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Does disturbance affect bud bank size and belowground structures
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Brazilian Campos grasslands are ecosystems under high frequency of disturbance by grazing and fires.
Absence of such disturbances may lead to shrub encroachment and loss of plant diversity. Vegetation
regeneration after disturbance in these grasslands occurs mostly by resprouting from belowground
structures. We analyzed the importance of bud bank and belowground bud bearing organs in Campos
grasslands. We hypothesize that the longer the intervals between disturbances are, the smaller the size
of the bud bank is. Additionally, diversity and frequency of belowground organs should also decrease in
areas without disturbance for many years. We sampled 20 soil cores from areas under different types
of disturbance: grazed, exclusion from disturbance for two, six, 15 and 30 years. Belowground biomass
was sorted for different growth forms and types of bud bearing organs. We found a decrease in bud bank
size with longer disturbance intervals. Forbs showed the most drastic decrease in bud bank size in the
absence of disturbance, which indicates that they are very sensitive to changes in disturbance regimes.
Xylopodia (woody gemmiferous belowground organs with hypocotyl-root origin) were typical for areas
under influence of recurrent fires. The diversity of belowground bud bearing structures decreased in the
absence of disturbance. Longer intervals between disturbance events, resulting in decrease of bud bank
size and heterogeneity of belowground organs may lead to the decline and even disappearance of species

that relay on resprouting from the bud bank upon disturbance.

© 2014 Elsevier GmbH. All rights reserved.

Introduction

Vegetation disturbance rather often removes plant biomass
(Grime, 1979) and in most of cases, stimulates vegetation regen-
eration, based on new plant establishment by germination of seeds
from the local seed bank or favoring species with the ability to
resprout from above- and/or belowground buds (KlimeSova and
Klimes, 2003) that are stored in so-called bud bank (Harper, 1977;
Klimesova and Klimes, 2007). In particular the high capacity of
grassland ecosystems to respond rapidly to disturbance might be
linked to their capacity of fast re-growth, mainly from the bud
bank (Clarke et al., 2013; Knapp and Smith, 2001). The bud bank
plays, in this case, nearly the same function as the seed bank for
seedling recruitment: it maintains plant propagules in a dormant
way, until environmental conditions are optimal for resprouting. In
such cases the composition of the aboveground plant community
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and shoot population dynamics are more tightly connected with
the bud bank than with a soil seed bank (Dalgleish and Hartnett,
2009; Zhang et al., 2009). Bud-bearing organs can maintain large
carbohydrate storage pools. Therefore, resprouting shoots easily
are able to outcompete seedlings (Verdaguer and Ojeda, 2002).
Besides its greatimportance for vegetation regeneration, it is not
easy to access the bud bank of the entire plant community and to
distinguish buds belonging to different functional groups (Benson
and Hartnett, 2006; Benson et al., 2004; Dalgleish and Hartnett,
2009, 2006; Lee, 2004; Zhang et al., 2009). Moreover, few stud-
ies are devoted to assessment of belowground organs for a whole
community and its relation to disturbance events (Klimesova et al.,
2011; Sosnova et al., 2010; Wellstein and Kuss, 2011). Costs and
tradeoffs associated with maintaining buds are not well known
(Clarke et al., 2013; Vesk and Westoby, 2004), but there are indica-
tions that a change in the disturbance regime of a vegetation type
my cause changes in species composition, being related to the costs
in terms of biomass and energy investment which a bud bank will
bring about (Bellingham and Sparrow, 2000; Midgley, 1996).
Subtropical grasslands in southern Brazil (also known as “Cam-
pos”) are ecosystems under high frequency disturbances, mainly
resulting from grazing and fire (Overbeck et al., 2007). They are
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very rich in species (ca. 2500 plant species, Boldrini et al., 2009),
but there is a decrease in species richness when areas are excluded
from disturbance (Fidelis et al., 2012; Overbeck et al., 2005). Mech-
anisms that maintain plant diversity there are not well known, but
the frequent removal of aboveground biomass and, consequently,
the opening of new gaps for recruitments (mostly by resprouting)
certainly play a crucial role in grassland dynamics (Fidelis et al.,
2012). When Campos grasslands are excluded from disturbance,
shrub species resprouting from belowground organs are replaced
by shrubs that regenerate via seedling establishment (Fidelis et al.,
2012,2010),and forb species dominating in disturbed areas (Fidelis
et al., 2012; Overbeck et al., 2005) start to disappear due to the
shading effect caused by cespitose grasses (Fidelis etal.,2012). Both,
forbs and shrubs usually have belowground bud bearing organs
(Canadell et al., 1998), which might imply costs when the disturb-
ance regime is relaxed.

To elucidate how abundant are resting buds of Campos grass-
land, and which and how numerous bud bearing organs do occur
belowground, we studied those parameters at sites under different
disturbance regimes - grazing each year, exclusion from burning
for 2, 6, 15, and 30 years - that were previously grazed annually
and burned every 2-3 years. We determined the number of below-
ground buds and described the diversity of bud bearing organs in
the different areas. We also describe the number of buds of the dif-
ferent functional groups (graminoids, forbs and shrubs) in the areas
under different disturbance regimes.

Materials and methods
Study area

We used a space-for-time substitution approach (e.g. Walker
et al., 2010) and selected five disturbance regimes occurring in
four different grassland areas in southern Brazil (Table 1). They
are species-rich grasslands (Boldrini et al., 2009; Overbeck et al.,
2007), with a high fine-scale diversity (Overbeck et al., 2005), con-
taining both C3 and C4 grasses (Fidelis, 2010). If no disturbance
occurs in the area, there is a decrease in species richness, mostly of
forb species, that are outcompeted by grasses and shrubs (Fidelis
et al, 2012; Overbeck et al., 2005).

It is difficult to find true replicated grassland areas with the
same management and with the same disturbance regime. Addi-
tionally, sites under long-term exclusion of fire and grazing are rare.
Therefore, we chose these areas representing the different disturb-
ance regimes, but we are aware of the problems associated with
pseudo-replication (Hurlbert, 1984). Therefore, we just describe
the number of buds and the type of belowground organs in each
site, and compare only the different functional groups in each site,
in order to avoid pseudo-replication.

All sampling was performed during summer in all sites.
In the field, cores were sampled randomly (20 cores/areas,
0.2m x 0.2 m x 0.2 m) and stored in plastic bags. In the laboratory,
all belowground biomass was sorted into different growth forms
(graminoids, and forbs and shrubs). When there was no above-
ground biomass and/or if correct identification of growth forms
was not possible, the sample was labeled undetermined and buds
were not considered for the analysis (less than 3% of total sam-
ple). Belowground plant structures were washed and fixed in FAA
70 (formalin-acetic acid-alcohol), dehydrated in a graded ethylic
series and finally conserved in alcohol 70%. Buds with leaf primordia
were easily identified and counted with the help of a stereomicro-
scope. When the protrusions of underground organs did not have
leaf primordia, longitudinal sections were performed and the slides
studied using a light microscope.

Table 1

Location of study sites, and description of climate (Cfa - temperate humid with hot summers, Cfb - temperate humid with mild summers), altitude, disturbance regime, dominant vegetation and plant species, and methods used

(Livi, 1999; Waechter et al., 1984).

Methods

Dominant species

Dominant vegetation

Disturbance reqime

Climate
Cfa

Altitude (m)

311

Coordinates

Study site

20 samples

Aristida flaccida; Vernonia
flexuosa; Baccharis

leucopappa

E2: continuous grass
matrix, rich in forb
species; E6: higher

Exclusion of grazing,
exclusion of fire for

30°03'S,51°077 W

Morro Santana (MS)

(20 x 20 x 15) in E2

and E6. Shrubs < 1.5m.

two years (E2) and six

years (E6)

percentage of shrub

cover

20 samples

Fine-scale mosaic of Paspalum notatum

Long-term grazing (Gr)

Cfa

20-70

30°05' S, 51°40' W

Experimental Station of the

(20 x 20 x 15): grazed

patches.

intensively grazed and

ungrazed patches

Universidade Federal do
Rio Grande do Sul

(ESUFRGS)
Aparados da Serra National

Shrubs <1.5m.
20 samples

Andropogon lateralis;

Tussock grasses

720 Cfb Exclusion of both

30°04' S, 51°06' W

Sorghastrum setosum (20 x 20 x 15).

dominate the area

grazing and fire for 15

years (E15)

Park (ASNP)

Shrubs <1.5m.

(almost 80 cm tall),

with isolated shrub

individuals

Baccharis uncinella 20 samples

Short shrubland

Exclusion of both

900 Cfb

28°13' S,51°10 W

Ecological Station of Aracuri

(20 x 20 x 15):

dominated by Baccharis

species

grazing and fire for 30

years (E30)

(ESA)

between shrubs, where
typical grasslands

species could still be

observed.

Shrubs <1.5m.
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Fig. 1. Number of belowground buds (buds m~2) in the study areas under different
disturbance types and regimes: GR - grazing, E2 - exclusion from disturbance for
two years, E6 - exclusion from disturbance for six years, E15 - exclusion from dis-
turbance (grazing +fire) for 15 years, and E30 - exclusion from disturbance for 30
years. The box-plots present the median, 25% - interquartiles, and maximum and
minimum values.

Belowground organs were identified and classified, but we used
only the cores from E2 and E30 for this part of the analysis. Anatom-
ical sections were performed, in order to verify if the organs were
roots or stems and based on that, a more specific classification was
used: bulbs, corms, tuberous roots, underground stems, xylopodia,
rhizophores and rhizomes. Since bulb and corm, as well as rhi-
zophores and rhizomes have the same function, they were grouped
for the statistical analyses. For a more detailed discussion about
belowground bud bearing organs, see Appezzato-da-Gloéria et al.
(2008).

Statistical analyses

Since we have no true replication of areas, we only describe
the number of buds per square meter on each locality. To com-
pare the bud bank size between growth forms (graminoids, forbs
and shrubs) for each disturbance type and regime, we used one-
way analysis of variance (factor: growth forms), which was tested
by randomization test (Manly, 2007). The software MULTIV (Pillar,
2005) was used for analysis of variance.

Results
Bud bank analysis

The bud bank found in grazed areas tended to be larger than
in other areas, as shown by Fig. 1 (2408 buds m~2). On the other
hand, the bud banks in areas with longer intervals of disturbance
were almost 10-fold smaller than in the vegetation under grazing
(398 buds m~2 for E15 and 292 buds m~2 for E30, respectively). The
areas excluded from disturbance since 2 (E2) and six years (E6)
showed 1122 and 1018 buds m~2, respectively.

At the regularly grazed and fire-excluded for two years areas
(GR and E2), the forb bud bank was large, but the graminoid bud
bank exceeded it somewhat. In sites completely excluded from
disturbance for two years, the largest bud bank was from forbs
(p=0.0001, Fig. 2A), contributing to more than 80% of the total bud

Table 2

Number of bud bearing organs assessed per square meter (average +SD) in sub-
tropical grasslands excluded from fire for two (E2) and 30 years (E30) in Southern
Brazil.

Bud bearing organ E2 E30

Xylopodium 48.6 + 36.9 11.9 £ 20.3
Bulb 30.6 + 33.8 6.0 + 15.6
Rhizome 23.6 + 21.8 8.3+ 183
Tuberous roots 333 +393 16.7 + 35.6
Underground stems 4.2 +9.6 8.3 £24.2

bank (shrubs = 16%, graminoids = 0.8%). In grasslands excluded from
disturbance for six years (E6), the number of forb buds decreased,
but still showed a high contribution to the total bud bank (68%),
though being very variable depending on plots, while the graminoid
bud bank was almost absent in these grasslands (1%, Fig. 2B).

The larger the intervals of disturbance, the less important was
the contribution of the forb bud bank to the total bud bank. Impor-
tance of the graminoid bud bank in these sites (E15 and E30, Fig. 2C
and D) increased, contributing to 29 and 6%, respectively. Though
with a much lower density, forbs were still responsible for 43 and
54% of the total buds in sites excluded from disturbance for 15 and
30years. On the other hand, the shrub bud bank showed a low den-
sity in both sites (15.8 buds m~2 for sites E15 and 91.6 buds m~2 for
sites E30), respectively.

At grazed sites graminoids showed the greatest contribution to
the bud bank (1418 buds m~2, 59% of the total bud bank, Fig. 2E),
followed by a likewise high number of buds belonging to the forb
bud bank (978.4 buds m~2, 40.5% of the total bud bank, p=0.2). The
shrub bud bank was significantly lower (p=0.001, 11.6 buds m~2),
representing only 0.5% of the total bud bank.

Belowground organs

Belowground structures exhibited a high diversity. Bulbs and
corms were usually found with no aboveground biomass (Fig. 3A
and B). Graminoid rhizomes were not very abundant (less than
5% of total rhizomes found, Fig. 3C) in comparison to rhizomes of
forbs. Xylopodia and tuberous roots (Fig. 3D-F, respectively) were
present in many samples, sometimes together in the same struc-
ture. Xylopodium structures of some species showed their surface
covered by viable buds, sometimes up to 100 buds/xylopodium
(Fig. 3G). In E30 a decrease in composition and number of the
belowground organs could be observed (Table 2). A tendency to
higher numbers of xylopodia and tuberous roots were found in fre-
quently burned grasslands, whilst the other types of belowground
organs were barely found in fire-excluded areas (E30).

Discussion
Bud bank and disturbance

A tendency in decreasing the number of buds and diversity of
bud bearing organs could be observed in relation to the time since
last disturbance (exclusion since 2, 6, 15 and 30 years). This resulted
primarily from a decrease of the forb bud bank.

The graminoid bud bank was the most important one in the
grazed area, where it contributed almost 60% to the total bud
bank. In these sites, the graminoid bud bank was composed pre-
dominantly by Paspalum notatum, a typical rhizomatous grass that
is widespread in grazed areas in southern Brazil. Rhizomatous
and stoloniferous grass species dominate generally the pastures
in southern Brazil. After grazing exclusion they decrease in domi-
nance and are mostly replaced by tussock grasses, e.g. Andropogon
lateralis (Boldrini and Eggers, 1997, 1996).
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Fig. 2. Number of buds assessed per square meter for forbs, graminoids and shrubs in subtropical grasslands in southern Brazil with different disturbance types and regimes:
(a) exclusion from disturbance for two years, (b) exclusion from disturbance for six years, (c) exclusion from disturbance for 15 years, (d) exclusion from disturbance for 30
years, and (e) grazing. Different letters means significant differences between growth forms (p < 0.05). The box-plots present the median, 25% - interquartiles, and maximum

and minimum values.
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(d)

(b)

Fig. 3. Different bud-bearing belowground organs: (a) bulb, (b) corm, (c) graminoid rhizome, (d) xylopodium, and (e) tuberous root; (f) xylopodium and (g) details of viable

buds of a xylopodium structure. White arrows show bud region.

In burned areas, there is a lack of rhizomatous and stoloniferous
graminoid species (Overbeck and Pfadenhauer, 2007), which is con-
firmed by our results. In sites excluded from disturbance for longer
intervals (E15 and E30) the belowground graminoid bud bank on
rhizomes gained importance, even if the dominant graminoids in
these sites are caespitose grasses, mostly Andropogon lateralis and
Sorghastrum setosum (C4 grasses). We can speculate that rhizoma-
tous grasses are able to survive only in communities with long
periods between fires.

The forb bud bank seems to be most affected by lack of disturb-
ance: its contribution to the total bud bank decreased from 80%
on the site that was burned two years ago to 6% in sites excluded
from fire and grazing for 30 years. The longer the intervals since
the last fire, the smaller the forb bud bank is. Such effect can also
be observed for the aboveground vegetation: in frequently burned
areas, the number and cover of forb species is higher. In areas pro-
tected from fire cover and diversity of forbs decrease, this life form
being outcompeted by tussock grasses and further, by grassland
shrubs (Overbeck et al., 2005). An opposite tendency was found

in the North American Tallgrass Prairie: the larger the intervals
among disturbance events, the larger is the forb bud bank (Benson
et al., 2004; Dalgleish and Hartnett, 2009) and the smaller is the
graminoid bud bank. This is reflected also by the aboveground veg-
etation: annually burned grasslands shows a higher number of
graminoid tiller, whilst infrequently burned areas have a higher
density of forb ramets.

The shrub bud bank was not very important in the study areas
with different disturbance types and regimes. In grazed and fre-
quently disturbed areas, several resprouter shrubs can be found,
such as Eupatorium ligulaefolium, Baccharis cognata and Baccharis
trimera (all Asteraceae, usually <1.5m), that contributed promi-
nently to the higher number of buds in these sites. In areas excluded
from disturbance, there is an increase in shrub cover (Miiller et al.,
2007; Oliveira and Pillar, 2004). However, the dominant shrubs on
those sites are obligate seeders (i.e. Baccharis uncinella, Heterotha-
lamus psiadioides) possessing no bud bank (Fidelis et al., 2010).

Our results emphasize the importance of a viable bud bank on
the vegetation regeneration after disturbance in Brazilian Campos
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grasslands. Since disturbance by fire and grazing is the major factor
maintaining plant diversity in these grasslands, the bud bank plays
acrucial role on the maintenance of the biodiversity and vegetation
dynamics in southern Brazilian grasslands.

The ecological role of belowground bud bearing organs

The most abundant bud bearing organs were xylopodia. Xylopo-
dia are woody gemmiferous belowground organs of mixed origin
(with participation of hypocotyl and primary root) without
pronounced carbon storage function (Appezzato-da-Gléria and
Estelita, 2000; Appezzato-da-Gléria et al., 2008; Appezzato-da-
Gléria and Cury, 2011; Rizzini and Heringer, 1961). No storage
parenchyma tissue is found in xylopodium structures (Appezzato-
da-Gléria and Estelita, 2000). However, they are usually combined
with tuberous roots (Appezzato-da-Gléria and Estelita, 2000;
Milanez and Moraes-Dallaqua, 2003) that provide the nutrients
necessary for a plant to resprout after fire or drought events. Buds
are irregularly distributed all over the surface of the xylopodium
(see Fig. 3G), but mostly found near the soil surface (Appezzato-
da-Gléria et al., 2008). Plants with xylopodia in Cerrado vegetation
(Brazilian tropical savanna) usually lose the aboveground parts
during the dry season. Just after the beginning of the rainy sea-
son new sprouts can be observed (Rizzini and Heringer, 1962). In
Campos grasslands, no loss of aboveground biomass due to drought
is observed, since there is no pronounced dry season. As a con-
sequence, the xylopodium function is exclusively related to the
resprouting ability of plants after biomass loss due to fire events.

The other organs found in this study (bulbs, rhizomes and tuber-
ous roots) are typical storage organs (Dong and Pierdominici, 1995;
Suzuki and Stuefer, 1999), but this must not so apply for the under-
ground stems. Bud bearing organs in frequently burned sites of
Campos grassland may represent 30% of belowground biomass
(Fidelis et al., 2006). With fire exclusion, the number of below-
ground organs decreases, but they still can be found with viable
buds and lacking aboveground parts. These organs can survive
belowground for many years, without allocation of resources to
shoot formation, as it was found for many species in different
ecosystems (Shefferson, 2009).

Conclusions

Campos grasslands in southern Brazil are ecosystems under
frequent disturbance, mainly grazing and fire. Resprouting is the
most important strategy of site occupation after disturbance, being
totally supported by the large bud bank. A high amount of below-
ground organs with high bud numbers and carbon storage potential
characterizes this vegetation type. Data of present study show that,
the longer the intervals among disturbance events are, the smaller
is the bud bank and the diversity and frequency of belowground
organs. This apparently implies that there are costs connected with
forming a belowground bud bank, which may lead to decline of
species that possess an obligate bud bank in cases where distur-
bances are reduced.
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