent, however scarce herbs and
grasses were present. In sites 1 and 2, five trees of I.
murucoides and I. pauciflora, respectively, were selected
and labeled with flagging tape. Around each tree (i.e.
replicate), and at a distance of 1.5 m from the trunk, five
boxes of reinforced, galvanized steel mosquito screen
mesh (12 cm in length × 7 cm in with × 8 cm in height)
were buried in the soil. An imaginary grid was traced in
each box, dividing it into eighths, and one seed was
assigned at random to each eighth. These seeds were
sown at a depth of < 1 cm. Seeds of I. murucoides and I.
pauciflora were sown at different proportions (i.e. the
treatments) in each of the five boxes. Five proportions
were considered: 8:0, 6:2, 4:4, 2:6 and 0:8. In the control
site, six points were established, each with the same five
seed density treatments of the two Ipomoea species. The
seeds and seedlings of both species are morphologically
similar and hence may be difficult to distinguish each
other; thus, in order to ensure accurate identification of
the seedlings, the I. pauciflora seeds were identified by
placing a colored thumbtack next to each. Once this ex-
periment was established, the boxes were reviewed weekly
from May 2015 to January 2016 (mean temperature and
precipitation for this period: 22.43 ± 1.32o C and 139 ±
116.11mm; https://smn.conagua.gob.mx/), and the num-
ber of emerged seedlings per species and treatment was
recorded at each site.

Statistical analyses
Data of all the experiments were analyzed using general-
ized linear mixed models (GLMM) [37, 38]. For experi-
ments 1 and 2, the Petri dish was considered the random
factor; for experiment 3 the random factor was the tree
under which the seeds were sown. For experiment 1, ana-
lyses were performed separately for each species; here the
fixed factor was the seed proportion, while the response
variable was the seed germination of each Ipomoea spe-
cies. In experiment 2, the proportion of germinated seeds

was the response variable, while the fixed factors were the
seed density (8, 12, 16 seeds), the source of aqueous
extract (I. murucoides, I. pauciflora or distilled water) and
the species (I. murucoides or I. pauciflora). In experiment
3, the response variable was the proportion of seedling
emergence, while the fixed factors were the condition
under which the seeds were sown (I. murucoides canopy,
I. pauciflora canopy, or control –i.e., no canopy–), the
seed proportion and the species (I. murucoides, I. pauci-
flora). All statistical analyses were carried out using R
version 3.4.3. (R Core Team 2017 [39]) with library lme4
using a binomial link function [38]. In case of statistical
differences, post hoc Tukey test were performed with
multicomp package [40].

Results
Effect of variation in seed proportion on seed
germination (experiment 1)
Without considering the seed proportion, the total percent-
age of germination for I. murucoides was of 34.81 ± 0.14%,
while for I. pauciflora was 28.78 ± 11.54%. Ipomoea muru-
coides reached lower germination rate in the absence of I.
pauciflora (χ2 1 = 7.2, P < 0.0001; Fig. 1a), while seed ger-
mination of I. pauciflora was not affected by the increment
of seed proportion of I. murucoides (χ2 1 = 3.5, P = 0.06;
Fig. 1b).

Effect of seed aqueous extracts and seed density on seed
germination of conspecifics and congenerics (experiment 2)
Germination of I. murucoides and I. pauciflora was sta-
tistically similar (both with 78 ± 24%, Table 1). However,
the source of aqueous extracts provoked differences in
seed germination of both species (Table 1). Germination
of I. murucoides was lower (46 ± 17%, across densities)
when watered with extracts of I. pauciflora than when
were watered with its own extract (75 ± 21% across dens-
ities, Fig. 2a, b). By contrast, germination of I. pauciflora
was similar under the two types of extracts (Fig. 2f, g).
Mean germination in controls was always above 80% (8
mL, 80 ± 28%; 12 mL, 94 ± 9%; 16 mL, 93 ± 9%, Fig. 2c, d,
e, h, i, j). When seeds where watered with aqueous seed
extracts, the lowest germination in both species was
observed in the highest density (16 seeds) (Table 1,
Fig. 2a, b, f, g). However, no consistent pattern of ger-
mination in relation to seed density was observed in the
three controls; for example, with 8 mL of distilled water,
germination of I. murucoides increased with seed density
but germination of I. pauciflora did not. Also, with 12
mL I. pauciflora had the lowest germination at inter-
mediate density, while with 16mL the germination of
both species diminished with the increment of seed
density (Fig. 2c, d, e, h, i, j).
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Effect of seed proportion and canopy identity on seedling
emergence (experiment 3)
Seedling emergence was statistically similar (Table 2) under
I. murucoides (15.44 ± 11.79%), I. pauciflora (12.81 ± 7.45%)
and the control (15.83 ± 10.88%). There was no effect of the
seed proportion of I. murucoides and I. pauciflora on the
seedling emergence of these species (Table 2). However,
seedling emergence was statistically lower in I. muru-
coides (9.7 ± 8.1%) than in I. pauciflora (19.7 ± 273
10.8%, Tables 2 and 3).

Discussion
Traditionally, research in allelopathy has focused in the
chemical negative interference that a plant species exerts

on another. However; in plant-plant interactions allelop-
athy could play a positive role too, when a plant facili-
tates the growth of others [5]. Besides, intraspecific
allelopathy also occurs when plants of the same species
diminish their own growth (autotoxicity) [19]. Results of
this research demonstrate that both negative and posi-
tive allelopathy in seeds of I. murucoides and I. pauci-
flora depend on seed density.
Assuming a constant supply of allelochemicals, the

established theory predicts that their effect will be greater
on receptor plants at low density, since the quantity of
allelochemicals is shared among a smaller number of indi-
viduals [22]. When the density of seeds of the receptor
species Carduus acanthoides increased relative to the

Fig. 1 Percentage of germination in vitro (mean ± SE) of seeds of a Ipomoea murucoides in response to seed proportions of I. pauciflora: I.
murucoides and of b I. pauciflora in response to seed proportions of I. murucoides: I. pauciflora. n.s. = not significant
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donor Lotus tenuis, the receptor exhibited fewer negative
effects on its germination [41]. On the other hand, when
the density of the donor species Ligularia virgaurea
increased, the seed germination of the receptor species
Festuca sinensis and Agrostis giganteum decreased [42].
The results found here differ from these studies since by
increasing the proportion of seeds of I. pauciflora the
percentage of seed germination of I. murucoides increased.
This can be explained by two non-exclusive mechanisms.
The first is positive allelopathy [5, 43]; the exudates of the
seeds that are present in greater proportion (I. pauciflora,

Fig. 1a) could facilitate seed germination in the species
present at lower density (I. murucoides). In line with these
results, specific molecules (i.e. strigolactones) have been
found to promote seed germination in parasitic plants (i.e.
Orobanche spp., Striga spp.) [44]. Autotoxicity is the
second mechanism that may explain the increment in seed
germination of I. murucoides when seed density of I. pau-
ciflora increased. Autotoxicity could help to regulate the
population size of species with high density through auto-
toxic allelochemicals. Autotoxins can delay seed germi-
nation until seeds are dispersed at a given distance from
the progenitor plant, thus preventing parental and sibling
competition [19]. It is possible that I. murucoides seeds
exude autotoxic allelochemicals during the process of
germination; in fact, the seeds of this species contain
glycosidic resins which were found to inhibit the seed
germination of conspecifics and heterospecifics [45, 46].
Glycosidic resins are characteristic in the Convolvulaceae
family [45]; for example, Tricolorin-A obtained from
I. tricolor, inhibited the seed germination of Amaranthus
hypochondriacus [46]. As found here, the probability of
autotoxicity may increase at higher densities of the plant-
releasing toxins [47].
Contrary to the effect of I. pauciflora on I. murucoides,

variations in the seed proportion of I. murucoides did
not exert any allelopathic activity in seed germination of
I. pauciflora Why these two similar species (trees,

Fig. 2 Mean germination (± SE) of Ipomoea murucoides (a-e) and I. pauciflora seeds (f-j) in response to the addition of liquid extracts of I.
murucoides and I. pauciflora and to sowing at three different densities. Different lowercase letters indicate differences statistically significant
among type of aqueous extracts at P < 0.05 (Tukey test)

Table 1 Degrees of freedom (D. F.), χ2 and P-value of
generalized a linear mixed-effects model testing the effects of
seed density, species (Ipomoea murucoides, I. pauciflora), and
type of aqueous extract (seed extract of I. murucoides, seed
extract of I. pauciflora, and water) on seed germination of I.
murucoides and I. pauciflora

Source of variation D. F. X2 P

Aqueous extract 4 286.8 2.2e−16

Seed species 1 1.04 0.3076

Seed density 1 14.13 0.00017

Aqueous extract × seed species 4 35.35 3.93e−07

Aqueous extract × seed density 4 71.71 9.86e−15

Seed species × seed density 1 0.80 0.3706

Aqueous extract × seed species × seed density 4 9.81 0.043
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phylogenetically related, sympatric and allelopathic)
exerted different effects in the seed germination of the
other species? Previously, it has been shown that both
species maintain chemical differences in their bark [29].
Bark of I. murucoides had three non-shared compounds
with I. pauciflora (.psi … psi.-carotene.7,7,8,8,11,11,12,12,
15,15-decahydro, n-hexadecanoic acid and Octadec-9Z-
enol) [29]. Early reports have shown that n-hexadecanoic
acid diminished seed germination of other species [29, 48].
Although chemical profiles of seeds of I. murucoides and I.
pauciflora are unknown, n-hexadecanoic could be present
in seeds of I. murucoides causing autoinhibition. The auto-
toxic effect seems to depend on the I. murucoides seed
density. Possibly, at a higher seed density of this species, the
concentration of n-hexadecanoic acid increases, as well as
its inhibitory effect.
The seed extract watering experiment (experiment 2)

corroborated that both species are allelopathic [29],
since germination was reduced relative to the control.
Moreover, at higher seed density the germination of I.
murucoides and I. pauciflora diminished. It is unlikely
that water depletion has reduced the germination when
seeds were at high densities, because the water volume
also increased with seed density. It is possible that ger-
minant seedlings compete for resources like space or
light. The results from experiment 2 differed from those

of experiment 1, as I. murucoides did not increase its
germination when watered with I. pauciflora exudates
(supportive of positive allelopathy, see above), neither
when it was sown at low densities (supportive of auto-
toxicity). The inconsistencies between the results ob-
tained in both germination experiments could be due to
the methodology performed to study allelopathy [49]. It
is possible that allelochemicals with autotoxic or positive
allelopathic (see above) properties were exuded during
seed germination. If so, allelopathic or autoxic effects
had occurred in the first germination experiment only,
when seeds of the two Ipomoea species were combined
in the seed trials. It is also possible that, as stated by
Duke [20], the water employed to make seed extractions
may have oxidized enzymes (i.e., polyphenol oxidase and
peroxidase) and these in turn may have modified com-
pounds exuded naturally during germination and thus
altered their biological activity.
The study of seeds as allelopathic units during their

germination in the seed to seed interaction is a little
studied phenomenon [7, 10, 11, 41]. This lack of
research is caused by several methodological limitations;
for example, seeds are usually of small size (limiting the
amount of available tissue), some have some kind of
dormancy [50] and their metabolism rapidly change
during the germination process [50]. It has been found
that allelochemicals may be localized in different seed
tissues like seed coat or cotyledons [11], in consequence
the aqueous extracts obtained from Ipomoea fragmented
seeds may contain chemical compounds from all seed
tissues, and hence the results shown by this study
(experiment 2) should be taken with caution. This study
demonstrated the density-dependent allelopathic activity
in seeds of I. murucoides and I. pauciflora. Subsequent
studies should explore the autotoxic activity of seed
exudates during germination, rather than liquid extracts.

Effect of seed density and Ipomoea identity on seedling
emergence of Ipomoea murucoides and I. pauciflora
The Ipomoea identity and seed proportion did not affect
the seedling emergence of none Ipomoea species under
field conditions. Water scarcity or drought causes 35%
of seedling mortality at global scale [51], therefore this
stressful factor could cause seedling death and the inter-
ruption of germination in the Ipomoea species thus
explaining the lack of effects of canopy type and seed
density in experiment 3. Plants of tropical dry forest ger-
minate, grow and sprout in summer when maximum
precipitation occurs; although this experiment was
carried out in summer, rainy did not occur daily, then
periods of watering and drying could have caused failure
in seed germination and seedling emergence of Ipomoea
species. Biotic factors could also affect the seedling
emergence of both species of Ipomoea, such as with

Table 3 Percentage of seedling emergence (X ± SD) of
Ipomoea murucoides and I. pauciflora sown below trees of I.
murucoides and I. pauciflora and in the control area

Seed species Tree species Seedling emergence (%)

I. murucoides I. murucoides 10.76 ± 9.23

I. pauciflora 7.5 ± 8.66

Control 10.83 ± 8.33

I. pauciflora I. murucoides 20.13 ± 14.36

I. pauciflora 18.12 ± 6.25

Control 20.83 ± 13.43

Table 2 Degrees of freedom (D. F.), χ2 and P-value of the
generalized linear mixed-effects model analysis testing the
effects of seed species (Ipomoea murucoides, I. pauciflora), Type
of canopy (I. murucoides, I. pauciflora, control area) and seed
proportion of I. murucoides: I.pauciflora (8:0, 6:2, 4:4, 2:6 and 0:8)
on seedling emergence of I. murucoides and I. pauciflora

Source of variation D.F. χ2 P

Seed species 1 9.286 0.0023

Type of canopy 2 1.0029 0.6057

Seed density 1 0.3334 0.5637

Seed species × Type Canopy 2 1.2769 0.5281

Seed species × Seed density 1 0.3685 0.5438

Type of Canopy × Seed density 2 5.8182 0.0545

Seed species × Type of Canopy × Seed density 2 1.8806 0.3905
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allelochemicals released by leaf litter decomposition
[52–54]. On the other hand, herbivory is considered the
main factor that causes seedling mortality (38%) [51, 55].
It is possible that in the field experiment ants diminished
the seedlings of the Ipomoea species [56]. Finally, seed-
ling emergence may have been underestimated. Emer-
gence was registered when the seedlings protruded from
the soil, therefore seeds that may have germinated but
not emerged were not considered. Additionally, the mea-
surements of emergence could have not been sufficiently
frequent, hence missing those seedlings that emerged
but lived shortly.

Conclusions
Three experiments were conducted to determinate the
effect of seed density on the interplay of action modes of
allelopathy. First, through a replacement series experiment,
it was demonstrated that seed proportion and seed germin-
ation of I. murucoides were inversely proportional, which
could be evidence of positive allelopathy and/or autotoxi-
city. The second experiment brought evidence of negative
allelopathy when seed germination of I. murucoides and I.
pauciflora diminished in response to watering with aqueous
extracts and with the increment of seed density. Finally,
there were no evidence of any kind of allelopathy in the
outdoor experiment when considering seedling emergence
as the response variable. These results demonstrated that a)
seeds of I. murucoides and I. pauciflora had allelopathic
activity and b) allelopathy had a density-dependent effect
and different action modes (negative, positive or autotoxi-
city) could be present within the same interacting species.
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