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RESUMO

Contexto e objetivo: O fogo é um distdrbio essencial para a ecologia de varios ecossistemas no
mundo, tais como o Cerrado. O Cerrado do Brasil Central caracteriza-se como uma savana mesica,
com clima marcado por uma longa estacao seca. Plantas que vivem nesses ambientes necessitam de
atributos de sobrevivéncia para lidar com filtros ambientais caracteristicos desses ambientes, como
o fogo, a seca e a herbivoria. Tais atributos estdo presentes em Orgaos aéreos e subterraneos.
Algumas plantas, por exemplo, possuem caracteristicas xeromorficas ou mesomorficas em seus
orgéos aéreos. Além disso, muitas espécies da familia Fabaceae tem capacidade de rebrotar depois
do fogo, pois possuem érgdos subterrdneos com capacidade de acumular recursos que podem ser
realocados para a regeneracdo de suas partes aéreas, demonstrando adaptacdo ao fogo. Com isso,
esse estudo teve como objetivo avaliar e descrever caracteristicas morfoanatdmicas e funcionais de
Orgdos vegetativos de oito Fabaceae do campo sujo.

Meétodos: Foram coletadas trés plantas adultas inteiras de cada espécie para analise
morfoanatdémica, histoquimica e ultra estrutural de caules, folhas e 6rgdos subterraneos.

Resultados principais: De acordo com as andlises morfoanatdmicas dos 6rgdos aéreos, foram
encontradas caracteristicas mesomorficas e xeromorficas. Tais caracteristicas tem a funcdo de
protecdo contra as altas temperaturas do fogo, herbivoria e também evitam a perda de agua. Além
disso, muitas plantas apresentaram nectarios extraflorais, os quais viabilizam rela¢cdes mutualisticas
das plantas com insetos. Os Orgdos subterraneos analisados foram classificados como raizes
tuberosas e xilopodios. Todos os xilopddios apresentaram gemas visiveis em sua porcao superior e
estavam associados a raizes tuberosas. Além disso, em algumas espécies, essas raizes tuberosas
foram classificadas também como raizes gemiferas. A combinacdo de raizes gemiferas com
xilopddio confere a tais espécies vantagem de persisténcia, pois estas plantas tem a capacidade de
rebrotar através do xilopddio, bem como podem propagar-se lateralmente por crescimento clonal
através de raizes gemiferas. Além disso, todos os xilopddios apresentaram grandes quantidades de
tecido lignificado, compostos de defesa contra herbivoros (compostos fenolicos e substancias
lipidicas), e substancias de reserva (amido).

Conclusdes: E interessante relatar que espécies de Fabaceae rebrotadoras tém diversas
caracteristicas morfoldgicas e anatbmicas importantes em 6rgdos vegetativos aéreos e subterraneos.
Estas caracteristicas permitem que essas espécies sobrevivam aos distlrbios ambientais nesses tipos
de ecossistemas. Além disso, essas espécies podem armazenar reservas, rebrotar, e propagar-se
lateralmente. O que proporciona a persisténcia das mesmas nesses tipos de ecossistemas e sua
alta longevidade.

Palavras-chave: Xilopddio, ecologia do fogo, rebrotamento, crescimento clonal, Fabaceae



ABSTRACT

Background and Aim: Fire is an essential disturbance for the ecology of several ecosystems in the
world, such as the Cerrado. The Cerrado of Central Brazil is a mesic savanna with a long dry
season. Thus, plants living in these environments need survival traits to support fire, drought, and
herbivory. Thus, these plants can show persistence traits in below and aboveground organs. For
example, Cerrado plants can have xeromorphic or mesomorphic traits in their aboveground portion
and are characterized by its post-fire regeneration, because of its high bud protection. Several
species of the Fabaceae family have the capacity to resprout after fire due to the presence of bud-
bearing underground structures, as well as their capacity to rapidly allocate resources for the
formation of new aboveground shoots, showing to be adapted to fire. Therefore, the aim of this
study was to evaluate and describe the morphoanatomical functional structures of above and
belowground vegetative organs of eight Fabaceae from Cerrado.

Methods: It was collected three entire adult plants of each species for the morphoanatomical,
histochemical and ultra-structural analysis of stem, leaves and belowground organs.

Key results: To the analyses of the aboveground portion, we found xeromorphic and mesomorphic
traits, with the function of protecting against fires heat temperature, herbivory, and avoid water loss,
as well as extrafloral nectary’s related to mutualistic relation. Regarding the belowground portion,
we found two types of organs: tuberous roots and xylopodia. All xylopodia presented visible buds on
the upper portion of the organs and associated tuberous roots. To some species these roots were also
root suckers. These plants had a persistence advantage because they can resprout by xylopodium and
had clonal growth through root suckers. Besides this, all xylopodia were composed of a great amount of
lignified tissues, defense against herbivory (phenolic compounds and lipidic substances), and storage
substances (starch).

Conclusions: It is interesting to relate that resprouting species have several important
morphological and anatomical traits from above to belowground vegetative organs, that enable
these species to resist the mean environmental filters. Additionally, these species can store reserves,
resprouting, and propagate laterally, which enable their persistence in this environment, and provide
it high longevity.

Key words: Xylopodium, fire ecology, resprouting, clonal growth, Fabaceae
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GENERAL INTRODUCTION

Cerrado is a seasonally dry savanna vegetation and it is considered one of the richest
savanna vegetations in the world (Eiten 1994). It is an extensive ecosystem in South America
located in Brazil (Eiten 1972), and it is globally recognized as a biodiversity hotspot (Myers et al.
2000). It is characterized by a mosaic of open fields to woodlands, which are defined by resource
availability and disturbances (Sarmiento 1983, 1984; Lenthall et al. 1999; Oliveira-Filho, A.T.;
Ratter 2002; Franco et al. 2014). An example is the Cerrado of central Brazil (Lenthall et al. 1999),
which among other types of physiognomies includes “campo sujo” (a type of open savanna). This
Cerrado vegetation type is characterized by a continuous herbaceous layer dominated by grass with
some herbs and sub-shrubs as well as a few woody layers with scattered shrubs and trees (Eiten
1972).

The climate of the Cerrado is tropical characterized by a well-defined dry season from May to
September and a long period of water restriction during which fire is frequent (Hoffmann et al.
2009). Additionally, savannas from Central Brazil are considered mesic savannas (Franco et al.
2014), because they are characterized by an average annual rainfall greater than 1,000 mm (Myers
et al. 2000).

Savannas are fire-prone ecosystems in which fire has modified the vegetation for millions of
years (Simon et al. 2009; Simon and Pennington 2012) determining survival traits of the species
(Coutinho 1990) and great part of Cerrado vegetation such as savannas and grasslands are fire prone
(Miranda et al. 2002). Besides fire, the Cerrado vegetation is submitted to the dry season that is
characterized by water scarcity, which is a determinant period in the life cycle of these plants
(Franco 2002). Water scarcity affects plants in the acquisition/assimilation of carbon (C), nutrients
(Franco et al. 2005) and the defense against insect herbivory (Mcdowell et al. 2013). Besides this,
one of the most important effects of water restriction is the death by hydraulic failure (Mcdowell et
al. 2013).

Characterized as a vegetation fire-prone and a seasonally dry environment (Warming and Ferri
1973), Cerrado plants have many adaptive strategies to survive and persist under disturbances (fire
and herbivory) and changes in environmental conditions (water and nutrients availability) (Franco

et al. 2014), it depends of the vegetations phygsionomy (Coutinho 1990). Besides that, Cerrado
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plants with different growth forms have survival and persistence strategies related to aboveground
organs (Rossatto et al. 2015) as well as belowground organs (Appezzato-da-Gloria 2015). A set of
strategies in these plants improve the survival under environmental instabilities and enable the
plants species richness with high longevity (Dayaram et al. 2020).

In regard to the aboveground portion, some Cerrado plants lose their leaves during the winter
dry season and this characteristic is common in herbs (Filgueiras 2002). These plants have a short
lifespan and need to develop their aerial portion with low cost, high efficiency, and quickly
(Rossatto et al, 2015). On the other hand, other Cerrado plants that maintain the aerial portion
(Warming and Ferri 1973), have long leaf lifespans and need to develop an efficient aerial portion
to survive the dry season and in some cases even fire (Warming and Ferri 1973; Wright et al. 2004).
Thus, Cerrado species can developed from mesomorphic traits, related to short lifespan (Rossatto et
al. 2015), and xeromorphic traits, related to long leaf lifespan, which improve the capacity of these
plants to survive through drought and fire events (Warming and Ferri 1973).

Besides this, many traits related to leaf hydric economy can be also related to other abiotic and
biotic factors. Traits with multiples functions can protect the plant against sunlight exposition, water
loss, and herbivory. Some examples are well-developed cuticle (Read and Sanson 2003), glandular
trichomes (Ambrosio et al. 2008), and tectors trichomes (Gonzaéles et al. 2008). On the other hand,
Cerrado plants also have extra floral nectaries, which are organs responsible to maintain mutualistic
relations with insects (Del-Claro et al. 2016).

Regarding the belowground portion, many Cerrado species have belowground organs with a
great capacity to produce buds and nutrients storage (Appezzato-da-Gléria 2015) which enables
faster aerial portion regeneration through resprouting (Whelan 1995; Clarke et al. 2013; Pausas et
al. 2018). The resprouting ability after disturbances such as fire and drought (Zeppel et al. 2015), is
frequently found in fire-prone ecosystems (Pausas et al. 2018). Resprouting depends on several
plants’ traits, mainly the degree of protection and grouping of the viable bud bank, as well as
storage reserves in these organs (Klimesova and Klimes 2007; Clarke et al. 2013).

Xylopodium is an underground organ that is common in South America, especially among
Fabaceae and Asteraceae (Pausas et al. 2018), and it is commonly found in the Cerrado (Rizzini and
Heringer 1961; Appezzato-da-Gloria 2015), located close to the soil surface (Appezzato-da-Gléria
2015). It is characterized to have woody and hard consistence constituted by lignified tissues,
commonly associated with tuberous roots containing storage parenchyma (Rizzini and Heringer
1961). There are buds located on the upper portion of the xylopodium that originates from the

cambium and can be axillary or adventitious (Appezzato-da-Gloria 2015). Additionally, the



13

xylopodia does not have a specific storage parenchyma tissue (Appezzato-da-Gloéria and Estelita
2000) but the presence of storage is only related to the axial and radial parenchyma of the
xylopodium secondary xylem (Paviani 1987) that can often storage starch or fructans (Appezzato-
da-Glédria 2015; Pausas et al. 2018).

Plants with resprouting ability can regenerate better after fire, recovering the pre-disturbances
biomass much faster (Kelley et al. 2014). Thus, these plants are often dominants in climates with a
high variation of fire and water availability (Clarke et al. 2013; Zeppel et al. 2015). Additionally,
some resprouters plants have a competitive advantage since at the early stage of growth in which
they already have resprouting ability (Vesk 2006).

The Fabaceae is one of the most important families of the Cerrado (Almeida et al. 2014,
LPWG 2017), notably in the ‘campo sujo’ open savanna studies (Tannus and Assis 2004; Munhoz
and Felfili 2006). Additionally, it is also considered the third biggest family in terms of species
richness worldwide (LPWG 2017).

This family is recognized to have a set of morphological and physiological adaptive traits to
different environmental conditions, which enable ecological and evolutionary success (Rundel
1989). For example, water economy, nitrogen fixation, mycorrhizal associations, and morphologic
traits from leaves to root architecture (Rundel 1989). This family is also characterized by having
fire adapted belowground organs (Appezzato-Da-Gléria et al. 2008; Simon and Pennington 2012).
Thus, resprouting is often found in herbaceous and woody species of Fabaceae (Hayashi et al. 2001;
Kennard et al. 2002). Fabaceae family has extraordinary evolutive importance, highlighting Cerrado
species that often have belowground storage organs (Simon et al. 2009). Therefore, the presence of
storage underground organs, with a greater capacity to produce buds, enabling the faster aerial
biomass regenerations, summed a set of persistence traits shows the importance to study and
understand the persistence and regeneration traits of Fabaceae in open savanna. Thus, the aim of
this study was to describe and identify the functional traits of the above and belowground portions
of eight Cerrado legume plants.

Thus, it was analyzed vegetative organs (leaf, stem, and belowground system) of Fabaceae
species, in order to identify functional traits responsible for the persistence of these species in
‘campo sujo’ open savanna vegetation. The final text was divided into two chapters: (1)
Aboveground morphoanatomical traits and functional significance in Fabaceae from Cerrado (2)

Belowground systems of Fabaceae species from the Cerrado
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FINAL CONCLUSION

The present study demonstrated that resprouting species have several important morphological
and anatomical traits that enable these species to resist drought, fire and pathogens. These plants
live in a mesic savanna and cope with a long dry season, variable fire events, exposure to sunlight
and frost, and are subject to pathogens at any time of year on the above and belowground plant
organs. Faced with these environmental challenges, plants have a set of functional traits that are
used as coping mechanisms.

In regard to the aboveground portion, the legume species presented two main persistence
strategies: Mimosa gracilis plants that lose the aerial part in the dry season presented a
mesomorphic traits in the leaves and stem and plants that did not lose the aerial part in the dry
season had a set of xeromorphic traits. All plants had traits related to protection against herbivores.
One interesting point was that often the same traits play multiple roles in the plant in order to
protect against environmental conditions and disturbances and they are the key of survival of these
plants in these environments.

In regard to belowground portion, these species can resprout after fire using belowground storage
organs such as xylopodia, and taproots (root crown region). Additionally, these plants have the
intrinsic resprouting capacity also as seedlings. The xylopodium has important morphological and
anatomical traits that enable plants persistence after a fire such as well-developed phellem (thick
bark), secondary growth, highly lignified tissues and starch storage in the xylopodium parenchyma.

Besides this, all plants have associated tuberous roots and some are root suckers. These roots
store a high amount of starch in the parenchyma cells. Additionally, the plants of this study have
protection against pathogens, through protective compounds such as phenolic compounds and
lipidic substances.

Some studied species that had xylopodium as underground storage organs, also had xeromorphyc
traits in their aerial portion. These plants did not lose their aerial organs during the dry season but
lost the completely after fire. Because of this, they did not show strategies against fire in the aerial
portion; however, their regeneration is in general still efficient and faster after fire. Mimosa gracilis
also had xylopodium and is the only herbaceous species analyzed in the present study. This species
loses its aerial organs in the dry season and under fire events. In this case, the plant had
mesomorphic traits in their aboveground vegetative organs, responsible to the fast regeneration,
between drought and fire events. Additionally, the xylopodium besides resprouting could be

associated with root suckers with lateral spread capacity.
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On the other hand, plants with tuberous root that resprout by basal region (probably transition
zone), have a greater chance to protect their aerial organs against fire heat, because it showed
developed phellem and stipules that protected the meristems (apical meristem and cambium) and
other tissues that could protect against fire damage. All of the traits showed persistence strategies
enable the high longevity of plants, and show the strong influence of these plants in the ecosystems
to maintain their populations.
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