
 
 

UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

INSTITUTO DE BIOCIÊNCIAS 

PROGRAMA DE PÓS GRADUAÇÃO EM BOTÂNICA 

 

 

 

 

ROSÂNGELA GONÇALVES ROLIM 

 

 

 

 

Contribuições para a conservação e restauração da vegetação campestre do bioma 

Pampa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Porto Alegre 

2022 



 
 

ROSÂNGELA GONÇALVES ROLIM 

 

 

 

 

 

 

Contribuições para a conservação e restauração da vegetação campestre do bioma 

Pampa 

 

 

 

 

 

Tese apresentada como requisito parcial para 

obtenção do título de Doutora em Botânica na 

Universidade Federal do Rio Grande do Sul. 

Orientador: Prof. Dr. Gerhard Ernst Overbeck 

Co-orientadora: Profa. Dra. Sandra Cristina 

Mülller 

 

 

 

 

 

 

 

 

 

 

 

 

Porto Alegre 

2022 



 
 

Agradecimentos 

 

Ao final deste trabalho, muito tenho a agradecer a todos que, de alguma forma, 

proporcionaram aprendizado acadêmico e de vida durante este doutorado.  

Agradeço às instituições/órgãos sem os quais não seria possível realizar este 

doutorado. Inicio pela UFRGS, por disponibilizar pós-graduação de qualidade; ao 

Instituto de Biociências, pelo suporte às saídas a campo; ao Programa de Pós-

Graduação em Botânica. Também aos professores do PPG Botânica que se dedicaram 

para fazer o diferencial. 

De maneira especial, agradeço ao orientador, Gerhard Ernst Overbeck, por ter 

confiado em mim para a realização deste trabalho. Peço desculpas por não ter 

conseguido fazer melhor, mas agradeço pela paciência, pelas importantes 

considerações ao longo do trabalho, pelas discussões acerca da restauração, pelas 

trocas de ideias. Obrigada pelo auxílio e por estar sempre disponível! Da mesma forma, 

agradeço à Sandra Cristina Müller, que no papel de coorientadora, auxiliou nas ideias 

iniciais do projeto, além de todas as considerações ao longo do trabalho. 

Ao Laboratório de Estudos em Vegetação Campestre – o LevCamp, que me 

acolheu em 2011 como estagiária, devo todo o aprendizado que tive no âmbito da 

vegetação campestre! Desde a estrutura disponibilizada até cada comentário dos 

colegas sobre a maneira mais fácil de reconhecer uma determinada espécie. Agradeço 

a todos os colegas que tive desde então e que fizeram diferença nessa vida. Agradeço, 

em especial à professora Ilsi, que muito dividiu conosco do seu conhecimento! 

Nem tudo podemos fazer sem auxílio de outras pessoas, por isso agradeço 

especialmente aos colegas que auxiliaram em campo. Ao Miron Maurício Ferreira, que 

auxiliou (muito) na montagem dos experimentos. À Ana Boeira Porto e Filipe Ferreira da 

Silveira, que auxiliaram, inclusive, na capina para a realização de experimento! E ao 

Thiago Martins Rambo, agradeço pelo auxílio nos experimentos de germinação. 

Agradeço, também, a todos os colegas que auxiliaram na coleta de sementes para os 

experimentos. Também agradeço à equipe do Centro de Pesquisas de Viamão (DDPA-

SEAPDR/RS), em especial a Gilson Schlindwein, João Rodolfo Guimarães Nunes, Darci 

Vianna Fucilini, Amarante Carvalho, a Juarez Souza, pelo auxílio nos experimentos e 

sugestões importantes para o andamento dos experimentos. Agradeço ao Laboratório 

de Ecologia Quantitativa da UFRGS, por disponibilizar dos seus equipamentos e estufa 

para a realização dos trabalhos. Ao Parque Municipal Saint’Hilaire e à Estação 

Experimental Agronômica da UFRGS, agradeço pela estrutura para a coleta de 

sementes durante o doutorado. 

Também não poderia de deixar de agradecer aos participantes das bancas e 

revisores de artigos, pelo tempo dispendido para a sugestão de melhoria dos trabalhos 

em prol do conhecimento a ser disponibilizado a quem tiver interesse. 

Agradeço à minha família, pelo suporte possível durante este período de bastante 

trabalho e pela paciência com minhas correrias e ausências. 

A todos que não foram citados, mas que estiveram juntos nessa jornada.  

Muito obrigada! 

 



 
 

Sumário 

 

Resumo geral ............................................................................................................... 1 

General abstract ........................................................................................................... 2 

Introdução geral ............................................................................................................ 3 

Capítulo 1 – Are we ready to restore South Brazilian grasslands? Plant material and 

legal requirements for restoration and plant production ................................................. 8 

Capítulo 2 – Frequent and widely distributed species for restoration of degraded 

Pampa grassland: toward a list of priority species for restoration ................................ 25 

Capítulo 3 – Germinação de 32 espécies campestres nativas do bioma Pampa sem 

pré-tratamento de sementes ....................................................................................... 76 

Capítulo 4 – Germinação, emergência e estabelecimento inicial de gramíneas nativas 

do bioma Pampa: contribuição para a restauração ecológica campestre .................... 95 

Capítulo 5 – Espécies de angiospermas características de campos conservados: um 

parâmetro para subsidiar a conservação do bioma Pampa....................................... 112 

Capítulo 6 – Guia rápido para restauração da vegetação campestre do bioma Pampa

 ................................................................................................................................. 193 

Considerações finais................................................................................................. 160 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

Resumo geral 

 

A vegetação campestre do bioma Pampa tem sido descaracterizada, necessitando 

intervenções para sua restauração. Apresentamos, nesta tese, distintas abordagens 

com o intuito de contribuir para a restauração e conservação da vegetação campestre 

do bioma Pampa. O primeiro capítulo investigou as espécies nativas da flora campestre 

atualmente comercializadas no Rio Grande do Sul (RS) e sintetizou a legislação vigente 

acerca da conversão e reposição da vegetação no Estado, evidenciando o baixo número 

de espécies comercializadas e a falta de critérios para a conversão da vegetação 

campestre. Já no segundo capítulo são disponibilizadas listas com as espécies 

campestres frequentes e amplamente distribuídas do Pampa, com a finalidade de 

ressaltar aquelas espécies que provavelmente trariam melhores resultados a projetos 

de restauração. Resultados de germinação de mais de 30 espécies campestres e dados 

de germinação e desenvolvimento inicial de gramíneas nativas são o tema do terceiro e 

quarto capítulos, respectivamente. Como forma de demonstrar a diversidade de 

espécies e a importância de legislação com critérios para a conversão da flora 

campestre, apresentamos uma lista de espécies do Pampa com afinidade a ambientes 

conservados, sugerindo itens para compor norma legal para a conservação da flora. Por 

fim, sintetizamos os principais itens para elaboração de projetos de 

restauração/compensação para a vegetação campestre, no formato de um guia rápido. 

 

Palavras-chave: vegetação campestre, Pampa, restauração, conservação. 
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General abstract 

 

The grassland vegetation of the Pampa biome has been mischaracterized, requiring 

interventions for its restoration. In this thesis, we present different approaches with the 

aim of contributing to the restoration and conservation of grassland vegetation in the 

Pampa biome. The first chapter investigated the native species of grassland flora 

currently commercialized in Rio Grande do Sul (RS) and summarized the current 

legislation regarding the conversion and replacement of vegetation in the State, 

highlighting the low number of commercialized species and the lack of criteria for the 

conversion of grassland vegetation. In the second chapter, lists are made available with 

the most common grassland species in the Pampa, with the purpose of highlighting those 

species that would probably bring better results to restoration projects. Germination 

results of more than 30 grassland species and data on germination and initial 

development of native grasses are the subject of the third and fourth chapters, 

respectively. As a way of demonstrating the diversity of species and the importance of 

legislation with criteria for the conversion of grassland flora, we present a list of Pampa 

species with affinity to conserved environments, suggesting items to compose legal 

norms for the conservation of this flora. Finally, we summarize the main items for 

preparing restoration/compensation projects for grassland vegetation, in the form of a 

quick guide. 

 

Keywords: grassland vegetation, Pampa, restoration, conservation. 
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Introdução geral 

 

Parte da história do Rio Grande do Sul ocorreu junto à vegetação campestre do 

Pampa. Bioma, que ocupa 68,8% do estado do Rio Grande do Sul (RS) (IBGE 2019), é 

caracterizado por mosaicos de campos e florestas, com predomínio da vegetação 

campestre. Os campos do Pampa são ecossistemas antigos, originados há milhões de 

anos, caracterizados por alta riqueza de espécies herbáceas, alto endemismo e 

composição única de espécies (Veldman et al. 2015).  

A vasta vegetação campestre da região sul do Brasil indica condições climáticas 

frias e secas no Pleistoceno Tardio (Behling et al. 2009). A presença de florestas é um 

evento mais recente, de cerca de quatro mil anos, devido ao atual clima úmido (Behling 

et al. 2009). Ou seja, os campos não são fruto do desmatamento (Silveira et al. 2020), 

informação outrora propagada.  

O Pampa é subdividido em nove unidades fitofisionômicas, de acordo com sua 

estrutura e composição de espécies, apresentando conjuntos de espécies que 

caracterizam cada uma das unidades (Boldrini et al. 2010). Esta biodiversidade é 

composta por, ao menos, 3.530 espécies (Andrade et al. 2018), das quais mais de 2.150 

espécies são campestres (Boldrini et al. 2015).  

O bioma faz parte dos Pastizales del Río de la Plata, se estende pelo RS, por parte 

da Argentina e pelo Uruguai, região rica em segmentos representativos das melhores 

pastagens naturais do mundo e que mostra vocação inconteste para a exploração 

pecuária saudável e, em longo prazo, sustentável (Valls et al. 2009). Essa pecuária 

extensiva, praticada em todo o Pampa desde o século 17, contribuiu para a manutenção 

e preservação da vegetação, também ajudando a manter a integridade dos seus 

ecossistemas campestres, mas cujo limiar entre uso sustentável e degradação é 

bastante tênue (Pillar et al. 2006). O Pampa apresenta, portanto, a capacidade de 

produção de carne, leite e lã, a partir de vegetais não cultivados (Valls et al. 2009), e a 

possibilidade de usos diversos, desde plantas ornamentais (Marchi & Barbieri 2015; 

Carrion & Brack 2012; Stumpf et al. 2009), medicinais (Heck et al. 2017), para artesanato 

(Barbieri et al. 2015) e alimentares (como as plantas alimentícias não convencionais – 

PANC – Kinupp 2008). Dentre as principais razões para a valoração dos campos, 

destacam-se, portanto, a alta biodiversidade, os serviços ecossistêmicos, a paisagem, 

a beleza cênica, além de aspectos culturais e sócio-econômicos (Pillar et al. 2006). 

Foram identificadas 105 “Áreas Prioritárias para Conservação, Uso Sustentável e 

Repartição de Benefícios da Biodiversidade Brasileira”, no Pampa, totalizando 94.595 

km2 (MMA 2007). Destas, 41 apresentam grau de importância biológica extremamente 

alta. Estes dados mostram a urgência de reverter o quadro de degradação e mau uso 
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dos campos esboçada pelas indicações de recuperação de áreas degradadas e/ou 

populações de espécies ameaçadas, fomento a atividades econômicas de uso 

sustentável e criação de mosaicos e corredores ecológicos (MMA 2007). E, apesar 

deste apelo, da existência de plantas com altíssimo potencial para exploração 

econômica, de compromissos assumidos pelo Brasil relativos à conservação e 

restauração (MMA 2017), a vegetação campestre do bioma Pampa pode estar 

“ameaçada de extinção”. Os campos têm sido convertidos em ritmo acelerado (Projeto 

MapBiomas 2022). De 1985 a 2022, a vegetação campestre original perdeu mais de 3.4 

milhões de hectares (Projeto MapBiomas 2022). Em 2004, ano em que o Pampa passou 

a ser reconhecido como bioma, diverso da Mata Atlântica, a formação campestre era da 

ordem de 8.270 milhões de hectares. Ou seja, ocorreu conversão de mais de 2.4 

milhões de hectares apenas entre 2004 e 2021, área que pode ser maior em função da 

escala de mapeamento, que pode não diferenciar campos cultivados de campos 

naturais (Pillar et al. 2006).  

Dois diferentes cultivos, apenas, foram responsáveis pela maior perda de área 

campestre no RS. Entre 2004 e 2021, a área com silvicultura cresceu 403.5 mil hectares 

no Pampa (Projeto MapBiomas 2022), enquanto o cultivo da soja cresceu 1.845.224 

hectares (Projeto MapBiomas 2022). Somadas, a expansão destes dois tipos de cultivo 

ultrapassa mais de 2.2 milhões de hectares. A área total de cultivo de soja no Pampa, 

6.104.685 hectares, já ultrapassa a área total remanescente de vegetação campestre 

que é de 5.859.931 (Projeto MapBiomas 2022). Essa mudança de uso do solo levou a 

expressivas alterações na paisagem, provocando significativa perda do patrimônio 

natural e cultural dos gaúchos.  

Diante deste cenário, a restauração de áreas degradadas tornou-se urgente para 

a manutenção da biodiversidade. Experiências práticas e de pesquisa com restauração 

das diferentes formações campestres do RS tem sido desenvolvidas nos últimos anos 

(por exemplo, Porto et al. 2022; Minervini-Silva & Overbeck 2021; Silva et al. 2020; Vieira 

& Overbeck 2020; Thomas et al. 2018), diminuindo as lacunas de conhecimento sobre 

o tema (ver Overbeck & Müller 2017).  

De maneira a contribuir com avanços no conhecimento da germinação e 

desenvolvimento inicial de espécies e na prática da restauração e conservação do 

bioma Pampa, foram desenvolvidos os trabalhos desta tese, apresentados nos 

seguintes capítulos:  

 

- Capítulo 1: Are we ready to restore South Brazilian grasslands? Plant material 

and legal requirements for restoration and plant production. 
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- Capítulo 2: Common and widely distributed species for restoration of degraded 

Pampa grassland: toward a list of priority species for restoration. 

 

- Capítulo 3: Germinação de 32 espécies campestres nativas do bioma Pampa 

sem pré-tratamento de sementes. 

 

- Capítulo 4: Germinação, emergência e estabelecimento inicial de gramíneas 

nativas do bioma Pampa: contribuição para a restauração ecológica campestre. 

 

- Capítulo 5: Espécies de angiospermas características de campos conservados: 

um parâmetro para subsidiar a conservação do bioma Pampa.  

 

- Capítulo 6: Guia rápido para restauração da vegetação campestre do bioma 

Pampa. 
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Capítulo 1 – Are we ready to restore South Brazilian grasslands? Plant material 
and legal requirements for restoration and plant production 

 

Este artigo segue as normas da revista Acta Botanica Brasilica, onde foi aceito, 

tendo sido publicado em 2022. 

 

Are we ready to restore South Brazilian grasslands? Plant material and legal 

requirements for restoration and plant production 

 

Rosângela Gonçalves Rolim1* https://orcid.org/0000-0003-4235-9364, 

Milena Fermina Rosenfield1 https://orcid.org/0000-0002-1799-2822 and 

Gerhard Ernst Overbeck1 https://orcid.org/0000-0002-8716-5136 

 

1 Laboratório de Estudos em Vegetação Campestre, Departamento de Botânica, 

Universidade Federal do Rio Grande do Sul, 91501-970, Porto Alegre, RS, Brazil 

 

ABSTRACT 

The need for grassland restoration in the State of Rio Grande do Sul (RS), Brazil, has 

become evident in the last two decades, when more than 1 million hectares were 

converted to other uses only in the Pampa region. Since then, studies have started to verify 

the most suitable ways to restore subtropical grasslands. Around the world, species 

introduction is one of the principal restoration techniques. We investigated the availability 

of seedlings and seeds of native grassland species in the local market and the legal 

framework regarding the restoration of grassland vegetation in RS. We found, in total, 

only seven companies that sold seedlings or seeds of nine native species from grasslands, 

a very limited number given the great biodiversity of South Brazilian grasslands. In 

addition to that, we found no criteria and procedures for grassland conversion or 

obligatory replacement established in legal norms for grasslands to Pampa region, as there 

are for forest vegetation. Without legal requirement, a market for seeds and seedlings 

likely will not develop and, without a market, there will be no producers, and restoration 

will remain limited. Our results support the need to create initiates and legislation with 

basic guidelines for the grassland conversion and restoration in RS.  

 

Keywords: grassland restoration, seedlings, seeds, Brazilian law, Pampa, Atlantic 

Forest 



9 

 

Introduction 

 

In Brazil, the study and implementation of ecological restoration in non-forest ecosystems 

is only at the beginning (Overbeck et al. 2013; Pilon et al. 2017), as in other tropical and 

subtropical countries (Buisson et al. 2019). However, the need for grassland restoration 

has become evident in recent decades. Savanna formations in the Cerrado decreased 8 

million hectares between 2008 and 2018 (Projeto MapBiomas 2020). In the same period, 

more than 1 million hectares of Pampa grassland were converted to other uses (Projeto 

MapBiomas 2020). Data from 2002 show that about 45 % of the grassland vegetation 

located in the highland region, in the Atlantic Forest biome, in the State of Rio Grande 

do Sul (RS) had already been converted (Andrade et al. 2015). As regional-scale mapping 

is based on remote sensing data, it is not always possible to distinguish areas previously 

used for agriculture but today used as pastures (Pillar et al. 2006), or grasslands that suffer 

from invasion by exotic species (Guido & Pillar 2017): due to these types of degradation, 

loss of well-conserved grassland likely is even higher. Importantly, losses of native 

grassland in RS - focus region of this study - have not been uniform in space. Region with 

soil properties and topographic conditions more favorable for agriculture, for instance, 

have suffered higher transformation (Andrade et al. 2015).  

Although grasslands and savannas have been much neglected in conservation and 

restoration in Brazil (Overbeck et al. 2015), their conservation had actually been required 

in legislation since 1934, by Decree nº 23.793/1934 (Brasil 1934 - Art. 2) which 

mentioned “forests and other types of vegetation”. The current law for the protection of 

native vegetation, Law nº 12.651/2012 (Brasil 2012), which replaced Law nº 4.771/1965 

(Brasil 1965) demands the conservation and restoration of all types of vegetation. It also 

ensures that rural properties must have at least 20 % of their area (in case of the Pampa 

and Atlantic Forest biomes) designated as Legal Reserve, intended to "assist [...] and 

promote the conservation of biodiversity […]". Degraded areas in the Legal Reserve also 

need to be restored (Art. 2, VIII, Decree n° 7.830/2012 – Brasil 2012), just as after native 

vegetation that has been converted to other uses without appropriate authorization, i.e., 

illegally, and after the development of a licensed activity, such as mining (Brazilian 

constitution, Art. 225, VII, § 3º – Brasil 1988). Clearly, a legal requirement for restoration 

of open ecosystems exists in Brazil, just as it does for forests. 
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Decree n° 8.972/2017 (Brasil 2017), in response to legal norms and international 

agreements signed by the Brazilian government (MMA 2017), instituted the National 

Policy for the Recovery of Native Vegetation (Portuguese acronym, Proveg), and the 

National Plan for the Recovery of Native Vegetation (Planaveg) (MMA 2017). Among 

its main objectives, this plan includes the recovery of native vegetation of at least 12 

million hectares by 2030 in Brazil. For the Brazilian Pampa biome (IBGE 2019), for 

example, the plan establishes the goal to restore 300,000 hectares by 2030. However, the 

document also draws attention to the fact that restoration of Pampa grasslands still is at 

its very beginning and that success factors for restoration in the region are mostly absent 

(see also Overbeck et al. 2007; Andrade et al. 2019).  

Recovery of the vegetation is a key process in restoration of degraded land, and in many 

restoration projects, species introduction is an important technique to achieve successful 

restoration. In South Brazilian grasslands, the regeneration of species from the soil seed 

bank has been shown to have a limited role for the recovery of plant populations after 

land use change (Vieira & Overbeck 2020). Research has also shown that species 

introduction via hay transfer might not be effective in these grasslands (Thomas et al. 

2019). Sowing and planting seedlings from native species are common techniques in 

grassland restoration around the world (e.g. Kiehl et al. (2010) for Central European 

grasslands) that more recently are also being applied in the Brazilian Cerrado (Sampaio 

et al. 2015; Pellizzaro et al. 2017), but that still are very little used for restoration of South 

Brazilian grasslands. The main constraint is where to obtain seeds and plants from. 

Here, we ask if current market conditions and existing legal framework support the 

restoration of South Brazilian grasslands. Specifically, we aim to identify (1) if plant 

material, that is, seeds and seedlings from native grassland species (grasses, herbs and 

shrubs), are available in local nurseries and on the commercial seed market for use in 

restoration; and (2) if current legislation gives clear criteria as to when grasslands can be 

converted to other uses, or not, and if it requires and supports compensation of suppressed 

grassland and ecological restoration of grassland in RS. 

 

Data collection 

 

The basis for our analysis of commercially available plant material were a list of nurseries 

that produce tree species provided in Instituto de Pesquisa Econômica Aplicada (IPEA 
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2015) (in English: Institute of Applied Economic Research) and the list of producers and 

sellers that work with flowers and ornamental plants from Associação Riograndense de 

Floricultura (AFLORI 2018) (Riograndense Floriculture Association). Although the 

IPEA list is mostly focused on trees, we considered it to be a potentially promising source, 

as producers or shops working with trees may also provide shrubs and herbaceous species. 

Each establishment was contacted by phone, inquiring (1) if they sold native species that 

naturally occur in grassland ecosystems (grasses, herbs and shrubs) in RS and, if so, (2) 

which native grassland species they sold. This contact was conducted between August 

and October 2018. Additionally, in early 2020, we searched on the internet for large 

companies that sell seeds (Sementes Feltrin 2020 and Isla 2020) and browsed the 

availability of grassland species that are native to RS. This search provided a good extent 

of places that might be selling native species that could be used in restoration in RS. 

In order to identify the legal requirements for grassland conversion and for compensation 

and restoration, we searched Federal and State norms in force during the second half of 

2018 associated with conservation, restoration, nurseries and the use or production of 

native species, including seeds and seedlings. This search included norms and protocols 

for both non-forest and forest ecosystems in order to conduct a comparative evaluation. 

 

Results and discussion 

 

Availability of seeds, plants and legal norms for grasslands 

 

Our initial list included a total of 74 nurseries and commercial garden centers, from which 

we were able to contact 34. From these, only five (15 %) informed that they produced or 

commercialized some native grassland species, and an additional five facilities did not 

know if they produced/commercialized native grassland species. A few facilities worked 

exclusively with native trees (three contacts) and 26 contacts informed that they worked 

mostly with exotic species: ornamental species for gardens, grasses for lawn, tree 

seedlings for wood production or fruit trees (e.g. fig, vine and citrus).  

Overall, we found only seven native species available in nurseries (Tab. 1, Fig. 1). The 

available species included four grasses (Aristida jubata, Coleataenia prionitis, 

Cortaderia selloana and Paspalum notatum), two species with colorful flowers 

(Evolvulus glomeratus and Glandularia peruviana) and one medicinal species 
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(Achyrocline satureioides). We found seeds of two native species available on the visited 

internet pages of seed sellers (Axonopus affinis and Axonopus compressus), besides 

hybrids of two other native species (Glandularia sp. and Petunia sp.) that, as hybrids, will 

not be accounted for as they cannot be considered as natural species. None of the species 

found is restricted to the Brazilian Pampa. 

 

Table 1. List of native grassland species currently commercially, as seeds or seedlings, available in Rio 

Grande do Sul State in the facilities contacted for this study. 

 Family Species name 
Common name 

(in Portuguese) 

Number of 

establishments 

Available 

as 

1 Asteraceae 
Achyrocline satureioides (Lam.) 

DC. 

macela, marcela, 

macela-do-campo 
1 Seedling 

2 Convolvulaceae 
Evolvulus glomeratus Nees & 

Mart. 

azulzinha, 

evólvulo 
2 Seedling 

3 Poaceae 
Aristida jubata (Arechav.) 

Herter 
barba-de-bode 1 Seedling 

4 Poaceae Axonopus affinis Chase grama-tapete 1 Seed 

5 Poaceae 
Axonopus compressus (Sw.) P. 

Beauv. 

grama-são-carlos, 

grama-

missioneira 

2 Seed 

6 Poaceae 
Coleataenia prionitis (Nees) 

Soreng 
capim-santa-fé 1 Seedling 

7 Poaceae 
Cortaderia selloana (Schult. & 

Schult. f.) Asch. & Graebn. 

capim-dos-

pampas 
3 Seedling 

8 Poaceae Paspalum notatum Flüggé 
grama-forquilha, 

capim-forquilha 
1 Seedling 

9 Verbenaceae 
Glandularia peruviana (L.) 

Small 
melindre 1 Seedling 

 



13 

 

 

Figure 1. Examples of native grassland species currently commercially available, as seeds or seedlings, in 

Rio Grande do Sul State in the facilities contacted for this study: A) Achyrocline satureioides; B) Evolvulus 

glomeratus; C) Aristida jubata; D) Coleataenia prionitis; E) Paspalum notatum; F) Glandularia peruviana. 

 

Our search for legal norms that address grassland conversion, compensation of converted 

areas, obligatory replacement, and restoration, identified five legal norms directly related 

to the topic: four Federal and one State norms (Tab. 2). They cover the definition of 

successional stages of the vegetation and implications of this for management and 

conservation, criteria for conversion of natural vegetation to other uses and mandatory 

vegetation restoration/replacement of vegetation. Most of them refer to forest vegetation 
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and to the Atlantic Forest biome. For the Pampa region, no specific regulations for 

grassland, the dominant vegetation type, exist (Tab. 2).  

 

Table 2. Legal norms to Pampa and Atlantic Forest biomes for grasslands and forests in Rio Grande do Sul 

State. 

 GRASSLANDS FORESTS  

LEGAL NORMS Pampa biome 
Atlantic Forest 

biome 
Pampa biome 

Atlantic Forest 

biome 

Defines successional 

stages 
- 

CONAMA 

Resolution n° 

423/2010 

- 

CONAMA 

Resolution nº 

33/1994 

Criteria for conversion - 

Law nº 11.428/ 

2006; Decree nº 

6.660/2008 

- 

Law nº 11.428/ 

2006; Decree nº 

6.660/2008 

Criteria for 

restoration/replacement 
- - 

Normative 

Instruction SEMA 

n° 01/2018 

Normative 

Instruction SEMA 

n° 01/2018 
 

 

Availability of native seeds and plants: sufficient for restoration? 

 

Our results clearly demonstrate that the market for seedlings and seeds is absolutely 

insufficient for restoration of grassland vegetation in RS, and this lack of available plant 

material can be considered a severe barrier to restoration. In total, only nine species were 

found available on the market – a tiny fraction of the grassland flora of the state which is 

composed by over 2.600 species (Boldrini et al. 2015). Natural grasslands in the region 

usually present an average of 20 to 35 species/m2, with a record of 56 species/m2 

(Menezes et al. 2018). Even in areas of poorly conserved native grasslands, more than 

nine species are easily found per square meter (e.g. Bonilha et al. 2017). If we extrapolate 

to a few hectares, this diversity can reach one or two hundred species on a site level 

(Boldrini et al. 2008; Freitas et al. 2009; Ferreira et al. 2010; Dresseno & Overbeck 

2013): such diversity obviously cannot be reached if depending on the purchase of native 

plants currently commercialized. Given the fact that restoration in South Brazilian 

grasslands in many cases appears to be seed-limited, clearly the development of 

production chains of plants and seeds for restoration is necessary. 

One important aspect when introducing plant species in restoration is genetic diversity. 

We are not aware of any detailed information on the region of origin and genetic diversity 

of the species already commercially available but can assume that they most likely are 

cultivars that do not necessarily stem from material native to the region. Cultivars are 
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plants that usually have the advantage of good establishment and growth, but concerns 

have been raised on uncritical use, as cultivars might be superior competitors than native 

genotypes and as use of locally adapted genotypes and introduction of genetic diversity 

are considered to enhance restoration success in the long run (Kettenring et al. 2014). For 

our study region, a study on Paspalum notatum has evidenced high genetic diversity 

across native populations of the species (Fachinetto et al. 2017), with implications not 

only for plant breeding, but also in ecological restoration. However, we are unaware of 

any studies on the other plants that are commercially available, at least concerning our 

study region. According to Stumpf et al. (2009), the insertion of Brazilian plants into the 

national market generally is a result of research carried out abroad. For the use as 

ornamental plants in urban gardens, the question of genetic identity or diversity may not 

be so relevant, but it is for ecological restoration (see below). 

Unavailability of grassland seeds and seedlings appears to be a consequence of the long-

time bias on forest in conservation policy, evidenced until today in the region by the 

inexistence of any legal criteria for the grassland conversion, and specially for 

restoration/replacement for Pampa biome. For example, in restoration projects in 

grasslands ecosystems of RS submitted to the SEMA (Secretariat for the Environment 

and Infrastructure of RS state) between 2013 and 2014 and analyzed by Bateman (2016), 

20 of the 25 had as method of restoration projects the planting of seedlings of native trees, 

and only one used mainly grasses (there is no information whether native or exotic 

species). As the Pampa is the only Brazilian biome contained in only one federative unit, 

RS, it is especially sensitive to the policy of this state (Bateman 2016). For the Pampa 

region, there is no recognition/identification and analysis of the degree of conservation of 

grasslands in a legal norm, as there are for Highland grasslands of the Atlantic Forest 

(CONAMA Resolution n° 423/2010 - Brasil 2010). Therefore, highly or poorly conserved 

grasslands in the Pampa biome are treated similarly by environmental agencies, since the 

conversion can be authorized regardless of its conservation status. In contrast, for forests 

in Atlantic Forest biome in RS, conversion will be authorized or not depending on the 

successional stages, defined by CONAMA Resolution nº 33/1994 (Brasil 1994). 

Additionally, Normative Instruction SEMA n° 01/2018 (Rio Grande do Sul 2018 - that 

revoked the Normative Instruction SEMA/DEFAP n° 01/2006) establishes the procedures 

to be observed for obligatory forest replacement in RS, such as planting 15 seedlings for 

each native tree cut in when native vegetation is suppressed. Therefore, for forests, with 

criteria and procedures for conversion and, specially, obligatory replacement established 
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in legal norms, there is already a consolidated seedling market, while for grassland 

vegetation both are missing. Without clear legal requirements and criteria for grassland 

restoration, such a market for seeds and seedlings obviously will not develop and, without 

a market, there will be no producers, and restoration will remain limited. This can lead to 

a negative feedback process: without successful projects, grassland restoration will not 

be stimulated. 

 

Current legal requirements for native plant production: simplification 

necessary? 

 

Economic use of native species is allowed in Brazil, provided it has been authorized by 

the competent state agency (Law nº 12.651/2012, Art. 37 - Brasil 2012). The Normative 

Instruction nº 17/2017 of the Ministry of Agriculture, Livestock and Food Supply (Brasil 

2017) is the most important legal norm for production of native species. It “regulates the 

production, commercialization and use of seeds and seedlings of forest species or species 

of environmental or medical interest, native and exotic […]”. According to this 

Normative Instruction, the entire seed production chain, from seed collector to the 

merchant, must be registered with the National Registry of Seeds and Seedlings 

(Portuguese acronym, RENASEM). Only nursery production of up to 10,000 seedlings 

per year does not require registration with RENASEM, but other requirements are still 

necessary (see, e.g., Normative Instruction nº 06/2013 - Brasil 2013). However, when 

there is no commercial purpose, governmental or non-governmental institutions that 

produce, distribute or use seeds and seedlings with the purpose of recomposing or 

recovering areas of environmental interest, are exempted from registration with 

RENASEM (Art. 175, Decree nº 5.153/2004 - Brasil 2014). According to Normative 

Instruction nº 17/2017 (Brasil 2017), collection and production of seeds and seedlings 

need to be thoroughly documented. With the exception of the trader, the other agents in 

the production chain need technical responsibility to control, issue declarations and other 

requested documents.  

The legal framework for seed collection and commercialization is complex, and many 

authors (Miura et al. 2016, Freire et al. 2017 and Schmidt et al. 2018) suggest that 

restoration in Brazil should be legally facilitated in terms of legal requirements, given the 

current need for numerous procedures for the production of native seedlings and seeds 
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for restoration. The strong normative formalization contrasts with the current production 

of native seeds in Brazil, which is an essentially family and community activity (Schmidt 

et al. 2018). Excessive rules increase costs and make it difficult to regularize small 

nurseries and seed collectors (Freire et al. 2017), many of which already existed before 

legislation on the topic (see Schmidt et al. 2018). There is a need to "obey the norms and 

standards established for each species or group of species [...]" (Normative Instruction nº 

17/2017 - Brasil 2017), which makes restoration in Brazil difficult, since numerous 

studies are needed to complete each of these parameters for a single species, requiring a 

lot of time with research (Miura et al. 2016). While Freire et al. (2017) and Schmidt et 

al. (2018) recognize recent positive changes (for example, excluding the need for a 

responsible technician for small seedling nurseries at Normative Instruction nº 17/2017) 

they conclude that simplifications are necessary. For example, they suggest that native 

and exotic species should be treated in separate legal norms, as the latter usually are used 

on a larger scale (Freire et al. 2017) and primarily for production or commercial interests 

(e.g., forage species). They also suggest regulations for fast seed quality tests, such as the 

tetrazolium test for seed viability, techniques for seed dormancy breaking and simplified 

storage methods (Schmidt et al. 2018).   

A stark contrast exists regarding the quantity and complexity of criteria demanded in 

activities that will support restoration actions and those required for requests to convert 

native vegetation to other land uses. While restoration is highly demanding regarding seed 

and seedling production, the conversion of Pampa native grassland to other uses, for 

example, is very simple, often requiring just a single request from one environmental 

agency (Rolim et al. 2021). It is urgent to revert this, as ultimately conservation is a much 

better strategy to maintain biodiversity and ecosystem services, when compared to 

restoration with its technical difficulties and often high costs.  

 

Genetic conservation: main item to be included in restoration legal norms 

 

While on the one hand, complex legal procedures complicate production and 

commercialization of plant materials for restoration, it is of course necessary to have rules 

that guarantee that the used plant materials are, in fact, adequate. Conservation of genetic 

diversity is a fundamental aspect in restoration (see above), but it still needs to be ensured 

by legal norms in Brazil. For the plants currently commercialized, no information on 
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genetic integrity is available, as previously discussed. The use of local or regional seeds 

and seedlings ensuring the use of material adapted to climatic, edaphic and biotic 

conditions (Keller et al. 2000; Millar et al. 2008; Biernaski et al. 2012) has been shown 

to result in higher restoration success, especially in the long term. Therefore, for 

ecological restoration that is to rely on native plant material, it is necessary to define 

collection zones, which are geographic areas in which plant materials can be moved freely 

with little interruption in genetic patterns or loss of local adaptation (Miller et al. 2010). 

Genetic studies for each species are the most appropriate way to define seed collection 

zones because, depending on the species' reproductive system, the genetic structure of the 

populations will be different, and the variability distributed in a different way among the 

individuals that compose the population (Biernaski et al. 2012). As it obviously is not 

possible to conduct detailed studies on genetic diversity for all species, at least given the 

currently available resources, ecoregions may be appropriate limits for defining seed 

collection zones, especially in regions with little topographic or climatic variation (Miller 

et al. 2010).  

In Brazil, this debate is still very much at the beginning (e.g. Biernaski et al. 2012) and 

no information was found in legal regulations about the use of local plants to vegetation 

recovery. European Union countries have already moved forward, ensuring that 

restoration takes place only with seeds and plant seedlings from the target region (e.g. 

Commission Directive 2010/60/EU 2010; Mainz & Wieden 2018). This is a necessary 

measure not only for grassland vegetation, but also for forest restoration in Brazil, as it is 

known that the control over the provenance of the plants used for restoration is practically 

non-existent. Grasslands in the Pampa and Atlantic Forest biomes in RS share the same 

dominant grass species (e.g. Andropogon lateralis; Andrade et al. 2019), but they can be 

genetically very different due to major climatic and soil differences. Even within the same 

biome, such as the Pampa, there is great environmental heterogeneity. It would not be 

advisable to use seedlings or seeds from one region to restore another. In this context, 

seedling nurseries and seed propagation areas should also remain within the collection 

zones, in order to avoid genetic crossing between different populations. 

 

The need of minimum criteria for grassland restoration and the need of 

research 
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Only in 1981 a legal norm (Law nº 6.938/1981 - Brasil 1981) introduced the idea of 

vegetation recovery and established the need for restoration of degraded lands (Pinto et 

al. 2014; Castelo 2015). This norm also introduces “preservation and restoration of 

environmental resources”, that is, any kind of natural environment. Although RS 

originally presented grassland vegetation in 62 % of its area (Cordeiro & Hasenack 2009), 

minimum criteria have not yet been established for the recovery of grassland areas by 

environmental agencies in RS. The question of regulations that set criteria for restoration 

or measurement of restoration success has been critically debated in Brazil, specifically 

for São Paulo state (e.g. Durigan et al. 2010; Aronson et al. 2011; Chaves et al. 2015). In 

this context, Aronson et al. (2011) state that public regulation is required as far as it can 

effectively improve the quality, and increase the scale, of restoration projects and 

programs. At the same time, the legislation cannot be so restrictive as to make activities, 

such as restoration, impracticable (see Durigan et al. 2010). 

Licensing and inspection agencies need parameters to assess whether the requirements 

have been met (Durigan et al. 2010). In the absence of legal norms, and despite the few 

documented restoration works carried out in Brazilian subtropical grasslands, some 

aspects initially relevant in restoration and monitoring projects in this region need to be 

considered for the elaboration of a legal standard, such as the necessity to define 

ecological zones for seed collection for RS, as discussed above. Laws also need to include 

criteria to evaluate restoration success based on a comparison with more than one 

reference site (Ruiz-Jaen & Aide 2005) or a set of general objectives to be achieved in 

the course of the restoration process (Aronson et al. 2011). 

Many aspects still need to be studied to develop efficient ways to restore South Brazilian 

grasslands, such as understanding the potential and behavior of native species (type of 

management that favors seed production, phenology, storage, breaking dormancy, 

vegetative development, etc.) and the best ways of introducing these species in 

grasslands. This is the role of science. However, public agencies and legislators also need 

to play their part, adapting the legislation based on the best scientific knowledge available 

and pushing actively to advance technical knowledge. It is the dialogue that needs to be 

strengthened in Brazil to advance in restoration of grasslands and other ecosystems. 

Here, we show that both the provision of plant material and the legal framework for 

restoration is insufficient for restoration of South Brazilian grasslands. Importantly, an 

intrinsic relationship exists between the legislation and the effective development of the 

seedling and seed chain. The basic parameters for the restoration of grasslands in the RS 
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should, ideally, be regulated by the competent agencies in a way that restoration will be 

facilitated, or better, even stimulated.  

The insufficiency of seedlings and seeds available in the market impede, at the moment, 

grassland restoration at a larger scale. For now, restoration will depend almost exclusively 

on direct seed/hay collection around the target area, techniques that have not yet been 

fully evaluated in terms of their efficiency. Additionally, the difficulty of finding areas 

with native grasslands in some regions can make this even more challenging.  
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Considerações finais 

 

Esta tese traz contribuições para a restauração e a conservação campestre do 

Pampa, somando-se a outros trabalhos que vem sendo executados com este mesmo 

objetivo. Os experimentos de germinação demonstram que a restauração é possível 

com base na coleta de sementes diretamente no campo, sem tratamentos no diásporo. 

De encontro a isso, listamos as espécies mais comumente encontradas nos campos. 

Estas espécies possivelmente apresentarão melhor desempenho quando utilizadas na 

restauração. No entanto, de nada adianta ganharmos escala na restauração, se não 

conservarmos os remanescentes existentes. Se atualmente poucas áreas de campo 

conseguimos observar a partir das estradas, mais raros ainda são os campos bem 

conservados. Estes precisam ser preservados para que haja possibilidade de 

restauração, pois serão a fonte de sementes e propágulos para que isso ocorra. 

Portanto, propomos um índice de afinidade das espécies campestres pampeanas a 

ambientes conservados, que possibilita mais facilmente o reconhecimento dos 

remanescentes campestres. Observando a dificuldade de técnicos ambientais quanto a 

maneira mais apropriada de conduzir a restauração de áreas campestres, devido às 

diferenças para a vegetação florestal, apresentamos um documento sucinto contendo 

as informações básicas para a elaboração e monitoramento de um projeto de 

restauração campestre. Estes resultados gerados durante a tese serão apenas mais 

alguns dados se não ocorrer avanço no estímulo à restauração e conservação do 

Pampa, especialmente em bases legais e políticas públicas efetivas. 


