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Restoration of abandoned subtropical highland grasslands in Brazil:
mowing produces fast effects, but hay transfer does not
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ABSTRACT

Subtropical Campos Sulinos grasslands, in South Brazil, are among the most biodiverse grasslands of the world. As
climatic conditions lead to high productivity, disturbance are critical to maintain their diversity. Long-term exclusion,
on the other hand, leads to plant species losses and changes in composition. No studies on the restoration of these
grasslands after abandonment exist to date. We tested combinations of restoration techniques with the aim of
increasing plant diversity in an abandoned and species-poor grassland in the South Brazilian highland region. In a
bi-factorial experiment, we tested the effects of two different frequencies of mowing and of hay transfer. Mowing
reduced plant cover, vegetation height, and abundance of erect grasses and shrubs, and increased species richness,
diversity (Shannon diversity index) and prostrate forb and grass cover. No differences were found between mowing
frequencies. Hay transfer was not effective at reintroducing species. The results of the present study provide
further evidence that the reintroduction of plants is a major challenge in the restoration of subtropical and tropical
grasslands. The study shows that mowing is a fast way to increase plant diversity in Campos Sulinos after long
periods of abandonment.

Keywords: Andropogon lateralis, Campos Sulinos, highland grasslands, reintroduction of management, old-growth
grassland, species reintroduction

species and changes in species composition (Overbeck et
al. 2005; Veldman et al. 2015; Bond 2016).

Worldwide, ecological restoration of abandoned
grasslands, that is, grasslands excluded from fire and

Introduction

Plant diversity in grassy biomes in regions with climatic

conditions that allow, at least during one season of the year,
high productivity is strongly associated with the presence
of disturbances such as fire and herbivory (Bond & Keeley
2005; Veldman et al. 2015; Bond 2016). These disturbances
impede biomass accumulation and reduce the height of
dominant plants, thus maintaining a high diversity of
herbaceous species (Bond & Keeley 2005). Upon exclusion
of these disturbances, few tussock grasses and shrubs will
dominate the community, resulting in loss of herbaceous

herbivory, includes reintroduction of disturbances. Mowing,
controlled fire, and herbivore reintroduction are techniques
commonly employed (Packard & Ross 2005; Térok et al.
2011). If the local species pool has been reduced through
longer periods of abandonment, species reintroduction
may additionally be necessary. Common techniques to
reintroduce plant species are direct sowing, turf transplant,
hay transfer, and topsoil transfer (see reviews by Kiehl et
al. 2010 and Torok et al. 2011). Which of these techniques
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(or their combinations) is most adequate depends on the
specific local situation.

Subtropical Campos Sulinos grasslands, South Brazil,
are among the most biodiverse grasslands of the world
(Overbeck et al. 2007; Andrade et al. 2019). These grasslands
are traditionally managed with grazing, and fire can be used
as an additional management tool (Overbeck et al. 2007,
Pillar & Vélez 2010). When excluded from disturbances,
the pattern of species loss described above is observed
in Campos Sulinos grasslands (Boldrini & Eggers 1996;
Overbeck et al. 2005; Andrade et al. 2016; Koch et al. 2016;
Guido et al. 2017).

Exclusion of management is not an issue in private
properties in the Campos Sulinos region, as these areas —
that make up the larger part of Campos Sulinos grasslands
— are under grazing for livestock production. However, in
consequence of a still prevalent forest bias in conservation
policies in Brazil, grazing and fire are often excluded in
government-owned protected areas and some private
protected areas (for debate see e.g. Overbeck et al. 2016;
2018). Such actions led to negative effects on biodiversity,
even if biodiversity conservation is one of the aims of the
protected areas. For restoration and conservation of plant
diversity in these systems, reintroduction of disturbancesis
necessary (Pillar & Vélez 2010; Overbeck et al. 2016; Guido
etal. 2017). However, so far, no studies about reintroduction
of disturbances in abandoned Campos Sulinos grasslands
exists (Andrade et al. 2016), and we do not know which
intensity of management reintroduction is sufficient to
recover plant species diversity. We still need experimental
studies to know which techniques are better to improve plant
species diversity on abandoned poor-species grasslands in
Campos Sulinos.

In this study, we aimed to test techniques to increase
plant species diversity at an abandoned grassland sites in the
highland region of Rio Grande do Sul state. Specific questions
were: (1) is reintroduction of disturbances, in this case
mowing, sufficient to increase plant diversity? (2) How does
plant diversity respond to different frequencies of mowing?
(3) Is hay transfer efficient to reintroduce species and thus
additionally increase plant diversity? (4) Is reduction of a
dominant species, here Andropogon lateralis, a good way to
increase species diversity in abandoned grasslands? And (5)
are there interactive effects of both treatments (mowing +
hay transfer) on plant species diversity?

Materials and methods
Study area

Field work was carried out at a particular protected area,
the Pré6-Mata Center for Research and Nature Conservation
(CPCN Pr6-Mata, 29°28'59.90”S 50°12’25.51"0,930ma.s.1.),
state of Rio Grande do Sul, South Brazil. Vegetation at
CPCN Pr6-Mata is a mosaic of highland Campos Sulinos
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grasslands and Araucaria Forest. Climate is Cfb (according
Képpen), with precipitation of 2,250 mm/year and annual
mean temperature 16 °C (Overbeck et al. 2005).

The experimental area is situated in a grassland patch of
58 ha surrounded by forest. The area is excluded of grazing
and fire since 1994, but a natural fire event occurred in
summer of 2011, burning part of the patch where the
experiment was installed. We do not know if the entire
experimental area burnt or not, but in some places burning
scars could be observed on the stems of woody plants
present in the area. The grassland is characterized by a dense
grass stratum of about 0.8 m in height and is dominated by
tussock grasses (mainly Andropogon lateralis Nees). At the
site of the experiment, no encroachment by larger shrubs
could be observed, but presence of some grassland shrubs
(mainly Calea phyllolepis Baker).

Experimental design

At the grassland patch, we randomly established five 11 m
x 11 m blocks, with a distance of at least 40 m between
them. These blocks were subdivided into four experimental
units (plots) of 4.5 m x 4.5 m each, with 1 m of distance to
border block. Three permanent quadrats of 1 m x 1 m were
disposed systematically within each plot (schematic drawing
in Fig. S1 in supplementary material). Inside these blocks,
we conducted a fully crossed two-factorial experiment,
with two factors and with two levels each, resulting in four
treatment combinations.

Factor one was “Mowing”. We employed two levels of
frequency of mowing: (1) mowed twice (late spring 2015
and mid-autumn 2016); and (2) mowed three times (late
spring 2015, late summer 2016 and mid-autumn 2016)
(Fig. S2 in supplementary material shows a block at late
summer of 2016). Vegetation was mowed in these seasons
to reduce biomass from dominant species, especially C4
grasses and shrubs, which we hypothesized would allow
for the growth of smaller species. Mowing was carried on
with a brush cutter and biomass was removed after the
first mowing to impede that the large amounts of biomass
suppressed allow vegetation development.

Factor two was “Hay Transfer”, with two levels: (1) with
hay transfer and (2) control (without hay transfer). Hay was
cut with a brush cutter and collected with a garden rake in
mid-autumn (2016) at a nearby grassland managed by fire
and grazing, but excluded from disturbances for five months
so that flowers and fruit could develop, and at a site close
to Serra Geral National Park, in the same target vegetation
type. Hay was left to dry and 500 g/m® (dry hay, mixed
from both sites) was spread in each 4.5 m x 4.5 m plot at
May 2016. Hay was spread over plots one week after last
mowing. Abundant species with ripe seeds at the moment
of hay collection were A. lateralis, Axonopus pellitus (Nees ex
Trin.) Hitchc. & Chase, Baccharis crispa Spreng., Bulbostylis
sphaerocephala (Boeckeler) C.B.Clarke, Rhynchospora tenuis
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Link, Polygala sp. L., Scleria distans Poir. and Sisyrinchium
palmifolium L..

As has been demonstrated before in previous studies
for Campos Sulinos, at our study site grassland vegetation
without any disturbances or management for longer periods
is stable and with low species richness (Overbeck et al. 2005;
Baldissera et al. 2010). Thus, we opted to not install a control
treatment, that is, without mowing and hay transfer. Besides
that, we consider the vegetation before the experiment, at
2015, as a ‘negative reference’ (i.e., reference for situation
without intervention) condition.

Data collection

Vegetation dynamics was analyzed in the three permanent
quadrats of 1 m x 1 m in each experimental unit, totalizing
60 quadrats (60 m?). The initial vegetation survey was carried
out before beginning of the experiment, between May and
August 2015; and the last vegetation survey in May 2017, i.e.
21 months after the initial vegetation survey and 17 months
after the first mowing treatment. At all sampling events, we
identified all species and registered their aboveground cover,
and from these values we calculated species richness and
the Shannon diversity index per plot. Species were classified
into simple plant life form groups: erect forb, erect grass,
prostrate forb, prostrate grass, rosette forb, and shrub.

We also recorded two structural variables in each
sampling unit: vegetation height (mean of five measures
per quadrat, measured at the center and four corners) and
plant cover. Species cover and plant cover were estimated
using a decimal scale (Londo 1976). For all analyses, the
mean values of the three quadrats per experimental unit
was used.

Data analysis

We assessed differences between before experiment
(2015) and after experiment (2017) values of and
considering all treatments for species richness, Shannon
diversity index, Andropogon lateralis cover (the dominant
grass), plant cover, vegetation height and plant life form
groups cover with Analysis of Variance (ANOVA). Also, we
evaluated the effects of A. lateralis and vegetation height
on total species diversity to 2017 values with simple linear
regressions, using always values from the respective pairs of
plots sampled in 2015 and 2017. Vegetation height was used
as a proxy to presence of management, thus we assess the
mowing effects on diversity also by the effects of vegetation
height on plant diversity.

To evaluate responses of species composition to
treatments, we performed a Multivariate Analysis of Variance
(MANOVA), with abundance data at 2017. Additionally, a
matrix correlation (Mantel) following by significance test
(by randomization with 10,000 iterations) to compare
species composition matrices between 2015 and 2017 was
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conducted. Chord distance was used as resemblance measure
to both composition matrices. Ordination by principal
coordinates analysis (PCoA) was then applied to species
data sets of 2017 to observe species composition patterns
according to the treatments. We tested ordination axes by
bootstrap resampling.

ANOVA and MANOVA considered the block level, both
factors (Mowing and Hay Transfer), and interaction between
factors, and were conducted with 5,000 permutations
(Manly 2007) and analysis of all contrasts. Shapiro-Wilk
tests were performed to test the normal distribution of data.
Analyses were done using the vegan package (Oksanen et al.
2017) on the R platform (R Development Core Team 2016),
and in Multiv (available at http://ecoqua.ecologia.ufrgs.br).

Results

By the end of the experiment, in 2017, we identified 51
plant species, eight more than before the experiment, in
2015 (Tab. S1 in supplementary material). No exotic species
were present at both years. The full species list and their
mean values can be found in Table S1 in supplementary
material.

Mean species richness and Shannon diversity index per
plot differed across time: both were higher in 2017 than
2015 (Tab. 1). In contrast, plant cover and vegetation height
were higher before conduction of the treatments, in 2015
(Tab. 1). Neither the mowing factor (two or three events)
nor the hay transfer factor (with or without hay transfer)
affected any of these variables when data were analyzed
using only 2017 data (p > 0.05; Table S2 in supplementary
material).

Table 1. Mean values and standard deviation of response variables
between 2015 and 2017. nsp > 0.05; *p < 0.05; ** p < 0.01; **p <
0.001. Values correspond to mean value of three quadrats (1 m?)
per experimental units. Overall means (across treatments) are
given for each sampling date as no significant differences were
found between factor levels (see text).

| 2015¢sD) | 2017¢sD) | |

Richness (#) 12.20 (4.16) 16.40 (4.45) ***
Shannon diversity index  1.28 (0.26)  1.49 (0.19) ***
52.13 (14.27) 49.33 (8.20) ns

Diversity

A. lateralis cover (%)

Structure Plant cover (%) 94.60 (4.05) 77.25 (7.36) ***
Vegetation height (cm)  70.29 (9.90) 26.15 (4.39) ***

Erect forb cover (%) 3.82(6.49) 4.18(12.04) ns

Erect grass cover (%)  75.57 (8.39) 68.86 (6.69) **

Plant Life Prostrate forb cover (%) 0.72 (1.09) 1.63(2.04) *
Form  Prostrate grass cover (%) 0.50 (0.84) 2.86 (2.26) R ES
Rosette forb cover (%) 0 (0) 0.17 (0.75) ns

Shrub cover (%) 18.64 (6.58) 11.03 (5.26) **

Andropogon lateralis was the species with highest
contribution to plant cover at 2015 and 2017 (Tab. 1),
without difference across years 2015 and 2017 (p = 0.411).
Linear regressions of Shannon diversity index for 2017 on
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A. lateralis cover (Fig. 1A) and vegetation height (Fig. 1B)
revealed significant negative relations.

A

treatments can be seen in the ordination diagram of 2017
community data (Fig. 2).
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Figure 1. Linear relationships of 2017 Shannon diversity index
and Andropogon lateralis cover (A) and vegetation height (B).

Comparing cover of plant life forms from 2015 to 2017,
cover of prostrate forbs and prostrate grasses showed an
increase, while erect grasses and shrubs decreased (Tab. 1).
Erect forbs and rosette forbs did not differ (p > 0.05; Tab.
1) between 2015 and 2017. Although those life forms have
differed in their overall values between 2015 and 2017,
treatments had no effects on 2017 cover of these life forms
groups (p > 0.05) (Tab. S2 in supplementary material).

The Mantel matrix correlation indicated a low correlation
(p = 0.151) between species composition matrices of both
years (2015 and 2017), without significance (p = 0.224),
evidencing the effect of the experiment on the vegetation
structure. According to MANOVA results, treatments did
not affect species composition in 2017 (Mowing Factor,
Hay Transfer Factor and interaction p > 0.05; Tab. S2
in supplementary material). Likewise, no clear relation
between species composition distribution patterns and the
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Figure 2. Ordination diagram (Principal Coordinate Analyses),
considering species abundance and Chord distance as measure of
plots similarity. Symbols represent the combination of treatments:
low mowing intensity, without hay transfer (LC); low mowing
intensity, with hay transfer (LH); intense mowing, without hay
transfer (IC); intense mowing, with hay transfer (IH). Species
with 0.50 or more of correlation with one of the two axes are
shown: AgaNu, Agarista nummularia; AndLa, Andropogon
lateralis; AxoPe, Axonopus pellitus; BacMe, Baccharis mesoneura;
BulCa, Bulbostylis capillaris; CalPh, Calea phylollepis; Chala,
Chascolytrum lamarkianum; Eusta, Eustachys sp.; LucNi, Lucilia
nitans; MecPr, Mecardonia procumbens; Sorgh, Sorghastrum sp.;
TraMo, Trachypogon montufari.

Discussion

Our study in abandoned grasslands showed the effect of
mowing treatments on increasing plant diversity (species
richness and Shannon diversity index) in a short time period
(21 months). However, neither different mowing frequencies
(two or three mowing events) nor hay transfer (with or
without hay transfer) showed specific effects on any variable
measured or species composition at 2017. Grasslands without
disturbances show a general lower diversity than managed
grasslands (Overbeck et al. 2005; Baldissera et al. 2010;
Andrade et al. 2016; Koch et al. 2016) and, as hay transfer
was ineffective in our study, observed results indicate that
differences in vegetation before and after treatments are
responses to the reintroduction of disturbance by mowing,
irrespective of its frequency. Mowing twice in the period of
17 months was enough to increase diversity on this grassland
excluded from recurrent disturbances at a long time, mowing
three times did not lead to additional effects.
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Reduction of vegetation height by mowing creates
conditions of less competition for space and light for plant
species. This allows the establishment of new species and
the increase in cover of species that were there before with
a little cover. Our results are in line with to management
reintroduction studies (mowing and/or burning) in other
grassland ecosystems in the world (Maron & Jefferies 2001;
Maccherini & Santi 2012; Nagata & Ushimaru 2016; Koyama
etal. 2017). Nonetheless, even after our treatments, plant
diversity in our plots still is rather low compared to other
sites under management or with still shorter periods of
abandonment in highland grasslands of Campos Sulinos
(mean values of 20 to 25 species per 1 m2 plot; see Andrade
etal. 2016).

Besides vegetation height reduction, mowing also
reduced the cover of erect grasses and shrubs, which
possibly contributed to the small, but still discernible
increase in cover of prostrate forbs and grasses. An example
is Dichanthelium sabulorum, a widely distributed prostrate
grass that was present in the plots before reintroducing the
management, but was more abundant in 2017. On the other
hand, on the short term, neither erect nor rosette forbs
had their cover increased, even with the release of space
and light. Forbs greatly contribute to plant richness in the
studied system (Fidelis et al. 2012) and their presence in
the aboveground vegetation is reduced when disturbances
are absent (Overbeck et al. 2005), as we observed in the
2015 data. Bud bank of forbs is highly negatively affected
by exclusion of disturbances over longer periods (Fidelis et
al. 2014). Thus reintroduction of typical forbs populations
appears to be a challenge in grasslands abandoned for long
periods of time.

Differently than expected, mowing did not reduce
cover of the dominant species A. lateralis. This species has
great capacity to adapt to a wide range of management
intensities (Carvalho et al. 2009), being also dominant in
grazed areas along the study region (Andrade et al. 2016).
However, mowing reduced its height and, consequently,
its aboveground biomass. As expected, plots with lower A.
lateralis cover (Fig. 1A) and lower vegetation height had higher
diversity (Fig. 1B), corroborating with previous knowledge
(Bond & Keeley 2005; Overbeck et al. 2005). For purposes
of easy monitoring and facilitation of management decision
in these grasslands, to focus on vegetation height thus may
be helpful. Interestingly, this may be the case not only for
abandonment situation, as in our study, but also for the
opposite case: restoration of grasslands under overgrazing,
i.e., where high grazing pressure leads to a very short height
and causes biodiversity losses (Fedrigo et al. 2017). In our
study, vegetation height was the variable that responded
more quickly than cover of dominant grass species. During
the rather short period of our experiment, application of
mowing two or three times apparently did not cause any
difference; further and long-term studies are important to get
information on the most efficient treatment on the long run.
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Unlike temperate grasslands, where hay transfer has
shown good results (Kiehl & Wagner 2006; Klimkowska
et al. 2010; Knut et al. 2010; Schmiede et al. 2012), in our
experiment we did not manage to reintroduce species by this
technique. Hay transfer was also not efficient for restoration
in another recent restoration experiment in Campos Sulinos
region (Thomas 2019), in Cerrado savannas (Pilon et al.
2018) and in Campos Rupestres grasslands (Stradic et al.
2013). Related reasons are still not entirely clear and could
include unfavorable site conditions, lack of viable seeds
in the hay, or presence of dormancy in seeds (Stradic et
al. 2013). We did not control the germination of seeds
contained in the hay, so we cannot affirm which one of the
three reasons is the major cause of these unsatisfactory
results. In our case, the high cover of the dominant grass
may also have contributed to the lack of germination. At any
rate, based on our results and on Stradic et al. (2013) and
Pilon et al. (2018), hay transfer seems to be an ineffective
technique for restoration projects in subtropical and tropical
grasslands. However, the number of studies still is small
for generalizations, and the technique should be tested
over a broader range of sites and varying procedures of
hay introduction (e.g. season, frequency, amount). Further,
interactions with other factors, including disturbances, need
to be analyzed more specifically. Importantly, a recent study
has shown that in the highland grasslands, the seed bank is
small and had little relevance for recovery after disturbances
(MS Vieira, GE Overbeck unpubl. res.), reinforcing the need
of experiments evaluating species introduction techniques.

Overall, our experiment, one of the first active
restoration experiments in the South Brazilian highland
grasslands, clearly indicates that the reintroduction of
disturbances by mowing is an efficient and fast way to
increase plant species richness and diversity in abandoned
grasslands. The study contributes to the ongoing debate on
the question of management for biodiversity conservation
and restoration in Southern Brazil (Luza et al. 2016;
Overbeck et al. 2016; 2018) and emphasizes the potential
of active management for conservation purposes. In
our case, working in abandoned grassland, management
reintroduction contributed to increase plant diversity.
In opposite situations, in overgrazed grassland, it can be
the contrary: reduced management intensity can lead to
grassland recovery (Fedrigo et al. 2017). This means that
management actions always need adequate monitoring
of their effects, but also that we should discuss specific
treatments — even if polemic, e.g. the use of fire — based
on effects.

Species introduction still is a large challenge in ecological
restoration projects and requires a better development of
suitable techniques. A better understanding of the filters
that limit species establishment at degraded sites will helps
us to implement management actions that will favor desired
species (Thomsen & D’Antonio 2007; Funk et al. 2008;
Hulvey & Aigner 2014) and allow us to select species with
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greater probability to establish themselves when working
with species reintroduction (Grman et al. 2015). We
recommend that further research activities focus on the
questions of seed availability/limitation, seed dispersal and
plant establishment in a restoration context.
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