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Abstract
Natural disturbances have the potential to limit exotic species invasions. The exotic grass, Urochloa humidicola, has high propa-
gation potential following seasonal flooding, but, flooding tends to reduce the cover. Neither the potential forU. humidicola form a
seed bank for recruitment following seasonal flooding, nor the mechanism responsible for reducing adult plant cover during floods
is currently known. The soil seed bank of a U. humidicola was sampled for 2 years. To examine the potential role of competition
with aquatic macrophytes in reducing its cover during floods, cuttings of U. humidicola were flooded in tanks in presence and
absence of aquatic macrophytes for 3 months. Seedling density ofU. humidicolawas higher post-flood (245 seedlings/m−2) than the
post-dry (130 seedlings/m−2). Germination occurred throughout the year, with highest seedling densities at the five to 7 months
following soil collection. Competition with aquatic plants significantly increased mortality (c. 70%) of inundated U. humidicola.
Our findings suggest that the survival potential of U. humidicola under flood is high, but is limited by shading of aquatic
macrophytes. Nonetheless, its seed bank germinates throughout the year, though delayed by flooding. Control of invasive species
in grasslands of the Pantanal depend on natural hydrological and biological drives.

Keywords Aquatic plants . Flood tolerance . Seed bank .Wetland

Introduction

The introduction of exotic plants can alter the structure, com-
position, and function of ecosystems (Olden and Poff 2003;
Hejda et al. 2009; Clarke et al. 2013). Wet ecosystems, can be
highly vulnerable to invasion, because they comprise the larg-
est portion of a floodplain (Pott and Silva 2015) and, these

areas become suitable for pasture use, leading to increased
introduction of exotic plant seeds (Pott and Ratter 2011).
Hydrologically connected habitats and aquatic corridors for
short and long distance seed dispersal promote the spread of
highly prolific seed producers (Middleton 2003; Capon and
Brock 2006; Brock 2011). The spread of exotic seeds and the
formation of persistent seed banks is a threat to the diversity of
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wetlands worldwide (Andrew et al. 2015; Hejda et al. 2015;
Rodríguez and Brisson 2015; Deane et al. 2016).

In many areas, exotic grasses are introduced to wetlands for
pasture (Yarwood et al. 2016). The recurrent use of these
grasses can make them evolutionarily tolerant to seasonal dis-
turbances (Clarke et al. 2013), such as flooding. When intro-
duced, they often respond rapidly to the seasonal event and
become dominant.^ (Gallardo et al. 2015; Wang et al. 2015),
due to morphological characteristics, such as fast dispersal,
growth, colonization and propagation rates (Rojas and
Zedles 2015; Galatowitsch et al. 2016). Ultimately, exotic
grasses in high densities can reduce local plant diversity by
inhibiting germination and outcompeting the native plant
community (Hejda and Pysek 2006).

In the Brazilian Pantanal wetland, the African grass
Urochloa humidicola (Rendle) Morrone & Zuloaga has been
introduced to natural grasslands in the last 20 years. This spe-
cies was chosen for its high productivity relative to native
grasses and for its flood tolerance, attributed to its numerous
adventitious roots (Dias-Filho and Carvalho 2000; Mattos et al.
2005). Flooding in the Pantanal is annual and predictable, in the
southern region between April and August (Hamilton et al.
1996; Pott and Silva 2015). When the water recedes, in spite
of its flood tolerance, the percent coverage ofU. humidicola has
been reduces to ca. 20% (Bao et al. 2015), the causes of such
reduction are, as yet, unknown, as it is not known whether
U. humidicola has a seed bank capable of germinating, being
that its main source of colonization of the genusUrochloa is by
the bud bank and regrowth (Fidelis et al. 2014).

In grasslands, when a dominant species reaches its optimal
strategy of colonization in a seasonal habitat, it tends to survive
and reproduce more in some years and less in others. This will
vary according to the competition potential of neighboring spe-
cies (Venable 1989). Given its relatively high flood tolerance,
we predict that U. humidicola can be limited by competition
with aquatic macrophytes. Most of these species of aquatic
macrophytes show high germination rates during floods (Bao
et al. 2017), with fast colonization and growth rates (Pieterse
andMurphy 1990), associated with their specific adaptations to
flood events (Lopes et al. 2016). The high density of aquatic
macrophytes may be instrumental in regulating the growth and
abundance of exotic species (Urban et al. 2006).

We aim to examine how native grasslands of the Pantanal
persist years after the introduction of exotic species in areas
where the flood conditions favor seed dispersal of invasive
species. We assessed the role of competition with aquatic
macrophytes in reducing cover of U. humidicola during
flooded conditions. Secondly, we carried out a field study to
examine whether U. humidicola forms a seed bank and, if so,
the optimal seasonality for emergence. We hypothesized that:
(i) U. humidicola cover would be reduced in presence of na-
tive aquatic macrophytes due to competition for light; and (ii)
U. humidicola forms a seed bank, which germinates

throughout the year, with highest germination at the end of
flood. This could be an effective adaptive strategy for
U. humidicola, as the end of the flood is characterized by
relatively stable environmental conditions and the absence of
competitors (e.g., aquatic macrophytes).

Methods

Study Area

Seed bank samples were collected in a seasonally flooded
grassland (19°29′27.3^S; 57°01′55.9^W) in the Pantanal wet-
land (Central-West Brazil, Fig. 1). The climate is sub-humid
tropical, with an average annual temperature of 26 °C (Allem
and Valls 1987) and mean annual rainfall of 1100 mm. The
grassland is flooded annually in the summer (between April
and August); from both local rain and river overflow (Silva
and Abdon 1998). The natural grasslands of the Pantanal have
been subject to cattle ranching for over 200 years (Pott and
Silva 2015). In the absence of grazing, tall tussock grasses
return and shade out existing short grasses (Pott and Silva
2015) and low herbs (Pott and Ratter 2011). The existing grass-
land species are able to withstand moderate grazing and tram-
pling (Pott and Ratter 2011). Commercial seeds of Urochloa
humidicola have been sown at Fazenda São Bento in the last
20 years, while the native vegetation has been plowed and the
shrubs cleared. In the study area,U. humidicolawas sown with
Pennisetum typhoides two years before our first sampling,
when the short-lived grass (annual species) had already died.

Sampling

To evaluate of the seed bank of U. humidicola, top soil sam-
ples were collected twice at the end of the dry season:
October/2013 and 2014 (2013D, 2014D) and twice at the
end of the flood period: July/2014 and 2015 (2014F, 2015F),
when the water level can vary from 0.30 to 1.50 m deep (data
from research station Base de Estudos do Pantanal (UFMS),
2013–2015; Fig. S1a). Four seasonally flooded areas (with
ponds in the flood period) with cultivated pasture were sam-
pled (pond 1 19°29′23.3^S; 57°01′51.6^W, pond 2 19°29′
25.3^S; 57°01′19.9^W, pond 3 19°28′39.8^S; 57°02′
14.2^Wand pond 4 19°28′06.0^S; 57°02′00.5^W; Fig. 1).

The Pantanal floodplain, because of differences in relief,
forms several seasonal ponds (Pott and Silva 2015), which
present variation in the vegetation structure (Bao et al.
2015). To achieve greater amplitude of variation of seed cap-
ture, we collected soil samples along three contour lines (i.e.,
transects), representing relative elevation differences of low,
mid, and high (Fig. S1b). In each area (seasonal pond), we
collected soil samples randomly (using a table of random
numbers from 1 to 50 m).

Wetlands



Transects were marked during the flood season, observ-
ing the water level, one in the lowest zone, in the middle of
the pond = low (ca. 60 cm deep), one at the pond edge =
mid (ca. 30 cm deep) and one in the higher zone, on the
external part = high (ca. 1 cm deep), (e.g. Bao et al. 2014,
2015, 2017). We collected five soil samples per transect, a
total of 15 samples per seasonal pond and 60 samples per
seasonal period (flood and dry). A slide of soil was collect-
ed inside 0.20 × 0.20 m frame, 3 cm deep (e.g. Bao et al.
2014, 2017). The samples were kept in plastic bags and
transported to the greenhouse.

Evaluation of the Seed Bank

The seed bank was evaluated using the seedling emergence
method (Thompson et al. 1997) in the greenhouse. The soil
samples were spread into plastic trays (30 cm × 20 cm ×
10 cm) over a 3 cm layer of sterilized sand, under ambient
temperature. An automatic sprinkler irrigated the greenhouse
twice a day and the trays were perforated to avoid
waterlogging and were rotated weekly. The seedlings were
counted weekly and removed to avoid competition with
new seedlings (Thompson et al. 1997). As the objective
was to evaluate the U. humidicola seed bank, only the grass
seedlings were counted. Seedlings of other species were
removed from the trays. To evaluate the persistence of the
seed bank in the post-dry and post-flood seasons, samples
were collected post-dry/ 2013 and 2014 (September) and
post-flood / 2014 and 2015 (July). Seedling emergence
was evaluated for 12 months to examine peak emergence
times and potential delays in seed bank emergence.

Effect of Aquatic Macrophytes on Survivorship
of U. humidicola in Flooded Conditions

To examine the effect of competition with native aquatic
macrophytes on cover of U. humidicola two treatments were
established: presence and absence of aquatic macrophytes.
The experiment had three tanks per treatment with enough
water to submerge the cuttings of U. humidicola (ca. 0.90 m
tall). The tanks were under full sun, only covered with mos-
quito screen. We submerged five trays with five cuttings
each for a total of 25 cuttings per tank (Fig. S2a).
U. humidicola plants were collected from seedlings removed
from the seed bank study, and transplanted into trays for this
study. The tanks without aquatic macrophytes was the con-
trol treatment. In the treatment with aquatic macrophytes,
five trays with seedlings of Sagittaria guayanensis,
Limnocharis flava, Hydrocleys parviflora and Pontederia
subovata were added to the tanks (Fig. S2b). These species
were chosen for being abundant in the Pantanal and for
having floating leaves.

In each tank with aquatic macrophytes, a cover of ca.
70% was standardized (based on a pilot test we established
that 70% is the minimum value to begin to have an effect
on the occurrence of U. humidicola). The experiment was
carried out for 3 months, representing the average time the
grassland remains flooded annually (data collected at ranch
Fazenda São Bento, 2013–2015). Mortality of individual
grasses was considered when the aerial parts were dead (cf.
Baruch 1994). It is noteworthy that there was no direct
competition for resources other than light between
U. humidicola and the macrophytes, since they were
planted in separate trays.

Fig. 1 Study area located in the Center-West of Brazil, in the Pantanal of
MatoGrosso doSul,with four seasonal ponds (P1, P2, P3 andP4), distributed
in a grassland cultivated withU. humidicola at Fazenda São Bento. Below is
the State Park Road; at the top, the green forest of the Abobral river gallery;

small dark green spots are forest islets on the brown pastures. (Source of the
image: BFazenda São Bento^, Pantanal South (19°29′27.3 ″S; 57°01′55.9″
W) Google Earth (accessed November 15, 2017))

Wetlands



Data Analysis

All analyses were conducted in R environment (R Core Team
2016). The survival of U. humidicola was estimated in both
treatments using the Kaplan-Meier non-parametric estimator
(Kaplan and Meier 1958), using the survfit function and the
survival curves were compared with log rank test (Harrington
and Fleming 1982), applying the survdiff function of the sur-
vival package (Therneau 2015). The log-rank test calculates a
value of chi-square (χ2) for all events in each group. The sum
of these values was used to generate a value χ2of comparison
between the two curves.

To test the temporal variation of germination from the seed
bank, seedling density after emergence from the seed bank
was evaluated for 12 months (n = 40) at the end of the dry
period and flood, months that presented germination = 0 were
disregarded. We also analyzed the seasonal and annual differ-
ences in seed bank density (n = 60).

For the seasonal and annual differences in seed bank den-
sity, we used generalized linear models (GLM) with Tweedie
distribution (Smyth and Jørgensen 2002). We chose the use of
GLM and not GAM because we have only one categorical
predictive variable. We know that GAMMS can be used when
there are continuous and categorical predictive variables to-
gether, which does not fit our data. Models with this distribu-
tion are indicated for continuous positive data with many
zeros (Dunn and Smyth 2005). To deal with the intrinsic tem-
poral dependence between the months in temporal variation of
germination, we addict the samples as random factor in a
generalized linear mixed model (GLMM) with the same
Tweedie distribution. We implemented these analyzes with
the statmod (Giner and Smyth 2016) and lme4 (Bates et al.
2015) packages. The results of the models of observation
times and seasonal variation were submitted to pairwise mul-
tiple comparison of least-squares means with Bonferroni p-
adjustment using the lsmeans package (Lenth 2016).

Results

Effect of Aquatic Macrophytes on Survivorship
of U. humidicola in Flooded Conditions

Urochloa humidicola showed a high flood tolerance, in the
control treatment, but the presence of aquatic macrophytes
resulted in aerial mortality of ca. 70% of cuttings. The propor-
tion of survivors at week-3 in both treatments was high (0.99
absence) and (0.96 presence). Survival rate declined gradually
over time such that by week-9 only 8.6% survived in the
presence of aquatic macrophytes, while 88% survived in their
absence (Fig. 2).

Based on the difference between the survival curves, mor-
tality was significantly different between treatments (χ2 =

44.2; p < 0.001), with higher mortality in the presence of mac-
rophytes (Table 1). The proportion of survivors at the end of
the experiment was 85% in absence and 33% in presence of
aquatic macrophytes (Table 1). This finding indicates high
survivorship of U. humidicola after 12 weeks of continuous
flooding, and that survivorship is significantly reduced by
~70% cover of aquatic macrophytes.

Evaluation of the Seed Bank of U. humidicola

Seeds of U. humidicola germinated from the seed bank in both
seasons (post-flood and post-dry) in all years of sampling. The
total density of germinated seeds in post-flood season (245 seed-
lings/m2) was nearly twice as high as that in post-dry season
(130 seedlings/m2). There was no difference between the same
periods (dry vs dry; flood vs flood). Data for 2013D showed the
lowest germinated seed density when compared to post-flood
periods: 2013D vs 2014F (z-ratio = 3, 55, p = 0.002, Fig. 3)
and 2013D vs 2015F (z-ratio = 3.52, p = 0.002, Fig. 3).

The density of U. humidicola seedlings increased in the
first several months of the greenhouse experiment. In the 3rd
month when germination began seedling density was 8
seedlings.m−2 (post-flood) and 5 seedlings.m−2 (post-dry).

Fig. 2 Kaplan-Meier survival curves and confidence intervals of
Urochloa humidicola seedlings under flooding in treatments with
presence and absence of aquatic macrophytes from the Pantanal
seasonally flooded grassland. Shaded areas represent 95%
confidence intervals

Table 1 Kaplan-Meier estimates of survivor of treatments compared
using Log-Rank Mantel-Haenszel test

N n.censor O E (O-E)^2/E (O-E)^2/V

Absence 75 64 11 35.6 17 44.2

Presence 75 25 50 25.4 23.9 44.2

N total number of seedlings per treatment, n.censor number of survivors,
O Observed, E expected, V variance

Wetlands



The greatest seed germination occurred during the 6th month
regardless of whether if the samples were collected post-flood
(364 seedlings.m−2) or post-dry season (226 seedlings.m−2).
Thereafter, germination declined and the seed bank was de-
pleted by the 11th month (Fig. 4).

Seedling density was higher 5 to 7 months post-flood than
5 to 8 months post-dry season (Table 2). These findings show
that the germination peak can occur in the flood-dry interval.

Discussion

Effect of Aquatic Macrophytes on Survivorship
of U. humidicola in Flooded Conditions

The presence of aquatic macrophytes during periods of
flooding reduces the cover of U. humidicola by ca. 70%.

Therefore, flooding indirectly influenced the cover of this ex-
otic species by promoting competitively dominant species.
This reduction was observed in the field during post-flood
periods (Bao et al. 2015), when many species of aquatic and
amphibious plants germinate (Pott and Silva 2015), and con-
tribute to high seed bank richness (Bao et al. 2014; Oliveira
et al. 2015; Souza et al. 2016). These native seed banks may
be responsible for the control of U. humidicola. The high
mortality of U. humidicola induced by floating aquatic mac-
rophytes may be associated with decreased light and oxygen,
which stress and kill many exotic species, even those with
dominant characteristics (Blake and Duffy 2012). However,
U. humidicola can survive under running water, such as sea-
sonal streams and riparian zones, with more oxygen and less
aquatic macrophytes with floating leaves, as seen in
morphophysiological tests (Dias-Filho and Carvalho 2000).

Our finding indicates that U. humidicola can be biolog-
ically controlled during floods. Because macrophytes
were planted in separate containers, the pressure of com-
petition in this case was mainly associated with competi-
tion for light rather than nutrient resources. However, hab-
itats prone to seasonal variation present changes in the
plant community every year (Middleton 2003), thereby
the existence of gaps in their adaptation to environmental
change can be the key to the restoration and conservation
of native flora.

Table 2 Generalized Linear Mixed Models (GLMs) of germination
between the months for flood and dry seasons in grassland in the
Pantanal wetland

Seasons Estimate Std.Error t-value Pr(>|t|) Lsmean

Post-dry

5th (Intercept) −0.125 0.620 −0.202 0.840 −0.125 ab

6th 1.521 0.462 3.291 0.001 1.395 c

7th 1.185 0.478 2.476 0.013 1.059 c

8th 0.030 0.579 0.053 0.958 −0.095 ab

9th −0.170 0.607 −0.280 0.780 −0.295 ab

10th −1.134 0.801 −1.415 0.157 −1.259 b

Post-flood

3th (Intercept) −1.782 1.026 −1.737 0.082 −1.782 a

4th 1.384 1.048 1.321 0.187 −0.398 ab

5th 3.216 0.949 3.388 0.001 1.434 cd

6th 3.836 0.938 4.088 <0.001 2.054 c

7th 3.604 0.942 3.828 <0.001 1.822 c

8th 2.995 0.954 3.139 0.002 1.214 bcd

9th 2.123 0.990 2.145 0.032 0.342 abd

10th 1.956 1.000 1.956 0.050 0.174 abd

Bold indicates the significant differences of GLMs (p < 0.05). Different
letters show the significant differences between the months calculated by
pairwise multiple comparison of least-squares means (lsmean; p < 0.05)

Fig. 3 Density of germinated Urochloa humidicola seeds in greenhouse
post-dry (D) and post-flood (F) seasons from the seed bank of a Pantanal
grassland wetland. Different letters indicate the significant differences
between the seasonal periods calculated by pairwise multiple comparison
of least-squares means (p < 0.05)

Fig. 4 Total density of germinated Urochloa humidicola seeds in the
greenhouse over 12 months from soil seed bank collected in the flood
and dry seasons in grassland in the Pantanal wetland
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Evaluation of the Seed Bank

Native and exotic species in a flooded field may exhibit dif-
ferent germination patterns over time because of different
responses to water availability, relative to the seasonal event.
In our study, the seed bank of the exotic U. humidicola was
present in both seasonal periods, and in every year, suggest-
ing that it forms a seed bank that can colonize following
seasonal events. In addition, higher germination post-flood
supports our hypothesis that the grass can germinate after
the seasonal flooding, when conditions for seedling establish-
ment become favorable.

Exotic species such as of the genus Urochloa have various
pre-germination requirements to overcome dormancy and be-
come permeable (Marcos Filho et al. 1987). In plant commu-
nities of wet zones, the specific requirements for breaking dor-
mancy and for germination in some cases are favored by the
environment (Capon 2007). The highest germination in the
post-flood period can be due to softening of the tegument (in
Urochloa, palea and lemma), which can break dormancy
(Kozlowski 1997). Seed survival of flooding reveals the
adaptative success of this exotic species in the floodable grass-
lands of the Pantanal. Several studies with grasses in the
Pantanal show that the greatest germination is linked to the
end of the flood period, such as in: Digitaria fuscescens,
D. horizontalis, Paspalum almum, P. plicatulum, Pennisetum
glaucum and Reimarochloa acuta (Bao et al. 2014, in the
Abobral sub-region); D. ciliaris, D. cuyabensis, Hemarthria
altissima and Leersia hexandra (Souza et al. 2016, in the
Miranda sub-region); Steinchisma laxum and Setaria parviflora
(Oliveira et al. 2015, in the Barão do Melgaço sub-region).

Germination of U. humidicola seeds also occurred in the
post-dry period, revealing an accumulation of seeds in the soil
throughout the year. Despite the formation of a seed bank
during drought, seedling density was lower, but the success
of colonization ofU. humidicola in the dry period is attributed
to its vegetative spread (Soares Filho, 1994). Increase of cover
(ca. 46.3%) by regrowth in the dry period had already been
observed (Bao et al. 2015). The high propagation potential of
exotic grasses, such as U. humidicola, is due to its nature as
strongly stoloniferous (Valle et al. 2015).

The germination of U. humidicola in both periods (dry and
flooded) in a greenhouse indicates that this species demon-
strates the power to form a seed bank capable of germinating
throughout the year. When the seeds were placed under con-
trolled conditions in greenhouse, the seeds of both periods had
the highest germination between 5th, 6th and 7th months. In the
field, it has been reported that there is no germination of new
seedlings during flooding (Bao et al. 2015). This fact may be
the key to controlling exotic species with invasive characteris-
tics, regardless of their ability to propagate and regrow after the
disturbance (Kelly and Parker 1990). In this way, we can predict
that long periods of flooding in the Pantanal can act in a positive

way, avoiding the germination of exotic species and favoring
the native species adapted to these flood conditions.

The study of the U. humidicola seed bank was the first step
in predicting how the native plant community will respond in
natural regeneration processes during and after seasonal
flooding and drought, and with this data we can predict the
averageU. humidicola seed stock in soil and the ideal period of
control of the seed bank. Our hypotheses were supported, with
evidence that flooding may act as a stimulus forU. humidicola
seed germination and that germination may occur at high den-
sity over the months under suitable conditions.

This experimental studymay contribute to the understanding
of some points of interest that were previously not perceptible
in the field. This experiment associated with field studies com-
plements and contributes to plans for restoration and conserva-
tion of native flora. Thus, our experimental results provide an
estimate of the seed density of the exotic grass present in the
soil and reinforce evidence that, after extreme seasonal events,
alongside its potential for repopulation, the species has a seed
bank capable of germinating and colonizing these grasslands.
In addition, our data reveal the flood tolerance of the species
and give us information that the existence of exotic species may
be limited by the timely shading of aquatic macrophytes during
floods. Thus, it is possible to analyze whether a seed addition of
native species during and after flooding would be sufficient to
control the propagation of U. humidicola in the grassland.
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