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a  b  s  t  r  a  c  t

Comparative  approaches  between  native  and  invasive  species  germination  are  useful  for  understanding
invasion  success.  We  studied  the  role  of  invasive–native  neighboring  seeds  on  germination  and  early
growth  of  different  grasses.  We  focused  on  the  non-native  species  Eragrostis  plana  Ness,  the  most  invasive
plant  in  southern  Brazilian  grasslands.  A germination  experiment  was performed  with  three  neighboring
seed  treatments:  (i)  each  species  separately,  (ii)  interspecific  seed  interactions  of native  vs.  invasive,  and
(iii) native  vs. other  native  species.  The  experiment  was  conducted  in  a  growth  chamber;  seeds  were
placed  in  Petri  dishes  and  grown  for 10 days.  For  each  treatment  we  measured:  germination  percentage,
germination  rate  index,  seedling  leaf  and  root lengths.  E.  plana  germination  was  remarkably  different
from  native  grasses,  73.3%  of  seeds  germinated  within  24  h. This earlier  germination  may  explain  its high
invasion  potential,  as  immediate  access  to limited  resources  enhances  opportunities  for  establishment
and  growth.  E. plana  seeds  did  not  significantly  affect  germination  of  other  native  seeds.  However,  we
demonstrated  that  some  native  seeds  delayed  E. plana  germination  and  decreased  its  growth.  Short  delays
in  germination  and  growth  reduction  can  result  in  large  differences  in final  biomass,  which  may  have
important  implications  for  preventing  E. plana  invasion.

©  2017  Associaç ão Brasileira  de  Ciência  Ecológica  e Conservaç ão.  Published  by Elsevier  Editora  Ltda.
This is  an  open  access  article  under  the  CC  BY-NC-ND  license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Comparisons between native and invasive species performance
are useful for understanding what makes an invasive species estab-
lishment successful (Daehler, 2003). Plants with certain traits, such
as fast and profuse germination, fast growth, and high reproduc-
tive ability, are likely to become invasive when introduced to new
environments (Baker, 1974). In this context, evaluating germina-
tion differences between invasive and native species is a key step
to determine if there are intrinsic characteristics that may  give inva-
sive species some advantages for colonizing new sites (Schlaepfer
et al., 2010). In competitive conditions, invasive species that germi-
nate earlier may  have advantages in survival and growth, through
space pre-emption and greater access to resources, which could
increase the probability of successful establishment.

Invasive species germination rate and emergence might have
important consequences for co-occurring native species. Under
appropriate conditions, seeds germinate and seedlings compete
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for resources immediately, modifying water, light and space avail-
ability for neighboring seeds. Moreover, seeds may also influence
neighboring species by, for example, releasing chemical inhibitors
into their surroundings (Friedman and Waller, 1983; Tang and
Zhang, 1986; Wardle et al., 1991). This effect has been docu-
mented more for invasive plants, where invasive species seeds
produce chemical compounds that can affect other plants perfor-
mance (Wardle et al., 1991; Laterra and Bazzalo, 1999). However,
little is known about the influence of invasive species seeds on
neighboring native seeds, as a potential strategy for successful col-
onization and establishment. Evaluating the effect of an invasive
species seed on neighboring seeds could have important implica-
tions for understanding how invasive species impact native species
germination and early emergence. In addition, native seeds could
have some influence on co-occurring seeds of an invasive species,
e.g. decreasing its germination and early growth rates, which may
have important implications for restoration strategies.

Eragrostis plana Ness (Poaceae; “capim Annoni”), a perennial
grass introduced from South Africa, is the most invasive plant in
southern Brazilian natural grasslands (Medeiros and Focht, 2007;
Guido and Guadagnin, 2015; Guido et al., 2016). It is also considered
invasive in other regions of South America, including Uruguay and

http://dx.doi.org/10.1016/j.pecon.2017.07.006
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the Mesopotamia region in northeastern Argentina (Barbosa et al.,
2013). In this study, we performed a short-term germination exper-
iment to explore some mechanisms that may  explain the success
of E. plana invasion in southern Brazil. Specifically, we (i) compared
the germination rates between E. plana and eight common native
grasses, (ii) evaluated the effect of E. plana seeds on native species
germination and early growth (i.e. leaves and root length), and (iii)
investigated the influence of native neighboring seeds on E. plana
success.

Methods

Seed collection

We  collected mature seeds of nine C4 perennial grasses, com-
monly distributed in natural grasslands in the state of Rio Grande
do Sul, southern Brazil (Appendix S1). Eight species were native:
Aristida laevis (Ness) Kunth, Axonopus affinis Chase, Eragrostis
lugens Nees, Eragrostis neesii Trin., Paspalum notatum Flüggé, Setaria
parviflora (Poir.) Kerguélen, Steinchisma hians (Elliott) Nash and
Sporobolus indicus (L.) R. Br.; and one invasive: E. plana. Seeds
were dried naturally, separated manually and checked for healthy
appearance (i.e. only those without evidence of herbivory and fungi
were included). For each species, we randomly selected seeds to be
used in the experiment.

Experimental design

We  conducted a germination experiment in Petri dishes with
three neighboring seed treatments (n = 4): (i) each species sepa-
rately (intraspecific seed interaction), and, for each native grass
species, interspecific seed interactions of (ii) native vs. E. plana and
(iii) native vs. other native species, with a constant density of 30
seeds per Petri dish (see Appendix S2). We  selected S. indicus as
the other native species in treatment (iii), as this grass presents a
growth form similar to E. plana. This treatment is crucial for con-
trolling for the effect of the neighboring seed species identity, as it
can disentangle the impacts of native and invasive species. For both
interspecific seed interaction treatments (ii) and (iii), 15 seeds of
each species were interspersed and uniformly distributed in the
Petri dish.

The experiment was conducted in a sterilized system with two
layers of filter paper in a Petri dish moistened with 5 mL  of distilled
water. Petri dishes were sealed and placed randomly in a growth
chamber with a constant temperature of 25 ◦C and a photoperiod
of 12 h for 10 days. Each experimental unit consisted of 30 seeds
forming a grid of five rows by six columns. Germinated seeds in each
Petri dish were counted daily to calculate germination percentage,
beginning on the first day the experiment was installed.

On the last day of the experiment, we measured the average
leaf length (i.e. cotyledon) and root length of seedlings in each Petri
dish. For that, we  randomly sampled ten seedlings for the individual
species treatment (intraspecific treatment) and five seedlings of
each species in mixtures (interspecific treatments) per Petri dish.

We also calculated the germination rate index (GRI) for the 10
days interval as:

GRI(%d) =
10∑
i=2

[
Gi − Gi−1

i

]

where i is the germination count day, varying from day 2 to day
10, Gi is the percentage of seeds germinated by day i, and Gi−1 is
the percentage of seeds germinated after the previous count day
(Maguire, 1962).
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Fig. 1. Germination percentage (%) of E. plana over time for each neighboring seed
species (E. plana separately and with eight native species) during 10 days of the
experiment. The density of seeds was constant in the Petri dishes (30 seeds; n = 4).

Data analyses

We  used ANOVAs to compare: (i) the germination per-
centage between species; (ii) the neighboring seed treatments;
and (iii) the effects of native neighboring seeds on E. plana
germination and growth. ANOVAs with permutation testing
(Manly, 2007) was  performed with MULTIV software (available at
http://ecoqua.ecologia.ufrgs.br). For all permutation tests we  used
10,000 permutations.

Results

We  observed significant differences between species germina-
tion throughout the experiment (Table 1). Germination of E. plana
was remarkably high, reaching 73.3% on the second day of the
experiment (24 h after seeding). This value increased to 86.7% on
the third day, and then remained constant until the end of the
experiment. A. laevis (83.3%) was  the native grass that achieved
similar total germination values to E. plana. E. lugens (46.7%), E.
neesii (65.8%) and P. notatum (65.8%) had intermediate values of
total germination. A. affinis (0.8%), S. parviflora (0.8%) and S. indicus
(6.7%) were the species with lowest germination values by the end
of the experiment.

We  did not find a significant effect of neighboring seed treat-
ments for native grasses germination or early leaf length (Table 2).
This means that the species identity of neighboring seeds did not
influence total germination or early growth of leaves of each native
grass. However, we found that GRI and root length for E. lugens was
reduced in the presence of S. indicus seeds. A. affinis,  S. parviflora
and S. indicus were not considered in this analysis as target species,
due to very low values of total germination.

Remarkably, we found that some species delayed the germina-
tion of E. plana (Fig. 1). On the second day of the experiment (24 h
after seeding), whether separately (intraspecific interaction), or in
combination with A. laevis or P. notatum, germination of E. plana was
in average 79.4%, contrasting with a germination of 12.7% when it
was together with E. lugens,  S. parviflora,  S. hians or E. neesii (Fig. 1).
However, total germination at the end of the experiment did not
differ between treatments (Figs. 1 and 2a). In addition, the native
grasses A. affinis,  E. lugens,  S. parviflora, S. hians and E. neesii signifi-
cantly decreased the GRI of the invasive species (Fig. 2b). Moreover,
the presence of A. affinis decreased the length of E. plana leaves
(Fig. 2c), and E. lugens decreased its root length (Fig. 2d).
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