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RESUMO 

 

Rebrotamento de espécies nativas do Cerrado: uma perspectiva estrutural 

 

O rebrotamento é considerado o atributo regeneração mais importante para a 

persistência da vegetação em resposta a distúrbios ambientais, os quais são considerados 

comuns no Cerrado. Este atributo depende do desenvolvimento, grau de proteção das 

gemas e da mobilização de compostos de reserva presentes nos sistemas subterrâneos. 

Atualmente uma das ameaças mais importantes à vegetação do Cerrado é o cultivo de 

espécies exóticas comerciais, a exemplo do Pinus sp., o qual tende a reduzir drasticamente 

a ocorrência e desenvolvimento de espécies nativas pela sua alta capacidade competitiva. 

Essa situação vem ocorrendo na Estação Ecológica de Santa Bárbara (EEcSB), Águas de 

Santa Bárbara – São Paulo, que possui áreas de cultivo de Pinus sp. desde a década de 

1970. Devido ao impacto negativo do Pinus sp. na vegetação do Cerrado, o plano de 

manejo do EEcSB (2011) vem trabalhando para eliminar gradativamente as espécies 

exóticas visando à regeneração da vegetação nativa. A partir dessa ação, espécies nativas 

como as palmeiras Allagoptera campestris (Mart.) Kuntze e Syagrus loefgrenii Glassman 

estão rebrotando principalmente nas áreas onde o material remanescente foi queimado 

após o corte raso das árvores. Além disso, é possível observar a presença dessas palmeiras 

coexistindo no sub-bosque de Pinus sp. No entanto, existem lacunas sobre as 

características que conferem resiliência e promovem a regeneração destas plantas. Desta 

forma, o presente estudo objetivou responder as seguintes questões: a) Quais são as 

características estruturais que permitiram a rebrota de espécies de Myrtaceae após anos 

de supressão dos órgãos aéreos pela presença das dos pinheiros? b) Após a rebrota, como 

os tecidos meristemáticos são protegidos nas gemas aéreas (terminais, axilares e 

acessórias) num ambiente em regeneração? c) Quais são as adaptações das espécies de 

palmeiras que as permitem colonizar e crescer em áreas com diferentes históricos de 

perturbação? d) As palmeiras são capazes de rebrotar nas áreas perturbadas após a 

introdução de uma nova perturbação? 

 

Palavras-chave: Banco de gemas, Estratégias de regeneração, Myrtaceae, Gemas aéreas, 

Gemas acessórias, Proteção das gemas, Propagação vegetativa, 

Palmeiras geoxilas 
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ABSTRACT 

 

Resprouting of native species from Cerrado: a structural perspective 

 

Resprouting is considered the most important regenerative trait for vegetation 

persistency as a response to environmental disturbances, which are considered common 

in Cerrado. This functional trait depends on the development, the protection degree of 

buds, and also the mobilization of storage compounds presents in the belowground 

systems. Nowadays, one of the most severe threats to Cerrado vegetation is the cultivation 

of commercial exotic species, such as Pinus sp., which drastically reduce the occurrence 

and development of native species due to their highly competitive capacity. This situation 

has been occurring at the Santa Bárbara Ecological Station (EEcSB), Águas de Santa 

Bárbara - São Paulo, where there are Pinus sp. plantations since the 1970s. Due to the 

negative impact of Pinus sp. on the Cerrado vegetation, the EEcSB management plan 

(2011) has been working to gradually eliminate the exotic species with the purpose of 

regenerate the native species. Since this action, native species such as the palms 

Allagoptera campestris (Mart.) Kuntze and Syagrus loefgrenii Glassman have been 

resprouting mainly in those areas where the remaining material was burned after the clear-

cutting of the trees. In addition, it is possible to observe the presence of these palms 

coexisting in the understory of Pinus sp. However, there are gaps in the features that 

confer resilience and promote the regeneration of these plants. Thus, the present study 

aimed to answer the following questions: a) Which are the structural features that allowed 

the resprouting of Myrtaceae species after years of the aerial organs being suppressed by 

the presence of pine trees? b) After the resprouting, how meristematic tissues are 

protected in aerial buds  (terminal, axillary, and accessory) in the regenerating 

environment? c) Which are the adaptations of palm species that allow them to colonize 

and grow under areas with different disturbance histories? d) Are the palms able to 

resprout in the disturbed areas after the introduction of a new perturbation? 

 

Keywords: Belowground bud bank, Resprouting strategies, Myrtaceae, Aerial buds, 

Accessory buds, Bud protection, Vegetative propagation, Geoxyle palms   
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1.1. Introduction 

Several ecosystems worldwide are susceptible to environmental disturbances 

that can interfere and modify the vegetation structure by removing or injuring the aerial 

organs of plants (Poorter et al. 2010). These disturbances, such as fire, can stimulate the 

development of response traits through which plants acquire resilience, inducing changes 

in the vegetation composition dynamics at the community level (Pausas et al. 2004; 

Poorter et al. 2010; Clarke et al. 2015). In general, changes promoted by environmental 

top-killing disturbances lead to two types of regeneration strategies: (i) ‘seeders’–

susceptible plants species that do not keep the meristematic tissues; and (ii) ‘resprouters’–

resilient plants species that can regenerate from protected meristematic tissues (Clarke et 

al. 2013; Pausas and Keeley 2014). 

Resprouting is considered an important regenerative trait for species persistence 

in frequently disturbed ecosystems (Pérez-Harguindeguy et al. 2013). It is determined by 

a set of factors that include the occurrence of a viable bud bank (position and number of 



6 
 

buds), the protection degree of buds (position and number of protective characters) and 

the accumulation and availability of energy resources (position and quantity) associated 

with the type of reserve organ (Clarke et al. 2013; Pausas et al. 2018; Klimešová et al. 

2019). In the ‘resprouter’ plant body, the viable bud bank may be allocated in a diversity 

of resilient aerial organs, basal regions, belowground organs or a combination of both 

(Pausas et al. 2018; Klimešová et al. 2019). 

The allocation of a bud bank in belowground organs is an advantageous adaptative 

feature of vegetation recovery (Rodrigues et al. 2004; de Moraes et al. 2016). The 

protection is promoted by soil, which is an effective thermal insulator (Clarke et al. 2013), 

and by protective compounds such as phenolics present in the tissues of belowground 

systems (da Silva et al. 2020), which can display defensive mechanisms such as 

antifungal activity, herbivory repellency, and strengthening of cell walls by providing 

molecules to synthesise lignin and suberin (Kulbat 2016). The diversity of belowground 

systems with excellent resprouting potential includes xylopodium, associated with 

tuberous roots (Appezzato-da-Glória and Cury 2011; Pausas et al. 2018), rhizomes 

(Konlechner et al. 2016; Pausas et al. 2018), lignotubers, and soboles (woody rhizomes) 

(Pausas et al. 2018). However, regardless of the type of organ, plants require energy for 

tissue development, which is mobilised from stored carbohydrates (de Moraes et al. 2016; 

de Oliveira Joaquim et al. 2018). These carbohydrates are usually found as glucose, 

fructose, sucrose, maltose, fructans and starch (de Moraes et al. 2016). Although their 

main function is to provide carbon skeletons for the formation of new aerial shoots, they 

also act as osmoregulators (Asega et al. 2011) and may protect plants against abiotic 

stresses (Garcia et al. 2011; de Oliveira Joaquim et al. 2018; Versluys et al. 2018). 

The Cerrado, a phytogeographic domain, composed of tropical grasslands (campo 

limpo), savannas (campo sujo, campo cerrado, and cerrado sensu stricto), and seasonal 

forest (cerradão) (Batalha 2011), comprises disturbance-prone ecosystems, where it is 

possible to find several vegetative regeneration strategies (Fidelis et al. 2021; Pilon et al. 

2021; Zupo et al. 2021). It is considered a biodiversity hotspot, with more than 7000 

botanical species with high levels of endemism (Franco et al. 2014). Cerrado comprises 

the largest savanna in the neotropical region (Simon and Pennington 2012), and is 

characterised by the co-existence of the trees, shrubs, forbs, and grasses (Machida et al. 

2021). The domain covers about 25% of the Brazilian territory (Durigan and Ratter 2016). 

However, this domain already has more than half of its area degraded (Klink and 

Machado 2005) due to monoculture cultivation and fire exclusion policies (Durigan and 
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Ratter 2016). Furthermore, the proximity of monoculture plantations to the natural areas 

– e.g. Pinus sp. – causes biological invasions, decreasing the richness of native species 

(de Abreu and Durigan 2011; de Abreu et al. 2011; Durigan et al. 2013), and its long-

term presence can compromise the resilience of the entire system (Ferraro et al. 2020). 

Phytosociological surveys in areas invaded by Pinus sp. and regenerating Cerrado 

areas can demonstrate the frequent occurrence of Myrtaceae species (de Abreu 2013; de 

Carvalho Barbosa et al. 2014). Myrtaceae is one of the most dominant botanical families 

in Cerrado vegetation, including 21 genera and more than 344 species (de Mendonça et 

al. 2008; Fiaschi and Pirani 2009). From a wide perspective, this family has one of the 

highest resprouting potential through belowground organs after environmental 

disturbances (Burrows et al. 2010; Charles-Dominique et al. 2015; da Silva et al. 2020). 

Although there is information about the vegetative regeneration strategies of Myrtaceae 

species from the Cerrado (da Silva et al. 2020; Pilon et al. 2021), little is known about 

the belowground bud-bearing organs which contribute to regeneration after long-term 

suppression due to pine cultivation (de Abreu and Durigan 2011).  

Strategies of species of herbs and shrubs that use underground structures for 

resprouting and enable to recolonise post-fire have received considerable attention 

regarding plant community restoration (Pilon et al. 2021). Further, some methods using 

belowground organs fragments (Ferreira et al. 2015; Pilon et al. 2018) have been useful 

in savanna restoration. Since most studies on post-disturbance resprouting responses are 

focused on the community level (Fidelis et al. 2021; Pilon et al. 2021; Zupo et al. 2021), 

far too little attention has been paid to understand this mechanism at the species level 

(Appezzato-da-Glória and Cury 2011; Filartiga et al. 2017; da Silva et al. 2020). 

Therefore, the purpose of this survey was to investigate the belowground system of three 

Myrtaceae species from a morphoanatomical and chemical perspective to understand 

their regeneration strategy for quickly recovering a disturbed Cerrado area. 

 

1.2. Further directions and conclusions 

In a general context, long-term Pinus plantations became an issue in the Cerrado 

especially due to their highly invasive ability and to the development of ecological filters 

in the plantation sites, which drastically reduce the light availability and gradually create 

a thick pine needle layer over the soil (de Abreu and Durigan 2011; de Abreu et al. 2011). 

Thus, the removal of the pine trees may be helpful for the regeneration of native woody 
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individuals, which are able to persist under the shading conditions of the understorey 

(Zanzarini et al. 2019). We hypothesised two different situations regarding the occurrence 

of the species: (I) these species already occurred in the former natural Cerrado area, before 

the establishment of the Pinus plantation, and fragments of their belowground organs may 

have survived the establishment process; or, (II) these species were introduced in the 

studied area, but several years ago. The evaluated belowground organs were very large, 

reaching more than 1 m deep, and being somewhat lignified, factors that do not match the 

relatively short period between the removal of the Pinus plantation and the resprouting of 

the species. Therefore, the architecture of the studied species, which involves both 

structural and chemical features described here, denotes an investment in protective 

features, which may have contributed to their endurance and survival under the Pinus 

understorey throughout the years of cultivation, being supplied by the reserves stored into 

the vascular parenchyma tissues of their belowground organs. However, it is of key 

importance that further studies should be carried out in order to estimate the age of these 

belowground bud-bearing organs. Moreover, the clear-cutting of Pinus sp. and the 

removal of the remaining pine biomass by fire treatment may have contributed to the 

development and subsequent maintenance of the belowground bud bank. Such insights 

are important not only to contribute to the knowledge about resprouting in general but 

also to understand the mechanisms that plants use to cope with disturbances in the 

Cerrado. 
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2.1. Introduction 

Seasonal or occasional environmental disturbances, caused either by natural or 

anthropic actions, remove the aerial organs of plants. In disturbance-prone areas, the 

capacity of plant species to regenerate and spread vegetatively play a crucial role in the 

recovery of the ecosystem (Pilon et al. 2021). In general, plants can allocate buds and 

regenerate from a variety of organs (Pausas et al. 2018). Nonetheless, in domains such as 

Cerrado, the world’s most species-rich tropical savanna with high levels of endemism 

(Simon et al. 2009), the allocation of buds occurs mainly in belowground structures 

(Ottavianni et al. 2020), while several strategies are adopted to restore the aboveground 

biomass at the community (Pilon et al. 2021) and species levels (Silva et al. 2021; Ferraro 

et al. 2021). 

The aboveground buds have been receiving special attention lately due to the 

importance that they represent in the recovery and resilience of the vegetation after a 

disturbance (Charles-Dominique et al. 2015; Corrêa-Scalon et al. 2020; de Antonio et al. 

2020, 2021). Following resprouting, plants need to restore the reserves consumed to form 
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new aboveground biomass (de Carvalho Barbosa et al. 2014; Moreira et al. 2012). In this 

sense, the protection of the terminal and axillary buds is important in the vegetation re-

establishment since these buds are responsible to form new photosynthetic tissues for the 

plants to grow.  

In trees, the protection of buds is related to the bark, which is a well-studied trait 

involved in aerial bud protection (Burrows & Chisnall 2016; Charles-Dominique et al. 

2015; Clarke et al. 2013; de Antonio et al. 2020). However, only the bark thickness is not 

strictly related to a higher degree of protection, but a combination of bark features and 

the location of the buds on the stem (e.g. fully exposed, in bark depressions) (de Antonio 

et al. 2021) and the presence of trichomes, in the case of fire-prone species, are in fact 

effective in the bud protection (Chiminazzo et al. 2021).  

In species with aerial buds not covered or related to the bark, the buds can be well 

protected by structural and chemical features (de Campos et al. 2021; da Silva et al. 

2020). In Terminal, axillary and accessory buds, species can be protected by the base of 

the corresponding leaf (Bell et al. 1999), by stipules and cataphylls (de Campos et al. 

2021). These aerial buds can also develop protective structures against biotic and abiotic 

stressors such as trichomes containing phenolic compounds (Burrows 2008; de Campos 

et al. 2021; Karabourniotis et al. 2020b; da Silva et al. 2020), thick cuticle in the leaf 

primordia, colleters, crystals idioblasts, phenolic idioblasts, sclereids, and oil cavities (da 

Silva et al. 2020).  

The Cerrado thrives in a region exposed to high irradiances, dry cool winter 

months when fire events frequently occur, high atmospheric evaporative demand, and 

low relative humidity (Franco et al. 2014). Frost is an important cause of top-kill and 

plant damage in the southern limits of the Cerrado and at higher elevation sites (Brando 

& Durigan 2004; De Antonio et al. 2020). Most studies on bud protection traits in the 

Cerrado have investigated their role in enhancing plant persistence in response to these 

environmental disturbances with a focus on trees (Chiminazzo et al. 2021; de Antonio et 

al. 2020, 2021; de Campos et al. 2021). But several species from the herbaceous-shrubby 

layer show distinct responses to frost and some of them are not damaged (Pilon 2019). 

However, the features that are protecting the aerial buds in herbaceous-shrubby species 

are barely investigated so far (da Silva et al. 2020).  

Since bud protection plays a crucial role in the re-establishment of Cerrado 

vegetation after disturbances, this study evaluates how meristematic tissues are protected 
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in aerial buds (terminal, axillary, and accessory) of three Eugenia shrub species. All 

collected individuals were fully exposed to sunlight since they resprouted in an open 

Cerrado area, which is under regeneration after long-term pine cultivation. We 

hypothesized that the aerial buds are highly protected to ensure plant growth and 

resilience in this regenerating area. We expect with this detailed anatomical study of aerial 

buds to bring new knowledge yet rarely explored for bud protection studies, especially in 

the herbaceous-shrubby layer. 

 

2.2. Conclusions 

Our finds demonstrate that the structural and chemical bud features, along with 

the combination of axillary and accessory buds contribute to the survival and persistence 

of these shrub species subject to environmental disturbances such as frost events during 

the dry period of the year (from June to August) and the full exposure to sunlight in a 

regenerating ecosystem. Since the aerial buds of all studied species are not protected by 

bark, they are not correctly fitted into the bud protection classifications available in the 

literature that are made for trees. Therefore, it is evident that the classification of aerial 

bud protection needs to be expanded to include anatomical and chemical features as well 

as species from the herbaceous-shrub layer that are subject to biotic and abiotic stressors.  
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3.1. Introduction 

Acaulescence (trunkless) is an ecologically and evolutionary important growth 

form in plants (Tribble et al. 2021). As they maintain their continued growth 

belowground, acaulescent species increase their chances of survival following 

disturbances such as frequent fires (Cássia-Silva et al. 2022). By using the reserve energy 

stored belowground, they can regenerate the aerial biomass in favorable conditions 

(Alonso and Machado 2007; Appezzato-da-Glória 2015).  

About 250 of the 2,585 described palm species (Palmweb 2022) are acaulescent 

(Quattrocchi 2018) with belowground stems (i.e., rhizomes). Acaulescent palm lineages 

are scattered across the palm phylogeny (Kissling et al. 2019) and show higher speciation 

rates than non-acaulescent lineages. This high diversification is related to an evolutionary 

transition to seasonally dry habitats (Cássia-Silva et al. 2022). Among the suite of 

speciation traits displayed by palms, the ramification of rhizomes after disturbances is 

considered one of the most important adaptive features. Species such as Allagoptera 

arenaria, for example, can ramify the main belowground axis and form clustering 

rhizomes (Menezes and Araujo 2004). This branching pattern of the rhizome provides an 

important role in the competition, nutrient acquisition, reproduction and resprouting after 

a disturbance (Klimešová et al. 2019). In Neotropical palms, the belowground stem with 

great amount of water and carbohydrate storage is considered a preadaptation by which 

rainforest lineages were able to colonize and diversify in new disturbance-prone 
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environments (Cássia-Silva et al. 2022). However, very little is known about the biology 

of acaulescent palms, and specially about their response to disturbances. 

Disturbances are common phenomena that occur in ecosystems worldwide and 

dynamically shape vegetation. Current disturbances include natural (e.g. fire, wind, frost, 

drought, hurricanes, storms) (Foster et al. 1999; Gregow et al. 2017; Hoffmann et al. 

2019; Zeppel et al. 2015; Zupo et al. 2021) and human-induced processes (e.g. alien 

species cultivation, deforestation, harvesting) (Endress et al. 2004; Montúfar et al. 2011; 

Zanzarini et al. 2019). Disturbances, whether natural or anthropogenic, affect aerial 

biomass; they can select distinct plant resilience strategies and shape the functional 

composition of communities (Dantas et al. 2013, 2016; Łaska 2001; Poorter et al. 2010). 

Regarding the resilience strategies, the resprouting ability has been considered one of the 

primary response traits in the rapid recovery of vegetation after disturbances (Clarke et 

al. 2013; Zeppel et al. 2015), because it enables the formation of new shoots after the 

destruction of aerial organs allowing the survival of individuals (Pausas et al. 2015). 

Resprouting depends on the combination of a viable bud bank and the availability 

of energy resources stored in surviving tissues (Clarke et al. 2013; Vesk and Westoby 

2004). The bud’s functionality, however, depends on their age, size, type, location (Ott et 

al. 2019), disturbances regime, and other biotic and abiotic factors that collectively 

regulate bud bank performance (Bombo et al. 2022; Ferraro et al. 2020). A viable bud 

bank can be located in aerial stems, which it usually occurs in woody species (Charles-

Dominique et al. 2015; Chiminazzo et al. 2021; De Antonio et al. 2020), basal regions, 

and in a variety of belowground systems (where buds are well protected by the soil) such 

as rhizomes, xylopodia and gemiferous roots, or in a combination of both above- and 

belowground organs (Pausas et al. 2018).  

This study aimed to investigate the resilience of acaulescent palms to disturbances. 

Specifically, we studied the response to anthropogenic disturbances of two acaulescent 

palm species from the Brazilian Cerrado with different habits: Allagoptera campestris 

(solitary) and Syagrus loefgrenii (clustering). We first studied populations of those palms 

with different disturbance history that include pine cultivation in the Cerrado and the 

elimination of the pines (Cerrado restoration).  Then, in the same populations, we clear-

cut the palms and monitored their response (e.g., resprouting) hypothesizing that only the 

plants from the undisturbed area can recover properly after clear-cutting. Furthermore, 

we compiled a global database on acaulescent palms from published literature to 

understand what is known about the response to disturbances in acaulescent palms. 
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3.2. Conclusions 

The native acaulescent palm species are capable of altering their morphological 

traits to deal with a disturbed environment. Even though the features of soil are altered 

both under the cultivation of pine trees and in the regenerating area, we have shown that 

not only aboveground organs present phenotypic variations, but belowground systems 

can adapt to overcome changes in disturbed areas. Besides, in the process of regeneration 

of the native community, there are several adjustments that plants perform to grow 

properly in an area fully exposed to sunlight. In addition, plants from disturbed areas are 

able to recover the pre-harvest state after one year of aerial biomass removal as plants 

from natural areas do. Acaulescent palms are greatly distributed in the tropics and they 

have a diversity of belowground structure forms. Our findings highlight the requirement 

of further investigations with this large and diverse group of species that present several 

morphological responses to environmental disturbances. which can contribute to the 

knowledge of regeneration processes of native palm species from disturbance-prone 

environments such as the Cerrado. 
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